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PEN cudc SGNG

“Dai Ngan ha xanh Thang Long”

> AN AN

Bo Xay dung viia cong bé két qua cuoc thi tuyén “Y tudng quy hoach,
kién truc téng thé Khu tru sd cac Bo nganh Trung ucng tai khu vuc Tay
H6 Tay, Ha No&i”. Vai y tudng “Dai Ngan ha xanh Thang Long” v&i mong
muén truyén tai théng diep vé mot quy hoach xanh, bén viing va co tinh
két n6i cong déng cao, Lien danh Cang ty Nikken Sekkei Ltd (Nhat Ban) va
Cong ty CP Tu van dau tu va Thiét ke xay dung Viet Nam (CDC) da vugt
qua 12 t6 chuc tu van thiét ké hang dau trong nudc va quéc té dé gianh

hang A chung cudc cua Ban t6 chuic.

udc thi dugc t8 chic nhdm lya chon nhiing y

tudng quy hoach, kién trac téng thé Khu tru s&

lam viéc cadc BO nganh Trung uong tai khu vuc Tay

Hé Tay tot nhat, lam co s lap, hoan thién d6 an
Quy hoach xady dung hé théng tru s& lam viéc cac B, co
quan ngang B0, ca quan thuéc Chinh pha, co quan Trung
udng cla cac doan thé tai Tha d6 Ha Noi dén nam 2030.
Két qua cudc thi la ca s& quan trong cho qua trinh chuén
bi du an dau tu xay dung tru s& lam viéc clia cdc Bé nganh
Trung ucng tai khu vuc Tay H6 Tay, Ha Noi.

“TRUC XANH” VA TRUNG TAM HANH CHINH CAP
QUOC GIA MG

Pugc dinh hudng tré thanh “truc xanh” va trung tam
hanh chinh cdp qudc gia mdi, gidam tai cho khu vuc néi do6
hién tai theo Quy hoach Ha N6i tam nhin 2030 - 2050, Khu
tru s& cac B nganh Trung uong tai khu vuc Tay H6 Tay hia
hen sé trg thanh cong trinh tdm c¢& khong chi cé y nghia
biéu tugng, cdng trinh diém nhan ma con mang lai gia tri
vé chinh tri - kinh té.

VGi vi tri dac dia, giau tiém nang, nam trén tuyén
duding vanh dai 2 két néi khu vuc trung tdm thang tdi san
bay quéc té, ti€ép gidp vaéi HO6 Tay, séng HONng, song song
la tuyén dudng sat do thi UMRT 2A, xung quanh la chubi
cac du 4n néi bat ca thanh phd nhu khu nha &, thuong
mai véi mat d6 cao, nha hat dugc quy hoach & phia Béng
va céng vién Bao tang nam & phia Tay khu dat, du an sé
la trung tam tap trung nhiéu tuyén giao théng trong yéu
cng nhu nhiéu cadnh quan ndi bat ctia Ha Néi.

Hiéu dugc tdm quan trong cla du an, phudng an y
tuéng Quy hoach mang ma s6 GG21 doat gidi Nhat cla
Lién danh Cong ty Nikken Sekkei Ltd (Nhat Ban) va Cong ty
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CP Tu véan dau tu va Thiét ké Xay dung Viét Nam (CDC) lay
y tudng “Dai Ngan ha xanh Thang Long” v&i mong muén
truyén tai théng diép vé mét quy hoach xanh, bén viing
va c6 tinh két n6i cdng dong cao khi dé xuat tat ca cac khu
vuc clia du an déu dugc két noi hitu co, cho phép ngudi lao
dong, du khach va cu dan dia phuong ti€p can mién phi
va dé dang dén théng qua cac phuong tién nhu tau dién
ngam, xe buyt, 6 t6...".

Trong qua trinh thiét k&, phuong én luon ap dung ba
nguyén tdc nham thiét 1ap quy hoach téng thé trung tam
Ha N&i méi. D6 1a:

TAO RA NOI LAM VIEC THOAI MAI - TRU SG LA NOI
CAN BO NHAN VIEN PUGC KET NOI GIAO HOA, MOT
KHONG GIAN LAM VIEC NHE NHANG YEN TINH

Khu vuc tru s& bo nganh gém 12 tda nha, véi téng dién
tich san ndi 407.000 m?, gém cac khdi cong nang bé trg
cho khéi tru s& ca quan nhu san khéach san, t8 hgp giai
tri, phiic hgp thé thao va héi nghi héi thdo, khach san van
phong. Cac khéi phuang an dugc bé tri dé thé hién dugc
ban chat thanh phd, két hgp hoan héo véi béi canh dé
thi xung quanh. Su tang bac clia cac khéi hinh hoc duoc
lay cam hing tur nhiing thung liing xanh déng bang Bac
b, tao ra nhitng thung liing xanh trong long pho thi, khéi
van phong sé dugc ddy 1én cao giao hoa trén nhirng tham
xanh. Tru s& ban nganh khéng con dong khung trong khoi
hop khoé ciing, don diéu ma giao hoa trong vé dep chung
clia tdng thé. G d6, c6 séng nudc HS Tay, co huong séc
nhirng mua vang, cé dai lua xanh len [6i, manh mé truyén
cam huing. D6 khéng chi don thuan la tru s& co quan b,
ma la noi tinh hoa, tri tué quan tu, cing dung xay, céng
hién vi dat nudc, dan toc.



Diac biét, bang cach bé tri vi tri cac tru s& co dién tich
san l6n tGi nhé theo mét trat tu théng nhat, chiéu cao céac
toa nha dugc xac dinh tuong déi theo trat ty hinh thanh
dudng chan trai thap & trung tam va cao dan ra hai bén
théng nhat toan bd khu vuc quy hoach. Budng chan trai
nay két hgp véi cac lugn séng canh quan tao thanh diém
dac biét dé nhan biét cho khu vuc.

Khoi thap dugc bé tri doc bén dudng vai khoang [ui
réong mé 30 m, sanh don trd khach dat tai 2 bén. Véi giai
phép nay, mat ding cong trinh doc theo toan tuyén pho
sé dong nhat, biéu trung cho stic manh cta quyén luc, cla
trat tu ky cuong va phadm chét lanh dao. Khdi dé véi phan
dang bac ma rong vé phia trudc va bao boc hudng vé truc
canh quan trung tam, két ndi lién mach véi thung ling
xanh ngat clia quy hoach téng thé.

Vé dep kién trac cung hinh hoc ngoan muc, nhiing dai
sang muon mau ti con phé, nhiing tdoa nha cao tang, I6i di
bé xanh ngat ban ngay, ruc r& anh dén vé dém sé la diém
dén tuyét nhat dé thudng ngdm hoang hén va khung canh
vé dém clQia Ha Noi.

LAY TRUC XANH AN TUGNG LAM BIEU TUONG,
KET HOP VGI NHUNG KHONG GIAN POC PAO DOC
THEO TRUC GIAO THONG

Phuong an tao ra mot dai lua xanh binh yén bén mat
guong Tay HO Tay, mém mai xuyén suét két néi tron ven
toan bod khu vuc, ti Bdo tang Lich st Qudc gia - nai chira
dung tinh hoa truyén théng dan téc - Truyén théng dén
Nha hat Opera - cai n6i clia nghé thuat duong dai - Tuong
lai. Trén truc xanh 1a cac khu san ga biéu tugng, quang
trudng va cac khéng gian cong nang bé trg, chudi khéng
gian md& an tugng két néi theo truc xanh. Pay ciling sé la

tuyén di bd sé gitp du an trg thanh mot dia diém ndi tiéng
trén toan thé gi6i va gép phan vao su néi tiéng ctia TP Ha
Noi.

San ga dugc thiét k&€ nham bién truc xanh tré thanh
diém dén ly tudng clia cdng dbng. Vi viéc ding & diém
cao nhat trén dinh nha ga, du khach sé c6 thé phdng tam
mat ra quang canh hé nuéc tuyét dep & phia dong va
thanh phé thanh lich & phia Tay.

Quang truong dugc chia thanh 3 khu vuc chinh bao
gom: Quang trudng Dan chd dugc bao boc trong tru sé co
quan cac bo ban nganh; Quang trudng San ga dugc bao
boc bdi cac t6 hgp ban 1€, khach san va cac cdng trinh van
hoéa, cong cong; Quang trudng Gia dinh; Quang trudng
Van héa; Quang trudng L&i vao dugc hinh thanh bdi khu
ban 1é& chiém ti [& chinh. Trong d6 &n, khu vuc Quéng
trudng Dan chl dai dién cho stic manh, quyén luc va niém
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TU CHINH SACH DEN CUOC SONG

tu hao dan téc. Tuong tu quang truong Dan chud, quang
truong Van héa dai dién cho mét khu vuc riéng biét trong
quy hoach téng thé va tuong phéan vé mat khong gian véi
quang truong Dan chu.

LAY SU DA DANG CUA CONG NANG LAM NOI DANG
SONG VA LAM VIEC - SONG DPONG BGI NHUNG HOAT
PONG PHONG PHU, TIEN iCH VA CON NGUOI.

Khu tru s& cac B6 nganh Trung uong tai khu vuc Tay H6
Tay la nai tap trung dong can bé nhan vién, khach tham
quan, khach luu trg, cu dan tai cac can hé dich vu va ca
nhirng cu dan tai cac khu vuc 1an cén, nén nhu cau vé sy
da dang céng nang va tang cuong cac dich vu vui choi giai
tri cao. Chinh vi vdy, phuong an da té hgp nhiéu chiic nang
tién ich nhu: Khach san, Trung tam gido duc, Trung tamy
té, Rap chi€u phim, Khu phic hgp thé thao, Khéng gian
nghi duéng, tiép xudc véi thién nhién; Trung tam hoéi nghi;
Khu vuc trién [am.

Tat ca dugc két n6i thong qua vanh dai xanh 3 chiéu va
3 tuyén dudng giao thong phan tach ré rang:

- Giao thong tang trét cho dan cu khu vuc, sé c6 cac
con hém théng tang dan cu dan va can b, nhan vi tir cac
khu vuc 1an cén vao truc cay xanh trung tam va tam diém
cla su phat trién

- Giao théng san néi cho khach di chuyén trén Metro,
dam bao luu thong lién mach cho ngudi di bé bang san
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deck, dugc kich hoat bdi ki-6t/quén ca phé va cac gian
hang. Trong tuong lai, tuyén san deck co6 thé dugc thiét ké
va dau tu xe buyt dién tu dong, khdng ngudi lai va xe dién
dua don giup két néi xuyén suét bao tang - nha ga - nha
hat opera.

- Giao théong céng cong. Du an dugc két néi vo cling
thuan tién qua cac tuyén xe buyt, tuyén Metro va taxi.

Ngoai viéc chd trong dén 3 nguyén tac trong quy
hoach téng thé, phuong an con s dung vat liéu dia
phuong két hgp cdng nghé hién dai cuing mau sac chu
dao la mau vang gém tugng trung cho su giau cd, thinh
vugng, hoang gia va cao cap, thé hién su lau ddi cha kién
trdc Ha Néi.

Quan trong hon, phuong an st dung gidi phap than
thién moi truong ti Mang ludi thong minh Smart Grid -
tiét kiém dién nang cho khéi van phong nhg st dung cong
nghé théng tin dé kiém soat tiéu thu dién; Tai st dung
nuéc mua; Tao khéng khi mat tr H6 Tay theo hudng gid
chi dao nhg tuyén san néi; S& dung nang lugng mat troi
dé lam dién va chiéu sang cho cac khéng gian céng cong;
St dung hé théng tru théng minh Smart Pole gém nhiéu
chtic ndng nhu chiéu sang, wifi, diém thu phi, camera an
ninh va bién béo.

T4t ca nhirng doc ddo trong kién tric, da dang vé cong
nang va hién dai vé cdng nghé nhu vay cling gilp lam
phong phu cac trdi nghiém ctia du khéch.



Céu Long Bién.

> KTS PHAM THANH TUNG*

. Trén trai dat nay, rat nhiéu do thi dugc hinh thanh

bén cdc dong song. Va cling chinh cdc dong song

da mang dén cho d6 thi mot dién mao van hoa

khac biét, tao nén ban sac cta dé thi d6. Nhu,
Paris (Phap) véi dong sdng Seine tha mdng, London (Anh)
véi song Thames, Sain t Petersburg (Nga) v&i dong Neva
huyén thoai, hay Thugng Hai, Quang Chau (Trung Quéc)
c6 séng Hoang Phg, Chau Giang, dé tai bat tan cia van hoc
Trung Hoa... Viét Nam clng thé, hau hét cac d6 thij truyén
théng & nudc ta déu nam bén nhitng dong séng nhu &
phia Bac, la cac thanh phé Lao Cai, Pha Tho, Viét Tri, Ha
N&i... gan véi séng Hong; & mién Trung la Déng HGi - song
Nhat L&, Déng Ha - song Thach Han, Hué - sobng Huong,
Da Nang - séng Han...; & mién Nam c6 Sai Gon - séng Sai
Gon, Bién Hoa - séng Béng Nai... con cac d6 thi ving Péng
bang séng Clru Long nhu Can Tha, Long Xuyén... thi gan
lién vai song Tién, song Hau. Va nhiing cdy cau la cai gach
néi véi hai bs d6 thi. Vi thé, & khia canh lich s{, cdy cau la
minh ching séng déng, chan thuc vé sy phat trién kinh té
- xa hoi ctia d6 thi duong thai. G géc d6 van hda, cay cau
¢6 hinh dang dep, ddc dao sé td diém cho canh quan kién
trdc va gép phan lam giau thém van hoa dé thi. Con véi cu

® Chdnh Véan phong Hoi Kién tric sw Viét Nam

dan, cay cau gan lién vai ho khéng chi trong hoat dong di
lai, giao thuong, ma né da tr& thanh ky niém, la ky Uc cla
moi d&i ngudi. Cha thé ma, 6ng cha ta xua khi yéu nhau
da “bac cau dai yém”. Con thai nay, trai gai & nhiéu nudc
A - Au c6 trao luu ci dén ngay Valentin lai ra nhau lén cau
thé thét réi bap vao lan can cdu hay mét diém nao doé dugi
chéan cau mot cai khoa tinh yéu, con chiéc chia khoa duy
nhat dugc vt xuéng dong sdng, nhu mot |&i thé lang man
cho tinh yéu chung thay (?!).

Ngudi viét bai nay con nhd, vao cudi thap nién 50 cla
thé ky trudc, khi con & bac tiéu hoc, 1G tré hang phé ching
téi da thuoc long bai tho vé cau Long Bién va thuong
nghéu ngao doc nhiing cau tha gian di, dé nhé nhu déng
dao: “Ha Noi c6 cau Long Bién/ Vira dai vira rong béc trén
s6ng Hong/ Tau xe di lai thong dong/ Ngudi ngudi tap nap
ganh goéng ngugc xudi...”. Ngay do, Ha Noi mai chi cé méi
cau Long Bién bac qua séng Héng néi tir bén Bo Dé (thudc
huyén Gia Ldm) vGi khu phé ¢ Hoan Kiém. Pay 1a cay cau
bang thép, do ky su litng danh ngudi Phap Gustave Eiffel,
tac gid cha Thap Eiffel (Paris) néi tiéng thé gidi thiét ké
va dugc nha thau Daydé & Pille xay dung va&i su tham gia
cla 40 ky su, déc cong ngudi Phap cung hon 3.000 thg
lao dong Viét Nam lam viéc rong ra cuc nhoc trong suét
4 nam trai, ké tur 1ac khéi cong (ngay 12/9/1898) cho dén
khi khanh thanh (1902). VGi chiéu dai 2.290 m (khéng ké
dusng dan), gém 19 nhip bang thép cao 13,5 m (dat trén
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Cau Thang Long.

Cau Nhdt Tan.

20 tru cau I6n bang bé téng), c6 hinh dang mot con réng
uén lugn. Cau Long Bién khi dy la mot trong 4 cay cau thép
I6n nhat thé gidi va 1a cay cau dep, doc dao nhat chau A.
C6 mot diéu dac biét, thai dy, ngudi Phap méi dang bat
dau qua trinh xdy dung Ha Noéi theo kiéu quy hoach dé
thi chau Au, nudc ta con rat lac hau, chua cé dién, chua
c6 cong nghiép, rat it cdng trinh kién trdc dugc xay dung
theo phong céach kién trac c6 dién Phap, nhu Nha hat Lén,
Pha Toan quyén (nay la Pha Chu tich), vay ma kién trdc -
cau Long Bién lai rat hién dai khéng hé anh hudng méot chi
ti€t nao ctia phong céach kién tric ¢ dién ay. Trai qua han
thé ky, mac du bi chién tranh tan pha, mang day thuong
tich, nhung ngay nay cau Long Bién van suing sing ding
do, soi minh xuéng dong séng Hong dd nang phu sa,
khéng hé “c6”, khéng hé “cd”, van mang tinh thai dai voi
biéu tugng Réng bay bat ti clia Thang Long - Ha Noéi. Su
xudt hién cau Long Bién vao cudi thé ky 19 dau thé ky 20,
da mé ra mot thoi ky mdéi cta qua trinh d6 thi héa Ha Noi
lan th nhat, cing nhu giao thuong véi cac tinh phia Bac
va bong Bac clia dat nuéc.

83 nam sau, Ha Néi c6 thém hai cay cau, dé la cau Thang
Long va cau Chuong Duong. Cau Thang Long dugc thiét
ké va xay dung bdi su gitip d8, vién trg clia Lién X6. Cau dai
3.250 m, gém 2 tang, réng 21 m, mat cau bang bé téng, c6
25 nhip cau chinh va 46 nhip cau dudng dan. Tang 1 danh
cho phuong tién tho so va dudng sat. Tang 2 danh cho xe
€O gidi, co hai lan dudng danh cho ngudi di b6o. Cau Thang
Long khéi cong xay dung vao ndm 1974, khanh thanh vao
ngay 09/5/1985 (kéo dai dung 11 nam?!) ndi san bay Noi
Bai v&i Tha d6 Ha Noi trén dai 16 Nam Thang Long. Cau
Thang Long hién la cay cau I16n nhat Tha d6, ting dugc
ménh danh 1a cay cau thé ky, va la biéu tugng mét thdi cla
tinh hitu nghi X6 - Viét. Cau Thang Long khanh thanh hon
mot thang, thi ngay 30/6/1985, cau Chuong Duong cling
dugc thong tuyén va dua vao stir dung vai ky tich chi sau 21
thang thi cong. Day la cay cau thép - bé tong dau tién hoan
toan do ky su va cong nhan Viét Nam tu thiét k& va xay
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dung, gén lién vdi tén tudi ky su Bui Danh Luu néi tiéng,
ngudi sau nay trd thanh Bo trudng BO GTVT. Cau dai 1.230
m, gém 21 nhip (11 nhip thép va 10 nhip bé téng) véi 2 lan
xe 6 t0 va 2 lan cho xe may. Cau Chuagng Duong cach vij tri
cau Long Bién vé phiaBéng hon 1 km, bac qua sébng Hong,
néi vai Gia Lam (nay la quan Long Bién) va QL1A, QL5.

Budc vao thai ky d6i méi, m& clra va hoi nhap quéc
té, cung véi qua trinh d6 thi héa manh mé va sau khi mé
rong dia gidi hanh chinh, dién mao kién trdc d6 thi Ha Noi
déi thay nhanh chéng theo hudng van minh - hién dai.
Ha Noi ¢6 thém cau Vinh Tuy (giai doan 1), Thanh Tri, Vinh
Thinh, Van Lang va dac biét |a cau Nhat Tan, mot cay cau
day vang hién dai n6i clta ngd qudc té san bay Noi Bai vai
trung tdm Thanh phd, biéu tugng cla tinh hitu nghi Viét
Nam - Nhat Ban. Theo quy hoach chién lugc phat trién hé
théng giao thong van tai dén nam 2030 tdm nhin 2050,
ngoai 8 cay cau da xay dung k& trén, Ha Noi sé xay dung
thém 10 cdy cau nia trong d6 c6 cau Tran Hung Dao dang
dugc chu dau tu lap du an, c6 hinh thic kién tridc cau theo
phong cach goi la “x& Pong Duong” (?) cach day hon thé
ky nhung lai dugc Hoi dong tuyén chon, da gay xon xao
du luan va gidi kién tric su bai nhitng y kién phan (ng
trai chiéu.

. Ha Néi la thanh phé cta cay xanh, mat nudc. Trai
qua hon ngan ndm hinh thanh va phat trién, thanh
phé nay luén gén lién v&i song Hong. Hau hét cac
con séng c6 va hoé dam cta Ha Noi con sot lai dén
hém nay, nhu H6 Guam, H6 Tay, séng T6 Lich, Kim Nguu...
déu do su bién d8i clia sdbng Hong tao nén. Séng Hong
khé&i nguén tir phuong Bac xa x6i, ngan van nam can man
chd ndng phu sa boi ddp cho vung déng bang chau thé
Bac bo va uén lugn nhu dai lua héng bao boc thanh phg,
tao nén mot dac trung cho canh quan d6 thi Ha Noi. Néu
nhu & thé ky trudc, Ha Néi la thanh phé ven song, nhung
vG@i quy hoach chung Thi d6 dén nam 2030 tam nhin 2050,
thi sbng Hong da nam trong long thanh phé. Vi thé, viéc



Cau Vinh Tuy.

xay dung thém 10 cay cau hay hon nia néi hai bg séng
Hong trong tuong lai gan, la rat can thiét, khong chi dap
('ng nhu cau giao théng cho phat trién kinh t&€ Thu d6 theo
hudng bén viing, ma con tao diéu kién thuén Igi dé hinh
thanh dién mao kién tric d6 thi hai bg ctia thanh phé séng
Hoéng trén mét doan dai 40 km chay qua Ha Noi. Va do
clng la dong luc thu hat cac nha dau tu bat déng san va
thuc ddy hinh thanh cac du &n khu dé thi méi khu vuc phia
Dong va phia Bac séng Héng, lam cho dién mao kién tric
d6 thi Tha d6 thém khang trang hién dai va giau ban sac
trong thai ky phat trién méi mét cach bén viing.

Bay gi®, bén kia cau Long Bién, Vinh Tuy, Chuong
Duong, Nhat Tan khéng con 1a nhiing canh déng trong
ngd, trong lta hay lang xdm nghéo, ma thay vao do la
cac day phé, khu d6 thi méi ciia quan Long Bién sam uat
vGi hang trdm toda chung cu cao tang, biét thy kién tric
hién dai, tién nghi danh cho ngudi giau ciing nhu nguai
thu nhap thap, nhu Vincom Village, Viét Hung, Sai Déng,
Ecopark... cac trung tam thuong mai, khach san, cong sé,
cong trinh thé thao - van hoa... réi cac lang nghé truyén
théng nhu lang gém Bat Trang... Ngay ngay hang ngan
van ngudi va phuong tién qua lai trén nhiing cay cau dé
vao ra thanh phé. Nhiing cay cau khéng chi lam cho giao
théng gitta hai bd song Hong thuan tién, ma né con lam
cho gia dat va bat déng san & Long Bién tang chong mat.
Va cling nh thé ma céi nhin khinh khinh cach biét vén c6
gilta nguai ndi do6 vai ké ngoai thanh bao dai nay gid cling
nhe nhang di!

. Trong tuong lai khéng xa, Ha Noi sé cé nhiéu cay
cau I6n dugc xay dung, do la hinh anh lang man
ctia mét Thu d6 hién dai, van hién, van minh trong
thé ky 21. Méi cay cau khong chi co chic nang giao
thong, ma con la céng chao trén séng, 1a tac phdm kién
tric cdu mang tinh van héa, tinh biéu tugng, phan anh su
phat trién cia mét Thanh phé dugc ménh danh la thanh
phé vi Hoa binh, thanh phé Sang tao. Vi thé, viéc thiét ké

Cau Péng Tri.

kién tric cau khéng chi la céng viéc clia cac cong trinh su
cau dudng, ma rat can cé su tham gia sang tao cua kién
tric su va su gop y clia cong dong xa hoi. DE€ khi xay dung
I&n, mbi cay cau sé la moét bong hoa dep té diém cho canh
quan kién trac d6 thi hai bs séng Hong. Hinh anh nhirng
cay cau Ién dugc xay dung bang céng nghé mai, hién dai,
c6 vé dep doc dao, mang dam nét van héa soi béng xuéng
dong s6ng Héng d6 dam phu sa, sé tao an tugng lang man
biét bao cho du khach. Va khi dy, Ha Noi sé dep dan 1én bai
nhiing cay cau!

Néu dugc nhu thé, thi mét ngay nao do, va & naoi nao
do trén trai dat nay, méi khi nhac dén Ha Noi, ngudi ta
cling sé nhé dén cau Long Bién hay cay cau nao dé bac
qua séng Héng clia Ha No6i, nhu da tiing nhac dén cau
Great Belt (Pan Mach), cau thap qua séng Thames (cua
London - Anh), cdu cdng Sydney (Uc), cau Millau (Phap),
hay cau c8ng Vang ndi lién gilra San Fransico va California
clia nuéc My...

Va khi dy, khong biét 10 tré thé hé Y... cia Thanh phé
ngan nam tudi nay c6 con nghéu ngao héat “Ha Néi co6
nhiing cay cau...” nhu ching téi ngay trugéc?
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TU CHINH SACH DEN CUOC SONG

Xu thé tat yéu cua nha cung cap
vat liéu xi mang cho céng trinh giao théng

>THANH PHONG

Phat trién cac dong vat lieu xi mang cho nhdng céng trinh cau giao théng
dudng b6 hién dai, phtic tap, co dac tha rieng luén la bai toan kho dat ra déi
vai méi nha san xuat. Thuc tién hoat dong tai cong trinh cau Phu My va Cao
Lanh cho thay Cong ty Xi mang INSEE Viet Nam co thé giai quyét nhiing van
de kho dat ra trong cong tac thi cong va yéu cau phuic tap cua céng trinh.

GIAI QUYET NHUNG VAN PE KHO KHAN CUA TUNG
DU AN

Cau Phu My (khé&i cong 9/9/2005, hoan thanh 2/9/2009)
la cay cau day vang dai nhat TP HCM va ciing la mét trong
nhirng cdy cau day vang hién dai nhat thé gisi, do Céng ty
BBBH Consortium - mét lién danh gilra Bilfinger Berger clia
Puc va Bauderstone Hornibrook cta Australia 1a téng thau
thiét ké va thi cong. Yéu cau vat liéu xi mang cho du an nay
chuyén biét, dat chat lugng t6t nhat cho tiing hang muc cu
thé nhu: bé téng cho san, tru cau, phai dat cudng dé cao sém,
sau 22 gid, dé xoay vong van khuén nhanh, tang tién doé du
an véi chu ki 5 ngay hoan thanh mot module san; bé tong
phai phong nglia nguy co pha hay két cau do phén tng kiém
- c6t liéu; bé tong coc nhoi duy tri tinh cdng tac tot sau 3 gid.

Dic biét, du an yéu cau bé téng it tda nhiét nhdm gidm thiéu
nguy co nut do nhiét cho phan dai coc. Pai coc vai kich thudc
60x19x4m 13 bé tdng khéi I16n c6 téng khéi luong 3.200 m?, chia
lam 4 giai doan d6 bé tdng, t8i da mbi khéi d6 1.100 m?,

Hay tai du an cau Cao Lanh (19/10/2013 - 27/5/2018), la
du &n cau day vang két néi khu vuc trung tam déng bang
s6ng Mé Kéng bac qua séng Tién, dia phan tinh Dong Thap,
do lién danh Nha thau China Road &Bridge Corporation va
Vinaconex E&C thi cdng dudi su gidm sat va tu van cla Lién
danh tu van Wilbur Smith Associated (My) - WSP Finland
(Phan Lan) - Yooshin Engineering Corporation Joint Venture
(Han Quéc) cung vai trd quan ly du an ctia Ban Quan ly du an
My Thuan.

Du an yéu ciu vat liéu xi mang dat chat lugng tét, én
dinh, dat cac tiéu chudn quéc t& nhu ASTM va cip phdi bé
téng theo tiéu chuin ACI. Yéu cdu bé téng cho du an nhu:
coc nhéi dudng kinh 16n D1500 cho méng cau dan va D2500
cho moéng cau chinh, cudng dé C30-C35 MPa, d6 sut 20+/-2
cm. Mbi coc nhéi cé khéi lugng bé téng 16n dén 700-800m3,
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méng tru cau C40 Mpa, tru cau, dam cau chinh: C50 Mpa.

Do du an khéng dd nguén cét tu nhién cé module FM>2.3,
phai dung thém nguén cat nghién (crushed sand) dé dam
bdo dd I16n cla cat theo dung tiéu chudn. Do dé, tinh linh
doéng cua bé tong khi dung cat nghién can phai dugc dam
bao dé phuc vu an toan cho cong téac thi céng.

Ngoai ra, diéu kién thi cdng bac qua sdng |6n, mua mua kéo
dai nén phai trién khai tién d6 gap rat vao mua kho, mbi khéi dé
bé tong co6 khai lugng I6n, dam bao cung cap bé téng lién tuc
khi thi cong... Trong diéu kién dac biét khé khan nay, du an phai
huy déng 2 tram bé téng ndi trén sa lan (90m3/hx2).

DAP UNG YEU CAU PAC THU

Pé dap Ung yéu cau dic thu clia ting du an, su khat khe
cla cac nha thau chuyén nghiép nudc ngoai va trong nudc, tai
du an cau Pha My, déi véi bé tong cho coc nhoi, san, tru cau,
Xi mang INSEE Viét Nam da cung cap san pham xi mang INSEE
Easy Flow (IEF), tuan theo Tiéu chudn ASTM C1157 loai GU
(general use) va TCVN 6260:2009, c6 dac tinh vé dé linh dong,
tinh céng tac tét, cudng dé sém cao, da dugc dung cho hang
muc san tru cau; giup cho nha thau dam bao tién dé thi cong,
dap Ung chu ki xoay vong van khuon 5 ngay mot module cho
cac nhip san va di chuyén van khuén dén cac vi tri tiép theo.

Ngoai ra, nguy cad xay ra phan tng kiém - c6t lieu la mot
trong nhitng nguyén nhan gay ra hu héng cau kién bé téng
theo thai gian, viéc st dung xi mang IEF c6 ham lugng kiém
tuong duong rat thap, gitip gép phan han ché phan tng nay
va phu hgp vai nhiéu loai cét liéu (cat, da) cho bé tong.

Péi véi cac dai coc 16n, két ndi cac tru va hé théng coc
nhoi bén dudi, Xi mang INSEE Viét Nam da cung cap giai
phép xi mang INSEE Mass Pour (IMP), tuan theo Tiéu chuén
ASTM C1157 loai LH, c6 dac tinh dac biét la nhiét thay hoa rat
thap, gép phan lam giam nhiét lugng gia tang trong cac khéi



Cdu Phit My,

bé téng lon cha dai coc, giup han ché rdi ro gay ra Ung suat
nhiét va kiém soat nhiét dé bé téng t6i da (T max) la cac yéu
t6 gay ra nit cho bé téng khéi I16n, la nguyén nhan de doa két
cdu viing chac cla cau.

Con déi véi dy an cau Cao Lanh, Xi mang INSEE Viét Nam
da cung cap san pham INSEE Easy Flow (IEF) tuan theo tiéu
chudn ASTM C1157 loai GU cho nhirng hang muc ctia du an
yéu cau tinh céng tac tét, tuong thich tét véi cat nghién,
cudng do sém cao, han ché tach nudc va han ché nguy co
phan tng kiém - cét liéu dé phong tranh nit dan dén cac pha
huy gay hai d6 bén bé tong cau.

Tai du an cau Cao Lanh, Xi mang INSEE Viét Nam con bé
sung nhiéu giai phap hau can uu viét khi linh dong cung cap
xi mang qua hé théng sa lan bén trén song véi khéi lugng
Iuu trt I6n, nhu 1a mét silo du phong cho cac khéi d6 bé téng
I6n va lién tuc cho cac coc nhéi. Vao nhiing lic cao diém, Xi
mang INSEE Viét Nam da cung cép t6i 6.000 tan xi mang moi
thang cho cong trinh nay bang sa lan bén.

XU HUGNG TAT YEU VE CONG NGHE XAY DUNG
THAN THIEN MOI TRUONG

Viéc phat trién cac loai vat liéu xi mang ciing déng thai
phai dap Ung dugc xu huéng cong nghé xay dung hién dai,
dap ung t6t nhiing dac thu clia cac du an cau dudng khi di
qua khu vuc dat yéu, dé lun sut gay hu hong két cau mat
dudng va dau cau.

Véi su gia tang cha xu hudng dung coc xi mang dat cho
cac cong trinh giao théng nha vao tién dé thi cdng nhanh,
dam bao chat lugng va chi phi pht hgp, coc xi méang dat trg
thanh mot gidi phap phé bién cho gia c6 nén dat yéu trong
nganh giao va cac cdng trinh xay dung khac.

Nam bat xu hudng nay, Xi mang INSEE Viét Nam da cho ra
ddi sdn pham xi mang Xi 16 cao INSEE Stable Soil (ISS) theo tiéu

Cau Cao Lanh.

chudn TCVN 4316:2013 vao nam 2010, dap tng xu hudng dung
coc xi mang dat cho cac cong trinh giao thdng. ISS 1a san pham
hoan toan khac biét véi cac san phdm xi mang truyén théng,
6 dac tinh tuong thich t6t véi dat sét, bun dé ting cudng dé
coc dat xi mang; tuong thich nhiéu loai dat, kha nang cung
tng 16n. San pham da ing dung thanh cong trong nhiéu du
an trong diém.

ISS 13 san pham than thién moi trudng vi dugc san xuat tir
viéc tan dung nguén vat liéu tai ché xi 16 cao clia nganh cong
nghiép thép. ISS dat chiing nhan cao nhat cia Hiép hoi Cong
trinh xanh Singapore Green Mark, dang ki thanh cong ching
nhan EPD quéc té (Environmetal Product Declaration), gép
phan gidm phét thai CO,.

Pa dang hoda kinh doanh, khéng nguing cai thién va déi
m&i hoat dong, ludn ti€p can cdng nghé san xudt mdi, hién
dai dé€ cho ra doi nhiing san phdm mai dap ting day dd nhu
cau céng nghé xay dung cla cac cong trinh hién dai la xu
hudng phét trién bén viing tat yéu cda nhirng nha san xuét
vat liéu xi mang hang dau Viét Nam va trén thé gidi. Cach
hoat déng nay da gitup Xi mang INSEE Viét Nam luén dong
hanh v&i nhitng c6ng nghé xay dung mdi, hién dai, than
thién v&i méi truong.
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TU CHINH SACH DEN CUOC SONG

Ky vong gia tri kién truc cau

Cda Luc 1, Cda Luc 3

> TRAN LUONG

Gia tri kién truc cdu Cua Luc 1 va cau Clia Luc 3 sau khi dugc hoan
thiéen, dugc ky vong khéng chi két néi giao théng gitia TP Ha Long vdi
huyén Hoanh B6 (tinh Quang Ninh) ma con co gia tri la diém du lich,

ngam canh va bao tén heé sinh thai bién.

& déng bo ha tang giao thdng két ndi, tao diém

nhan kién tric canh quan khu vuc vinh Clra Luc,

tinh Quang Ninh quyét dinh dau tu cau Clra Luc

1 va cau Clra Luc 3 néi TP Ha Long vai huyén
Hoanh Bé.

Cudi nam 2019, théng qua mét cudc thi tuyén phuong an
thiét ké kién tric cho céng trinh cau Ctia Luc 1, Clra Luc 3,
phuong an “Canh chim bién” dugc lua chon la thiét ké kién
tric cta cadu Cla Luc 1, phuang an “Mat trdi trén vinh Ha
Long” dugc lua chon la thiét ké kién tric cha cau Clra Luc 3.

Theo mét thanh vién trong Hoéi dong cham gidi cudc thi
tuyén, gidi phap kién truc cta ca 2 phuang an dugc lya chon
déu dugc dat ra la phai dap ung day du cac tiéu chi vé ky
thuat - my thuat - canh quan - kinh té.

Cau Clra Luc 1 va dudng dan cé téng chiéu dai toan
tuyén 4.265m, diém dau giao véi tuyén dudng ndi Khu cdng
nghiép Cai Lan - Viét Hung dén dudng cao t6c Ha Long - Van
DPon tai phudng Giéng Day; diém cudi ddu néi véi QL279 tai
Km24+750, xa Lé Lgi, TP Ha Long.

Cau Clra Luc 1 khéi cong ngay 28/4/2020, dugc bé tri téng
cdng 05 vom thép lién tuc, trong dé: méi bén 02 vom thép
dugc dat doi xing vai vom chinh. Diéu nay tranh sy don diéu
cho két cdu vom chinh va tao ra cac diém nhan vé du lich va
canh quan;

B tri b sung cac sdnh ngdm canh danh cho bd hanh va
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hé théng cay xanh; B6 tri hé thong day vang cang ngang phia
trén vom ctia nhip chinh va 02 nhip bién dé tang khéng gian khi
dong phuang tién di chuyén trén cdu. Dong thai vao ban dém
hé théng day cang ngang vdi su két hgp clia hé thong dén trang
tri, d€ tao nén diém nhan du lich nhu mét “bau trdi day sao”;

Piéu chinh chiéu cao ctia vom thép tai nhip chinh va cac
nhip bién, dé tao ra su hai hda uén lugn va tinh lién tuc, mém
mai cla két cau; Khoang théng thuyén phia dugi cau, bé tri
dam bao chiéu cao tinh khéng ding va tinh khéng ngang
theo quy dinh séng cap lll. Trong d6 chiéu cao tinh khéng
dugc tinh t muc nudc H5% co xét dén chiéu cao séng, chiéu
cao nudc bién dang do bién déi khi hau. Do d6 gia tri muc
nuGc H5% ctia cau Clia Luc 1 1a 2,75m sé cao hon gia tri muc
nudc ap dung déi vai cau Bai Chay trudc kia (H5% = 1,94m);

Pé xuat cac diém nhan dac biét vé kién tric va cdnh quan
tai khu vuc hai dau cau, dé du khach viéng tham vinh Cia Luc
va thanh phé Ha Long, d6ng thai thu hut cac nha dau tu tiém
nang phat trién khu vuc.

C4u Clra Luc 3 khéi cong thang 10/2020, c6 téng chiéu dai
2.847m, gébm dudng dan va cau, diém dau dau néi tuyén dudng
truc chinh Khu d6 thij FLC tai phudng Ha Khanh; diém cudi giao
vGi Quéc 16 279, thudce dia phan xa Thédng Nhat, TP Ha Long.

Cau Clra Luc 3 dugc bo tri thém 02 vom thép clng day
vang tai vi tri sdnh ngdm canh va nam “nghiéng cach diéu”
bé tri so le hai bén ctia nhip dan. Diéu nay tranh su don diéu



Phéi canh cau Cira Luc 1.

cho két cdu vom chinh va tao ra cac diém nhan vé du lich va
canh quan; Piéu chinh chiéu cao clia vom thép tai nhip chinh
(chiéu cao 40m - tinh tir mat cau dén dinh ctia vom thép) dé
tao nén diém nhan véi hinh tugng mat trdi trén vinh

Clra Luc.

Khoang théng thuyén phia duéi cau, b6 tri dam bao chiéu
cao tinh khong dung va tinh khéng ngang theo quy dinh
song cap lll. Trong d6 chiéu cao tinh khéng dugc tinh tir muc
nudc H5% cé xét dén chiéu cao séng, chiéu cao nudc bién
dang do bién d8i khi hau. Do dé, gia tri muc nuéc H5% cda
cau Clra Luc 3 1a 2,82m sé cao hon gia tri muc nudc ap dung
déi v6i cau Bai Chay trudc kia (H5% = 1,94m).

Dén thai diém ngay 8/10/2021, cau Clfa Luc 1 ¢6 tién
dé thi cong dat 79%, du ki€n hoan thanh két cau chinh
toan cau ngay 25/10/2021; hoan thanh tham bé téng nhua
ngay 4/12/2021; hoan thanh hé théng chiéu sang, my thuat
ngay 10/12/2021 va hoan thién cau ban giao st dung ngay
14/12/2021, dugc danh gia la d@m bao hoan thanh theo tién
dé da cam két vai ch dau tu cling nhu chién dich 100 ngay
dém hoan thanh du &n cuda tinh Quang Ninh.

Cau Cua Luc 3, tién do thi cong dat 26,3%, trong dé tién
dé thi cdng phan cau chinh, cdu dan phia Ha Long dang dam
bdo yéu cau cta cha dau tu, du kién thang 3/2022 sé hgp
long cau chinh.

Theo Ban Quan ly dy an BTXD céc cong trinh dan dung
va cong nghiép tinh Quang Ninh, cht dau tu da té chuc hop,

7 .

Tidn d6 thi cong cdu Cira Luc 1 ngay 6/10/2021.

yéu cdu nha thau xay dung tién do cu thé, chi tiét cho ting
hang muc; trong d6 bao gém viéc lap biéu dé tién d6 thuc té
tai cdng trudng, b8 sung nhan luc, thiét bi, duy tri ché dé bao
c4o theo ngay, bam sat vao ké hoach t6ng thé... Chi dau tu
cling tich cuc tap trung thao g6, giai quyét nhiing kho khan,
tén tai doi vai ting hang muc dam bao hoan thanh cac méc
thai gian da hoach dinh.
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TU CHINH SACH DEN CUOC SONG

Giai phap ky thuat sta chaa

mat cau Thang Long

> TS TRAN BA VIET", KS LUONG TIEN HUNG™

Cau Thang Long la cay cau huyét mach néi Bac - Nam Ha Noéi qua séng
Héng dugc khanh thanh nam 1985 do Lien X6 vién trg khéng hoan Lai. Sau
thdi gian dai st dung, cdu dugdc stia chiia lon vao nam 2008, tuy nhién
ngay sau do mat cau lai bi nut, bong trugt va lién tuc phai stia chda. Lan
sua chda nam 2020 vdi lop phu mat cau bang bé téng siéu tinh nang UHPC
da dap ung tat ca cac yeéu cau thiét ké ky thuat.

KET CAU MAT CAU THANG LONG

Cau Théang Long ¢6 phan cau chinh la hé gian dam thép
gém 2 tang cach nhau 14 m, phia dudi la 2 lan dudng sat
cung 2 lan xe may, xe tho so chay 2 bén, phia trén la 4 lan xe
0 t6 va 2 lan di bo. Hé gian dam thép cau gom 5 lién, méi lién
dai 336 m gém ¢4 3 nhip, méi nhip dai 112 m, téng chiéu dai
5 lién 1a 1.680 m. Gilra cac lién la khe co gian c6 tac dung dé
céc lién dam thép 6 thé bién dang do nhiét d6 méi trudng
thay ddi va do tai trong. Vi thé hé gian cau c6 dao déng 16n
theo ca 3 phuong. Cau Thing Long dugc khanh thanh vao
nam 1985, da qua 36 nam khai thac s&f dung va cho t6i nay
la cdu ¢ tai trong I6n nhét & Viét Nam. Mat cdu Thang Long
la mat cau thép day 14 mm véi dam truc giao hg, nhip 3,3 m
theo hudng doc cau. Vao nam 1979 - 1985 cau dugc thiét ké
vGi xe 35 tan tuong Ging tai trong truc 10 tan véi luu lugng
xe 10.000 xe/ngd. D&n nam 2009 luu lugng xe cao diém la
47.000 xe/ngd, c6 xe vugt tai lén tGi 70 + 90 tan, tuong Uing
tai trong truc 1én dén 15 + 20 tan. Vi thé vai luu lugng xe vuot
4 + 5 1an dan dén mat cau chiu bién dé dao dong rat I16n. Khe
co gian cla cau can phai bién dang 450 mm, tuy nhién sau
nhiéu nam s dung, vat liéu xdy dung bi roi trén mat cau tran
vao lap day cac khe, lam cho chiing mat kha nang bién dang
va dan t&i cac bang cao su bi dit lam rai vat liéu va chay nudc
xudng tang dudi. Dé khic phuc tam thai, ngudi ta da dat tam
ton 1én trén mat khe co gidn, tuy nhién chiic nang lam viéc
clia né da khéng con dam bdo.

) Phé chii tich kiém Tong thu ky Hoi Bé tong Viét Nam
9 Céng ty CP Sdang tao va chuyén giao cong nghé Viét Nam
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KET QUA THU NGHIEM VA KIEM PINH MAT CAU VA
NGUYEN NHAN HU HONG

Dau ndam 2020, cong tac kiém dinh danh gia chat lugng
hé gian dam thép va ban mat cau dugc giao cho Trung tam
Khoa hoc cong nghé GTVT (Trudng Pai hoc GTVT Ha No6i)
thuc hién dé 1am cc s& cho phé duyét du an. Cac két qua kiém
dinh cho thdy:

- Hé gian dam thép cau Thang Long dam bao chiu luc,
bién dang va dao déng.

- M3t cau tang trén véi I6p SMA trén ban mat cau thép
truc hudng cé hién trang sau: I6p SMA bi bong rép, tréi dat,
chiéu day chd 16n nhét cla I6p SMA c6 chd 1én t6i 140 mm.
Téng dién tich SMA bi gay, bong rop tréi dat 1én t&i trén 8.000
m?/2.

- Mat cau thép chiéu day 14 mm va sudn hg cao 180 mm
da lam viéc téi gidi han, bat dau bi vong khong héi phuc, mat
cau bi dong nudc cho nhiéu nhat 25 mm. Ban mat thép va
dam truc giao khéng quan sat thay vét niit do moi.

- Cac két qua gia tai mat cau cho thdy (ng sudt I6n nhat
tai dinh cdc dam ngang - theo phuong doc cau va dinh cda
thanh ma thugng - theo phuang ngang mat cau.

Nhu vay, do ban mat thép vai dam truc giao ha da lam
viéc nhiéu nam, xuat hién bién dang Ién, dao dong I6n, goc
uén clia ban mat I6n va déi chiéu lién tuc dan téi kha nang
bam dinh clia I6p SMA v&i mat thép khong dam bao, lam 16p
SMA bi gdy, nit. Nudc sé tham xudéng gay bong rop lan rong,
khi d6 vdi xe tai trong 16n sé lam tr6i trugt, dun I6p SMA sang
hai bén vét banh xe. Hién tugng nay sé lan rong nhanh chéng
lam hu hong mat cau.



Ban bi thép tuan hoan tao do nham 300um mat lop UHPC lién
hop.

Quét keo Epoxy nhiét déo dé tang cwong bam dinh cho 1op
Polymer Asphalts.

Thi cong I6p phu Polymer Asphalts nhya nong.

Trén thé gidi, dang cau ban mat thép dam truc hudng
cling da dugc xay dung nhiéu va trong giai doan dau, cac
dam truc huéng déu la dam ha. Tuy nhién, sau dé cac ky su
da nhan thay hé sudn hg c6 dé ciing khong cao va vé sau
chuyén sang thiét k& ban mit thép hé dam truc giao kin (dam
hép) lam cho d6 cliing ban mat cau thép cao hon.

Cuc Quan ly dudng cao téc Lién bang Hoa Ky - FHWA
thuéc B GTVT Hoa Ky da xuat ban cac tai liéu: FHWA IF 12-
027-2012 Manual for design, construction and maintenance
of Orthotropic Steel Deck Bridges (Chi dan thiét k&, xay dung
va bao tri ban mat cau thép dam truc hudng - OSDs) vao nam
2012; FHWA HRT 17-097 Ultra-High Performance Concrete for
Bridge Deck Overlays (I6p phd mat cau bang bé téng siéu
tinh nang - UHPC); FHWA HIF 19-053 The Use of Thin Asphalt
Overlays for Pavement Preservation (S dung I6p Aspalts
mong cho bdo ton mat dudng) vao nam 2019.

Trung Qudc da ban hanh DB43/T1173-2016: Quy pham
thiét ké thi cong I16p mat cau lién hgp nhe (bé tdng déo dai
siéu cao) cho ban mat cau thép truc huéng va GDJTG/T A01-
2015: Chi dan thiét ké thi cdng mat cau nhe UHPC. Gan day la
tiéu chudn quéc gia T/CHTS 10036-2021: Chi dan |6p bé téng
siéu déo dai (STC) két cau lien hgp ban mat thép.

CAc tiéu chuan va chi dan cho thdy viéc sita chita mat cau
thép hay xay mai véi gidi phap co ban hién nay la thiét ké ché
tao I16p bé tong siéu tinh nang - UHPC cé tinh déo dai cao,
mong va nhe. Vi vay, UHPC sé lam viéc lién hgp v&i bdn mat
thép hé dam truc hudng nham tang d6 ciing mat cau, giam
bién dang, giam do6 véng, giam goc uén va giam dao dong
dan t&i lam gidm Uing suat kéo mat trén clia ban thép. Dong

thdi, né cling la mot I6p trung gian tang bam dinh cho I6p
phd moéng nhu la SMA hay Polymer Asphalts.

Cac giai phap nay cho téi gan day la giai phap duy nhat
dang cho stra chra ban mat cau thép hé dam truc hudng vi
khong lam gia tang tinh tai trén mat cau vdi cac cong nghé,
tinh chat cta UHPC da duoc hiéu ré va quan ly chat lugng
trong thi cong, déng thai gia thanh ngay cang canh tranh.

Tai lieu FHWA HRT 17-097 da nhan xét rang I6p pha bé
téng siéu tinh nang - UHPC la moét vat liéu pha c6 thé cung
cap ca vé viéc tang cudng cau truc 1an kha nang bao vé khoi
su xam nhap clia cac chat gay an mon bang cach sirdung 16p
vat liéu day ti 25 mm dén 51 mm. Diéu nay gidm thiéu khéi
lugng vat liéu can thiét va c6 thé gidm thiéu tinh tai b6 sung
I&n két cau cau so vai mot sé gidi phap [6p phu truyén théng.

K& tir nam 2005, da c¢6 han 140 cdy cdu dudng cao téc
dugc xay dung bang UHPC & Hoa Ky va Canada két hop.
Trung Quéc da stra chita 10 cau va xay dung méi trén 100
cau. Nhiing trién khai d6 st dung UHPC trong nhiéu tng
dung xay dung va phuc héi cau, bao gém: cac phan ti cau la
két cau duc san dugc lam hoan toan bang UHPC; trang bi va
stta chira mat cau, dam, két cau phu; va két néi duc tai hién
trudng gitta cac phan t cau dic san.

PHUONG AN LUA CHON UHPC

UHPC c6 d6 thdm thau rat thap va kha nang chéng hu hai
bang gia rat tét. Do do6, kha ndng xam nhap cla cac chat an
mon va hu hdng do déng lanh - tan bing gidm dang ké so
V@i cac vat liéu pha thong thudng, gilp tang cudng do bén.

UHPC c6 kha nang chéng mai mon tét, diéu nay c6 nghia
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la gidm nguy ca han lun. So vdi bé tong thong thudng, hén
hgp UHPC dugc thiét ké tot sé co do co ngét tuong déi thap,vi
vay giam dugc nguy cd nit do co ngét. Gia si, néu UHPC bi
nut, bé réng vét nit thudng nhé hon dang ké so véi nhiing
vét nut hinh thanh trong bé téng théng thudng do da dugc
gia ¢6 bang cac c6t sgi thép rat nho phan tan trong UHPC.

Do UHPC c6 d6 bén, dé chiu kéo, dd déo dai va do cing
rat cao, vi vay mat Idp méng cé thé dap ng ca cusng do lan
dd cling vdi tinh tai trong tang thém it nhat.

QUA TRINH NGHIEN cUU LAM RO CAC THONG SO
THIET KE VA CONG NGHE THI CONG

TU dau ndm 2019, Téng cuc Budng bd Viét Nam da giao
Hoi Bé tong Viét Nam ch tri phéi hgp cung véi Trung tam
Khoa hoc cong nghé GTVT (Trudng Pai hoc GTVT Ha No6i)
thuc hién, nghién ctu 16p lién hgp UHPC v&i ban mat cau
thép dam ha truc hudng trén mo hinh kich thuéc 3,3 mx 1,35
m (ban mat thép day 14 mm, sudn thép cao 180 mm, khoang
cach sudn 330 mm). Két qua nghién ctu thi nghiém cho thay
I6p UHPC lién hgp véi hé dinh neo chéng cédt (d =13 mm, | =
50 mm) va luéi thép (a 50 x 50 mm, d10 cudng do 400 MPa) da
chiu tinh tai va vuot tai trong tap trung ctia banh xe (tai HL93)
gap 3 + 3,3 1an 16p lién két, dinh neo chéng cat van lam viéc
tét. Khi tai vugt 1én tGi 3,3 1an thi sudn thép hé truc hudng
bat dau téi ngudng chady déo. Con ban mat lién hop UHPC
khong bi nut, bong, trugt, dinh neo khong bi dut.

Sau d6, mé hinh dugc thir mai tai tai trong thiét ké HL93
trong 1 triéu chu ky (th( tai lién tuc trong 7 ngay dém) cho
két qua: khéng ghi nhan chuyén vi gitra I6p UHPC va ban mit
thép, 16p UHPC khéng bi nut, tach.

Két qua da dugc bao cdo Téng cuc Pudng bo Viét Nam va
Thi trudng B6 GTVT Lé Binh Tho vao thang 9/2019.

Pay la két qua quan trong, thuyét phuc dé B6 GTVT va
Téng cuc Budng b Viét Nam dinh hudng Iua chon gii phap
UHPC lién hgp ban mat thép. Sau d6 B6 GTVT va Téng cuc
Pudsng bé Viét Nam da chi dao thuc hién nghién ctu tiép tuc
trén mo hinh I6n tirthang 02/2020 dén thang 6/2020.

Cac két qua nghién ctu trén mo hinh [6n so sanh vé kha
nang lam viéc cla ban mat cau thép hé dam truc giao khi
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Steel Truss

chua cé I6p ph lién hgp UHPC va sau khi phtl [6p UHPC lién
hop day 60 mm, dinh neo luéi 6 vudng 150 x 150 mm, cung
c6t thép d12, a 50 x 50 mm cho thdy kha nang lam viéc voi
tinh tai cta I6p lién hgp UHPC lam tang d6 ciing clia ban mat
thép 1én 2,6 lan. Thi mai véi tai trong tap trung qua 1 triéu
chu ky, khéng quan sat thdy bat ci thay déi nao cla 16p lién
hop UHPC cling nhu ban mat thép.

Nhu vay cau tao va cac thong so thiét ké caa I6p lién hop
da duoc xac dinh sau khi c6 két qua kiém dinh ciing nhu thur
mo hinh 16n.

Pé tao ém thuan cho mét cau, bdo vé I6p UHPC nhéom
dy an da nghién ctu céc loai I16p phd nhu: SMA, Polymer
Asphalts so véGi bé tdng nhua théng thuong va cac I6p keo
bam dinh nhu: nhii tuong, gan da mat, keo epoxy, keo epoxy
nhiét déo vai bé mat 16p UHPC khéng tao nham, c6 tao nham
& cac muc do khac nhau. Sau d6, mau thi mé phéng vét banh
xe tai 25°C, 50°C, 60°C va bdo hoa &m véi 15.000 chu ky. Két
qua cho thay mau vai I6p pha Polymer Asphalts day 40 mm
(@4 d = 12,5 mm) véi keo Epoxy nhiét déo tang bam dinh va
tao nham bé mat UHPC 300 pm cho két qua tét nhat vé kha
nang bam dinh va chéng trugt khéng chi & nhiét d6 25°C ma
con & ca nhiét dé 60°C va bdo hoa dm.

Nhu vay cau tao cac I6p pht mat cau da dugc xac dinh va
cac théng so thiét k&, ky thuat véi cau tao cac I6p mat cau,
quy trinh co ban da dugc xac dinh.

NGHIEN CU'U CONG NGHE VA THIET BI

Day la mét budc dai tuy thudc vao hé théng may, két cau gian
dam thép, diéu kién thai tiét, diéu kién mai trudng, diéu kién xe
thi cdng chay va diéu kién phai ddm bao tau hoa chay & tang
dudi, déng thai ti€n do chi cho phép thi cdng trong 120 ngay.

Thi nhat vé cong nghé, phai dam bao dé déc ngang mat
ciu la 2%. D& dap ting mét loat cap phéi vai cac chat 6n dinh
khac nhau gitip hén hop bé téng UHPC 6 tinh chat luu bién.
Sau dé mot loai chat 6n dinh khéng xung dét véi phu gia siéu
déo da dugc lua chon.

Pé d3dm bao phan doan dé dai hét 1 nhip 13 112 m, can
tinh toan céng suat may tron, thai gian thi cdng. Tu d6, da thar
nghiém cac cap phdi va xac dinh phu gia diéu chinh thdi gian



ninh két ctia hén hgp UHPC va duy tri trong khoang 8 + 10 tiéng.

Péng thai phai phan chia giai doan trén khé UHPC (trén
trudc tai nha may) va tron uét UHPC (tai hién trudng), diéu do
cho phép 6n dinh chat lugng UHPC v&i mic cao va rit ngén
thai gian thi cong tai hién trudng xuéng dugi 10 tiéng cho
méi phan doan, véi khéi lugng 90 m? UHPC.

P& gidm co, han ché nut bé téng va tang nhanh téc @6
thi cong, cap phdi téi uu clla UHPC da dugc thiét ké, cung véi
viéc lua chon ché d6 bao dudng nhiét 4m I6p phi UHPC lién
hop tai 80°C véi thai gian 72 gid sau khi dugc bdo dudng dm
tu nhién 24 gio dau tién.

Céc mo6 hinh thr nghiém thi céng véi dd déc 2%, mo
hinh thir can rai véi chiéu day 60 mm, mé hinh gan rai da, mo
hinh tao nham bang phuang phap ban bi thép tuan hoan,
thi kiém tra rung chan déng khi tau hod chay sé anh hudng
dén qua trinh déng rén I16p UHPC lién hgp cling da dugc tha
nghiém ngay trén mat cau.

Ngay 23/9/2020 da tién hanh thi lién déng toan bo day
chuyén thiét bi trén mot tdm mo hinh ban mat thép (co dinh
neo, lugi cot thép vdi chiéu rong 8,2 m va chiéu dai 5,5 m) dé
duc rat kinh nghiém vé cong tac t8 chic thi cdng, nhan luc,
tu van giam sat, kiém dinh thi nghiém.

Ngay 25/9/2020 da thit nghiém cadc phuong phap lam
lanh dé hén hgp UHPC sau trdn dam bao dugc nhiét do
khong vugt quéa 35°C. Cac phuong phap da ap dung la lam
lanh c6i tron béng dé CO, két hop cung lam lanh nudc tron
bang hé thdng Chiller va da cay cdng nghiép. Méi dot dé sur
dung khoang 12 tan da cay cong nghiép va khoang 60 kg da
kh6 CO,, tuy vao nhiét dé méi trudng khi thi cong.

Ngay 27/9/2020 da thuc hién thi cong hoan chinh phan
doan dau tién vai chiéu dai 112 m trong 10 gid, khéi luong la
60 m* UHPC, cho két qua my man ca vé chat lugng, hinh thic
va dap ung tién dé thi cong.

Sau d6 ¢ 3 ngay thuc hién mét lan d6, dén ngay
29/12/2020 da hoan thanh toan bé 32 phan doan UHPC lién
hap vai khéi lugng 2.000 m?* UHPC tuang (rng 28.000 m? mat
cau, dap Uing va vugt cac yéu cau ky thuat cda du an.

Gilta cac dgt d6 UHPC lién két la cac khe co, véi chiéu dai
téng cong la 1.850 m dai, da dugc 1&p dat thi cong véi két qua

* —Polmer Asphalts: 40 am

—Epoxy: 0.4 kg/m2

= UHPC overlay (1207): 60 - 67 mm

—— Zinc-rich paint for resistance to alkali: 0,1 mm

—Deck plate: 14 mm
=S delimm, IS0 mmasd ael s d= 00| (- 10 10p UHPC lign hop OSDs
Note: Stud 1505150 mm; stell bars S0xS0 mm va cac I6p phi khdc dp dung cho

cau Thang Long

dam bao chat lugng tuyét doi.

Clung vai qua trinh thi cong UHPC 16p lién hgp, da tién
hanh thay 6 khe co gian dugc nhap khiu tir chau Au va cé
kha nang cho phép bién dang dai téi 900 mm, cac khe nay
phai dugc lién két, déng bd vé cao trinh, do kin khit vai 16p
UHPC lién hop.

Sau dé da thi cdng cudn chiéu, ban bi tao nham mat I16p
UHPC bang 4 may ban bi cong nghé Duic, tao d6 nham 300
pm. Ba thi cong thir nghiém thdm Polymer Asphalts day 40
mm (200 m x 8,2 m) va I&p keo Epoxy nhiét déo 0,4 kg/m?, dé
danh gia cap phdi, cdng nghé va tién do. Sau d6, da kiém tra do
rbng, th&r nghiém nhé giat va trugt cda I6p Polymer Asphalts
thi cong trong thuc té. Cac két qua dugc dung dé diéu chinh
cip phdi va cong nghé thi cong. Song song vdi d6, don vi thi
cdng da tha mé phdng vét banh xe vai 20.000 chu ky tai 60°C
va bao hoa 8m thuc hién trong LAS, cho két qua tét.

Trén ca s& dé, khi thai tiét hanh kho, tién hanh lu quét keo
Epoxy nhiét déo hai thanh phan, ngay sau dé thi cong I6p
Polymer Asphalts nhya néng, phai ddm bao lu lén xong tu khi
nhiét do lu can Polymer Asphalts tir 180°C va gidm xuéng thap
nhat la 100°C. Khi nhiét do I6p Polymer ha xudng dudgi 100°C,
I6p keo bam dinh Epoxy dan cting lai. L&p keo nay viia bam
dinh chat véi mat UHPC tao nhadm viia lién két chat véi da co
trong Polymer. Bén canh d6, n6é con cho phép Asphalts trong
Polymer tan mot phan vao Epoxy tao ra lién két hoa hoc. Nhu
thé, I6p keo Epoxy nhiét déo da co vai trd quan trong tao ra su
lam viéc déng thai cta I6p phu Polymer véi I6p UHPC lién hgp
ban mit cau thép, ngay ca khi nhiét dé trén 60°C va bao hoa am.

Clng véi stia chita mat cau chinh, hé théng 1€ bé hanh,
hé théng thoat nuéc, ho lan 2 bén cau va tin hiéu son ké vach
cung dinh phdn quang ciling dugc stra chira, thay méi.

Ngay 07/01/2021, liic 9h sang Lé thong xe mat cau Thang
Long da duoc tién hanh dé két néi véi hé thédng dudng vanh
dai 3 trén cao doan Cau Gidy - Thang Long két néi hoan
chinh. Bén nay da qua 9 thang khai thac st dung, trai qua
nhiéu diéu kién thai tiét thay déi lién tuc (nhiét dd mat cau tu
khodng 12°C dén 65°C, d6 &m tir 28% dén bao hoa), xe chay
dat t6c 80 km/h, cho két qua mat cau ém thuan, dap uing tat
ca cac yéu cau thiét ké ky thuat.
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BN i~ EVNTPR vINH TAN 4 [l

NHA MAY NHIET DIEN VINH TAN 4 & VINH TAN 4 MG RONG:

Nhiéu giai phap tich cuc

dé tieu thu tro, xi

> VINH TIEN

ung tam dién luc (TTPL) Vinh Tan la moét trong

nhiing TTPL I&n nhat c& nudc véi téng cdng sudt cac

nha may la 4.284 MW, chi€ém 6,88% téng cong suat

dat toan Hé théng dién, trong dé Tap doan Dién luc

Viét Nam (EVN) quan ly van hanh 02 nha may trong TTDL la

nha mdy nhiét dién (NMND) Vinh Tan 2 va Vinh Tan 4. Tu khi

dua vao van hanh, cdc nha mdy da déng vai tro quan trong

trong viéc ddm bao cung cap dién cho phat trién kinh té - xa

hoi va phuc vu dai séng sinh hoat ctia nhan dan trong dia
phuong va trén ca nudc.

banh gia dugc tam quan trong cta TTDL Vinh Tan, EVN

ludn chi dao céc don vitap trung quan ly van hanh cac NMND

cta EVN tai TTBL Vinh Tan an toan, 6n dinh. Tuy nhién trong

thai gian qua, cdc NMND ctia EVN gap nhiéu kho khan trong

viéc tiéu thu tro xi phat sinh trong qua trinh van hanh cac

NMNBD.

1. CAC THONG SO KY THUAT CUA TRO Xi BEU NAM
TRONG GIG1I HAN CHO PHEP

NMNBD Vinh Tan 4 & Vinh Tan 4 Mé& rong st dung nhién
liéu chinh la than Bitum va Sub-Bitum nhap khau ti Uc va
Indonesia, c6 ham lugng tro, xi thap (chi chiém khoang <
9,8% lugng than tiéu thu). Nhu cau st dung than trong qua
trinh van hanh cia nha may khoang 5.048.083 tan/nam.

Mau tro, xi phat sinh trong giai doan van hanh cia NMND
Vinh Tan 4 & Vinh Tan 4 M& rong da dugc phan tich bai cac
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dan vi c6 du chuc nang theo quy dinh nhu Cong ty SGS Viét
Nam, Trung tam Ky thuat tiéu chudn do ludng chat luong 3,
Trung tdm phan tich va do dac méi trudng Phuong Nam.

Dé kiém soat chat luong tro, xi thi can thiét phai ddm bao
dugc chat lugng than cap dau vao dap (ng yéu cau van hanh
va 8n dinh. Theo d6, ngoai viéc yéu cau don vi cung cip than
phai dam béo chat lugng than theo ding Hop déng, Nha
may da trang bi cac thiét bi phan tich d6i chiing dé kiém soat
chat ché cac thong s6 néu trén dé€ dam bao chat lugng than
nhap vé phu hop vai thiét ké clia nha may va dam bao chat
lugng tro xi phat sinh.

Pong thai, dé t8i uu hda van hanh va 8n dinh chat lugng
tro, xi, nha may thudng xuyén kiém soat chat ché ché do van
hanh cac t6 may, t6i uu hoa ché do chay cda 16 hoi theo ding
thiét ké va quy trinh van hanh, nham dam bao chat lugng tro
xi dap Ung nhu cau cla thi trudng.

Dé kiém soat chat lugng tro, xi dugc luu tri tai bai, nha
may da lap cac quy trinh van hanh hé thong thai tro, xi va
quy trinh van hanh bai thai xi.

Vé dic tinh tro, xi cia NMND Vinh Tan 4 & Vinh Tan 4 Mé&
rong, so sanh két qua phan tich cac théng sé tro bay va xi
day 10 cia NMND Vinh Tan 4 & Vinh Tan 4 Mé& rong véi quy
chudn QCVN 07:2009/BTNMT vé ngudng chat thai nguy hai
thi cac théng sé déu nam trong gidi han cho phép cta quy
chuén hién hanh va so sanh két qua phan tich cac thong s6
tro bay theo tiéu chuan TCVN 10302:2014 phu gia hoat tinh
tro bay duing cho bé téng, vita xay va xi mang, cac théng s6
phan tich déu nam trong gidi han cho phép, tro bay ctia nha



may dap uing du diéu kién dung cho phu gia hoat tinh bé
tong, vira xay va xi mang. Tro xi clla NMND Vinh Tan 4 & Vinh
Tan 4 dac biét cé Igi thé so vai tro xi clla cac NMND st dung
than trong nudc khi c6 ham lugng cacbon khéng chay hét
thap, phu hop cho san xuat xi mang, bé téng va cac vat liéu
xay dung khac (xem bang chiing nhan hgp chudn hinh dudi).

Mau tro, xi phat sinh trong giai doan van hanh ctia NMND
Vinh Tan 4 & Vinh Tan 4 M@ rong da dugc phan tich béi cac
don vi c6 du chuc nang theo quy dinh nhu Cong ty SGS Viét
Nam, Trung tdm Ky thuat tiéu chudn do ludng chat lugng 3,
Trung tam phan tich va do dac méi trudng Phuong Nam. Cu
thé nhu sau:

- K&t qua phan tich dac tinh tro bay NMND Vinh Tan 4 &
Vinh Tan 4 M& rong do Cong ty SGS Viét Nam trach nhiém
hiru han phan tich nhu sau (Bang 1):

- K&t qua phan tich dac tinh xi day 16 NMND Vinh Tan 4 &
Vinh Tan 4 M& réng do Cong ty SGS Viét Nam phan tich nhu
sau (Bang 2):

- Trung tam phan tich va do dac méi trudng Phuong Nam
dugc Bo Tai nguyén va Moi trudng chiing nhan du diéu kién
hoat déng dich vu quan trdc méi trudng theo cac Quyét dinh
s6 828/QD-BTNMT ngay 10/4/2015, s6 1071/QD-BTNMT ngay
12/5/2016, s6 1896/QD-BTNMT ngay 07/8/2017 va s6 1565/QD-
BTNMT ngay 16/5/2018 cGia B6 Tai nguyén va Méi trudng vdi
ma s6 VIMCERTS 075. Két qua phan tich dac tinh tro bay va xi
day 16 NMND Vinh Tan 4 & Vinh Tan 4 M& réng do Trung tam
phan tich va do dac méi trudng Phuong Nam phan tich nhu
sau (Bang 3):

So sanh két qua phan tich cac théng s6é tro bay va xi day
16 cia NMNBD Vinh Tan 4 & trén véi quy chudn QCVN 07:2009/
BTNMT vé ngudng chat thai nguy hai thi cac théng sé déu nam
trong gidi han cho phép.

Bén canh do6, Cong ty C8 phan Hoang Son Fly Ash and
Cement - Chi nhanh phia Nam (d6i tac tiéu thu tro, xi cla
NMND Vinh Tan 4 & Vinh Tan 4 M& rong) da thué don vi tu van
(Trung tam Ky thuat tiéu chuan do ludng chéat luong 3) 1dy mau

Bang 1: Théng s6 dac tinh tro bay

tro bay ctia Nha may dé danh gia chat lugng tro bay theo tiéu
chuan TCVN 10302:2014 phu gia hoat tinh tro bay dung cho bé
téng, viia xay va xi mang. K&t qua phan tich nhu sau (Bang 4,5):

Theo bang 1 & trén, tro bay cé ham lugng CaO = 4,78%,
theo TCVN 10302:2014 tro bay cia NMND Vinh Tan 4 thuéc loai
tro axit (F).

So sanh két qua phan tich cac théng so tro bay cia NMND
Vinh Tan 4 theo tiéu chuidn TCVN 10302:2014 phu gia hoat tinh
tro bay dung cho bé téng, vira xay va xi mang, cac théng sé
phan tich diéu nam trong gidi han cho phép, tro bay clia nha
may dap ting da diéu kién dung cho phu gia hoat tinh bé tong,
vlia xay va xi mang.

Viéc thu gom, van chuyén, luu tr( tro, xi NMND Vinh Tan 4
& Vinh Tan 4 Mé& réng tai bai thai xi Vinh Tan 2 dang dugc thuc
hién dung theo quy trinh do UBND tinh Binh Thudn phé duyét
tai van ban s6 1767/UBND-KTN ngay 26/5/2016, tuan thu cac
bao cdo danh gia tdc dong maoi trudng NMND Vinh Tan 2, Vinh
Tan 4 va Vinh Tan 4 Mé& rong da dugc phé duyét, dam bao an
toan, 8n dinh va ddm bao maéi trudng;

Nhu vay, vai thanh phan, tinh chat cda tro bay phat sinh
ctia Nha may dép uing quy chudn ky thuat Quéc gia vé phu gia
hoat tinh dung cho bé téng, vita xay va xi mang.

2. TiNH HiNH THI TRUGNG TRO Xi G VIET NAM

Tinh dén cudi ndm 2020, téng lugng tro xi luu tai bai chia
clia cdc NMND than con khodng 47,65 triéu tan; téng luong tro
xi nhiét dién da tiéu thu trén ca nudc khoang 44,5 triéu tan,
tuong duacng vai 42% t8ng lugng phat thai qua cadc ndm. Thuc
té cho thay, tro xi dugc sir dung nhiéu nhat la linh vuc lam phu
gia khoang cho xi mang, udc khoang 24 triéu tan, chiém 70%;
san xuat gach dat sét nung va gach khoéng nung uéc khoang
4 triéu tan, chiém 12%; phu gia cho san xuat bé tong tuoi, bé
tdng cho cac cong trinh thay Igi, cong trinh giao thong va cdng
trinh xay dung dan dung udc khoang 3 triéu tan, chiém 8%; va
lam vat liéu san lap, dap dudng giao théng cac loai khoang 3,5
triéu tan, chiém 9%.

Bang 2: Thong s6 dac tinh xi day 1o

STT | Chitiéu phantich | Phuong phap thirnghiém | Donvi | Kétqua STT | Chitiéuphantich | Phuong phap thirnghiém | Donvi | Kétqua
1 Si, ASTM D3682 - 13 % 45,68 1 Si0, ASTM D3682 - 13 % 66,07
2 @0 ASTM D3682 - 13 % 4,78 2 @0 ASTM D3682 - 13 % 476
3 Mg0 ASTM D3682 - 13 % 1,60 3 Mg0 ASTM D3682 - 13 % 1,88
4 |Fep, ASTM D3682- 13 % 1388 4 |Feg, ASTM D3682- 13 % 1,12
5 AL, ASTM D3682 - 13 % | 2945 5 AL, ASTM D3682 - 13 % 1372
6 Mn0 ASTM D3683 - 11 % 017 6 MnO ASTM D3683 - 11 % 0,13
7 |po. 150622 2016 % |02 7 |po. 150622 2016 % 011

8 Ti0, ASTM D2795 : 2001 % 1,89 8 Ti0, ASTM D2795 : 2001 % 0,87
9 K.,0 ASTM D3682 - 13 % 1,00 9 K,0 ASTM D3682 - 13 % 0,86
10 | Na0 ASTM D3682 - 13 % 0,36 10 | Na,0 ASTM D3682 - 13 % 0,43
1 |C ASTM D6316 - 09 % 0,96 n C ASTM D6316 - 09 % 0,86
12|50, inash ASTM D5016:08¢1 % 0,84 12| 50,inash ASTM D5016:08e1 % 0,06

ISSN 2734-9888 | 10.2021

19



20

TU CHINH SACH DEN CUOC SENG

Bang 3: Két qua phan tich tro bay va xi day 16

STT Théng sé Ponvi Phuong phap thi Két qua Két qua QCVN 07:2009/BTNMT
(mautrobay) | (mauxithan) (Nguéng nguy hai)
1 pH - US EPA Method 9045D6,6 6,6 9,0 pH = 12,5hodcpH < 2,0
STT Théng sd Don vi Phuong phap thi Két qua Két qua QCVN 07:2009/BTNMT
(mautrobay) | (mauxithan) | (Ham lugng tuyét ddi- Htc)T=0,99
2 | Téng¥yanua | mg/kg | US EPA Method 9013A + US EPA Method 9010C | KPH KPH 584,40
(CN-) + US EPA Method 9014 LOD=5 LOD=5
STT Théng sd Don vi Phuong phap thir Két qua Két qua QCVN 07:2009/BTNMT
(mdutrobay) | (mauxithan) (Nong @6 ngam chiét - Ctc)
3 Antimon (Sb) mg/L US EPA Method 1311 + SMEWW 3113B:2012 KPH KPH 1
L0OD =10,002 LOD =0,002
4 Asen (As) mg/L US EPA Method 1311 + SMEWW 3113B:2012 0,035 0,017 2
5 Bari (Ba) mg/L US EPA Method 1311 + SMEWW 3111D:2012 1,335 0,689 100
6 Bac (Ag) mg/L US EPA Method 1311 + SMEWW 3111B:2012 KPH KPH 5
LOD=0,03 L0D=0,03
7 Beryn (Be) ppm ASTM D5198 - 09 + SMEWW 3111B:2012 KPH KPH 0,1
LOD=0,012 LOD=0,012
8 Cadimi (Cd) mg/L US EPA Method 1311 + SMEWW 3113B:2012 KPH KPH 0,5
LOD =0,0005 LOD =0,0005
9 Chi (Pb) mg/L US EPA Method 1311 + SMEWW 3113B:2012 KPH KPH 15
LOD=0,05 LOD=0,05
10 Coban (Co) mg/L US EPA Method 1311 + SMEWW 3113B:2012 0,283 0,137 80
n Kém (Zn) mg/L US EPA Method 1311 + SMEWW 3113B:2012 1,452 KPH 250
LOD =0,05
12 | Molipden (Mo) mg/L US EPA Method 1311 + SMEWW 3113B:2012 0,452 0,369 350
13 Niken (Ni) mg/L US EPA Method 1311 + SMEWW 3113B:2012 0,191 0,181 70
14 Selen (Se) mg/L US EPA Method 1311 + SMEWW 3113B:2012 KPH KPH 1
LOD = 0,002 LOD = 0,002
15 Tali (TI) mg/L US EPA Method 1311 + SMEWW 3113B:2012 KPH KPH 7
L0D=0,02 L0D=0,02
16 | Thiyngan (Hg) | mg/L | USEPAMethod 1311+ SMEWW 3112B:2012 | KPH KPH 02
LOD =0,0005 LOD =0,0005
17 Crom (V1) mg/L US EPA Method 1311 + US EPA Method 7196A KPH KPH 5
LOD=0,01 LOD=0,01
18 Vanadi (V) mg/L US EPA Method 1311 + SMEWW 3113B:2012 0,006 KPH 25
LOD =0,003
19 Mugi florua mg/L | USEPA Method 1311 + SMEWW 4500B&F:2012 | 0,64 0,31 180
20 Phenol mg/L US EPA Method 1311 + US EPA Method 3510C + | KPH KPH 1.000
US EPA Method 8015D LOD=0,15 LOD=0,15

Hién nay, EVN dang quan ly van hanh 14 NMND than. Trung
binh hang ném, cac nha may nay tiéu thu khoang 40 triéu tan
than, déng thai phat sinh khodng 8 - 10 triéu tan tro xi. Trong
cac nam qua, vai nhiéu né luc ti phia Tap doan Dién luc va cac
NMNBD, ty & tiéu thu tro, xi cac ndm sau lién ti€p cao hon ndm
trugc. Nam 2020, du anh hudng clia dich COVID-19, ty Ié tiéu
thu tro, xi ctia EVN van dat t&i hon 83,4% khéi luong phat sinh,
cao hon nhiéu so véi ty 1€ tiéu thu trong ndm 2019 (68,85%).

Cung vai d6, EVN va cac don vi ciing da né luc tim kiém
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nhiéu giai phap nham xt ly, tiéu thu tro xi tai cac Nha may
nhiét dién (NMND). Ty Ié tiéu thuy, tai s dung tro xi tai NMND
thudc EVN da tang dan qua cac nam. EVN dat muc tiéu, tdi
nam 2022, tiéu thu 100% toan bo lugng tro xi nhiét dién phat
sinh va dén nam 2025 tiéu thu toan bo lugng tro xi tén tri tai
cac bai chua tro xi.

Bao cdo 8 thang nam 2021 ctia EVN cho thay khaéi lugng tro
xi phét sinh clia cac nha may nhiét dién thudc EVN khodng 4,8
triéu tan; khéi lugng tiéu thu dat 4,6 triéu tan (ty 1é tiéu thu dat



Bang 4: Chi tiéu chat lugng tro bay dung cho bé téng va viia xay

Bang 5: Cac chi tiéu ky thuat cta tro bay dung

= Ls | i —
056 12. 056 14. 056 15.
95%). Hién tai, 100% nha may, cong ty nhiét dién thuéc EVN da xay dung
va trién khai D& &n tiéu thu tro xi, thach cao; déng thai thuc hién dang ki
hop chuén, hop quy, Gidy chiing nhan tro xi du diéu kién dé tai s& dung
vao cac muc dich cu thé nhu lam phu gia xi mang, bé téng, vat liéu san
1&p, nén dudng 6 to...

Tuy nhién, tinh hinh tiéu thu tuong quan gitra hai khu vuc c6 su chénh
léch. Tai khu vuc phia Bac, cong tac tiéu thu tro xi tai cic NMND ctia EVN
rat kha quan, nhung tinh hinh tai cac tinh phia Nam khoé khan hon.

Nguyén nhan la do vi tri cdc nha mdy nay cach xa cac thij trudng tiéu
thu, gy khé khan trong viéc van chuyén, chi phi déi Ién cao. Cing d6, thoi
quen st dung vat liéu xay dung lam tu tro, xi nhiét dién chua dugc nguai
dan dia phuong va khu vuc phia Nam dén nhan, anh hudng dén kha niang
tiéu thu sdn pham lam tur tro xi.

Tai khu vuc phia Bac, cong tac tiéu thu tro xi tai cac nha may nhiét dién
clia EVN c6 nhiéu thuan Igi hon. Bon clr nhu tai Céng ty Nhiét dién Thai
Binh khéng chi véi tro bay, ma ty |é tiéu thu xi, thach cao trong cdc nam qua
lubn dat muc t6i da 100%. Tro, xi clia nha may dugc cac cd quan ¢ thdm

STT Chitiéu phan tich ponvi | Ketqu TCUN 10302:2014 cho xi mang
a | b | c | d STT | Chitiéuphan | Donvi | Kétqud | Kétqud TCVN
- tich 10302:2014
1 | Tong ham lugng oxit Si0, + | % 85,4 >70
ALO. +Fe.0 1 | Ham lugng mét | % 03 03 <8
23 273 .
- - khi nung MKN
2 | Ham lugng luu huynh, hgp | % 0,4 <3 <5 <3 <3 -
chat lvu huynh tinh quy déi 2 [Hamlugng luu )% |04 |04  f<35
ra S0, huynh,  hgp
chat luu huynh
3 | Ham lugng canxi Oxit tu do | % 0,5 - - - - tinh quy d6i ra
(a0, 50,
4 | Ham lugng mét khi nung MKN | % 03 <12 |<15 | <8 [<5 3 | Ham  luong | % 0,5 05 <1
canxi oxit tu do
5 | Ham lugng kiém cd hai (kiém | % 0,36 <15 @0,
hoa tan) 4 |wam  wong|% |03 |03 |[<15
6 | Doam % 0,01 <3 kim 6 hai
7 | Luong st sang 45um % 194 [<25 | <34 [<a0 [<20 (kiém hoa tan)
- N 04 9 ,01 ,01 <1
8 | Luong nudcyeu causovsimau | % 988 | <105 [ <105 [ <100 | <105 > | Boam b [ [O0
doi ching o s - " 2 ag s s .
quyén danh gia dat tiéu chuan dé tai s dung, do do
9 | Hamlugngion (I % <001 | <01 |- - <01 viéc tiéu thu kha thuan lgi.

Trudc day, Cong ty nhiét dién Mong Duang ludn
¢6 lugng xi thai ton vai khéi lugng I6n. Tu khi trién
khaiDé an dén nay, Céng ty da co ban giai quyét dugc
van dé nay, déi véi lugng xi day, don vi da ban dugc
cho mét s6 don vi thu mua, con vai xi tro bay dugc
van chuyén di san 13p tai mot s6 du én tai TP.CAm Pha
va moét s6 tinh 1an can.

Céng ty Nhiét dién Hai Phong cho biét, ciing da
tién hanh 1ap dé an dé xtr ly lugng tro xi con ton dong
tai bai thai xi, du kién sau nam 2021 co ban lugng tro
xi tai ho sé dugc khai thac hét bdo ddm an toan cho
viéc van hanh Nha may.

bac biét, tai Cong ty Nhiét dién Nghi Son 1 cung
vGi viéc ap dung cac gidi phap cai thién chat lugng
tro, xi dau ra trong qua trinh san xuat dién, Nha may
ludn tich cuc phdi hgp véi cac don vi tiéu thu dé xt ly
hét luong tro, xi, thach cao phat sinh hang ngay. Mac
du, tinh hinh dich bénh Covid-19 anh hudng Ién dén
san xuat kinh doanh nhung hoat déng tiéu thu tro, xi,
thach cao van duy tri 100%.

Ngudgc lai, tai Cong ty Nhiét dién Duyén Hai (tinh
Tra Vinh), ty 1é tiéu thu tro xi khodng 85% lugng phat
sinh trong 7 thang dau nam 2021. Nguyén nhan la do
vi tri cdc nha mdy nay cach xa céc thi truong tiéu thy,
gay kho khan trong viéc van chuyén, chi phi doi lén
cao. Cung dé, théi quen st dung vat liéu xay dung
lam tu tro, xi nhiét dién chua dugc ngudi dan dia
phuong va khu vuc phia Nam dén nhan, anh huéng
dén kha nang tiéu thu san phdm lam tu tro xi.

bay cling la nhitng khé khan ma cédc nha may
nhiét dién trong TTDL Vinh Tan phai déi mat. Hang
nam, cac nha may tai day thai ra khoang 3,76 triéu tan
tro bay nén can moét bai chira tro xi c6 dién tich 16n dé
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chia dugc hét lugng tro xi nay.

Theo bdo cdo clia S& Tai nguyén va Méi trudng Binh Thuan,
bai xi Vinh Tan 1 co dién tich khoang 59,5 ha, hién tai, khoi
lugng tro, xi da luu chia tai bai xi VT1 khoang 3,2 triéu tan
(chiém khoang 43% dung tich luu chiia cta bai xi).

Nha may nhiét dién Vinh Tan 2 va Nha may nhiét dién Vinh
Tan 4 hién st dung chung bai thai tro, xi, dién tich hon 38 ha,
stic chifa khoang 9,3 triéu m3, tuong duong véi 5 nam van
hanh cta 2 nha may. Khéi lugng tro xi chua tiéu thu dugc phai
dua ra luu trir tai bai xi dung chung ctia hai nha may con chiém
ti trong 16n (t6i 70%). Hién lugng tro xi tai bai xi cdla cac nha
may da dat 90% dung lugng thiét ké va du kién sé day trong
khoang thang 6/2022. Trong trudng hgp dé, cdc NMND Vinh
Tan 2 va Vinh Tan 4 sé phai ngiing van hanh do khéng cé cho
chua tro xi phat sinh.

Tinh hinh nay dang la bai toan khé véi lanh dao cac nha
may. B&i 1&, mbi nam chi riéng Nha may nhiét dién Vinh Tan
2 thai ra khodng 1,2 triéu m®. Ngay nhu nha may nhiét dién
Vinh Tan 4 va 4 m& rdng, véi cong nghé hién dai bac nhat hién
nay, st dung than betum va supbetum c6 ham lugng tro thap
(bdng 1/3 lugng tro cla than antrasite clia 2 nha may Vinh Tan
1 va Vinh Tan 2) xong lugng tro xi thai ra van la mot bai toan
I6n d6i véi lanh dao nha may do thi trudng tiéu thu han ché.

Theo Quyét dinh s6 452/QD-TTg ngay 12/4/2017 cta Thu
tudng Chinh phu quy dinh: d&€n nam 2020, chi cap dién tich bai
thai xi cho cac Nha may Nhiét dién véi dung lugng chia t6i da
trong 2 ndm san xuét. Vi vay, viéc xin thém mat bang dé xay
dung bai thai xi méi sé khong thé thuc hién dugc.

DE giai quyét khé khan nay, trugc day, NMND Vinh Tan 2
cling da xin UBND tinh Binh Thuan cho phép st dung 300.000
tan tro xi dé san 1dp mat bang khu vuc mé da Hang Co dé giam
tai bai chira. B6 Xay dung da c6 céng van hudng dan mot sé
nodi dung lién quan dén phuang an trén, riéng BO TN-MT thi
chua ¢6 van ban hudng dan.

Nam 2019, sau khi B GTVT c6 van ban vé viéc st dung tro
xi than lam vat liéu dap nén cac du én xay dung giao thong &
tinh Binh Thuan, trong d6 c6 viéc xdy dung dudng cao téc, da
khién cac NMND vui miting vi c6 thé giai quyét lugng tro xi tén
. Tuy nhién, du da c6 day du cac chiing nhan hgp quy, hop
chuén, nhung Ban Quan ly du an Thang Long sau khi chi dao
don vi tu van nghién ctu, ap dung thi c6 van ban dé nghi chua
st dung tro xi lam vat liéu dap nén dudng cao tdc.

Trudc day, UBND tinh Binh Thuan cling da cap phép, giao
mat bang cho mét don vi lam nha may san xuat vat liéu xay
dung tU tro xi than, nhung sau dé, don vi nay mdi chi xay dung
nha xudng réi bo di ludn.

Cau hai dat ra, tro xi than sau khi dugc cac co quan cla
trung uang danh gia va chiing nhan hgp quy, hgp chuan dé
lam vat liéu san lap, lam nén dusng 6 t6, phu gia khoang cho
bé tong..., nhung dén nay tai sao nhiéu don vi van chua man
ma véi nguén nguyén liéu dugc cho khéng nay?

M&i day, tai budi lam viéc vai doan cong tac ctia Quéc hoi,
6ng Huynh Thanh Canh, Trudng doan Dai bi€u Quéc héi tinh
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Binh Thuan, cho rang, tro xi than khé tiéu thu mét phan la do
nguai dan con cé tam ly e dé, chua tin tudng vao su an toan
khi str dung.

Cung véi d6, UBND tinh Binh Thuan ciing kién nghi Tha
tuéng Chinh pht va cac bo, nganh lién quan chi dao cac tinh
lan can tinh Binh Thuan ho trg, khuyén khich viéc sir dung tro
xi tai Trung tdm Dién luc Vinh Tan da dugc hgp chuin, hap quy
lam vat liéu xay dung. C6 nhu vay mai c6 thé gép phan giam
tai lugng tro xi dang ton ngay cang nhiéu tai cac bai chua.

3.HUGNG XU LY, TIEU THU TRO, Xi TRONG GIAI DOAN
TOI

Bang nhiéu nghién ctru va két qua thuc té, hién nay da c6
thé khdng dinh tro, xi clia cAc nha may nhiét dién than khéng
nhiing khong phai la ngudn chét thai nguy hai, ma con la
ngudn nguyén liéu co gia tri d6i véi nhiing san xuat vat liéu xay
dung. Nhung dé dat dugc cac muc tiéu vé xtr ly, st dung tro, xi
dat ra, can sutham gia clia tat ca cac cht thé nhu co quan quan
ly nha nuédc, chli cac nha may nhiét dién than, cac don vi tiép
nhan, st dung tro xi... nham trién khai déng bé va co tinh hé
théng cac cong viéc lién quan.

Theo théng ké clia Bo Xay dung, trong nam 2019, Viét Nam
st dung khoang 140 triéu tdn m3 bé téng, trong d6 50% dugc
san xudt tai cac co s& san xuat bé tdng thuong pham va 50%
dugc san xuat tha cong. Du bdo san lugng bé tong theo chién
lugc phat trién vat liéu xay dung Viét Nam thi dén nam 2030
san lugng bé tong & muc 250 - 270 triéu m3, V&i cong nghé
trong nudc hién nay da cho phép st dung tro, xi nhu mot
thanh phan trong cap phdi clia bé tong. & nhiéu nudc trén
thé gidi, viéc sir dung tro, xi trong bé tdng thuang pham da tré
thanh bat buéc, vi du nhu & Canada hau nhu tat ca bé téng
déu chura tir 10 dén 25% tro bay. Do d6, can phai c6 quy dinh
cu thé vé st dung tro, xi trong bé tong thuong pham phu hop
véi tiing dia phuong, khu vuc c6 dat NMNDT.

& Vviét Nam, cac NMND thudc EVN da phéi hop véi cac
don vi kiém dinh déc 1ap nhu VinaControl, Trung tdm Nang
lugng than Nhat Ban (JCOAL) dé t8 chiic 1dy mau tro xi va phan
tich, dong thai qua két qua nghién cdu cda Vién Vat liéu xay
dung - B& Xay dung, tro xi NMND c6 cac dac diém phu hop dé
st dung lam nguyén liéu san xuat vat liéu xay dung va dung
trong cac cong trinh xay dung.

Trong nhung nam qua, tro xi ctla cac NMND than ctia EVN
da dugc st dung trong cac linh vuc san xuat vat liéu xay dung
nhu bé tong, xi mang, gach khong nung, cau kién xay dung...
Dién hinh nhu tai 2 céng trinh thay dién I6n 1a Son La va Lai
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30% lugng tro xi thai ra trong qua trinh san xuat.

Hién nay, thi truong tiéu thu tro xi cic NMND
tai khu vuc Vinh Tan tap trung vao céac linh vuc
phu gia xi mang, phu gia bé téng, vat liéu khéng
nung, mot phan nhé van chuyén di cac dia
phuang khac va xuat khiu. Khd nang tiéu thu tdi
da cua thi truong la khoang 50% khéi lugng tro
xi phat sinh tai TTPL Vinh Tan va hién nay da bao
hoa do gidi han nhu cau cua thi trudng.

Mét sé kién nghi:

Ré rang, tro, xi nhiét dién dugc danh gia la phu
hop cho viéc st dung lam nguyén vat liéu cho san
xudt vat liéu xay dung va st dung cho xay dung.
Quyét dinh s6 1696/QD-TTg va 452/QD-TTg la ca
s& cho viéc thac ddy viec xtly, st dung tro xi nhiét

dién & Viét Nam. D& dat dugc cac muc tiéu vé xi
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_ "“““’3? Thu hai: Ban hanh cac quy dinh phap ly yéu

ly, st dung tro, xi dat ra, can su tham gia cla tat
cé cac chli thé nhu co quan quan ly nha nudc, cha
cac NMND, cac don vi ti€p nhan, st dung tro xi...
nham trién khai déng bo va c6 tinh hé théng cac
congviéc lién quan. Theo d6, cac chuyén gia, nha
khoa hoc va EVN kién nghi:

Tha nhét: Kién nghi cac cap ¢6 thdm quyén
tang cudng céng tac tuyén truyén khuyén khich
Cac co s& san xuat vat liéu xay dung s dung tro,
xi, thach cao lam nguyén liéu san xuat, déng thoi
tuyén truyén nang cao nhan thuc clia ngudi dan,
doanh nghiép vé st dung cac sdn pham tu ung
dung tro xi thay thé vat liéu xay dung.

cau bat budc thi trudng vat liéu xay dung sur
dung cac san pham san xuat tu tro, xi, thach cao,
bé tong, gach khéng nung...

Chau da st dung cdng nghé bé tdng dam lan, trong d6 thanh
phén khéi lugng tro bay tuong déi I6n dugc tuyén chon ti tro
bay ctia NMND Pha Lai.

DaGi véi cdc NMND than khu vuc phia Nam la Duyén Hai va
Vinh Tan, cdc NMND méi dua vao van hanh tai Duyén Hai va
Vinh Tan trong thdi gian viia qua da lam viéc véi cac don vi ¢6
kha nang tiéu thu tro xi, tao diéu kién dé cac don vi nay tién
hanh ldy mau thi nghiém nham dua ra phuong an tiéu thu. Cu
thé nhu tai Nhiét dién Duyén Hai da ky hgp déng tiéu thu tro
xi véi téng khéi lugng 2,9 triéu tdn/ndm bang 210% téng khéi
lugng tro xi trung binh hang ndm cutia hai nha may. Nhiét dién
Vinh Tan da lam viéc véi 9 cong ty dé nghién cdu x{ ly tro xi.
Riéng Nha may Nhiét dién Vinh Tan 4, nam 2020, Nha may Nhiét
dién Vinh Tan 4 da tién hanh ky két hop déng thu mua tro bay
NMNBP Vinh Tan 4 véi cac d6i tac la: Cong ty C8 phan Thuong
mai va Phat trién dau tu THT, Cong ty TNHH Hoang Son, Céng
ty TNHH DT&XNK An Sinh, Cong Ty TNHH Oirent Wealth. Tuy
nhién do thi trudng tiéu thu tai cac tinh mién trung rat han ché
trong khi viéc van chuyén tro xi ra tiéu thu & mién bac va mién
nam rat kho khan do chi phi van chuyén rat cao nén viéc tiéu
thu tro xi clia cac d6i tac néu trén chi dat trung binh khoang

Thi ba: Nghién clu cac co ché hé trg, tao

diéu kién cho cac nha dau tu nghién clu tng

dung, tham gia hgp tac kinh doanh vé&i cac nha may nhiét
dién trong viéc x{ ly va tiéu thu tro, xi, thach cao.

Thu tu: Sira d6i Nghi dinh 38/2015/ND-CP theo huéng
xem tro, xi nhiét dién khi dap Ung cac tiéu chuan, quy chuidn
ky thuat, hudng dan ky thuat lam nguyén liéu san xuat vat
lieu xay dung thi dugc coi la sédn phdm hang héa va khéng
bi di€u chinh theo quy dinh vé chat thai céng nghiép théng
thudng.

Thi nam: Kién nghi s6m ban hanh cac van ban quy
pham phap luat, tiéu chudn, quy chudn ky thuat, huéng dan
ky thuat, dinh muc kinh t€ - ky thuat quy dinh viéc xt ly, s
dung tro, xi lam nguyén liéu san xuat vat liéu xay dung va s
dung trong cac céng trinh xay dung, giao thong, san lap mat
bang...

Ngoai ra, véi cac doi tac van chuyén, stt dung tro xi, can
nghién ctiu ky va chap hanh nghiém cac quy dinh clia nha
nudGc vé bao vé méi trudng. C6 phuong an va ké hoach tiép
nhan, tiéu thu tro, xi dai han. Bac biét, cac don vi cing hgp
tac dé nghién ctu st dung va khai thac nguén tro, xi clia cac
NMN®D than dé dat dugc hiéu qua cao nhat.
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CAP NUGC CHO KHU DO TH:

Chuyeén tién sach nudc ban!

>NGUYEN HOANG LINH

Nhiing ngay gan day, ngudi dan sinh séng & khu dé thi méi
Phap Van - Ta Hiép (Ha Néi) bi rai vao tham canh bai tinh trang
nguén nudc sach cda gia dinh ho béng dung bi nhiém ban, c6
nhiéu giun san. Ho khéng thé st dung trong dn udng, chi ddam
xa nudc ra x6 cho can ban dong lai bén dudi roi dung nudc nay
dé tdm rdra. Con nudc dé an udng, cac gia dinh thudng phai mua
nudGc binh dé dung.

Nguén cung cap “tién sach nudc ban” dy la clia Xi nghiép
Nuéc sach Phap Van thudéc Cong ty TNHH MTV Nudc sach Ha
Noi. Nha may dugc xay dung nam 1989 véi cong suat thiét ké
khai thac tir 28.000 - 30.000 m*/ngd. Dén nam 2004, nha may
khoan bé sung va thay thé mét sé giéng suy thoai, cong suat dat
26.000 - 27.000 m*/ngd.

That ra, cdu chuyén “tién sach nudc ban” dién ra khong chila
lan dau & Ha NOi ma con xuat hién & nhiéu d6 thi khac trong ca
nudc. Va sy kién nay khong chi dién ra & nhiing doanh nghiép
yéu kém ma ca 6 nhiing doanh nghiép c6 nhiéu né luc vuon lén
trong phuc vu khach hang.

Chang han nhu sy kién cling gan day & Cong ty CP Cap nudc
Thira Thién-Hué (HueWaco). Ho da cung cdp nudc ban thay
nudc sach cho khoang 8.500 ho khach hang véi gan 50 ngan
ngudi trong Khu kinh té€ Chan May - Lang C6 khién nhiéu ngudi
quan tam, va dang quan tam han, d6 la cach hanh xir theo 16i
“clra trén” khi xay ra su viéc khién cho nhing lo ngai vé su doc
quyén dang c6 co hoi tréi day tai doanh nghiép nay.

NGi la “co co hoi tréi day” 1a béi 1@ HueWaco von la doanh

nghiép c6 tiéng cau tién va dat dugc khdng it thanh tich dang
khich lé trong may nam gan day, dac biét Ia tur khi dugc cd phan
hoa vao dau nam 2017.

Theo nhiing ngudi trong cudc ké lai, khi d6, HueWaco d3 tai co
cautinh gon bo may, giam 49 CBCNV, trong d6, sap nhap 8 phong
ban, gidam 27 can bo gian ti€p, 22 CBCNV nghi viéc theo ché do
khi ¢6 phan héa. Déng thai, ap dung ché dé giao viéc va bao cao
cong viéc theo ngay, tuan va tra luang theo hiéu qua cong viéc.
Vé6i phuang cham CBCNV kiém nhiém nhiéu vi tri “gidi mét viéc,
biét nhiéu viéc” théng qua viéc ddy manh cong tac dao tao, vivay,
tuy s6 lao dong giam nhung van dam bao hiéu qua cong viéc,
nang suat lao dong nang cao, chi tiéu s6 nhan vién/1.000 dau ndi
hién nay clia HueWaco la 1,73 (binh quan ca nudc la 7,6). Nha vay,
tiét kiém chi phi tién luong 7,05 ty dong/nam.

Sau c8 phan hoéa tai HueWaco, san lugng tang 8,69 triéu m3
(19,02%); t6ng doanh thu tang 141,71 ty déng (31,9%), dac biét
ndp ngan sach tuong tng véi c6 tiic clia phan vén Nha nudc tai
cong ty c6 phan tang 115 ty déng, gap 4,1 lan so v6i nam 2016;
loi nhuan tang tir 20,71 ty dong lén 95,38 ty dong/nam (tang
4,6 1an).

HueWaco da cé hang tram sang kién cai tién ky thuat, dac
biét, da nghién ctu, tham du thi va nhan dugc nhiéu giai thudng
danh gid trong cac cudc thi sdng tao ky thuat, gidi thuéng sang
tao khoa hoc céng nghé, trong dé dat 13 gidi thudng Trung
uong va 25 gidi cao clia tinh. Riéng trong 4 nam (2017-2020),
HueWaco da nghién ctru thanh céng 10 dé tai co gia tri thuc tién
cao, lam lgi hang tram ty dong.

Méi day, HueWaco da dugc vinh danh tai Chuong trinh

XI MANG CAM PHA
CONG NGHE NHAT BAN

HAN HANH TAI TRO CHUYEN MUC
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“Thuong hiéu tiéu biéu chau A - Thai Binh Duong” va dugc Tha
tudng Chinh phu trao tang Giai Vang - Giai thudng chat luong
quéc gia nam 2020...

Lugc qua nhiing con s6 va su kién trén day dé c6 cai nhin
cdng bang va tran trong nhirng gi ma HueWaco da lam dugc,
déng thoi cling cdnh bao mét can bénh kha phé bién clia nhiéu
doanh nghiép ¢ lgi thé “ddc quyén tu nhién” & nudc ta hién
nay, trong do c6 cac cdng ty cap nudc tai nhiing thanh phé va
céac khu dé thi lon, ma su viéc xay ra tai Khu kinh t&€ Chan May -
Lang C6 dang khién nhiéu ngudi lo ngai.

Ta hay thit phan tich nhiing dién bién cla su kién nay.

Dau tién, do la viéc biét hé théng ky thuat va nguén nudc
€6 van dé vé chat lugng nhung khong kién quyét xu ly. Tai cudc
gap g4 dai dién ngudi dan va céc ca quan chiic ndng, ngudi lanh
dao cao nhat ctia Cong ty cho biét, nhiéu hang muc ky thuat cia
nha may bi xudng cap tir 1au, ma mét trong d6 1a bé loc s6 2. Cu
thé 1a bé loc da muc riia phia day bé loc & do sdu 2 m, gy mat
lién két v6i phan dan loc inox. Phan bong can chua dugc loc da
di xuyén qua ché hdéng vao bé chlia va nhan vién khong phat
hién dugc dan dén xay ra “su c6 nudc duc”.

Cung véi dé, lién quan dén viéc ldy nudc séng Thira Luu tai
vi tri ha nguén, Céng ty thira nhan day la dong séng chay qua
rudng déng, tu dong va thay ca viéc ngudi dan vt rac thai sinh
hoat xuéng séng rat phan cam, nhung trudc tinh trang thiéu
hut nguén nudc Cong ty “budc” phai ldy nguén nudc tai ha luu
dong séng nay.

R6 rang HueWaco biét la hé thong ky thuat ciia nha may
nudc cl nat, tham chila muc rra tirlau nhung khong xd ly; cing
vdi d6 1a ngudn nudc khong bao dam dé dan dén hau qué bat
“thugng dé€” clia minh phai ganh chiu. D6 vén khéng phai cach
tu duy ctia mét doanh nghiép lam an dang hoang.

Tiép theo, khi xdy ra su ¢6 nudc sach thanh nudc ban, bi
khach hang khiéu kién thi tai HueWaco xuat hién cach hanh x
theo I6i “clra trén”, thi€u tén trong véi nhiing déi tuong rat dang
dugc tén trong. Theo ngudi dan cho hay, d6 1a goi dién thoai dé
m&i hop. Cach mai hop nay chi nén dung trong ndi bo clia mét

t6 chiic, ma trong mét t6 chic cling chi c6 thé dung cho cap
trén d6i véi cap dudi. Néu nhu trudc ¢6 phan héa, vén 1a mot
DNNN cap tinh, c6 su déc quyén tuyét doi vé ca hé théng hanh
chinh va kinh doanh thi con c6 thé hiéu dugc. Nay da cd phan
hoa, néu nhu HueWaco van tén tai cach tng xu vaéi khach hang
nhu vay, that khé chdp nhan.

Tiép nla, sy viéc da chiing minh rang, HueWaco dang ton
tai hanh vi “kinh doanh ban on”. Sau khi nhan thay su thiét hai ro
rang vé phia khach hang, Céng ty ¢ xin 16i va c6 mong mudn
bu dap nhing thiét hai d6, nhung lai khéng da ding cadm va
du that long dé thuc hién nhiing diéu chinh minh da cam két
trong hgp dong ciing nhu theo quy dinh clia phap luat. Dang
I& nén dung ti “tu phat” thi lai dung ti “hé trg” trong cudc hop
ma Cong ty da t6 chiic dé xir ly su ¢8 nén khéng dugc moi ngudi
ch&p nhan. That khé khan dé chdi bé mét cau héi ciia ngudi dan
nhu thé nay: “Ngusi dan ching t6i ndp tién nudc tré 2 - 3 ngay,
cac anh da cat nudc va phat tién ching toi. Bay gid cac anh cung
cap cho ching téi nudc ban thi cac anh cling phai bi x phat.
Day la luat choi do cac anh dat ra kia ma?”.

Khixdy ra cau chuyén trén day, HueWaco hoan toan cé thé dam
phan vai ngudi dan mét cach thién chi dé tim phuang cach thao g&
va khac phuc hau qua véi trach nhiém cao. Tuy nhién, khong phaila
véi cach hanh xtr ciia nhiing hanh vi kinh doanh doc quyén.

Trd lai vu viéc tai khu do thi méi Phap Van - Tu Hiép, theo
bao cdo cta Xi nghiép Nudc sach Phdp Van, nguyén nhan clia
su viéc la do hé théng dudng 6ng cap nudc cta don vi ngay
cang xudng cap, nhiéu doan bi buc v& dan dén dat ngam vao
nudc (khi hé thong ngliing bom, dat chui vao 6ng dan ché bi
v@) lam cho nudc vang, dac biét la tinh trang giun sén chui vao
duong 6ng.

Nghe noi su c6 nhiing doan 6ng nudc buc vé da dugc xt ly
nhung ngudi dan van khéng yén tam, vi van dé cot 16i & day la
su gia cbi clia ca hé théng 6ng dan nudc chirkhong phai chi mét
d6i ché. Va dé tinh trang nhu vay kéo dai, chdn han khéng tranh
khoi tu duy theo thé ddc quyén tua nhu bai hoc ctia Cong ty CP
Cap nudc Thita Thién-Hué nhu da néu trén.
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Tu dé thi hanh phuc dén phong téa,

gian cach va hau Covid

> BUI VAN

Xu hudng “D6é thi hanh phuc”, “Dé thi vi nhan sinh” ldy con nguai

lam trung tam dang cé nguy ca duit gay bai anh hudng cda dai dich
Covid-19 vdi cac bién phap phong téa, gian cach va hoi chiung sg dam
déng cua cu dan hau dai dich. Can lam gi dé giai bai toan nay?

TU DO THI THONG MINH...

Ky thuat s6, cdng nghé s6 xudt hién, phat trién rat nhanh
la tién dé cho con ngudi husng dén viéc xay dung do thi
théng minh. C6 rat nhiéu diéu dé néi vé do thi thong minh
nhung vé dai thé, c6 thé hiéu dé 1a dé thi dua trén ha tang s6
ma & do, con ngudi dugc cong nghé phuc vu dén tan rang.
Hau nhu tat ca déu dugc lap trinh san va do may tinh x ly.
C6 mot thai, d6 thi thdng minh da tré thanh trao luu, va ngay
nay van la xu hudng néng, nhat la véi cac nuéc dang phat
trién.

Thuc ra, sdng tao ra mdy moc, st dung ky thuat, céng
nghé phuc vu con ngudi da la uéc mao tu rat lau cda con
ngudi. Lich st phét trién cda loai ngudi ciing gén lién véi su
phat trién ctia khoa hoc ky thuat, ti co gidi héa, dién khi héa
dén tu déng héa va gid 1a tin hoc hoa, tri tué nhan tao.

Trang thiét bj, tién nghi hién dai. Tot thoi! May méc cong
nghé sé lam thay con ngudi. Tt théi! B&i con ngudi cling
can thai gian, cong suc d& hudng thu thanh qua lao dong
cla minh. T4t ca déu tu ddng héa. Tham chi diéu khién bang
giong noi, bang anh mét. ..

Nhung ngudi ta béng hoadng sg. Vay thi con ngudi & dau
va lam gi trong “xa hoi s6” 8y? O t6 tu lai. Diéu hoa, binh néng
lanh tu bat. Clra tu mé bang nhan dién khuén mat. Bén chiéu
sang tu tat... van van va van van. Chi can ngéi nha la két ndi
dén moi nai, lam dugc moi tha tuc. Vay thi con ngudi liéu c6
con can dén nhau, c6 con giao ti€p véi nhau???
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MGi chi la xa héi hién dai, ma su tuong tac clia con ngudi
da gidm di rat nhiéu. Ngudi ngudsi tat bat, voi va. Khuén mat
lubn dam chiéu, tinh todn véi tram cong nghin viéc. Cudc
s6ng d6 thi thu gon lai trong nhitng “chiéc hop”. T “chiéc
hép .

”

ngdi nha, can ho, con ngudi lén “chiéc hop” xe hai, dé
dén ngobi trong nhirng “chiéc hop” van phong, tru sé... S6ng
trong cung thanh phé, trong cung khu phé, tham chi trong
cling tda nha, trong cuing cdu thang ma khéng hé quen biét
nhau, chi “luét qua nhau nhu nhirng béng hinh”.

Va c6 ngudi dat cau hoi, vay thuc chat nhu cau cta con
ngudi la gi?

...DEN PO THI HANH PHUC

Nha tam ly hoc Maslow da nghién ctu, duc rat ra 5 loai
nhu cdu ca ban clia con ngudi xép theo thi tu ti thap t6i cao
la: Nhu c4u sinh ly; nhu cau vé an toan; nhu cau vé giao tiép;
nhu ciu dugc tén trong; nhu cau vé thanh tich. Nhu ciu sinh
ly bao gém nhu cau vé cac mat nhu sinh ly, vat chat can thiét
dé duy tri su ton tai clia con ngudi; vi du nhu an, & mac, di
lai...

Nhung théng thudng thi khi dugc théa man nhu cau &
cap thap sé phat sinh ti€p nhu ciu & bac cao han, nhu nhu
cau vé su an toan. D6 1a an toan vé sinh ménh, an toan lao
doéng, an toan méi trudng, an toan kinh té, an toan nghé
nghiép, an toan suic khde va an toan tam ly. Tuy nhién, diéu
d6 vé thuc chat van thudc vé nhu cau sinh ly va tam ly kha co



bén, kha so cap va cling la phé bién ctia con ngudi. Nhu cau
sinh ly. Pa danh. Nhu cau an toan. Do la tat yéu. Nhung I1én
mot cap cao haon, con ngudi sé doi héi ngay cang cao vé nhu
cau giao tiép. C4 thé coi, nhu cau vé giao ti€p vira thudc linh
vuc tam ly, vira thudc linh vyc tinh cdm; con cao hon nita la
nhu cau dugc tén trong va nhu cau vé thanh tich thuoc vé
gia tri tinh than.

Chinh vi thé, khi ma xa hdi céng nghiép phat trién, con
ngudi tré nén ngay cang xa cach nhau thi ngudi ta méi chgt
nhan ra, kinh té€ khéng phai la tat ca, su hudng thy, dugc
phuc vu ciing khéng phai tat cd ma chinh la mot cuéc séng
hai hoa mai mang lai hanh phuc cho con ngudi. Chinh vi thé,
ngudi ta cho rang, dé thi thong minh la can thiét, nhung do
mdi la diéu kién can, con diéu kién da la d6 thi ay phai lam
cho con ngudi hanh phuc. D6 phai la mét thanh phé ma con
ngudi ta thich séng. Va thanh phé ay phai lay con ngudi lam
trung tam.

Tu do6, 6ng Jan Gehl, tac gia cGia cudn sach “Do6 thi vi nhan
sinh” viét rang: Mot khu d6 thi tét phai la mét nai khién con
ngudi ham thich van dong (di bd, dap xe), khat khao trai
nghiém nhiéu hoat déng va hinh thic nghé thuat ty 1é thich
hop dé moi thd thu gon trong tdm mat va tac déng truc tiép
dén cac giac quan, dem lai nhitng cdm nhan day dua. Va: “Mot
thanh phé tét can giéng nhu mot bira tiéc vui. Khach khira
nan lai bai ho cadm thay thich tha. Va thanh pho t6t dy phai la
ndi séng dong, an toan, bén ving va lanh manh, noi ma con

ngudi trd thanh chi thé, dugc quan tam, yéu thuong va tran
trong”.

“Bo thi hanh phuc” hay “D6 thi vi nhan sinh” ma 6ng Jan
Gehl hudng t6i nhu chinh céi tén da noi lén tat ca, dé la mot
dé thi vi con ngudi, husng dén hanh phuc clia con ngudi.
Mac du con nhiing diéu chua that théng nhat va con phai
ban thao, lam rd, nhung nhin chung nhiéu ngusi cho rang,
do6 thi hanh phuc, doé thi vi nhan sinh méi la muc tiéu con
ngudi can hudng téi va sé tra thanh xu hudng trong tuong
lai.

VA DO THI THOI DAI DICH

Trong khi con ngudi dang bat dau hudng dén su than
thién, huong dén mét cudc séng vi con ngudi trong dé thi,
vi mét cude séng hanh phuc cho con ngudi, thi dai dich
Covid-19 ap dén. Tat ca bi dao 16n. Nhing diéu binh thudng
nhat tu trudc dén nay béng trd thanh xa xi. Phong téa, gian
cach, cach ly. it nhat cing la khiu trang.

Hai ndm ném mui dai dich, ngudi ta c6 xu huéng thu minh
lai, tr& nén séng cach biét. Sau nhiing chudi ngay dai phong
tda, gian cach, hang loat hoi chiing xuat hién, con ngudi khat
khao dugc gap g6, dugc giao luu; nhung khi tirng vung dé bo
phong tda, con ngudi lai mac hoi chiing sg dam dong, ngai
ti€p xdc. Nha hang phé tur truéc dén nay da it vao nha nhau,
nay thém con virus, ngudi ta lai cang xa cach thém. Lai thém
céi khau trang kin mit, nhiéu ltc ngudi quen ma con ching

ISSN 2734-9888 | 10.2021 NEWIRWINE |27



GOC NHIN TU THUC TIEN

Dai dich Covid dit ra véin dé can phai 16 chirc lgi khon

nhan ra nhau, huéng hé ngudi mai.

Ngay & néng thén, Tét Tan Stu via roi dich con yén yén
toi vé qué an Tét, cd em phai dan ngay: “Trén nha chu Lién em
da dua |é ban thg truéc réi, ming mot anh chi di Ié hai bén
ndi ngoai chur dirng vao nha ai, vi moi ngudi cling sg ngudi
3 Ha Noi vé”. Thé la, trong may ngay Tét & qué, ngay ca dua
ban hoc rat than & xom bén téi cing khéng dam dén nha.
No6i thé dé thdy, hdi chiing sg dam déng, xu hudng séng cach
biét, it nhat la trong bo phan I6n dan cu & Viét Nam luc nay
la c6 that.

Pai dich toan cau Covid-19 dugc cho la khéng thé loai
trir hoan toan. Vi vay, phuong cham thiét 1ap cudc séng binh
thudng mai dé€ séng chung vdi dich 1a diéu con ngudi bat
budc phai theo, cho du ngudi ta c6 mudn hay khéng.

Nhu vay, thuc té€ dang ton tai mau thuan gilra hai dong
chay: Mét chiéu la xu hudng dé thi than thién, d6 thi hanh
phuc ma diém c6t 16i 1a ting sy tuong tac, giao tiép gilia con
ngudi véi con ngudi; chiéu ngugc lai la yéu cau gian cach,
han ché tiép xtc dé chéng dich cdng thém hoi chiing sg dam
déng cua chinh cu dan. Diéu do dat ra cho cho gidi chuyén
mén, trong dé ¢o gidi kién truc bai toan can phai giai, it nhat
trong viéc quy hoach dé thi, t8 chiic khéng gian céng cdng
dén thiét ké, t8 chuic khédng gian séng trong tiing tda nha,
can nha, can ho trong giai doan méi.

GIAI BAI TOAN THE NAO?

Thuc ra, dé gii bai toan trén co 1& can phai tién hanh cac
gidi phap téng thé, tur t8 chic xa hdi, cong déng dén van
hanh dé thi; can ca giai phap vé hanh chinh, kinh té va céng
nghé, ky thuat; két hgp ca linh vuc kién trac, tam ly, van héa
vay hoc...

Trong kién trdc va xay dung, co 1& van dé dugc dat Ién
hang dau la t6 chiic khédng gian séng, dac biét 1a khéng
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g gian song trong dé thi.

gian cong cdng. Pay vén la diém yéu cla cac do thj Viét
Nam khi ngudi ta thuéing tan dung moi quy dat dé cap cho
céc du an xay dung nha &, van phong, trung tdm thuong
mai..., ma rat dé sén dat déi vai cong vién, quang trudng
va ngay ca dudng phé ty 1& binh quan trén dau cu dan
clng rat thap.

Cac dé thi ct hau nhukhéng thé ma rong duoc, van dé chi
con ¢6 thé trong chd vao quy dat sau khi di ddi cac nha may,
xi nghiép va cac tru sG nha nudc... ra khoi ndi d6. Nhung day
cling la van dé cuc nan giai. Vi vay, giai phap kha thi co 1& van
la trong viéc quy hoach cac d6 thi méi va té chic khéng gian
trong tiing du an, tham chi ké ca t6 chuic khéng gian trong
ndi bé du an va néi bo toa nha, ndi bd can hé... Trong trach
nay co |& lai dugc dat 1én vai cac kién truc su.

Thuc ra day clng lai la moét van dé kho, b&i n6 anh huéng
dén Igi nhuan clia chi dau tu, cla nha phat trién du an bat
doéng san. Nhung néu nhin vé lau dai, chinh viéc vira tang
dugc su tuang tac, giao tiép clia cu dan, viia bao dam phong
chéng dich an toan c6 1é lai 1a diém mau chét dé thu hat su
Iya chon clia khach hang. Va d6 méi la co sé tao su phat trién
bén viing cGa nha phat trién bat déng san.

Van biét, viéc xay dung mét dé thi vira dap ing nhu cau
giao tiép, hai hoa vai thién nhién, chan hoa gitta cdng déng,
lai vira dap (ng yéu cau gian cach trong phong chéng dich ca
trong trudc mat va tuong lai, cing nhu giai dugc hoi ching
sg dam déng hau dich Covid-19, la mét bai toan kho déi véi
cad nha qudn ly va cdc nha chuyén mon. Tuy nhién, d6 la mét
thuc té phai chdp nhan, nhu loai ngusi da, dang va sé phai
ti€p tuc chdp nhan Covid-19 va ca nhiing dich bénh khéac nira
trong tuong lai. Va cao hon nira, cac nha chuyén moén can
phai hgp suc dé giai bai toan nay, néu khéng mudn dut gay
tién trinh phat trién cia dé thi hanh phc, dé thi vi nhan sinh
ma loai nguoi huéng téi.



GIOI THIEU

“Nha & xa hoi -

kinh nghiém phat trién

nha 6 xa hoéi cho

cong nhan tai Viet Nam”

> AN NHIEN

Cuén sach "Nha & xa hoi - kinh nghiém phat trién nha & xa
hoi cho cong nhan tai Viet Nam” cua TS.KTS Ngo Lée Minh la
tai lieu hdu ich danh cho doc gia tim hiéu sau cac van dé lien
quan dén nha & xa héi cho cong nhan, trong béi canh chinh
sach vé nha & cho cong nhan dugc Chinh phu cting nhu lanh

dao TP.HCM quan tam hon bao gid hét.

TS.KTS. NGO LE MINH

A i - ~
NHA O XA HOI
KINH NGHIEM PHAT TRIEN NHA O XA | 101
CHO CONG NHAN TAI VIET NAM

huang trinh nha & d6 thi 2020-2030 ctia TP.HCM xac

dinh nhu cau nha & cho 2 triéu ngusi dan mdi, véi

149,4 triéu m? san; trong do, nhu cau vé nha & xa hoi

giai doan 2020 - 2025 la 20,13 triéu m? san, dap Ung
chd & cho 1,05 triéu ngudi.

Tuy nhién, van dé khéng chi nam & khia canh dap tng du
chd & cho ngudi lao ddng tai cac khu nha & theo quy hoach,
ma con dat ra van dé thiét ké nha & cé chét lugng, méi trudng
s6ng quanh cac khu nha & dugc quan tam ding muc. Do vay,
viéc hiéu dugc dic diém va nhu cu clia cdng nhan la co s&
khoa hoc dé t6 chiic nha & cho cong nhan.

No&i dung clia cudn sach “Nha & xa héi - kinh nghiém phat
trién nha & xa hdi cho cédng nhan tai Viet Nam” khéng chi
phuc vu hitu ich cho kién trdc su, nha quy hoach va thiét ké
d6 thi, ma con la tai liéu quy cho cac sinh vién, hoc vién cao
hoc, nghién ctu sinh nganh kién tric - quy hoach d6 thi cling
nhu cac nha quan ly dé thi va cac ban doc quan tam dén linh
vuc nha & xa hoi tai cac khu cdng nghiép - khu ché xuat &
Viét Nam.

Cuén sach gém 05 chuong, trong d6 chuong 1 trinh bay
y nghia va nhirng dac diém chung, so lugc béi canh lich s
va céc giai doan phat trién clia nha & xa héi, théng qua téng
quan nghién ctu va xu hudng phat trién mdi cho nha & xa
hoi, danh gia tinh hinh chinh sach va xay dung nha & xa héi
tai Viét Nam;

Chuang 2, tim hiéu vé kinh nghiém xay dung nha & xa hoi
cla cac nudc trén thé gidi, ti chau My, t&i chau Au, chau A,
va dac biét tai Trung Quéc mot nudc co kién tric phong phd,
da dang, gan gui vGi Viét Nam va cling la nai tac gia nghién
ctu hoc tap trong nhiéu nam. Nhiing bai hoc kinh nghiém
vé xay dung nha & xa hoi tai Viét Nam vaéi su tham gia cla
cdng déng va su hd trg clia cac nha dau tu, tir dé tac gia chi

ra nhiing van dé con tén tai trong xay dung mé hinh nha &
xa hoi tai Viét Nam.

Chuong 3, gigi thiéu vdi ban doc cac tiéu chi xac dinh,
tiéu chuén thiét k&, quy pham lién quan dén nha & xa hoi tai
Viét Nam, cu thé gém cé van ban phap ly, cac tiéu chuan va
cac yéu t6 van hoa, phong tuc, tap quan, nguyén vong,... ctia
ngudi lao déng tac dong dén viéc xay dung quy dat va xay
dung mo hinh nha & xa hoi.

Chuong 4, gidi thiéu tinh hinh xdy dung Nha & xa hoi cho
cong nhan tai TP.HCM, tir d6 dua ra cac mo hinh nha & xa héi
cho c6ng nhan céc khu cong nghiép - khu ché xuat tai Viét
Nam néi chung va TP.HCM ndi riéng, cu thé vé cac van dé vé
quy hoach, kién tric, quan ly va co ché van hanh. Déng thai,
sach cling gidi thiéu cac mé hinh dau tu quan ly va van hanh
nha & xa hoi, phan tich danh gia su khac biét gilta cdc mo
hinh d€ ban doc c6 céi nhin t6ng quan vé cdc mé hinh ma
tac gia dé xuat.

Chuong 5, dua ra nhitng hudng dan thiét ké quy hoach
va kién trdc nha & trong cac khu & cong nhan cac khu céng
nghiép - khu ché xuat dam bao thich ing khi hdu méi trudng
tai Viét Nam. San pham thiét k&€ mau & phan cudi chuong la
nhiing thiét ké dién hinh nha & xa héi cho c6ng nhan, gidp
céc dong nghiép va sinh vién kién trac c6 thé tham khao khi
thiét ké loai hinh nha & dac thu nay.

C6 thé ndi, cudn sach la cong trinh nghién ctu cong phu
cUa tac gia vé linh vuc nha & xa héi tai Viét Nam, cung cap
nhiéu théng tin hiu ich cho déc gia, sé la nén tang co sG
khoa hoc gitip cho viéc t6 chic nha & cho c6ng nhan sat vai
thuc tién hon.

NXB Xay dung phat hanh cuén “Nha & xa hoi - kinh
nghiém phat trién nha & xa hdi cho cong nhan tai Viét Nam”
qua 2 hinh thic: sach in va sach dién tu.
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Nghién cuu thuc hién cong tac danh gia
nha chung cu giai doan van hanh, khai thac

Researching the issues related to the task of implementing the assessment during the

period of operation, exploit on apartment

> TS TRAN THI QUYNH NHU
Trudng Dai hoc Xay dung Mién Trung

TGM TAT:

Hign nay, danh gia du an dau tw xay dung nai chung hay céc du an
nha chung cu ndi riéng hau nhu chi quan tam dén danh gia tinh higu
qué trong qué trinh hinh thanh dy an da |3: cac giai doan cia qué
trinh ddu tu, chua that sy chii trong dén cang tac danh gia & thai
diém khai thac van hanh cang trinh xay dung, cu thé bai bao nay dé
cap dén khai thac nha chung cur myc dich dé & va nha chung cur hén
hop. Thuc t& cho thady chi phi st dung dé van hanh khai théc céc
cing trinh xay dung lén gap nhiéu |an so vai chi phi ba ra dé ca san
pham xay dung. Do da. néu khéng ca s danh gia trong giai doan van
hanh khai thac cang trinh xay dyng thi sé géy nhigu tdn thét, lang
phi dén ngudn lvc xa hai va ngudi sir dung. Chinh vi the, trong bai
béo nay tac gid nghién ciu nhitmg van dé lian quan dén cang tac
thyc hign danh gia trong thi gian van hanh khai thac nha chung cu
s& gop phan hoan thién va nang cao chét legng, higu qua déu tu ddi
vai xa hai.

Tir khda: nha chung cur; danh gia; khai thac; van hanh

1. DAT VAN BE

Theo Théng tu s6 21/2019/TT - BXD ban hanh ngay 31/12/2019
vé Quy chudn ky thuat quéc gia vé Nha chung cu thi “Nha chung cu
la nha co tir 2 tdng trd lén, c6 nhiéu cdn hé, ¢6 16i di, cdu thang chung,
¢6 phdn s& hau riéng, phan sé hiu chung va hé théng céng trinh ha
tdng st dung chung cho cdc hé gia dinh, cd nhén, té chirc, bao gém
nha chung cu duoc xdy dung véi muc dich dé & va nha chung cu dugc
xdy dung c6 muc dich s dung hén hop”. Nhu vay nha chung cu phai
dugc st dung dling céng nang, muc dich thiét ké va néi dung du én
dugc phé duyét khi dua vao st dung van hanh, khai thac.

Hién nay, co rat nhiéu quy dinh vé viéc quan ly, st dung nha
chung cu nhu phai tuan thd ndi quy quan ly, st dung cda ting nha
chung cu, quy dinh cla phép luat vé nha &, va phap luat c6 lién
quan. Theo quy dinh hién hanh Chu s& hitu, ngudi st dung nha
chung cu phai déng kinh phi bdo tri, kinh phi quan ly van hanh, kinh
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ASTRACT:

Currently, when it comes to assessing construction investment projects
in general or the project of apartment in particular, the only factor that
matters is assessing the efficiency during the process of project
formation, these include the stages investment duration, considerable
attention has not been paid to the assessment task at the time of
exploiting the operation of the construction wark, in concrete, this article
mentions exploiting apartment exploiting to serve the purpose of
accommodating and complex apartment. Reality show that the use
expensive to operate and exploit the construction works are far larger
than those of the financial figure spent on the sites. Without the
assessment during the operation process, lot of undesirable loss
wastefulness would be caused, which in turn negatively impacted social
sources and users. Therefore, the author of this article researches into
the issues related to the task of implementing the assessment during the
period of operation on apartment, which contributes to completing and
enhancing the quality, efficiency of investment to the entire society.
Keyswords: apartment; assessment; exploit; operate

phi hoat doéng ctia Ban quén tri nha chung cu va cac khoan phi, 1é
phi khac trong qué trinh st dung nha chung cu, quy dinh hoat déng
bao tri nha chung cu phai dugc tién hanh theo Quy trinh bao tri
dugc phé duyét...Tuy nhién chua cé thuc hién quan ly trong céng
tac danh gia khai thac, van hanh nha chung cu, ké ca khi da xay dung
4 tiéu chi can ct @€ phan hang nha chung cu: (1) Nhém tiéu chi vé
quy hoach - kién tric; (2) Nhém tiéu chi vé hé thong, thiét bi ky
thuat; (3) Nhom tiéu chi vé dich vy, ha tang xa hoi; (4) Nhom tiéu chi
vé chat lugng, quan ly, van hanh.

2. NOI DUNG NGHIEN CUU

Trong thaoi gian qua, vi nhiéu ly do khac nhau c6 su tach biét gitia
dau tu xay dung va quan ly khai thac, van hanh cac cong trinh xay
dung. Chinh vi thé ma thiéu su gan két gitta quan ly du an giai doan
chuén bi, thuc hién va giai doan van hanh khai thac du an. Hau hét



cac dy an dau tu xay dung chi quan tam dén cac giai doan dau tu,
chua thuc hién danh gia hiéu qua ctia du an sau dau tu, tic giai doan
van hanh khai thac. Day la tén tai trong quan ly du an dau tu xay
dung & nudc ta hién nay.

Do d6, nghién ctiu thuc hién danh gia du an nha chung cu trong
giai doan van hanh khai thac la can thiét va ti€én hanh déc lap, dinh
ky theo giai doan st dung nha chung cu nam trong viéc quan ly
vong doi du an dau tu xay dung. Qua dé cac bén thu hudng sé dat
dén nhiing mong mudn:

- DGi vGi ngudi s& hiru hay st dung phai dugc duy tri cac tién
ich trong suét qua trinh khai thac, sy thuan lgi trong moi hoat déng
hang ngay tuong xing véi cac chi phi ma ho da bo ra, tao su yén
tam sinh s6ng, nang cao dan tri, c6 nhu thé gia tri cla nha chung cu
sé dugc tét hon trong viéc dinh gia cac sdn pham vé sau;

- Con d6i vai cha dau tu, hay cac Ban quan ly, Ban quan tri nha
chung cu, thong qua viéc danh gia xép hang nha chung cu'la mét trong
nhiing yéu t6 gép phan nang cao thuong hiéu va uy tin ctia cac bén c6
lién quan, tir @6 c6 nhiing lgi thé khi thuc hién cac du én mdi.

Khi t6 chiic dénh gia giai doan van hanh, khai thac nha chung
cu thi sé kiém chiing dugc chat lugng va hiéu qua du an dugc phan
tich va xay dung & cac giai doan trudc. Tu do sé phat hién nhiing ton
tai, bat cap va chua phu hgp trong qua trinh trién khai thuc hién du
an khi van hanh khai thac. Viéc danh gid dugc thuc hién dinh ky
trong giai doan khai thac cong trinh xay dung dua trén cdc tiéu chi
dugc xac dinh phu hgp véi tinh chat va muc tiéu clia du an. Két qua
cla viéc danh gid la ca s& dé diéu chinh nhirng van dé ctia du an dau
tu xay dung nham dam bdo muc tiéu ban dau dé ra, gidam thiéu
nhing tén that déng thai cling la bai hoc dang gia cho viéc dau tu
cac du an khac trong tuong lai.

2.1 Xay dung trinh tu danh gia

Pé dadm bao thuc hién cong tac danh gia sau du an duoc khoa hoc
va thuan tién, tac gid da xay dung trinh tu theo nhu sa d6 Hinh 2.1

Xac dinh du &n can danh gia

v

Xay dwng tiéu chi

v

Thwc hién khao sat

Phan tich sé lidu

v

So sanh véi muc tiéu ban dau

y

Két luén - Kién nghi

Hinh 2.1 Trinh ty dénh gid giai doan van hanh khai thac

Phuong phdp ddnh gid

Muc tiéu clia dy an dau tu xay dung nha chung cu la xay dung
mot hé théng mang luéi khu dan cu sinh séng hoan thién va déng
b6 dap Uing tét nhat nhu cau & ctia nhiéu cu dan va lién quan dén

dé thi hda. Cac du an nha chung cu la nén tang, la tién dé dé sap xép
lai mét phan khéng gian s6ng trong khu vuc, & mdi ving va trén
toan lanh thd cia mot quéc gia, gop phan hoan thién va chinh trang
dé thi. Hiéu qua ctia n6 chinh la sy thic ddy va tao tiém nang phat
trién cac doé thi mai.

Déi véi cac du an nha chung cu muc dich cla dy an hau hét
cac cha dau tu la phai la téi da hoa Igi nhuan, con d6i véi quan
ly Nha nudc la gop phan dé thj hda, st dung quy dat cho nha &
hgp Iy la diéu kién dé€ &n dinh va phat trién toan bd nén kinh té&
quéc dan trong hién tai ciing nhu trong tuang lai, con déi véi
Nngudi c6 nhu cau & hay muc dich kinh doanh thi ho mong muén
nhirng tién ich nhiéu nhat cé thé véi chi phi thdp nhat. Do d9,
muc dich cia du an can phai lay Igi ich kinh té - xa hoi la cai dich
phai dat duoc, ma cu thé 1a viéc thic ddy phat trién kinh té trong
khu vuc, nang cao muc séng clia ngudi dan khu vuc du an va cac
khu vuc lan can.

Sau khi dy an dau tu xay dung di vao khai thac, van hanh can lap
ké hoach danh gia du én, thsi diém danh gia lan dau thudng vao
nam thu 2 sau khi di vao khai thac. Viéc danh gia sé do cac chuyén
gia tu van doc lap ti€n hanh theo noi dung va tiéu chi dugc xac dinh
cu thé tuy thudc tinh chat du an. B8i véi cac du an dau tu xay dung
néi chung va du an nha chung cu, mét khung mau vé néi dung va
tiéu chi dugc dé xuat nhu sau:

v Lgi ich clia du an nha chung cu (két qua dau ra clia du an)

- Loi ich trong nganh Xay dung: Gidm chi phi khai théc, tiét kiém
quy dat, tao lap moi trudng khong gian s6ng an toan, van minh,..

- Lgi ich ngoai nganh Xay dung: tao khéng gian séng véi nhiéu tién
ich, gidam thai gian di lai trong mot s hoat déng clia cu dan trong qua
trinh sinh hoat, thiic ddy phat trién cac nganh san xuat khac.

- Lgi ich khéng (hodc kho) lugng hoa dugc: an ninh, han ché tac
dong tiéu cuc dén méi trudng sinh thai va moi trudng xa héi, thac
ddy van hoa va mot sé linh vuc khac phat trién. ..

v Chi phi ctia du an (nguén luc dau vao cta du an)

Cac chi phi ctia du an bao gom phan vén dau tu can thiét cho
viéc thuc hién du &n va phan chi phi van hanh khai thac trong ca
vong dai clia du an. Tuy theo tinh chat cGa dy an céc chi phi nay rat
khac nhau.

Cac khoan muc chi phi ctia du an thudng gébm 2 thanh phan
chinh

- Chi phi cho viéc dau tu xay dung mdi;

- Chi phi cho qua trinh van hanh khai thac du an gém cac chi phi
quan ly va bao tri stia chita cac cdng trinh chung nham duy tri nang
luc théng qua cla cong trinh, dién, nudc, cay xanh...

2.2 Xay dung tiéu chi danh gia

v’ Bdnh gid tinh phi hop

<> Phu hgp véi chinh sach phat trién kinh t& xa hoi ctia vung, khu
vuc va dia phuong nai anh hudng béi dy an.

< Phu hgp véi quy hoach phat trién kinh té€, xa hoi cda vung,
khu vuc; phu hgp véi quy hoach phat trién co s& ha tdng, mang ludi
giao théng khu vuc.

<> Phu hgp véi nhu cau cda dia phuong noi cé du én

v' Ddnh gid tinh hiéu sudt

< Nang lyc st dung.

<> Hao phi nguén lyc dau vao (tién, thai gian, stc lao dong...)
vGi nang luc thong qua va nang luc thuc té.

< Dién tich chiém dung dat so vai luu lugng thiét ké va nang luc
thuc té€ khai thac.

v Panh gia tinh hiéu qua:

<~ Chi tiéu vé lgi ich kinh té, tai chinh ctia du an.

<> Chi tiéu khai thac cia dy an.
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chung cu

Xac dinh nhiing tac dong clia nha

v

Xac dinh van dé nghién ctu

Tham khéo y kién chuyén gia

v

nghiép

Nhan dang cac yéu té tic dong cia
Hoi y ki€n cac chuyén gia du an téi nguoi dan va cacdoanh |« Co sé ly thuyét

v

Thiét ké bang cau hoi

v

Khao sat

v

- St dung phan mém SPSS 20

Phan tich dir liéu

- Uéc lugng cac tham sé clia téng thé
| (trung binh téng thé: mean)

A4

- Phan tich nhan toé

Két qua nghién ctu

- Kiém dinh méi lién hé gilra cac bién

Hinh 2.2. Quy trinh nghién ctu

v Panh gia tinh tac dong: Banh gia nhiing tac déng tich cuc,
tdc dong tiéu cuc clia du an doi vai nén kinh té, déi véi don vi khai
thac va déi vai ngudi dan khu vuc chiu anh hudng clia du én.

v Danh gia tinh bén viing:

< Tiéu chi vé kinh té (khéng bao gém néi dung trung lap véi
danh gia tinh hiéu qua) gébm céc chi tiéu: cach thdc van hanh cta du
an; cong tac bao tri, duy tu, stia chiia; gia tri gia tang cta dat.

< Tiéu chi vé xa hoi gdm 2 chi tiéu: an toan; kha nang tiép can.

< Tiéu chi vé moi trudng gom chi tiéu vé: moi trudng khéng khi
va tiéng 6n; lién quan dén hé sinh thai.

Trong d6 phuong phdp thuc hién: déi véi cdc tiéu chi cu thé vé tinh
hiéu qua, tinh tdc déng va tinh bén viing théng qua cdc néi dung:

v’ Tinh hiéu qua: Tiéu chi nay dugc danh gia, xem xét dya trén
ma&i quan hé gitia lgi ich du kién cla du an va két qua dau ra ctia du
an, tap trung céc tiéu chi vé tai chinh - kinh té:

< Cac chi tiéu téng quat:

- Chi tiéu gid tri hién tai rong tai chinh F-NPV va kinh té E-NPV;

- Chi tiéu suat thu lgi néi tai tai chinh F-IRR va kinh té E-IRR;

- Chitiéu ty s6 thu chi tai chinh F-B/C va lgi ich chi phi E-B/C;

- Chi tiéu thai gian thu héi vén.

< Cac chi tiéu lai ich:

- Chi phi khai thac, van hanh;

- Tiét kiém thai gian di lai khi sinh séng;

- Tiét kiém quy dat danh cho xay dung.

- Caclgi ich xa héi khac

v Tinh tdc ddng: Dy an dugc xem xét trén nhing thay déi cta
khu vuc du &n véi muc dich va muc tiéu ban dau clia du an:

- Két qua dat dugc so v6i muc tiéu va muc dich cha du an;

- Nhirng anh huéng tich cuc va tiéu cuc cda du an;

- Nhing thay d&i trong cudc s6nhg clia dan trong ving du &n.

v Tinh bén viing:

- Muc dich ctia dy an ¢6 tiép tuc dugc thuc hién sau khi dua vao
van hanh va khai thac?
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- Muc tiéu t6ng thé ctia du 4n c6 dat dugc trong tuong lai?

- Viéc duy tri chét lugng du &n dé€ dam bao thuc hién muc tiéu?
Cong tac bao tri, bdo dudng thudng xuyén c6 dam bao cong suat
khai thac hay khéng?

- Chénh léch gid tri dat bén canh va xung quanh clia khu vuc;

- Tang kha nang ti€p can moi hoat dong?

- Mtic @6 6 nhiém méi trudng khéng khi va tiéng 6n?

2.3 Xay dung quy trinh nghién citu va thu thap sé liéu

Quy trinh nghién cttu nham xac dinh muc d6 anh hudng cdia dy
an theo nhom cac tiéu chi dén ddi séng kinh té xa héi ctia khu vuc
du an dugc thuc hién nhu Hinh 2.1

Xay dung bang cau héi khao sat

« Xdy dung thang do

Thang do dung trong khao sat cac du an nha chung cu trong
giai doan khai thac, van hanh sé sir dung thang do Likert 5, méi yéu
t6 dugc hoi sé dugc danh giad véi 5 muc tu 1 > 5 (rat dong y-> rat
khong déng ).

Thu thdp dir liéu

Déi tugng khdo sat

Vi nhitng m&i quan hé valgi ich gilra cac bén khai thac van hanh
cUa nha chung cu la khac nhau nén cac déi tugng khao sat phuc vu
nghién ctu cling sé khac nhau bao gom:

- Nhém 1: cu dan sinh séng tai nha chung cu;

- Nhém 2: cac doanh nghiép (cac don vi kinh doanh), cdc ban quan
ly, cht dau tu, co quan quan ly Nha nudc khu vuc nha chung cu.

Phuong phdp thu thdp dir liéu: nghién cliu st dung 2 phuong
phéap dé thu thap d liéu:

- Phéng van ban cau trac (Semi-structured interviews): Ap dung
dé thu thap dir liéu trong giai doan dau clia nghién cuu, dugc tién
hanh bang viéc phong van truc ti€p mot s6 hé dan va doanh nghiép
tai cac tda nha chung cu. Phuong phép nay giup nhan dang cac yéu
t6 dnh hudng ctia du 4n dé dua vao bang cau hoi khdo sat dai tra.

- GUi bang cau hdi truc ti€p: sau khi hoan chinh cac yéu té trong
bang cau héi, phuong phap gui bang cau hoi truc ti€p ti cac doi
tuong khao sat dugc thuc hién trong cac budc khao sat thir nghiém



va khao sat chinh thtic. Bén canh do, do trinh d6 dan tri clia nguai
dan khéng déng déu nén trong mét sé trudng hop, cac khao sat
vién phai gidi thich can ké cac yéu t6 trong bang cau hoi va thuc
hién cac ky thuat phéng van, sau dé gitp dap vién hoan thanh bang
cau hoi dé thu thap di liéu cho nghién cuu.

Bdng 2.1: Mé td thang do

Da.n’h Thar"nghdo Mé ta
gia tylé
1 Rt déng Hoan toan dc:i'ng y vGi y kién néura
trong muc hdi

2 bongy Dong y véi y kién néu ra trong muc hoi

3 Khong Khong dong y cling khong phan bacy
coykién | kién néu ra trong muc hoi

4 Khéng Khong dong y vai y ki€n néu ra trong
dongy muc hoi

5 Rat khéng | Rat nhiéu ly do dé khéng déng y véiy
doéngy kién dugc hoi

Thiét ké bang cdu héi khdo sdt

Nhu da néi & trén, déi tuong cda nghién cliu goém hai nhom la
cac ho dan va cac doanh nghiép hoat déng trong khu vuc nha
chung cu (néu co). Do vay, bang cau hai khao sat ciing dugc thiét ké
thanh 2 bang: bdng cau hédi khdo sét nhém 1 va bang cau hoi khdo
sat nhém 2. Dé xuat mot s6 ndi dung co ban lién quan dén cau hoi
khdo sat:

v' Déivéi bdng cdu héi nhém 1:

- Yéu t6 kinh té: tiét kiém chi phi di lai, gia tri tang theo thai gian,
cac loai phi quan ly, gidam cac loai phi sinh hoat, tang thu nhap tu
cac hoat dong trong khu vuc...;

- Viéc lam, dan tri: tao ca héi viéc lam, cai thién doi séng, dan tri
nang cao, chia cat khéng gian séng, hoat déng stta chira don lé gay
mat trat tu...;

- Moi trudng: tao cdnh quan xung quanh, vé sinh chung, giai
quyét nha &, sir dung hgp ly tai nguyén dat, s dung nhiéu khong
gian chung, & nhiém tiéng 6n, cac tién ich trong va lan can khu vuc
sinh s6ng, cdy xanh xung quanh, su hd trg ctia ban quan ly téa nha...;

- An ninh: diéu kién an toan s6ng dugc dam bao, tang cudng
cong tac bao vé; cac hé théng phong chéng chay né dam bao, kiém
soat ra vao khu vuc, hé théng camera kiém soat hanh lang, bai dé
xe...gid cao diém di lai khoé khan...;

- Cac van dé khac nhu méi quan hé gidra ban quan ly véi cu dan
sinh s6ng, bdo vé tda nha, hé théng giao théng, két néi thuan loi,
dién tich cong céng, hanh lang, hé thng gas, xU ly rac thai, nudc,
dién sinh hoat, dén chiéu sang hanh lang, noi sinh hoat chung, hoat
dong thang mdy, thang bo...

v' Déi véi bdng cdu héi nhom 2:

- Bdo tri va chi phi: thuc hién béo tri/ ndm; tang phi bao tri, phi
quan ly, phi cho thué (néu ¢é)..;

- An ninh: quan ly ra vao trong khu vuc tda nha, céng an ninh hé
théng camera, thang may, khu vuc dé xe...;

- C4c tién ich: khu thé thao, cac thiét bi thé thao, bé bai cong
coéng, khu vui chai cho thiéu nhi, cédng vién, phong dagi, khu 1é tan,
san vudn, chiéu sang an ninh...;

- An toan: binh chira chdy, bao khoi, bao déng, phun nudc, 16i
thoat hiém..,;

-Nang lugng, nudc va vé sinh: quan ly dién, gas, may bién ap, hé
théng cung cdp nudc, anh sang tu nhién, hé théng thong gid, vé
sinh chung

- Dich vu: hudng déan, ti€p nhan cac thong tin cta cu dan sinh
s6ng, thu gom xur ly rac sinh hoat...;

- Nhing van dé ctia don vi khai thac: thai do ctia Ban quan ly toa
nha, thai dé phuc vu va xt ly tinh huéng...

Van dé nghién ctiu dugc xac dinh 1a mic d6 anh huéng cda du
an theo nhém cac tiéu chi dén dai séng kinh té xa hoi clia ngudi dan
va doanh nghiép trong khu vuc du an.

Tiép tuc nghién cliu co s& ly thuyét va tham khao y kién cac
chuyén gia dé nhan dang dugc nhiing tac dong cda du an trong
hoat dong khai thac d6i vai dia phuong. Thiét ké bang khao sat thu
nghiém, tién hanh khao sat tht nghiém (néu cd) va phan tich két
qud bang phan mém SPSS 20.0. Can ctr vao két qua kiém dinh thang
do, loai bo cac yéu t6 lgi ich khong phu hgp, hoan thién bang cau
héi va tién hanh khao sat chinh thic.

Thu thap s6 liéu khao sat, phan tich s6 liéu bang phan mém SPSS
20..0 Phan tich sé liéu bat dau tir két qua cac gia tri théng ké mé ta
clia mau nghién ctu, st dung bai todn udc lugng dé xac dinh cac
gid tri trung binh clia téng thé. Tiép theo phan tich nhan t6 dé rat
gon dir liéu, xac dinh nhimng tac dong chinh ctia du an. Sau do, tién
hanh cac phép kiém dinh dé xac dinh mai lién hé gitta cac bién. Cudi
cling téng két danh gia két qua nghién cuu.

3. KET LUAN

Tat ca moi du an dau tu xay dung noi chung va du an nha chung
Cu noi riéng can phai dugc danh gia mot cach khach quan, va toan
dién, nham xac dinh dugc cac tac ddng ngan han hay dai han doi
véi cac bén tham gia, bén thu hudng, va lam tang gid tri cing nhu
nhiing anh huédng tich cuc ma du an mang cho méi trudng xung
quanh. Cé nhu thé mai dam bao phét trién bén viing vi day la mot
yéu cau can thiét trong bdi canh hién nay dé phat trién kinh t€ va
d6 thi mot cach co6 hé théng va duy tri lau dai.

Chinh vi viéc thuc hién danh gia trong giai doan van hanh khai
thac dugc xem la mot cong cu hiiu ich d€ ddm bao tinh bén viing
va hiéu qua dau tu mot danh gia tinh t8ng thé vé mat kinh té - xa
héi - an ninh - méi trudng cta mét khu vuc, mét hé théng hodc moét
toa nha, tir d6 xem xét tat ca cac chi philién quan gop phan stirdung
nguén luc cta xa hoi mét cach hgp ly va hinh thanh cac khu dé thi
hién dai tién ich gop phan cai thién khéng gian séng, chat lugng
s8ng. D& dat muc dich danh gia du an nha chung cu trong giai doan
van hanh khai théac, dé xuat 3 giai phap: (1) Xay dung céc tiéu chi
danh gid cac nha chung cu; (2) Du 4n nha chung cu dua vao khai
thac van hanh tié€n hanh thuc hién danh gia xép hang nha chung cu
théng qua 5 tiéu chi vé: tinh phu hgp, tinh hiéu suat, tinh hiéu qua,
tinh tac déng, tinh bén ving; (3)Thuc hién danh gia cac dy én nha
chung sau méi chu ky 5 ndm sau khai thac van hanh.

Qua két qua danh gia sé xac dinh dugc nang luc, uy tin, thuong
hiéu ctia chu dau tu, ciing nhu Ban quan tri tda nha va cé xép hang
dé lam co s& cho sy déng thuan & nhiing du an ti€p theo. Cling nhu
qua d6 giup cac cd quan quan ly Nha nuéc kiém soat dugc viéc thuc
hién khai thac van hanh theo muc tiéu ban dau cGia du an, kiém soat
viéc dinh gia san pham xay dung, an toan st dung...nha chung cu.
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Chuyén déi s6 trong quan tri dé thi Phu Quéc,
TP Phu Quéc, tinh Kién Giang

Digital transformation in urban management at Phu Quoc city, Kien Giang province

> THS.KTS HA VAN THANH KHUONG
S& Xay dung Kién Giang

TOM TAT

Trong thai gian qua, duec sy quan tam chi dao coa Chinh pha, céc
Ra. ban, nganh, sur quygt tam thyc hién cia tinh Kign Giang, TP Phi
(ludic ca nhitng phat trién virge bac, diém sang vé thu hat dau tr va
phét trién da thi, lam tién dé cho phat trién manh va bén vitng trong
thiri gian tai.

Hien nay, TP Pha Qudc chea ap dung nhiu cang nghé thang tin
vao cing tac quan Iy quy hoach xay dung va quy hoach da thi.
Viec xay dung hé thang thang tin quy hoach sé lam co sér danh
gié va du bao chinh xac vé kha nang phat trién coa da thi, hoach
dinh chinh sach phd hop, quén |y phat trién da thi hieu qua,
tranh rii ro trong déu tu va gap phan xay dung hé thing thang
tin quy hoach, hd tre tich cuc trong cong tac cong khai quy
hoach dé ngudi dan va cac don vi tham gia phat trign da thi va,
giam sat thyc hign. Do da, viec chuyén ddi sd dé quan tri da thi
theo hwdng thang minh tai TP Pha Quéc |3 cén thigt va dugc
thuc hign ngay tir khau quy hoach.

Tir khoa: chuyén ddi sd. quan tri da thi, quan Iy da thi.

ABSTRACT

In recent years, Phu (uoc city has received the attention and guidance of
the central government, ministries, and departments; the determination in
implementing of Kien Giang province, Phu Quoc city and the companion of
investors. Phu (uoc has made outstanding developments, becoming a
prime focus in terms of investment attraction and urban development, as
a premise for strong and sustainable development in the coming time.
Currently, Phu (uoc city has not applied much information technology (IT) to the
management of construction planning and urban planning. The establishment of
planning database system will serve as a basis for accurate assessment and
projection of the city's development ability, appropriate policy making, effective
urban development management. |t allows investment risks mitigation,
contributes to building an urban planning information database and actively
supports in publicizing the planning for people and groups to participate in urban
development and monitoring the implementation. Therefore, the digital
transformation for smart urban management in Phu (uoc city is necessary
and needs to be implemented since the planning stage.

Keywords: Digital transformation, Urban administration, Urban
management.

1.DPAT VAN DE

Tinh Kién Giang la moét trong 13 tinh, thanh phé thuéc viing
DPéng bang séng Clu Long, vi tri phia Tay Nam ca Té qudc, dién
tich 6.348,8 km?, dan s6 khoang 1.723.067 ngudi (thanh thj 514.639
ngudi chiém 30% va néng thén 1.208.428 ngudi chiém 70%). Tinh Kién
Giang c¢6 15 don vi hanh chinh, gém 03 thanh phé va 12 huyén. dia
gidi hanh chinh: Déng va Bong Nam gidp tinh An Giang, TP Can Tho,
tinh Hau Giang, Tay gidp vinh Théi Lan, Nam giap tinh Ca Mau, Bac
Liéu va Bac giap Vuong quéc Campuchia.

TP Phu Quéc la db thi loai Il, thanh phé bién dao dau tién cla Viét
Nam, ndm trén viing bién Tay Nam Bo, cuc Nam ctia T8 quéc. Dién tich tu
nhién la 589,923 ha, dan sé khoang 179.480 ngudi, gém 09 don vi
hanh chinh (02 phudng: Duong Béng, An Théi va 07 xd: Ham Ninh,
Duong To, Ganh Déu, Béi Thom, Clra Duong, Ctia Can va xa déo Thé
Chdéu).
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Nam 2004, Tha tudng Chinh pha da phé duyét "Dé an phat trién
téng thé ddo Phu Qudc, tinh Kién Giang dén ndm 2010 va tdm nhin
dén nam 2020" tai Quyét dinh s6 178/QD-TTg ngay 5/10/2004. Day
la diém mdc quan trong trong tién trinh phat trién ctia TP Phd Quéc.
Pha Quéc da dugc Thu tudng Chinh pha phé duyét Quy hoach
chung nam 2005, diéu chinh Quy hoach 2010, diéu chinh cuc b (ldn
1) ndm 2015 va diéu chinh cuc bé (/dn 2) ndm 2021. Phi Quéc hudng
dén muc tiéu: Phat trién bén viing, hai hoa gitta phat trién kinh té
vGi bao ton di tich lich s, van hoa va bao vé méi trudng; ddm bao
an ninh quéc phong viing va quéc gia; ting budc tré thanh mot
thanh phé bién dao, trung tdm du lich va du lich cao cap, trung tam
khoa hoc va cong nghé clia quéc gia va khu vic Dédng Nam A. Bén
nay, TP Pha Qudc 1a diém sang, diém nhan an tuong rat dang tu hao
cla tinh Kién Giang, ca nudc va thé gidi, vai 3 tru cot chinh: Nghi



dudng - Cong nghiép gidi tri - Kinh té bién va dang trén da phat trién
manh mé theo dung dinh hudng ctia quy hoach chung.

Bén canh cac két qua dat dugc rat dang khich I&, Phu Quéc hién
nay cling nhu trong tuong lai dang phai d6i dién véi nhiéu thach
thiic nhu: Chua c6 cac céng trinh x{ ly rac thai, nudc thai; 6 nhiém
moi trudng tai cac bai bién, séng Duang Dong; thi€u cac cdng trinh
vé y té, gido duc cap d6 thi; dat biét la thi€u cac céng trinh cong
cong, khoéng gian mé dé phuc vu cong déng; han ché viéc tiép can
khéng gian bién clia nhan dan va du khach; chat lugng cudc séng
cla ngudi dan chua tuong xdng vdi su phat trién vé kinh té va xa hoi
ctia thanh pho; khoang cach giau nghéo ngay cang 16n; thiéu nguén
luc thuc hién.

Thuc hién chi dao cta Thu tuéng Chinh phu tai cong van s6
739/TTg-CN ngay 08/6/2018. Uy ban nhan dan tinh Kién Giang dang
thuc hién ra sodt va danh gia qua trinh thuc hién quy hoach chung
dé lam co s& nghién ciu va dé xuat mét s6 dinh hudng di méi va tao
dot pha cho TP Phi Qudc, trong dé dat biét la dinh hudng phat trién
theo hudng thanh lap don vi Hanh chinh - Kinh té dac biét.

Céng tac quy hoach xay dung, quy hoach do thila moét linh vuc
chuyén nganh vita mang tinh chat chuyén mon ky thuat (Quy chudn
xdy dung va tiéu chudn ky thudt) va vita mang tinh chat quan ly nha
nuéc (Phdp ludt vé xdy dung), dugc cu thé hda bang cac dé an va
quyét dinh phé duyét. Viéc xay dung hé théng théng tin quy hoach
sé lam co s& danh gia va du bao chinh xac vé kha nang phat trién
clia dé thi, hoach dinh chinh sach phu hgp, quan ly phat trién db thi
hiéu qua, tranh rdi ro trong dau tu va gép phan xay dung hé théng
théng tin quy hoach, hé trg tich cuc trong cong tac cong khai quy
hoach dé& ngudi dan va cac don vi tham gia phat trién d6 thi va giam
sat thuc hién. Do d6, viéc chuyén déi s6 dé quan tri d6 thi theo
hudéng thong minh tai TP Phi Quéc la can thiét, pht hgp theo Quyét
dinh s6 1004/QD-BXD ngay 31/7/2020 ctia Bo Xay dung vé viéc phé
duyét “ké hoach chuyén déi s6 nganh Xay dung giai doan 2020-
2025, dinh huéng 2030".

2. VE CONG TAC QUAN LY VA THUC HIEN THEO DIEU CHINH
QUY HOACH CHUNG

Can ctPhap luat vé xay dung, UBND tinh la ca quan quan ly nha nudc
vé xdy dung trén dia ban toan tinh. S& Xay dung Kién Giang, Ban quan ly
khu kinh t€ Phi Quéc, Phong quén ly dé thi Phi Quéc la co quan chuyén
mén vé xay dung.

Can cu diéu chinh quy hoach chung xay dung dao Phu Quéc
tinh Kién Giang dén nam 2030 tai Quyét dinh s6 633/QD-TTg ngay
11/5/2010, UBND tinh da phé duyét quy ché quan ly quy hoach, kién
tric d6 thi ddo Pha Quéc tinh Kién Ginag; phé duyét 352 d6 an quy
hoach, trong d6 17 d6 an quy hoach phan khu (d6 thj Duong Béng,
dé thi An Théi, khu du lich hén hop Béi Trudng va cdc khu du lich sinh
thdi, khu chiic ndng) va 335 d6 an quy hoach chi tiét. Trong 335 d6
an quy hoach chi tiét, ty trong clia cac nhom dé an gém: 244 du lich
(chiém 72,8%), 9 ha tang ky thuat (chiém 2,6%), 25 khu dan cu (chiém
7,5%), 12 vui chai gidi tri (chiém 3,5%), 8 khu cédng céng (chiém 2,3%)
va 37 do6 an khac (chiém 11,3%).

3. DANH GIA THU'C TRANG

Theo Quyét dinh 633/QD-TTg ngay 11/5/2010 clia Tha tudng Chinh
phu, dinh hudng phat trién cac khu @6 thi; khu du lich; khu & néng thon;
khu san xuat ndng nghiép cdng nghé cao; hé théng ring, cdy xanh cong
vién, mat nudc va khéng gian ma; khu tiéu thi cong nghiép, khu phi thué
quan, cac cdng trinh dau méi ha tang ky thuat. Theo Quyét dinh s6
31/3013/Qb-TTg ngay 22/5/2013 ctia Thu tudng Chinh phd vé viéc thanh
lap khu kinh t€ Phii Quéc tinh Kién Giang, cac khu chiic ndng dugc té chiic
thanh khu phi thué quan va khu thué quan (Khu phi thué quan la khu vuc

duoc xdc dinh gdn véi cdng An Théi va sdn bay Pht Quéc. Khu thué quan
goémkhu du lich, dich vy, cang va dich vu hdu cdn cdng, khu céng nghiép, khu
dé thi, khu dan cu; khu hanh chinh va cdc khu chiic ndng khdc). Cac khu chiic
nang ctia TP Phu Quéc va ctia Khu kinh t€ Phi Quéc co ban giéng nhau
vacling nam trén 1 dia ban, do d6 viéc 4p dung Luat Quy hoach xay dung
hay Luat Quy hoach dé thi trong cong tac Iap, thdm dinh va phé duyét cac
quy hoach ciing chua ré rang.

Pham vi dia gidi hanh chinh ctia TP Phi Quéc réng 589,923 hava
tring vai dién tich tu nhién cta khu kinh t& Phi Quéc. cac khu chic nang
ctia TP Phi Quéc cling tring vai cac khu chiic nang clia Khu kinh té Phu
Qudc. Do do, trén cung 1 dia ban hanh chinh la thanh phé thi déng thoi
¢4 3 co quan chuyén moén vé xay dung (S6Xdy dung, Ban quan ly khu kinh
t€ Phu Quéc va UBND TP phi Quéc) thuc hién quan ly nha nudc vé xay
dung. Néi dung nay gay chdng chéo trong céng tac quan ly clia thanh
pho.

UBND tinh dang trién khai lap quy dinh quan Iy theo diéu chinh
Quy hoach chung xay dung dao Phu Quéc dugc duyét, chuong trinh
phat trién d6 thi, 1ap ké hoach dau tu xay dung cac cong trinh ha
tang ky thuat khung va quan ly dat phat trién theo diéu chinh quy
hoach xay dung dugc duyét, xay dung cac phuong an phong chéng
thién tai, dich bénh, bdo vé méi trudng trén ddo Phi Quéc, t6 chic
cdm mdc gidi ngoai thuc dia. Tuy nhién, cac ndi dung nay thuc hién
con cham theo quy dinh dan dén kho khan trong viéc kéu goi dau
tu theo 16 trinh va ké hoach, dnh hudng dén viéc quan ly xay dung
va trat ty do thi.

Hién nay, TP Phi Quéc chua ap dung nhiéu céng nghé thong tin
vao céng tac quan tri thanh pho & linh vuc quy hoach dé thi, phat
trién d6 thi va ha tang ky thuat dé thi. Co s& ha tang cong nghé
thong tin, nhan luc va trang thiét bi con thiéu; su phoi hgp gilra cac
nganh, cap chua chat ché; kinh phi thuc hién con han ché. Su tiép
can théng tin vé quy hoach ctia ngudi dan va doanh nghiép con khé
khan; hiéu qua quan ly nha nudc va chat lugng dich vu cong truc
tuyén chua cao; cd s& di liéu s con thiéu va chua théng nhat gilta
cac nganh va cac cp quan ly.

4. CHUYEN P61 SO VA KINH NGHIEM TREN THE GIGI.

Chuyén déi s6 déi v6i quan ly dé thi la qua trinh dp dung hé
thong ky thuat s6 1én cac dit liéu quan tri quy hoach xay dung va bat
doéng san. Chuyén déi s6 c6 thé coi la mot tién trinh phat trién tat
yéu cuia xa hoi. Chuyén déi s6 trong quan ly dé thi yéu cdu nam qua
trinh: Khéi tao (Establishing), Xt ly (Processing); Hé théng hoa
(Systemizing); Phé cap (Publishing); Tu ddng héa (Automating). Tuy
thudc vao nén tang dirliéu s8n c6 va tién bod vé khoa hoc cong nghé,
céac d6 thi co thé xic tién tuan tu qua cac budc trén hodc nhay thing
t6i cac budc sau.

Viéc khdi tao hé théng dit liéu va phuong thic quan ly 1a yéu to
tién quyét dé hinh thanh ca s& cho chuyén déi s6. Cac dit liéu can
thiét cho quan ly d6 thi bao gom khao sat dia hinh, théng tin du an
dau tu xay dung, danh sach sg hiu bat dong san,... dugc khai tao
théng tin dau vao dong bé cho tiing don vi hanh chinh. Nhimng di
lieu trén sé dugc xi ly tly theo yéu cau va tiéu chudn cda tiing dia
phuang, tuy nhién thudng déu tuan thu cac quy chudn nhat dinh
dugc dat ra bdi cac quéc gia co lich st 1au doi trong quan tri di liéu
dd thi. Hau hét cac qudc gia da va dang phat trién déu da trai qua
cac qua trinh khéi tao va xt ly dr liéu.

Muc d6 phat trién chuyén d6i sé thuc su phan hoa bét dau tu
budc tha ba: hé théng héa. Qua trinh hé théng hda da ton tai &
cac nuéc nhu chau Au va My tir hang trdm ndm trudc, va tai cac
qudc gia nay chuyén déi s6 dugc phat trién tu nhién tir quy trinh
hé théng hoa da bao hoa. Cac hé théng tiéu biéu bao gém: Hé
théng dit liéu ban d6 GIS; trang quan ly s& hiu/kiém toan bat
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e Trang thai toan phan
© Trang thai ban phan/ dang phét trién

doéng san; hé théng quan ly ha tang dé thi théng minh (c6 thé ké
dén tai Los Angeles, Singapore)... D6i véi nhitng quéc gia phat
trién, viéc phé cap théng tin téi dai ching la diéu can thiét dé
quang ba va minh bach, cling nhu khao sét y ki€n cong déng dé
dinh hudng va cai thién phat trién dé thi. Tiéu biéu c6 thé ké tdi
nhing d6 thi dan tri cao va cé su truy cap internet réng rai nhu
Barcelona hay Seoul, noi cé nhitng phan mém Chinh phu dang
tai thong tin vé cac du an bat dong san va dau tu xay dung cling
nhu cac bai khao sat bé phiéu cong khai.

Qua trinh tat yéu cudi cing cla viéc chuyén ddi s6 la tu déng
héa, cho phép quan ly va cap nhat di liéu do thi thudng truc ma
khéng can tac déng tha cong. Tu déng hoa toan dién hién nay van
chua thuc su phé bién va chi méi dugc thit nghiém tai mot s6 thanh
phé théng minh di dau tai Bac Au, Singapore va Hoa Ky.

5.DE XUAT

Trén dia ban TP Phu Quéc cling phat trién song hanh 3 nhiém
vu: (1) phat trién doé thi Phi Quéc dat loai | trong nam 2025 theo
Quyét dinh s6 241/QD-TTg ngay 21/2/2021 clia Thi tuéng Chinh
ph, (2) quan ly phat trién Khu kinh t& Phi Quéc theo Quyét dinh s
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1558/QD-TTg ngay 14/9/2015 cla Thi tuéng Chinh ph va (3) phat
trién theo hudng thanh Iap don vi Hanh chinh - Kinh té& dic biét.
Cong tac quan ly theo quy hoach dugc duyét, lap ké hoach dau tu
ha tang khung nhu giao théng, cap dién, cap nudc, x{ ly rac thai,
nghia trang, x& ly 6 nhiém méi trudng..., quan ly trat ty do thi sé do
chinh quyén thanh phé trién khai thuc hién. Théng nhat dé xuat
thuc hién quy hoach chung TP Phu Quéc theo quy dinh cla Luat
quy hoach dé thi, trong dé6 sé 16ng ghép 3 nhiém vu néu trén vao
trong d6 an dé théng nhat va quan ly.

Trong qué trinh thyc hién, UBND tinh sé trinh B Xay dung tham
dinh, trinh Thua tudng Chinh phu phé duyét D6 an quy hoach chung
TP Phai Qudc sé tach rd pham vi ranh gidi hanh chinh cia thanh phé
Phu Quéc va ranh gidi ctia Khu kinh t€ Phi Quéc dé lam co s& phan
cong va thuc hién nhiém vu clia S& Xay dung, Ban quan ly Khu kinh
té Pha Quéc va UBND TP Phi Quéc va cac nganh co lién quan, dam
bdo théng nhat trong chi dao va thuc hién nhiém vu.

Trén ca sd D6 an Quy hoach chung TP Phi Quéc dugce Thu tudng
Chinh pht phé duyét, UBND tinh chi dao S& Xay dung va cac nganh
cé lién quan nhanh chéng hoan thién cac néi dung Quy ché quan ly
kién truc, chuong trinh phét trién d6 thi, [ap ké hoach thuc hién theo




quy hoach, trién khai cac quy hoach phan khu, quy hoach chi tiét.
Dac biét la ndi dung té chiic cdm mdc gidi theo quy hoach dugc phé
duyét, day la mét noéi dung quan trong trong viéc dam bao cac dé
an quy hoach dé thi di vao cudc s6ng, phat huy cao nhat gia tri thuc
tién cta do an.

Nhanh chéng thuc hién Chuang trinh phat trién d6 thi va ké
hoach thuc hién quy hoach dé dam bao viéc kéu goi dau tu, dau tu
xay dung hé théng ha tang ky thuat khung nham dam bao phat
trién can bang va déng b6 cac du an phat trién kinh té, du an cong
c6ng phuc vu cong déng va cac du &n ha tang ky thuat. Phat trién
bén viting cho TP Phu Quéc.

= 0

D6 thi kiéu mau Ber (Thuy S7)

Trén co s& luat phap hién hanh, can ap dung céc bién phap quan
ly d6 thi tuong tu vdi cac nudc phat trién trén thé gidi, trong dé c6
thé ké t&i hé théng luat, quy chudn, tiéu chudn va van ban phap ly,
cac co ché diéu chinh thj trudng thong qua cac chinh sach vé thué,
phi. Ngoai cac bién phap ké trén, dé Phu Quéc phat trién hiéu qua,
bat dong san can dugc kiém soat dang ky va luu trit hé so cha sé
hru, cdc qua trinh mua ban, xay dung va stfa chita thong qua cac
ban dé dia chinh va hé théng GIS ranh mach va céng khai.
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ng dung khdo sat clia Chinh phd gitip nguoi dé Sol €6 thé tiép én védéng gopy
kién v6i cc dy dn trong chd truang ctia thanh phd.

Trong d6, van dé chuyén déi s6 trong quan tri d6 thi TP Phu
Qudbc sé dong vai trdo quyét dinh. Viéc quan ly dé thj theo
huéng tich hgp cac chuong trinh, cong cu trong quan tri d6 thi
théng minh da dugc nghién ctu va st dung réng rai tai nhiéu
nudc trén thé gisi. Thuc hanh Chinh pha dién ti thu thap y kién
clia ngudi dan cling nhu doanh nghiép trong cac quyét dinh vé
du an dau tu xay dung va phat trién d6 thi qua nhiing khao sat
trén web va phan mém Ung dung, tiéu bi€u nhu tai cac thanh
phd nhu Seoul, Barcelona, Helsinki. Qua trinh kiém soét va cap

phép du an can dugc hé trg truc tuyén, cap nhat dir liéu sé
thudng xuyén |én trang théng tin dién t& chinh thic & dam
bao t6c d6 nhanh chéng va tinh minh bach. Thiét lap hé théng
kiém soat cung - iing trong dau tu phat trién nhdm xac dinh ro
d6i tuong uu tién xay dung, cling nhu can d6i nhu cau phat
trién ctia doanh nghiép va nhu cau an sinh clia ngusi dan. Gidm
sat va bao tri cdc van dé ha tang ky thuat ti nhirng céng nghé
ha tdng thong minh c6 thé 4p dung tir nhitng kinh nghiém tai
Miami, Osaka, Bern.

6. KET LUAN

Dén nay, TP Phi Quéc da phat trién vugt bac theo chi dao cla
Chinh phu, cac B, Ban nganh cling su quyét tam thuc hién cta Tinh
uy, UBND tinh va TP Phi Quéc. Véi su tham gia clia cac nha dau tu
chién lugc, nhiing du &n, cdng trinh kién trdc tam véc quéc té mang
dau &n thai dai da khdng dinh vi tri va thé ding ctia Phi Quéc trén
trudng quéc té, thic ddy phat trién kinh té - xa hoi va cai thién doi
s6ng cla nhan dan. Song song vdi do, ciing con nhiéu van dé can
giai quyét nhu ap dung cac van ban quy pham phap luat vao cong
tac quy hoach d6 thi, xac dinh khéng gian cu thé gan véi phan cong
nhiém vy, ddy nhanh cac céng viéc phai hoan thanh sau khi quy
hoach dugc phé duyét va c6 k& hoach trién khai thuc hién, quan ly
dd thi theo hudng théng minh. Thiét 1ap va thuc day qua trinh
chuyén déi s6 trong quan tri d6 thi sé 1a co s& phat trién thanh phé
Pha Quéc ding theo dinh hudng clia Chinh phti trong thai gian sém
nhat.

TAI LIEU THAM KHAO:

Quyét dinh s6 178/2004/QD-TTg ngay 5/10/2014 clia Thii tuéng Chinh ph vé viéc
phé duyét dé an phat trién téng thé ddo Phu Qudc, tinh Kién Giang dén ndm 2010 va tam
nhin dén nam 2020.

Thuyét minh quy hoach hé thdng do thj va dan cu ndng thdn tinh Kién Giang.

D0 an diéu chinh quy hoach chung xay dung déo Phi Qudc dén nam 2030.

Quyét dinh s6 31/2013/QD-TTg ngay 22/5/2013 clia Thai tuéng Chinh ph vé viéc
thanh [ap khu kinh t& Phi Qudc tinh Kién Giang.

Quyét dinh s6 633/QD-TTg ngay 11/5/2010 clia Tha tuéng Chinh ph vé viéc phé
duyét diéu chinh quy hoach chung xdy dung ddo Phi Qudc, tinh Kién Giang dén nam 2030.

Quyét dinh s6 241/QD-TTg ngay 24/2/2021 ctia Tha tuéng Chinh pht vé phé duyét ké
hoach phén loai do thi toan qudc giao doan 2021-2030.

https://vi.wikipedia.org/wiki/Kien-Giang

https://vi.wikipedia.org/wiki/Phu-Quoc.

Ky yéu hoi thao “Gidi phap nao cho cong tac quy hoach va quan Iy quy hoach nham xay
dung d6 thi Phii Qudc thanh ddo du lich - nghi duging sinh thai bién déc séc theo quy hoach
chung da dugc tha tudng chinh pha phé duyét”. Hoi quy hoach phat trién do thi Viét Nam va
UBND tinh Kién Giang t6 chifc ngay 18/3/2017 tai Phu Qudc.

Ky yéu “P thi Chau A trong thé ky 21: Xu hudng va théch thiic”. Hoi Kién tric su Viét
Nam t6 chiic.

https://seoulsolution.kr/en/content/%E2%80%98mobile-voting-app%E2%80%99-
m-voting

https://qis.miamigov.com/gisapps/

https://www.geo.apps.be.ch/de

https://en.wikipedia.org/wiki/Bern

http://www.helsinkitimes.fi/finland/finland-news/domestic/15676-helsinki-ranked-
fifth-worldwide-in-terms-of-smart-city-governance.html

http://www.barcinno.com/barcelona-smart-city-technologies/
https://www.smartcitiesworld.net/news/news/smart-cities-accelerator-to-be-
launched-in-osaka-5553
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Ung dung mang than kinh nhan tao trong du
bao suc chiu tai méng néng

Application of artificial neural network in the forecast the ultimate bearing capacity of

shallow foundations

>TS PHAM TUAN ANH",TH.S NGUYEN THANH TAM®
MTrudng Pai hoc Cong nghé GTVT, Email: Anhpt@utt.edu.vn
2Trusng Dai hoc Tha dé Ha Noi, Email: nttam@hnmu.edu.vn

TGM TAT

Rai bao trinh bay két qué tng dung ma hinh mang than kinh nhan
tan trong viéc xac dinh stc chiu tai mang ndng. Mat ma hinh
mang than kinh nhén tao d& dugc xay dung va tdi vu kién tric
béng thuat toan di truyén dé xac dinh sirc chiu mong ndng. Mgt
ba s lieu gom 112 ket qué thi nghigm st chiu tai mang nang vai
cac kich thuac khac nhau, duge sir dung dé dao tao va kiém tra
ma hinh. K&t qué cia nghién ctu dege so sanh vai ma hinh hii
quy tuyén tinh, cho thdy mang than kinh nhéan tao duge tdi vu
tét, cho phép du dodn sirc chiu tai mang nang sat vii ket qua thi
nghiém hon. K&t qué cia nghién citu [a mat tién dé cho viec tng
dung mang than kinh nhan tao trong viéc giai quygt cac bai toan
khac trong linh vire xay dung.

Tir khda: sirc chiu téi mong ndng; thuat toén di truyén; mang than
kinh nhan tao.

1.DAT VAN BE

Céc cong trinh xay dung dan dung va cdng nghiép cé quy mo via
va nhd hién nay thong thudng déu chon gidi phap méng néng dé tiét
kiém chi phi. Gidi phap mdng nay tuong déi don gian vé mat thiét ké,
thi cong, déng thdi gidp gidm thi€u chi phi vé két cdu moéng cho cac
cong trinh xay dung. Khi thiét ké mong ndng, c6 hai tiéu chi ma cac ky
suquan tam la suic chiu tai cuc han va dé Iin cui cing cia méng. Trong
dé, théng s6 stic chiu tai cuc han ctia méng da dugc nhiéu nha khoa
hoc trén thé gidi quan tam nghién cdu. Stic chiu tai nay thudng dugc
udc lugng dua vao kha nang chéng cat clia dat dua trén mat truot pha
hoai. C6 thé k& dén cac nghién ctiu nhu cha Terzaghi [9], Vesic [15],
Hansen [11] hay Meyerhof [13]. Cac nghién ctu nay déu cé chung
nguyén ly la xem mdt phd hoai la cdc cung tron, tuy theo hinh déng cac
madt pha hoai ma xac dinh dugc cac cong thic xac dinh suc chju tai ciia
mong néng théng qua kha nang chéng cat cta dat doc theo cac mat
pha hoai dé. Tuy vay, do dya trén nhiéu gia thiét gan ding nhu gia thiét
mat trugt, gia thiét bd qua trong luong ban than dat v.v. dan dén viéc
két qua thuc nghiém va ly thuyét chua hoan toan phu hgp. Ngoai ra,
viéc xac dinh stic chiu tai cla méng c6 thé dua vao két qua thuc nghiém.
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ABSTRACT

This paper presents the results of applying an artificial neural netwark
model in determining the load-bearing capacity of shallow foundations.
An artificial neural network model has been built and optimized
architecture, using genetic algorithms to determine shallow foundation
resistance. A dataset consisting of 112 results of shallow foundation
|nad tests with different dimensions is used to train and test the model.
The results of the study were compared with the linear regression
model, showing that the artificial neural network is well optimized,
allowing to predict the shallow foundation load more closely with the
experimental results. The results of the study are a premise for the
application of artificial neural networks in solving other problems in
the field of construction.

Keywords: shallow foundation bearing capacity; genetic algorithm:;
artificial neural network.

DE tranh chi phi t6n kém, nhiing thi nghiém trong phong dugc tién
hanh véi méng c6 kich thudc thu nhé (kich thuéc moéng khoang vaicm),
sau d6 ngoai suy cho mong 6 kich thudc that. Tuy vay, nhiéu nghién
cliu cho thdy rang sé ¢ nhing sai léch khi ngoai suy suic chiu tai tur
nhiing méng nhé cho méng kich thudc 16n. Ly do la béi ty Ié kich thudc
hat so v&i bé rong mong la khéng giéng nhau trong cac trudng hop [2].

Khoang 2 thap ky viia qua, cac tién bd vé tri tué nhan tao da tao ra
cac budc tién manh mé trong moi linh vuc nghién ctru néi chung va
trong dia ky thuat nai riéng. C6 thé ké dén Pham va céc cong su (2020)
[7], Lee (1996) [5], Momeni va cong su [14] da st dung mo hinh ANN va
RF d@é nghién cuu tinh toan stic chiu tai clia coc. Al-hamed va cong su
(2014) [10] st dung mé hinh ANN dé du doan goéc ma sat trong clia dat.
Habib Shahnazari va Mohammad A. Tutunchian (2012) [8] s& dung
thuat toan di truyén dé xay dung céng thiic héi quy dé xac dinh stic chiu
tai cyc han clia méng néng. Baginska (2019) [3]tim cach t6i uu cac tham
s6 cia m6 hinh ANN béng cach khao sét nhiéu trudng hgp khac nhau
nham du bao stic chiu tai cia mong néng.

Cac nghién ctiu ké trén cho thay tinh kha thi khi 4p dung cac mé
hinh may hoc vao giai quyét cac bai toan dia ky thuat. Cac phan tich



trén da cho thdy dugc cac diém han ché clia cac phuong phap
truyén théng cling nhu cac uu diém cdia phucng phap may hoc, ting
dung tri tué nhan tao. Tuy vay, viéc téi uu va chinh x6a hoa mé hinh
trong dia ky thuat van con nhiéu han ché. Ngoai ra, véi kién trac mo
hinh phc tap v&i rat nhiéu tham s, viéc tim ki€m mot kién tric toi
uu cho mang than kinh hoc sdu dé dat dugc hiéu suat cao trong viéc
du doén suc chiu tai cia méng nong la mot thach thic chua dugc
gidi truyét triét dé. Viéc (ng dung tri tué nhan tao trong gidi quyét
cac van dé phc tap noi chung va cac bai toan dia ky thuat néi riéng
dang la mét xu thé tat yéu tai Viét Nam va trén thé gidi.

2.CAC THUAT TOAN sU DUNG TRONG NGHIEN CUU.

2.1. M6 hinh mang than kinh nhéan tao

M6 hinh mang than kinh nhan tao la mot trong nhing thuat
toan phé bién nhit va manh mé nhat trong ho cac thuat toan may
hoc. M6 hinh nay dugc dé xuat bai McCulloch va Pitts (1943) [6]. Trai
qua qua trinh phét trién va hoan thién, ngay nay, mang than kinh
nhan tao da phat trién vuot bac va dugc ing dung trong moi linh
vuc clia khoa hoc ky thuat. Mé hinh dién hinh cGia mang than kinh
nhan tao dién hinh dugc thé hién trén Hinh 1.

C6 thé thay, mé hinh mang than kinh nhan tao lIa mét mang luéi
mo phong hoat dong clia ndo béd con ngudi. M6 hinh nay bao gém
gém cac nut dugc lién két véi nhau bang cac trong s6. Mot mang
than kinh nhan tao dién hinh gém it nhat 3 16p: 16p dau vao, I6p an
va |&p dau ra. Tin hiéu dau ra cia mét nat an thij bat ky trong mang
dugc tinh nhu sau:

N, =f(;xiwij+bj) Q)

Trong d6, Njla dau ra cla mot nut; X; 1a bién dau vao thua i; wi la
trong s6 két ndi gitra bién dau vao i va nat j; bj la d6 léch cda nat j
va f() 1a ham kich hoat cGa nat an; w; la trong s6 két néi ndt &n j va
d4u ra; b 1a d6 léch clia nat dau ra; n la s6 nut an cda IGp.

Ham kich hoat
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Chitu rjng méng
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Hinh 1. So d6 thuat todn mang than kinh nhan tao 116p an, 6 nit an va 1 nit daura

Mang than kinh nhan tao c6 kha nang biéu dién méi quan hé
phi tuyén gilra I6p dau vao va dau ra, thong qua cac ham kich hoat
phi tuyén cda nat an, cdc ham kich hoat théng dung cho mang than
kinh nhan tao la relu, tanh va sigmoid. Thong thudng, mang than
kinh nhan tao can phai dugc dao tao trudc khi cé thé sir dung, viéc
dao tao la qua mét qua trinh téi uu cac trong s6 va doé léch ctia mé
hinh, gitip mé hinh khai quat qua dugc quan hé gitta cac bién dau
vao va dau ra. Trong nghién ctu nay, giai thuat dao tao dugc su
dung la thuat toan lan truyén ngugc. Trong dd, sai s6 dugc truyén
ngugc tur I6p dau ra dén I6p dau vao va dugc gidm dan théng qua
cac budc lap.

2.2. Thudt todn di truyén

Thuat toan di truyén la mét thuat toan nam trong ho thuat toan tién
hoéa dugc gidi thiéu lan dau bai Holland (1992) [4]. Thuat toan nay st
dung hoc thuyét tién héa ciia Darwin lam nén tang. Thuat toan cho

phép t6i uu cac ham da bién bang cach xem xét cac bién s6 clia ham
nhu la cac nhiém sdc thé ciia mot quan thé. Quan thé nay lién tuc tién
hoa qua cac thé hé, bang cach lua chon nhiing gen t6t nhat va truyén
lai cho thé hé sau. Nhiing cé thé yéu sé bi dao thai ra khoi quan thé dé
cac gen clia n6 khong thé tiép tuc dugc di truyén. Vé téng quan, thuat
toan di truyén trai qua cac vong lap (goi la cac thé hé), va trong méi thé
hé, quy trinh sau sé dugc lap lai (Hinh 2):

Khai tao

= L

Burdc |

Chon nhimg céc the tot nhat
- L

| Burdc 2

Lai tao cac ca the tof, tao thanh mat the hé ma
-~ .

| Budc 3

Cho dit bien eac ci the ma theo ty le
-~ .

| Burdc 4

Loa bo nhimg ca the véu
-~ L

Sai

Kiem tra dien kién dimg

L

Ping=

Két thie
Lira chon ¢a the tot nhat

Hinh 2. S¢ d0 thuat toan di truyén

Trong nghién ctu nay, cac tham sé lién quan dén kién trac moé
hinh mang than kinh nhan tao, dudc coi la cac gen ctia quan thé. C4
thé c6 gen t6t nhat & thé hé cudi cling sé dugc st dung nhu mé hinh
t6t nhat, duogc st dung dé dao tao va kiém ching.

2.3. Dt liéu ddu vao cho bai todn

Trong nghién ctu nay, dit liéu dugc sit dung dé dao tao va
thir nghiém mo hinh mang than kinh nhan tao dugc thu thap tur
cac tai liéu c6 do tin cdy cao, bao gom d liéu thi tai trén nén
mong thuc, cling nhu cac théng tin tuong Ung lién quan dén
mong va dat. Co s& dir liéu chda 112 bd dir liéu, bao goém cac
moéng ¢o kich thudc va hinh dang khac nhau dugc thir nghiém
thur tai trong céc 16p cat co tinh chat khac nhau do Kohenstani
(2017) [12] t6ng hop. Cac tham s dau vao dugc chon theo cac
khuyén cdo cla cac cong trinh nghién ctu da c6 nhu: TCVN
9386:2012 [1], va cac nghién ctru da khuyén nghi [9], [15], [11].
Cu thé han, cac théng s6 dau vao bao gém chiéu réng méng (B,
m), chiéu sau chén mong (D, m), ty 1é chiéu dai trén chiéu rong
mong (L/B), trong lugng don vj ctia dat (y, kN/m?3) va géc ndi ma
sat cQia dat (o, °). Kha nang chiu lyc cyc han ctia méng (q., kPa)
la gia tri du doan dau ra duy nhat. Tap dir liéu dugc minh hoa
qua cac théng s6 théng ké duoc thé hién trong Bang 1. C6 thé
thdy rdng chiéu rdng méng thay déi trong pham vi réng méng
¢6 kich thudc thu nhé dén mong c6 kich thuéc I6n, cu thé B thay
d8i tir 0,03m dén 3 m. Chiéu sau chén méng ciing thay déi tir 0
dén 0,89m. Ty Ié L / B dao déng tir 1 dén 6. Trong lugng don vi
thay d6i tir 9,85 kN/m3 dén 17,2 kN/m?3 va géc ma sét thay ddi
trong pham vi nho, tir 32 dén 44,8 (°). Trong khi d6, kha nang
chiu luc cuc han cla méng thay d6i ti 14 dén 2847 kPa.
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NGHIEN CUU KHDA HOC

Bang 1. Théng ké cac théng s6 vé mong va dat st dung trong
nghién ctu

Thng sd B D L/B Y 0] qu
Don vi (m) (m) - (kN/m?) () (kPa)
S8 mau 112 112 112 112 112 12
Nhd nhét 0.03 | 0.00 1.00 9.85 32.00 14.00
Trung binh 036 | 0.14 2.82 14.47 38.99 | 40233
Ln nhat 3 0.89 6.00 17.20 44.80 2847
D léch chudn | 049 | 0.19 212 2.58 3.39 504.31

Vi cac ky thuat may hoc va tri tué nhan tao, b dirliéu can dugc
phan chia ngadu nhién thanh 2 phan vai ty |&é dugc lua chon la
75/25%. Trong d6, phan 75% dugc st dung d€ dao tao mé hinh va
phan 25% dung dé kiém tra dé chinh xac ctia mé hinh. Phan kiém
tra 25% dudc an di khai qua trinh dao tao, hiéu chinh mé hinh va chi
dugc st dung & budc danh gia cudi cing.2.4. Cac chi tiéu hiéu suat

Trong nghién cttu nay, cac chi tiéu hiéu sudt gém hé sé tuong
quan binh phuaong (R?), 16i binh phuong trung binh géc (RMSE) dugc
st dung dé€ danh gia va so sanh cac mé hinh, cu thé nhu sau:

3)

i=1

Vdi, k 1a s6 lugng mau di liéu, yi va ;i la két qua du bao theo
thi nghiém va theo mé hinh, ; la gid tritrung binh ctia y, .

Cu thé, R? dac trung cho tuang quan gilta 2 két qua tinh. R2 cang
gan dén 1, hai két qua tinh cang sat nhau. RMSE dac trung cho sai
s6 trung binh gilta 2 két qua, RMSE cang nhé, d6 chinh xac du doén
cang cao. Mét mé hinh dugc coi la tét hon khi déng thai dam béao
t6t ca hai tiéu chi nay.

3.KET QUA TiNH TOAN

3.1. Két qua t6i uu mang thdn kinh nhén tao béng thudt todn di truyén

Trong phan nay, thuat toan di truyén dugc sir dung dé téi uu
kién tric cia mang than kinh nhan tao. Hinh 2 thé hién ciu tao cla
mét nhiém sic thé dién hinh trong quan thé. C6 thé thay rang,
nhiém sic thé& nay c6 do dai 5 gen, méi gen Ung véi mot tham sé
kién truc cila mang than kinh nhan tao.

IR | S D I B

58 chu ki
30 130

Thait tadn Haim kich
dioiso hogt

ham s0 | S0 ng ron an Tac dg hoc

Hinh 3. C&u tao nhiém sac thé va gen trong thudt toan di truyén

Nghién cttu nay lua chon 5 tham s6 quan trong nhat cta kién
trdc mang la: s6 na ron &n, thuat toan dao tao, ham kich hoat, t6¢
dd hoc tap va s6 chu ki dao tao. Tat ca y nghia tham s6 cling nhu
khodng gia tri dugc dé cap trong Bang 2. C6 thé thay rang, néu lua
chon thi cong cac tham s6, s6 lugng mé hinh can kiém tra c6 thé
[én dén hang nghin trudng hgp. Diéu nay gay tén kém vé mat thaoi
gian va tai nguyén dé thuc hién. Trong trudng hgp nay, thuat toan
di truyén cho phép tim kiém dugc mé hinh t6t véi véi thoi gian va
tai nguyén it hon nhiéu.
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Bang 2. Bang gia tri cac tham s6 mé hinh

Tham s6 Gidi thich Khoang gia tri
S6 no'ron an S6 lugng niit an trong mang 2--100
Thuat toan dao Thust todn sit dung d€ t6i Quasi-Newton, SGD,
tao Adam
Ham kich hoat Kiéu ham kich hoat ca nit &n 'sigmoid', 'tanh’, 'relu’
Técdohoctsp oo Khditaotocdodaotaoctalan oy 004 0907 03
truyén ngugc
S6 chu ki S0 chu ki dao tao mang 1000, 2000, 3000, 4000

Trong qua trinh t6i uu tham s& mo6 hinh bang thuat toan di
truyén, s6 lugng cé thé téi da trong quan thé duoc lua chon tir dau
Ia 100 ca thé. S6 lugng thé hé dao tao dugc khéng ché sao cho sau
15 thé& hé, hiéu suat khong dugc cai thién thi coi nhu két qua da hoi
tu va tién hanh diing vong lap. Théng ké cac thong s6 khai tao clia
thuat toan di truyén thé hién trén Bang 3. Thuat toan nay st dung
ky thuat xac thuc chéo 5 1an trén tap dao tao dé danh gia hiéu suat
thay vi tap kiém nghiém. Diéu nay nham giup &n di tap kiém nghiém
trong qua trinh t6i uu, coi né nhu mét tap dir liéu mdi, chua ting
dugc ti€ép can véi md hinh nham tranh hién tugng qua khép
(overfitting). Tap kiém nghiém chi dugc st dung dé danh gia hiéu
sudt ctia mo hinh cuéi cing dugc chon. Két qua t6i uu bang thuat
toan di truyén thé hién trén Hinh 3 va téng hgp cac tham s trong
Béng 4.

Bang 3. Tham s6 cda thuat toan di truyén

Tham s6 Gia tri
S6 ca thé 100
Ty 1é giao phoi 50%
Ty 18 dot bién 20%
S thé hé Dimg sau 15 thé hé khdng cai thién hiéu suat
Tap dit liéu 5 Fold CV/Tap dao tao.

Tiéu chi danh gia R

Hinh 4. Két qué chay tdi uu kién tric mang than kinh nhan tao bang thudt toan di truyén.
Bang 4. Cac tham s6 t6i uu clia mo hinh

Tham so Gid tri
S6na'ron an 23
Thuat toan dao tao Quasi-Newton
Ham kich hoat Relu
Toc d6 hoc tap 0.01
So chu ki 2000

Nhan xét: C6 thé thdy rdng, qua trinh t&i uu héi tu & khoang thé
hé 27, véi tiéu chi R2 dat 0.903 trén tap xac thuc chéo 5 lan. Gia tri
nay khéng d8i cho dén thé hé 50, théa man diéu kién dung cla
thuat toan. Thuat toan dao tao phu hgp nhat cho dit liéu nay la thuat
toan Quasi-Newton, s6 na ron an khéng can qua nhiéu dé mé hinh
dat dugc do chinh xac tét. M6 hinh nay sé dugc sir dung dé danh gia
hiéu suat & phan tiép theo.

3.2. Khad ndng du bdo cia mé hinh

Mé hinh mang than kinh nhan tao, vai cac tham sé kién truc moé
hinh t6i uu tim dugc & phan trudc, duge dao tao trén tap huan luyén,
va sau d6 dugc danh gia hiéu qua trén tap kiém nghiém. Két qua
cla qua trinh dao tao, st dung ham mat mat [a ham sai s6 binh



phuong trung binh (MSE), dugc thé hién trén Hinh 4. C6 thé thay
sau khoang 2000 chu ki dao tao, két qua da kha héi tu tai gia tri MSE
=30568 (kPa)

Hinh 5. Budng cong 16i trung binh ctia md hinh trong qua trinh dao tao

Két qua héi quy du doan stc chiu tai coc cia mang than kinh
nhan tao trén tap huan luyén va tap kiém tra thé hién trén Hinh 3 va
mo phoéng két qua du doén trén hinh Hinh 3.

(a) - Tap hudn luyén (b)- Tap kiem tra
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Hinh 6. Két qué héi quy du dodn ctia md hinh mang TKNT
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Hinh 7. M6 phdng két qua dy dodn clia mang than kinh nhén tao

Nhan xét: K&t qua phan tich cho thdy, mé hinh mang than kinh
nhan tao du doan chinh xac stc chiu tai coc. Cu thé, véi tap huan
luyén, chi tiéu R2 = 0,868 va RMSE = 640.672 kN. Vi tap kiém tra, chi
tiéu R2=0,911 va RMSE = 912.64 kN.

3.3.S0sdnh két qua tinh véi mé hinh héi quy tuyén tinh.Trong phdn
nay, két qua tinh cia mé hinh mang thdn kinh nhan tao dugc so sdnh
vGi két qua tinh theo hoi quy tuyén tinh. Hoi quy tuyén tinh la mét trong
nhdng mé hinh phé bién nhdt cta xdc sudt théng ké va da thé hién
dugc hiéu qud tét trong rdt nhiéu nghién cuu trudc dé. Cong thic téng
qudt cta héi quy tuyén tinh cé thé dugc thé hién qua cong thuc sau:

6
Yi :f(xli5X2i5""X6i):ZBj‘in+B0 (4)
=1

Trong d6, Bj Ia hé sé clia bién dau vaoj va Bo 13 hé s6 tu do.

Tiéu chi 16i binh phuong cuc tiéu thudng dugc st dung dé tim
ra cac hé sé téi uu cho mé hinh héi quy tuyén tinh, tiéu chi d6 dugc
thé& hién qua céng thuc sau:

n —\2
S:Z(yi-yi) —>min (5)
i=1
Trong d6, S 1a tdng binh phuong sai s6; n 1a s lugng di liéu dao

tao; y; lagiatridydoanva Y. la gia tri thuc.
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Hinh 8. Md phong két qua du dodn theo md hinh héi quy tuyén tinh
Trong nghién ctu nay, thuat toan di truyén la thuat toan dugc
st dung dé t8i uu cac hé s6 cia mé hinh héi quy tuyén tinh. Két qua

cla qua trinh t8i uu dugc thé hién trong Bang 5. Két qua héi quy clia
mé hinh duoc thé hién trén Hinh 8.
Bang 5. Cac hé s6 t6i uu clia mé hinh héi quy tuyén tinh

56 hang tu do B D L/B Y [0)
-205.81 -50.48 1909.98 -15.34 -255.65 878.78
Bang 6. So sanh két qua gitia hai phuang phap

Tap dit L Mang than kinh Hoiquytuyén  Chénh
A Tiéu chi N i R
liéu nhan tao tinh léch

Do tao R 0,996 0,772 29,02%

’ RMSE (kPa) 31,018 270,713 88,54%

Kiém tra R 0,981 0,594 65,15%

RMSE (kPa) 49,31 228,907 78,46%

Nhan xét: Két qua so sanh gilia hai phuang phép dugc thé hién
trén Bang 6. C6 thé thdy rdng, mé hinh héi quy tuyén tinh du doan
stic chiu tai ctia méng néng kha tét, cu thé R2 = 0,772; RMSE =
270,713 (kPa) trén tap huan luyén va R2 = 0,594; RMSE = 228,907
(kPa) trén tap kiém tra. Tuy vay, kha nang du doan ctia mé hinh
mang than kinh nhan tao lai cho thay do chinh xac vugt troi khi dat
trén 0.98 vdi tiéu chi R2 & ca 2 tap dirliéu. Ngoai ra, néu dua trén tiéu
chi RMSE, d6 chinh xac mé hinh mang than kinh nhan tao cling cho
thay 16i thap khi déu dat dudi 50 (kPa).

4, KET LUAN VA KIEN NGHI

Bai bao da trinh bay viéc tng dung mé hinh mang than kinh
nhan tao dé xac dinh stic chiu tai cuc han cla méng néng. Kién tric
md hinh dugc téi uu bang thuat toan di truyén, diéu nay cho phép
tiét kiém thai gian va tai nguyén dé tim dugc mé hinh t6t so véi gidi
phap tim kiém tha céng. K&t qua téi uu cho thdy, mang than kinh
nhan tao véi 23 nat 4n va st dung ham kich hoat relu sé c6 tiém
nang tot cho viéc du doan suic chju tai cuc han ciia méng néng.
Ngoai ra, mé hinh mang than kinh nhan tao cho két qua vuot trdi so
vGi két qua tinh theo héi quy tuyén tinh. Trén cg s& két qua tinh
toan, kién nghi nén nghién ctru dua mé hinh mang than kinh nhan
tao da dugc téi uu vao cac tiéu chudn nén mong dé dat dé chinh xac
cao hon trong thiét ké thuc té.
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Phan tich dao dong tu do cta thanh cé xét dén
bién dang truot ngang bang phuong phap
chuyén vi cuéng buc - Loi gidi s6

Analysis of bar's free vibration with considering lateral shear strain by forced displacement

method - numerical solution
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M TAT:

Phurong trinh dao dang tir do cda thanh [a phuong trinh trj rigng,
ca vé phai bing khong, dé giai phuong trinh ndy cac tac gia trong
va ngoai nutc dd sir dung cac phuong phap truyén thang 13 dua
ma tran he sd cia phueng trinh dao dang ty do cia thanh vé dang
duang chéo hodc dang ma trén bang, déi doc theo dwing chéo
chinh bing céc thuat todn khac nhau, nhu thugt toan Jacobi [4],
LR (4]. (3], OR[a]. khéng gian con [a)...rdt phic tap, dé |&y tich
cia si hang da cho ta phureng trinh da thie dic trung dé xéc dinh
céc trj rieng. \i vay, dé don gidn hoa viec gidi céc bai toan, trong
bai bao nay tac gid sir dung mat phueng phap mai trong (2], [3]
“Phuong phap chuyén vi cuing birc” dé tim trj riéng va véc to
rigng cia cac bai toan theo li giai sd.

Tir khda: chuyén vi cuiing bire; dao dang; tri riéng, véc to rigng.

ABSTRACT

The equation of free vibration of the bar is an eigenvalue equation,
with the right side equals zero, to solve this equation domestic
and foreign authors have used the traditional methods to bring
the coefficient matrix of the equation of free vibration of the bar
to diagonal or band matrix form, strip along the main diagonal by
different algorithms, such as Jacobi algorithm [4], LR [4), [5].
(IR[3), subspace [a]... is very complicated, to get the product of
that term gives us the characteristic polynomial equation to
determine the eigenvalues. Therefore, to simplify in solving the
problems in this paper, the author uses a new method in [2], [3]
"Forced  displacement method" to  find eigenvalues and
eigenvectors of problems according to numerical solutions.
Keywords: forced displacement; oscillate;  eigenvalues,
eigenvectors.

1.DAT VAN DE

Cac phuang phap [4], [5] mac du phai bién d6i ma tran phic
tap nhung do6i khi cho 16i gidi khéng du tin cay vi d6 hoi tu cta bai
toan con phu thudc vao tinh chat ctia ma tran, déi xiing hay khéng
déi xting, xac dinh duong hay khdong xac dinh duong... Khac vai
cac phuong phap truyén théng, phuong phap chuyén vi cuéng
buic c6 cach nhin don gian, dé hiéu, bang cach kich chuyén vi tai
mot diém bat ky trén thanh cho phép ta dua phuong trinh tri riéng
cla thanh dao dong tu do vé phuong trinh vi phan cé vé phai, giai
phuong trinh nay ta nhan dugc ngay cac tan s6 dao dong cua
thanh ma khéng can théng qua cac phép bién d6i ma tran phuc
tap. Trong [2], [3] tac gid da si dung phuang phap chuyén vi
cudng buc dé giai cac bai toan tri riéng néi trén, theo 15i gidi ban
gidi tich.

Trong bai bao nay, tac giad cling dung phuong phéap chuyén vi
cudng buc néu trén, két hgp véi phuong phéap phan ti hiru han dé
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xay dung va giai bai toan dao déng tu do cia thanh co6 xét dén anh
hudng clia bién dang truct ngang theo I5i gidi so.

2. BAI TOAN DAO PONG TU DO CUA THANH €O XET BEN
BIEN DANG TRUOT NGANG
e "I " Xét thanh théng, c6 tiét dién
khéng déi, c6 khéi lugng m phan

bd déu trén thanh. Khi c6 chuyén
vi ngang, thi ngoai néi luc M va Q,
con phai xét dén lyc quan tinh f_ .

-

Luc quén tinhf, bang tich cda
khéi lugng véi gia t6c cla chuyén
dong va cé phuong tac dung la
phuong cla chuyén dong
(phuong clia d6 vong) cta thanh.

X mr—E> Y ey Y

@ ®
Hinh 1. Thanh ngam -Tu do



Nhu vay, luc quan tinh c6 tac dung giéng nhu luc ngang, trong trudng
hgp nay la luc ngang phan bé, dat tai truc thanh. Néu khéi lugng m
phan bé trén chiéu cao cla tiét dién thanh thi do tiét dién thanh bi
xoay, con cé luc quan tinh xoay cla tiét dién thanh. D& don gian
nghién clu, ta khong xét luc quan tinh xoay nay.

Vé&i nguyén ly D’Alambert, xem luc quan tinh f_ nhu la ngoai
luc can tac dung lén thanh, va vi luc quan tinh la ham cua thai gian
nén ham dé véng va cac ham noi luc trong thanh déu 1a ham cla
toa do va thai gian: W = W(x,t) la ham dé vong, M = M(x,t) la
ham momen uén, V = V(x,t) laham lyccat.

Luc quan tinh ctia thanh dugc tinh nhu sau

o*W
m atz

Xem lyc quan tinh f_ nhu la ngoai luc can phan bé tac dung

Ién thanh, viét ngay dugc hai phuong trinh vi phan can bang
8 M

(M

v
-——+V=0 b
o (b)
Khi xét bién dang truot trong thanh, bién dang trugt y, goc
xoay do momen uén 0, bién dang uén y va ndi luc momen xac
dinh theo cac biéu thuc sau:

oW

V 0=—-—
"= GF x|
__OW  a v 3)
=T T GF ox
M =-EJy
Pua céc biéu thic (1) va (3) vao (2) nhan dugc
4
El a 0°V ~0 (a)
ox’ GF ox’®
(4)
plEV_2 V) vy
ox GF ox
Nghiém clia hé (4) c6 thé viét dudi dang
W(x,t) = y(x)cos(wt) = ycos(wt) 5)
V(x,t) = Q(x)cos(wt) = Qcos(mt)
Khi d6 hé (3.4) c6 dang
d'y o d°Q
(EJ( e EF) - mo’y |cos(ot) =0
d? d’Q ©
y o
[EJ(dx3 " GF )+QJcos((ut) =0

Vi thanh phan trong ngoac khéng phu thudc t nén hé (6) dugc
gidn hoéa nhu sau

4
J d Z o & ?) mo’y =0
d’y a d°Q
EIEL - 224y ,0=0
(dx3 GF dxz) Q
Hay
4 2 3
EJd_Z_&g_mwzy:O
dx 6 dx (7a)
d’y ah’ d’Q
EJ —_— +Q=0
dx’? 6 dx’ Q

Hai ham y = y(x) va Q = Q(x) déu la ham cua toa d6 x. Hé (7)
khong phu thudc vao bién t, 1a hé hai phuong trinh vi phan tuyén
tinh c6 hé s6 khéng déi. Khi khéng xét bién dang truct, cho G
— o hodc cho h =0 thi hai phuong trinh dau cta hé (7) va cda
hé (3.7a) tré thanh phuong trinh dao déng cda thanh theo ly
thuyét dam Euler-Bernoulli, gidi phuong trinh nay tim dugc d6
véng y réi dung phuang trinh thit hai dé tinh Q.

Phuong phép chung dé giai hé (7) la giai hai phuong trinh dac
trung clia ching va xay dung nghiém y va Q trén cg s& cac nghiém
(tri riéng) cda cac phuong trinh ddc trung. Tuy nhién, ta sé dung
phuacng phéap chuyén vi cuéng buc dé giai.

3. PHUONG PHAP CHUYEN VI CUONG BUC

Khi xay dung bai toan theo phuong phdp nguyén ly cuc tri
Gauss, c6 thé dung céc dai lugng bién phan (chuyén vi 3o va bién
dang o) khéng phu thudc thai gian

a oy
:— ;9 = _
Y« Q T I
oy o 8Q
__Y7 8
X ze GF&X (®)
M, =EJy,

Ki tu x & chan céac dai lugng dé chi réng dai lugng chi phu
thudc x.

Bai toan dao déng tu do clia thanh dugc dan vé bai toan tim
cuc tiéu cda lugng cudng buc chuyén dong tai mét thoi diém t bdt
ki:

1 1 1
Z =My, Jax + [ V[y, Jax + £, [y}ix > min 9)
0 0 0
Pai lugng trong ngodc vudng ctia phiém ham (9) la dai lugng
bién phan.

Tu diéu kién cuc tiéu
57 = Ml kix + [ Va[ykix + £ 5[wix = 0
0 0 0

va dung phép tinh bién phan sé nhan dugc lai hai phuong
trinh (6) va vi bai toan tuyén tinh theo t nén lai c6 hé (7).

Nhu vay, bai toan dao déng tu do clia thanh bang cach diung
bién d8i (5) dan vé gidi hé (7) 1a hé khéng chira bién t. Nghiém
y #0 (nghiém khong tam thudng) cta hé (7) tly thudc vao cac
théng s6 m, EJ, o va chiéu dai thanh. Théng thudng, cac thong sé
m, EJ va chiéu dai thanh da biét nén tan s6 la ham cua céac dai
lugng nay.

Su dung cac dai lugng khéng chita bién thai gian t, bai toan (9)
c6 dang

Z=iMx[xx]dX+:I)Q[vx]dx+ifx[y]dx—>min

G day (12)

Dé gidi bai toan (3.11) ta dung phuong phap chuyén vi cuéng
buic bang cach cho mét diém nao dé cda thanh, vi du diém x1 ,
chuyén vi cuéng buc yo.

glz}’(xl)_YO:O (13)

Bai toan cuc tiéu (11) véi rang budc (13) 1a bai toan tinh tinh
thanh chiu chuyén vi cudng buc tai diém x;, c6 4n la tdn s6 o cho
nén c6 thé dugc goi la bai toan dao dong tu do cua thanh. Viét
phi€m ham Lagrange m& rong F cda (11) va (13), ta c6 diéu kién
cuc tri

(10)

(amn

M, =EJy,, f, =-mo’y

X
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L d’y o dQ 1 o

+ £, 8lylx+ Sfng,]=0

) trong (3.14) |a thira s6 Lagrange va la &n méi cta bai toan. Tu
(3.14) nhan dugc hai phuong trinh can bang (hai phuong trinh
Euler) :

15](‘14y —i—dBQJ— mo’y = {* Ax =X,
X

0,x #x,

(15)

cung véi phuong trinh (13). Hé phuaong trinh (15) cé vé phai la
A

Xét vé cd hoc, L c6 thd nguyén la luc va dé la luc gilt dé
chuyén vi tai diém x=xi cGla thanh bdng chuyén vi cuéng buc yo
(phuong trinh (13)). Luc gitr do ta dua vao nén phai bang khong.
Vé toan hoc thi phuong trinh dao dong la phuong trinh khéng cé
vé phai (hé (3.7)) cho nén A cling phai bang khéng. Vi vay ta cé

A=0 (16)

Nghiém cta phuaong trinh (3.16) ciing la nghiém cla vé trai
(3.15) hodc ctia hé (7). Nhu vay, phuong trinh (16) la phuong trinh
da thuc xac dinh trj riéng, khi cac ham y(x) va Q(x) thda méan cac
diéu kién bién thi n6 la phuong trinh da thic xac dinh tan s6 riéng
cla dao dong ty do cuta thanh. Trong truong hgp nay A la ham
cla o, A =A(o).

Bai toan dao déng tu do cla thanh dugc dua vé bai toan (11)
vGi rang budc (13) va sé dugc gidi truc ti€p trén phiém ham
Lagrange m& rong dé tim dugc ham A(w), gidi phuong trinh (16)
sé nhan dugc cac tan s6 riéng, tuong ty nhu bai todn xac dinh luc
téi han cta thanh [4]. Cha y, A la thira s6 Lagrange cda rang budc
(13).

Ta dang xét trudng hop khéi lugng phan b6 déu trén thanh.
Bai toan c6 vo s6 bac tu do nén ¢ vo sé tan sé riéng. Chung tao
thanh ddi tdn sé riéng dao ddng cta thanh c6 bién dudi la tan s6 co
ban va bién trén la vé cling I16n, ® — o . Cac thanh c6 lién két khac
nhau sé dao dong vdi tan s6 riéng khac nhau. Tan so riéng dao
dong tu do clia thanh c6 cac diéu kién lién két khac nhau dugc tinh
theo phuong phap chuyén vi cuéng buc dugc trinh bay dudi day.

4. BAITOAN DAO DONG TU DO CUA THANH - LO1 GIAI SO

4.1. Phuong phap phan ti hiru han

Phuong phép phan t&r hitu han chia cong trinh thanh nhing
phan nhé dugc goi la cac phan tu, tinh toan cong trinh dugc dan
vé tinh toan nhing phan ti nhoé sau d6 két néi cac phan t do lai
véi nhau ta lai dugc |6i giai cla mot cong trinh hoan chinh.

Théng thudng doi vai phan t& dam chiu udn thi dung da thic
bac 3 d€ m6 ta chuyén vi.

y=a,+a,x+a,x +a,x’ (17)

Ta thay c6 4 théng s6 can xac dinh. Tuy nhién dé tién dung ta
thay 4 thong s6 ao, a1, a2, as bang chuyén vi, géc xoay clia phan t
hai nat nhu, hinh 2.

Do dung ham bac 3 cho nén cac lyc tac dung 1én phan ti déu
phai quy vé nut ké ca luc quan tinh trong bai toan dong.

a. Ham néi suy phan ti chiu uén

DGi véi phan td chiu udn nhu thanh thudng dung da thic bac
ba @€ tinh chuyén vi cGia né, do d6 c6 bén théng s6 can xéc dinh.
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C6 thé chon phan ti hai ndt, méi nat cé hai théng s6 1a chuyén vi
W va géc xoay 6 tai nut do, hinh 2.

—as X

V5,02
o 1 0

Hinh 2. Phan tit chuyén vi hai niit

Dé tinh toan dugc tdng quat, chiéu dai phan ti 1dy bing hai
don vi, géc toa do dat & gilta. Nhu vay, néu biét dugc cac théng sé
Wi1,W5, 04, 02 thi chuyén vi mbi diém nam trong phan ti xac dinh
theo da thuc bac ba sau day.

W(x) =W, +f,W, +1£,6, + £,6,

trong do:

Wi, 01

(18)

1 2 e 1 2
f, _Z(X_l) (x+2),f2—4(x+1) (—x+2)

1 2 e 1 2y
f3—z(x—l) (X+1),f4—4(X+1) (x-1)

Ta dung da thuc bac nhat dé xap xi ham luc ct clia phan td, phan
t0r luc cdt chda hai ndt, hinh 3, méi nat cé mot thong s6 chua biét Qi la
luc cat phan t{ tai vi tri do.

—s T

Q Q2
L 1
& 0
Hinh 3. Phan t& luc cat hai nat
Chiéu dai phan t lay bang hai don vi, géc toa dé dat & gilia
phan td. Néu biét cac luc cdt Qi, Q, tai hai nat thi luc cit V tai diém
bat ky ctia phan tu tinh theo cong thuic.
V(x) =1£,Q, +1,Q,
trong doé:

(19)

1 1
fi==—(1-x); f,==(1+x
s 2( ) 6 2( )

Nhu vay, méi phan ti ¢ hai chuyén vi ndt Wi, W» hai géc xoay
01, 62 va hai luc cit nit Qi, Q,, téng cdng c6 séu thong sé (6 an) can
xac dinh.

Goi {X} la véc to cot chiia sdu &n clia phan tl theo thi tu sau.

{X}: [WI W, 6, 6, Q Qz]T (20)

thi c6 thé viét lai cac biéu thic (10) va (11) dudi dang ma tran
nhu sau.

Weo=[f f, £, £, 0 0fX}

vx)=[0oo0o0o0 f f]{x}

Sau khi da biét cac ham chuyén vi va ham luc cat thi dé dang
tinh dugc bién dang uén y_, ndi luc mémen M_, bién dang trugt

21

Y., gocxoay ¢ (do mémen gay ra) cGia phan td nhu sau.

W, a dV
_l_ L eV 22
L { pra GFde} 22
M, = Ely, (23)
(04
yx:E[O 000 f fJX (24)
dw o
=|——B+—V 25
i s

Trong céc cong thic trén B = Z/Ax la hé s8 dua chiéu dai hai

don vi clia phan tr vé chiéu dai that Ax cta no.
b. Ma tran dé cing phan tu



Biét dugc ham dé véng, ham luc cdt cta phan ti thi dé dang
tinh dugc ma tran dé cing phan ti. Theo phuang phap nghuyén
ly cuc tri Gauss ta viét lugng cudng buc d6i véi bai toan tinh nhu
sau.

Z= M, [, Jix + JVly, ix - Min (26)

%, Va v, la cac biéu thuc chda cac dn X() cho nén diéu kién
dung clia (26) dugc viét lai nhu sau.

62 = M3 Jax + [Vely kix =0 hay
el )

1 ax
M X
Ax J| * |:8X(i)
A ]=8z===

=0
2 + }V{ 6yx' j|dx
a0 | 0X(1)

X(i) v&i (i=1+6) 1an lugt la cac &n chuyén vi, goc xoay va luc cit
(W1, W2, 64, B2, Q1, Q2) tai hai dau phan tl, theo (20) dugc viét lai
nhu sau:

{Xe}: [Wl W, 6, 6, Q, Qz]T

Hé s6 Ax/2 dé dua tich phan tir (-1) dén (1) vé tich phan theo
chiéu dai phan ti. Ung véi méi (i) ta dugc mot hang 6 cot, lan lugt
cho i chay tir 1 dén 6 va tinh (27) ta nhan dugc ma tran d6 clng
phan tur [ae] co kich thudc (6x6), nhu sau:

[oc]=

1 2 3 4 5 6
[ 12E] 12E]  6EJ 6E] ]
- T v T o
_121::1 121::1 _6F;J _6F:J 0 0 2
L L L I’
* *
6EJ 76F:J 4EJ 2E] (02 L 0.2 Ll 3 @8
r r L L 10 107
6EJ 6EJ 2EJ 4EJ] 0.2* 0.2%
— = = = P P R 9
& I L L 10 10

0.2%* 0.2%* 0.667)\ 1} (0.333)}
0 0 L= s L . L 5
10 10 *107” JEJ (*107 ) EJ

02% 02%)  (0333\1 (0667\13 | ©
o o0 -k L = =
10 107 *10= JEJ (*10° | EJ

C4c tich phan trong (19) c6 thé tinh chinh xac hoic tinh theo
cac tich phan gan dung (tich phan s6) cia Gauss. Sau khi tinh,
nhan dugc ma tran [ae](6x6) theo (28).

Ma tran [ae] goi la ma tran dé cing phan tl, L la d6 dai mot
phan t{. B&i vi ham dé véng cla phan ti la da thic bac ba nén cac
luc tac dung, luc quan tinh cla cac phan t& déu phai phan bé vé
nuat cia né.

C6 sau &n ta c6 dugc sau phuong trinh va ¢ dang sau.

[AJX.j={B.} (29)

Trong do:

- {B, } Ia véc to lyc nat phan ti (d6i véi bai toan tinh), néu nhu
tai nat (1) ¢6 luc tac dung P thi vé phai B(1)=P...

- {B, }= {0} 1a véc to “0" (d6i v6i bai toan dao dong tu do), néu
khéi lugng m dat tai nat (1) (phan t& chuyén vi) va luc quan tinh
fm=mm?W; thi thanh phan nay dugc dua vao ma tran ae tai vi tri
sau: ae(1,1)=mn?.

Thoéng thudng, ta sé dua cac luc quén tinh vao ma tran
téng thé clia thanh.

Biét dugc ma tran dé ciing phan tu thi dé dang xay dung dugc
ma tran do cling téng thé cla thanh. Gia s thanh chi c6 mét phan
tdr thi ma tran [ae] chinh 13 ma tran d6 cling t6ng thé cda thanh.
Gid st chuyén vi tai nat (1) bang khéng thi ta b dong 1 cét 1 cla
ma tran [ae], gia st luc cat Q2=0 thi ta bo dong 6 cot 6 clia [Ae] bai
vi chiing ta khéng cé hai an nay.

4.2.Vidu tinh toan

Dé ngén gon, dé hiéu trong trinh bay ma khéng lam mat di
tinh téng quat cha bai toan, tac gid trinh bay I5i gidi s6 cha bai
toan dao dong tu do clia thanh bang cach két hop phuong phéap
phan t hitu han va phuong phap chuyén vi cudng buc théng qua
cac vi du cu thé sau:

Thanh dau ngam - dau tu do

Cho thanh thdng dau ngam - dau ty do, chiéu dai thanh L, c6
khéi lugng phan bé déu trén suét chiéu dai thanh, thanh c6 do
cling uén EJ=const, hinh 4a. Xac dinh tan s6 dao déng riéng va
dang dao dong riéng clia thanh.

x
-~ T o —%
S EY =
N <
N T T T
(a) (b) (¢) () (e

Hinh 4. Thanh dau ngam - dau tu do

a. An s8 ctia bai toan va cach danh sé an
Danh s8 an theo thr tu tu trai sang phai d6i véi dam, tur dudi
I&n trén d&i véi cot, theo cac &n nhu sau:

{X}:[Wl WZ el e2 Q1 Qz]T (a)

Nguyén tdc danh s6 an la: tai nat nao clia phan ti c6 chuyén vi
thdng W bing khéng (nut tai ngam, tai goi tua ..) thi danh sé an la
“0”, tai nGt nao co luc cat Q bang khéng (nat tai dau tu do) thi cling
danh s6 &n 1a “0”, cac nut con lai danh s6 an tur 1+n (véi n 1a téng s6
an clia bai toan).

VGi bai toan trén hinh 4, néu xem ca thanh la mét phan ta thi
s6 &n dugc danh nhu hinh 4¢, d, e.

Theo hinh 4b, tai nat (1) chan ngam cé chuyén vi thidng bang
khong, ta danh W(1)=0, tai nut (2) dau ty do clia phan t 6 luc cat
bang khéng, ta danh Q(2)=0, cic dn khac khong ta danh theo thu
ty tl 124, cu thé 13 W(2)=1, 6(1)=2, 6(2)=3 va Q(1)=4. Nhu vay, bai
todn c6 téng s6 an a 4, dugc sdp dat tu trai sang phai nhu sau:

{X}: [Wz 0, 0, QI]T = [1 2 3 4]T (b)
b. Ma tran dd ciing phan ta
TU ma tran do ciing phan t chung [ae] theo (28), ta bd hang 1

c6t 1 va hang 6 cét 6 (vi W(1)=0, Q(2)=0), cudi cling ta nhan dugc
ma tran dé cling phan ti ae1 nhu sau:
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1 2 3 4
[ 12E]  6EJ 6EJ |
_ _ 0 1
Ax3 Ax? Ax?
*
_6E]  4E] 281 (027} 2 (0
L’ L L 107
1=
fet] _6E] 2EJ 4E] 02%) 3
L’ L L 107
0 0.2% 5 0.2% 5 0.667 ) 13
107 107 #107° ) EJ 4

c. Ma tran do ciing tdng thé

Thuat toan I3p 1ap ghép ma tran d6 cliing téng thé nhu sau:

Budc 1: T ma tran do cling phan tu [ae(6x6)] chung, danh s6
ma theo s6 dn cla tiing phan ti tha i (i=1+n) theo nguyén tic tu
trai sang phai, tUr trén xuéng dudi, ti bé dén 16n.

Budc 2: Trong [ae] chung (28), ta tién hanh xba hang, cét lién
quan dén an cé s6 ma bang “0” (néu cé) ctia phan t (1), phan con
lai (khéng bi x6a) chinh la ma tran d6 ciing ca phan tu (1).

Buéc 3: Coi nhu chua xéa hang ¢t theo Budc 2, tu [ae] chung
ban dau ta x6a hang, cot lién quan dén an c6 s6 ma bang “0” (néu
cd) cla phan td (2), phan con lai chinh 1a ma tran d6 cing cda
phan tl (2). Cac phan td tiép theo lam tuang tu. Cudi cung ta nhan
dugc cac ma tran dé cliing phan ti [aely (i=1+n).

Budc 4: Tao ma tran [0] t&ng thé [A(0)] c6 kich thudc la téng s6
&n cua bai toan.

Budc 5: Lan lugt ldy cac s6 hang trong tling ma tran do cing
phan tir da tim & budc 3 dat vao vi tri ¢ s6 ma hang (i), cot (j)
tuong Ung trong ma tran d6 cing téng thé [A(0)] . Néu tai cling
mot vi tri c6 nhiéu sé hang xép chéng Ién nhau (cung i, j) thi dugc
cdng doén lai véi nhau. Cubi cling ta thu dugc ma tran dé cing
téng thé clia toan hé [A].

Xem toan bé thanh la mét phan td, gém hai nat, ndt 1 tai chan
ngam cua thanh, nat hai tai dau tu do cda thanh, cac an chuyén vi
W, gbc xoay 0, va luc ct Q tai hai dau thanh, nhu hinh 4c¢, d, e.

Téng s6 an cta bai toan 1a 4 nén kich thudc ma tran d6 cing
téng thé 1a [A(4x4)] (chua ké dén diéu kién bién va diéu kién
chuyén vi cuéng buc tai dau thanh).

Biét dugc ma tran d6 cing phan ti [ae] da tinh dugc theo (28)
va biét dugc kich thudc clia ma tran téng thé [A(4x4)] thi ta dé
dang xay dung dugc ma tran d6 cling téng thé cla toan thanh.

Gia st ma tran téng thé 1a ma tran “0” c6 kich thuéc (4x4) nhu
sau:

1 2 3

[A]=

oS O O O
o O O o
o O O <O s
o O o O
H W N

Vi W(1)=0 nén trong [ae] ta xda hang 1 c6t 1, Q(2)=0 nén ta x6a
hang 6 cét 6, thu dugc [ae(4x4)]. Ta cdng ting sé hang ae(j,j) trong
[ae] vGi phan tu ai,j) tuong Ung vé vi tri trong [Al, cudi cling ta
danh dugc ma tran téng thé nhu sau:
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1 2 3 4
12E]  6EJ 6E] 1
_ - 0 1
Ax? Ax? Ax?
*
_6E]  4E] 2B (027} 2 ()
2 —4
L L L 10
Al=
[A] 6EJ 2EJ 4E] 0.2% 3
Tz 1 - b
L L L 10
0.2% 0.2%* 0.667) 12
L - L = 4
107 107 *107° | EJ

Chu y ngoai cac an chuyén vi, géc xoay, luc ct cta thanh con
phai xét thém céac an la cac thua s6 Lagrange A cla cac diéu kién
lién két & hai dau thanh.

Trong bai nay, ta con thém hai §n Ay, A2 13 hai thira s6 Lagrange
Ung vai hai diéu kién rang budc la géc xoay tai ngam chan thanh
bang khéng va chuyén vi cudng buc tai dau tu do clia thanh bing
y0. Cu thé nhu sau:

dw o
g =0 =}"1|:_d_B+§V:|
X [phamu(l)tai X=— ]

g, =, [y(npt,2)—y0]=0 (e)
Nhu vay, ma tran dé clng t8ng thé [A] sé dugc md rong thém
hai hang, hai cét nhu sau:

=0

[a]=
1 2 3 4 5 6
[(12E1 1
3
1L _61}? _6]];] 0 0 1o
EEkaL
0.2%
_6F;J 4E] 2EJ LT . ol 2
L L L 10
0.2%
76F:J 2EJ 4E] 0 ol 3
r L L 107
0.2% 0.2% 0.667\ 1 - 2
0 L- L s L 1 L 0 4
107 10 *107° |EJ {50000 EJ
2
0 1 o Lt 0 0| 5
50000 EJ
I 1 0 0 0 0 0] 6

Trong ma tran dé ciing t8ng thé ta thay trong sé hang a(1,1)
xuat hién luc

2
mo

5 y(x)=-EJky(x) (9)

2
ORI (h)
EJ m

fm: 12 luc quan tinh, m la khéi lugng trén mot don vi chiéu dai,
tai cac nut co khéi lugng tap trung (mL), tai dau tu do la (mL/2). Luc
quan tinh tac dung tai cac nut sé la:

fmi= - MWL (i a cac nat gitia)

fmi= - Mw?WiL/2 (i la cac nut tai dau tu do)

Vi & day coi thanh la mét phan t c¢é chiéu dai L, nén luc quén
tinh tai dau thanh bang:

f :—lEJkZL

f =-mo’y(x)=-EJ




Sau nay thay bang viéc tim tan s6 dao dong riéng wi cla thanh,
ta di tim tri riéng ki, khi c6 ki dua vao (h) dé tinh w.

Nhu vay, sau khi mé& rong thém hai hang, hai cét, ta nhan dugc
ma tran dé ciing téng thé cudi cling la [A] kich thudc (6x6) theo (f),
tuong Ung véi sau phuong trinh c6 dang:

[Alix}={B} )

Trong d6: {X} la véc to &n va véc ta luc nat {B} la véc to cot co
kich thudc la (6x1), tat ca cac s6 hang thudc véc ta {B} déu bang
khéng, ngoai trur B(6,1)=y0.

W, | 1 0] 1
0, 2 0| 2
0, 3 0| 3
=i ot Bl=1 ¢,
Al oS 0| 5
A, 6 y0 6

Gidi hé phuong trinh (i) thi ta nhan dugc phuang trinh A2 (an s6
6, do chuyén vi cudng buc tai dau thanh bang y0 ma c6, theo (e)),
phuong trinh A2 cé dang sau:

h/L=1/100 (khéng xét dén bién dang trugt ngang)

(-4.10% + 6666966
L, =0.7996x107* EL.y0| 666666666666666 /L

6666666667.k7.L*)
gidi phuong trinh A,=0 ta nhan dugc: ki= 2.45/L2

o=2,45 E—J4
mL

Nhan xét: Vi xem thanh la mot phan td, trén thanh c6 mét luc
quan tinh tap trung tai dau thanh (hé moét bac tu do) nén chi nhan
dugc mét tan s6 co ban vai sai s6 I16n hon 30% so véi két qua chinh
xac, muon nhan dugc két qua tiém can véi két qua chinh xac ta can
r&i rac hda thanh thanh nhiéu phan ti hon, chdng han chia thanh
thanh 19 phan ti ta nhan dugc két qua trong hai trudng hop
khong xét (h/L=1/100) va c6 xét (h/L=1/10; va h/L=1/3) dén anh
hudng clia bién dang trugt ngang, nhu bang 1:

Khi chia thanh thanh thanh 19 phan t{, bai todn sé c6 téng
céng 60 an s6, gdém (19 &n chuyén vi, 20 &n gdc xoay, 19 &n luc cat
va hai thura s6 Lagrange Ass, Aso Ung vai hai diéu kién rang budc,
g6bc xoay tai ngam chan thanh bang khéng va chuyén vi cuéng
buc tai ddu thanh bang y0), ma tran d6 cling téng thé [A1(60X60),
Do vay, ta nhan dugc 60 phuong trinh c6 dang (i):

[lfx}={B}

Giai phuong trinh nay, ta nhan dugc Aeo c6 dang sau:

Truéng hop 1: h/L=1/100 (khéng xét dén bién dang truot
ngang), ta cé:

A60=0.137931x1033(-0.26902x10%k,32*[64-
0.23361x10"2k241*8+0.27869x 108k, 22|*4+

0.91510x107%k;34I%8-,22505%10"2%k12°140-0.40806x 1037k, 16132+

0.84291x10'%%k;'41284+-0.63774x10%k,38|76-,17038x 10>k, ®|"6-
.21458x1072k1361724-0.13459x 10"k, 26]52-
.99121x10"k:"217*+.12002x10"3%, '8136+0.219034x10'%°kI*+0.6068
9x10"°%;'012°-,53577x100%°k, 2816+

0.14647x10%k;1A30|A%04+0,18100x10"°%k:61'2-0.52726x102k;4I8-
.2620x10'%%)yOxej (k)

Trudng hop 2: h/L=1/3 ( xét dén bién dang trugt ngang)

thay ki vao (34), ta cé:

A60=0.4x1032y0xej*(.64327x1052k,38*|76-
.34067x10%°k:361724+.5764x107°*k,341%8-.45118x108"k,32/54

+.19405x108k,3°1°- 50562x10°2k28|°6+.84735x10%7k; 2% [52-
.94832x10"%k,24|A*8+,72498k;22|**-,383 12k, 20140+

.14011e"7k,"81%6-.35250% 102"k, 1632

+.59971x10'2°k;'#*128-,67010x10'2°%k,2>*

+.46941x10"33k;"91°-,19146x10'37*k, 8|

+.40209x10"%k,6]12-.34605x10"43*k;**[8+

.72072x10'k;%*-.76262x10'46)=0 (1

Gidi hai phuong trinh (k) va (1) ta nhan dugc dong thi nhat va
dong thi 3 ctia bang 1. Ta thdy Aeo la da thic bac 38 ctia ki nén giai
Aeo=0 ta nhan dugc 38 tan s6 dao dong riéng wi ctia bai toan Ung
vGi hai trudng hgp h/L=1/100 va h/L=1/3, & day chi dua ra 3 tan s6
dao dong dau tién (bang 1) cling véi ba dang dao dong va ba dang
dudng luc cat tuong tng, hinh 5, 6.

Bang 1. Tan s6 dao dong riéng cla thanh dau ngam - dau tu
do tinh cho ba trudng hgp h/I. Chia thanh 19 phan t

2 1a Batansd dautién o, =k, B
Tyléh/l mL*
ki1 k12 kis
1/100 3.5113 21.9306 61.2063
1/10 3.4953 21.2631 57.0592
1/3 3.3425 16.7431 37.8256

Bang 2. So sanh tan s6 dao dong riéng cta thanh dau ngam -
dau ty do trong hai trudng hgp khong xét va co xét bién dang

trugt ngang.

N EJ
R Batansoé dautién o, =k, .[—
Truong hop ! "\ mL*
ki1 ki2 ki3
Khong xét 35113 21.9306 61.206
3
co xét 3.3425 16.7431 37.825
6
Chénh |éch (%) 4.807 23.654 38.199

Bang 3. So sanh tan s6 dao dong riéng cta thanh dau ngam -
dau tu do xac dinh theo PPPTHH va két qua chinh xac:

R Batansd dautién o, =k, B
Truong hop mL?
k11 ki2 ki3
Chinh xac 3.516 22.034 61.696
PTHH 3.511 21.930 61.206
Chénh léch (%) 0.14 0.47 0.79
Nhan xét:

- Theo bang 1, 2 ta thay, khi xét bién dang trugt ngang tan so6
dao ddng cla thanh gidm dang ké, tan s6 sau gidm nhiéu hon tan
sO trudc.

- Theo bang 3 ta thay khi roi rac hoa thanh thanh cang nhiéu
phan t thi két qua nhan dugc cang gan hon vai két qua chinh xac,
That vay, tan sé riéng ki1=3.511/L2 (s6 phan tr bang 19) xap xi véi
két qua giai tich.

Vi cac tan s6 dao dong nhan dugc & trén, ta ¢ cac dang dao
déng va dang dudng luc cdt tuong Ung, dudi day tac gia trinh bay
ba dang dao dong va ba dang, dang dudng luc cat tuong Ung ba
tan s6 dao déng dau tién, hinh 5, 6.
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Hinh 6. Ba dang dudng luc cdt (ing vdi ba tan s6 dau tién

Nhan xét:

Theo hinh 5, ta thdy rang d6 thi biéu dién ba dang dao déng
tuong Ung vdi ba tan dao dong dau tién giao nhau tai dau thanh
(day la vi tri kich chuyén vi cudng buic bing y0; hinh 6 |a @6 thi biéu
dién ba dang dudng luc cat tuong Ung véi ba tan dao dong dau
tién giao nhau tai dau thanh (day la vi tri co luc cat bang khong),
dang dudng luc cat trung vdi truc thanh (luc cat bang khong).

4, KET LUAN

Véi viéc két hgp phuang phap chuyén vi cuéng buic va phuang
phap phan t& hitu han, tac gia da xay dung thanh céng bai toan
dao dong tu do cla thanh c6 xét dén anh huéng cda bién dang
trugt ngang, tim dugc 15i gidi sé cla cac bai toan hoan toan phu
hap véi két qua gidi bang cac phuong phap hién cé. Khi chia thanh
thanh nhiéu phan tu, ta sé nhan dugc nhiéu nghiém chinh xac.

Cac tan s6 dao dong nhan dugc theo phuong phap PTHH gan
nhu trung khép véi két qua nhan dugc theo phuong phap giai tich
trong trudng hgp khong xét dén anh hudng cta bién dang trugt
ngang (h/L=1/100), sai s6 khéng dang ké, chdng han thanh dau
ngam - dau tu do két qua nhan dugc so vai két qua chinh xac c6 sai
s6 0,14%, 0,47% va 0,79% tuong Ung vdi ba tan s6 dao déng dau
tién (bang 3), diéu nay ching té do tin cay va hiéu qua cta phuong
phap phan tr hitu han déi vai véi bai toan dao dong cda thanh.
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Két qua nhan dugc trong hai trudng hgp cé xét va khong xét
dén anh hudng clia bién dang trugt ngang thay déi I6n (tdn s6 dao
dong riéng giam lan lugt 4.807%, 23.654% va 38.199% Uing vdi ba
tan s6 dao déng dau tién - bang 2) déi véi thanh dau ngam - dau
tu do. Diéu nay cho thay can phai xét dén anh hudéng cla bién
dang trugt ngang khi (h/L >1/10).

Khi khéng xét dén bién dang trugt ngang (G—) hodc (h—0)
céc biéu thic, ma tran do clng va két qua nhan dugc trung véi bai
toan xay dung theo ly thuyét Euler - Bernoulli truyén théng.

Khi dung phuong phap chuyén vi cuéng buc dé giai bai toan
dao dong tu do cla thanh cho ta ngay phuong trinh da thic xac
dinh tan s6 dao dong riéng cta thanh ma khong phai thong qua
cac phép bién déi phuc tap dé dua ma tran vé ma tran dudng chéo
va khéng can phai tra bang. Phuang phap phan ti hiu han két
hgp véi phuong phap chuyén vi cudng buc dugc trinh bay & day
cho ta mét thuat toan rat hiéu qua, mot cach tiép can mai dé danh
gia tan s6 dao dong cla bai toan tri riéng cia thanh va hé thanh.
D6 6 thé 1a uu diém ndi bat nhat clia bai bao nay.

Ki€n nghi: Dung cach ti€p can méi da xay dung & trén dé tim tri
riéng va véc ta riéng clia cac bai todn co hoc noi riéng va tim
nghiém clia bai toan c6 vé phai bang khéng noi chung.

L&i cdm on

Nghién ctu nay dugc tai trg bsi Truong Pai hoc Hang hai Viét
Nam trong dé tai ma s6: DT21-22.80
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PHAT TRIEN XAY DUNG BEN VIING TRONG DIEU KIEN BIEN DI KHI HAU KHU VUC BANG BANG SONG COU LONG

LE HO TUYET NGAN, HUYNH TRONG NHAN
NGO LE MINH, HOANG THI THANH HA

VO VAN NAM, TRAN THE TRUYEN

V0 HOANG HUNG, TRAN DINH HOA,

DO XUAN CUONG, VAN THE DONG, TRAN XUAN HAI
NGUYEN TRONG CHUC, MARIUSZ ZYCH,

DO THI MY DUNG, NGUYEN THI MINH HANG
PHAN QUANG MINH, NGUYEN VIET PHUONG,
PHAM THAI HOAN

LE THANH TRUNG, BACH VU HOANG LAN,
NGUYEN NGHIA HUNG, TRAN HUU BANG
DAO THI NHU

O THI MY DUNG, LAM THANH QUANG KHAI,
NGUYEN TRONG CHUC, DOAN VAN DUAN

TRUGNG CONG BANG

NGUYEN QUGC TOAN, NGUYEN THI MY HANH
NGUYEN DUY LIEM, DO XUAN SON,

LAM NGOC TRA MY

VO VAN DAU, VO PHAN, TRAN VAN TUAN

TA DUC THINH, NGUYEN THANH DUONG,

NGUYEN TRONG DUNG, DANG QUANG HUY,

HO ANH CUONG, NGUYEN TAN SON

VO VAN DAU, TRAN VAN TY, DO ANH HAO,

LAM TAN PHAT

NGUYEN XUAN MAN, NGUYEN DUYEN PHONG,
NGUYEN DUY BAC VIET

VO VAN DAU, VO PHAN, TRAN VAN TUAN, TRUONG
TRUNG HIEU, TRAN NHAT LAM, NGUYEN NGOC EM
NGUYEN THI NU, TA THI TOAN, V0 NGOC BINH

LE BA DANH, PHAM DUY HOA, NGUYEN BINH HA,
CAO BACDANG

PHAM DUY HOA, NGUYEN VIET PHUONG,

LE BA DANH

TRAN BA VIET, NGO VAN THUC, LUONG THE HUNG

HUYNH VAN HIEP, LAM VAN CHOC, HUYNH HONG,
BUI PHUGC HAO

LE HOAI BAO, BUI QUGC BAO

LE VAN TUAN, NGUYEN QUGC TOAN

TANG VAN LAM, VO KIM DIEN, BULGAKOV BORIS
IGOREVICH

10.2021 | ISSN 2734-9888

52

55

62

66

72

77

82

86

94

101

108

114

119

124

130

135

140

145

148

153

159

163

171
176

183

Danh gia hiéu qua giai phap cach nhiét phan mai cong trinh nha 6 ving Dong bang song Ciru Long
D0 thi ven bién ving Dong bang song Cliu Long va téc ddng tir hién tuong bién doi khi hau

Phan tich dnh hudng cta miic do an mon cot thép trong bé tong dén ting x{ clia dam bé tong
Théo ludn mot s6 van dé vé két cdu thép ctta van khau do 16n 6 Dong bang song Ciu Long

Nghién ciu, danh gia su hinh thanh cac vét niit nhiét cuc bd trong két cdu bé tong khdi I6n & tudi
s¢m ngay
Gidi phap khoi phd séng Tetrapod bé tong lap ghép than thién méi trudng

M@ hinh g thi nghiém coc khoan nhdi phut vita than coc
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cong trinh nha é vung Dong bang song Ctiu Long

Evaluation of construction roof thermal insulation solutions in Mekong Delta
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M TAT:

Vi dac diém khi hau nhigt dai va tac dang cda bign ddi khi hau,
nhiéu cong trinh nha @ trong vung Bang bang séng Ciu Long
(DBSCL) khang dam bao diéu kién tién nghi nhigt do, dic biet I3
céc khang gian bén duai coa méi cong trinh ma khéng str dung
diéu hoa. Cach nhigt két cdu mai cang trinh |3 mat chién lroc &p
dung pho hgp trong bdi cénh nay, tuy nhién céc ket qua tinh toan
chi sd truyén nhigt OTTV chii y8u dya trén Iy thuyét gia dinh. Trong
bai viét nay, nham tac gia sir dung phuang phap kiém nghigm ket
qua tinh ton |y thuy&t vé kha nang cach nhiét vai cac thiét bi ghi
|ai nhigt da thuc t& nhim danh gia chinh xac hon vé higu qué ciing
nhu cac yéu td anh hudng dén hieu qué cia gidi phap cach nhigt
phan méi cang trinh nha & ving DBSCL.

Tir khda: cach nhiet ket cau mai, OTTV, loT

ABSTRACT:

Due to the tropical climate and the impact of climate change,
many housing projects in the Mekong Delta do not guarantee
comfortable temperature conditions, especially the space below
the roof without using use air conditioner. Roof insulation is a
suitable application strategy in this context. However, the
calculation of overall thermal transfer value (OTTV) results are
mainly based on hypothetical theory. In this article, the authors
use the method of testing the theoretical calculation results of
thermal insulation with actual temperature logging devices in
order to more accurately assess the efficiency as well as the
influencing factors affect the effectiveness of the roof insulation
solution in the Mekong Delta.

Keywords: roof insulation, OTTV, loT
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1.DAT VAN DE

Viét Nam 1a quéc gia c6 khi hau nhiét dsi néng am gié mua.
Theo phan vung khi hau Viét Nam, BBSCL thudc vung B6, la khi
hau nhiét dai gié mua dién hinh va cé nét tuang déng vai khi hau
xich dao véi nén nhiét trung binh cao, bién dé dao déng nhiét do
thap. Bén canh d6, theo Huéng dan ap dung Quy chudn QCVN
09:2017/BXD( B6 Xay dung 2018), Viét Nam c6 lugng buic xa nhiét
I&6n tUr mdt troi 1én mai cong trinh. Vi vay, nhiing gidi phdp cach
nhiét cho |6p vo cong trinh, dac biét l1a phan mai déng vai trd quan
trong dé dam bao tién nghi vi khi hau va st dung nang lugng hiéu
qua.

Vé ly thuyét, gia tri dic trung cho kha nang céch nhiét |a téng
nhiét tr& (RO, don vi m2K/W) va chi s6 truyén nhiét téng (OTTV,
don vi W/m?). Theo PGS.TS Pham Duc Nguyén, viéc xac dinh theo
OTTV la cach lam phé bién trong kiém toan ning lugng cac céng
trinh trén thé gidi, so véi cach quy dinh tri s6 trd nhiét R cha két
cdu thudng dung trudc day, bdi vi gia tri OTTV cho biét truc ti€p
lugng nhiét don vi qua két cau theo W/m? (Pham Duc Nguyén,
Giang Ngoc Huan, 2008). Noi dung nay clng dugc phéap ly héa
théng qua QCVN 09:2017/BXD véi quy dinh “Néu khéng dp dung
cdc quy dinh chi tiét vé RO va SHGC, cho phép xdc dinh chi s6 truyén
nhiét téng OTTV ctia két cdu vé bao che khéng xuyén sdng va xuyén
sdng" va gia tri OTTVm clia mai khéng vugt qua 25 W/m? (B Xay
dung, 2017).

Tuy nhién, viéc xac dinh OTTV theo cong thic chua dugc QCVN
09:2017/BXD hudng dan trién khai cu thé va chua cé 4p dung cho
cong trinh nha & riéng biét véi dién tich san nho han 2500m?2. Trén
thé gidi, gidi phap do dac gia tri OTTV da dugc nhom tac gia A.LS.
Chan va T.T. Chow thyc hién v&i phan mai céng trinh xanh théng
qua thiét bi do dac Heat Flux dé kiém nghiém gia tri tinh toan
OTTV (A.L.S.Chan, T.T.Chow, 2013). Phuong phap nay doi hoi thiét
bi quan trac phic tap.

Vi vay, trong nghién ctiu nay, nhom tac gia dua trén ly thuyét
tinh todn OTTV va phét trién cong cu do OTTV déi vai két cdu dong
nhat dua trén cdng nghé loT nham dé xuat giai phap kiém nghiém,
do OTTV d6i v6i két cdu mai cong trinh nham dap ling cac yéu cau
cla quy chuin trong tuong lai. Do diéu kién han ché, pham vi
nghién ctu tap trung loai hinh nha & tai DBSCL va két cau mai ngoi
vGi hé tran bén dudi tai mét cdng trinh & TP. Vinh Long, thudc
DBSCL.



2. PHUONG PHAP NGHIEN cUU

Theo Hinh 1, phuong phap nghién ctu tap trung xac dinh gia
tri OTTV dé6i v6i két cdu mai theo hai huéng: (1) tinh toan theo
Hudng dan ky thuat LOTUS (Hoi déng Cong trinh xanh Viét Nam,
2011) va (2) st dung thiét bi loT quan trac gia tri OTTV thuc té cla
két cau mai ngodi. Bén canh do, gia tri OTTV dugc kiém tra so vdi
yéu cau téng nhiét tré cia QCVN 09:2017/BXD dé danh gia muc do
yéu ciu cach nhiét theo phuong phap téng nhiét trg va OTTV.

| e ser cau s |

Y S— 3

s
Hinh 1. Phung phip danh gia hiéu qua cach nhiét cla ket cdu mdi cong trinh dugc
nghién ctiu thyc hién
2.1. Tham s6 két cau mai
Hé két cau mai dugc nghién ctiu trong bai viét la hé mai ngoi
dat sét nung. Hé két cau bao gébm phan tran ndi véi tdm xi mang
sgi bén dudi. Theo mo hinh thuc nghiém, cac tham sé ctia két cau
mai dugc mo ta trong Bang 1.
Bang 1. Cac tham sé cla két cau mai trong hai mé hinh thuc
nghiém
Tham s6 K&t cau mai ngdi
D6 déc 27°
Bé mat vat liéu Ngoi mau do (dat nung)
1. Dat sét nung 2000kg/m? day 12.5mm
2. Lép khong khi day 300mm
3. Tam xi mang sgi 3.5mm vai hé sé dan
nhiét 0.166W/mK*
*Theo céng b6 ctia nha san xudt

Cac 16p két cau tu
trén xudng

2.2.Tinh toan OTTVm

Theo Hudng dan ky thuat LOTUS Céng trinh Nha & (H6i déng
Cong trinh xanh Viét Nam, 2011), gia tri OTTV cla két cdu mai dong
nhat vat liéu dugc rat gon nhu cong thic (1):

OTTVy = U X @ X (TDgqr — AT) + U X AT (M

Trong do:

o U: Hé s6 truyén nhiét ctia mai, W/m2.K, (U = 1/Ro)

e a: Hé s6 hap thu buc xa

© TDeqr: Chénh léch nhiét d6 tuong duang, cé ké dén tac dung
cla cudng doé buc xa mat trgi chiéu [én mat tudng, K

o AT: chénh Iéch nhiét d6 khéng khi trong va ngoai nha, K

Can cu theo QCVN 09:2017/BXD va Hudng dan ky thuat LOTUS,
cdc gia tri tinh toan cla hé két cdu dugc xac dinh nhu Bang 2.

Bang 2. Gid tri tinh toan OTTV cla hai hé két cau mai

Gia tri Két cau mai ngoi
Ro (M2.K/W) 0,265
U (W/m2.K) 3,78
a 0,65
TDeqr (K) * 31,39
AT (K) * 2,67
OTTVm (W/m?) 80,66

* cdc gid tri tham khdo tai TP. HCM

2.3. Quan trac gia tri thuc t& OTTVn

DE kiém tra gia tri OTTV thuc t&, nghién ctu dé xuat mé hinh
th nghiém dé€ quan trdc phu hogp véi gisi han pham vi nghién
clu. M6 hinh ¢6 vi tri tai TP. Vinh Long, dua trén céng trinh nha &
hién hiru st dung két cdu mai ngdi, c6 déng tran tadm sgi xi mang.
Dua trén cac cdm bién nhiét d& AM2301 va mach phat trién
NodeMCU, nghién ctu ti€n hanh ghi lai nhiét dé khéng khi trong
va ngoai nha. D liéu khi hau cta TP Vinh Long dugc trich xuat tur
Climate Consultant cho thay nhiét d6 trung binh thang néng nhat
trong nam la thang 4 (Hinh 2). Vi vay, thdi gian quan trac dugc xac
dinh trong 30 ngay (01/4/2021-30/4/2021).

3 = 1

0

lan feb Mar Apr May  Jun il Aug  Sem  Oct  Mow  Dec

Hinh 2. Nhiét do trung binh thang tai Vinh Long theo két qua phan tich tir Climate
Consultant

Hé két cau mai dugc 1ap dat 4 cdm bién nhiét dé bao gém:

e T1: cdm bién nhiét d6 khong khi ngoai troi

e T2: cdm bién nhiét dé bé mat bén ngoai mai

e T3: cam bién nhiét d6 bé mat tran bén trong nha

e T4: cam bién nhiét d6 khéng khi trong nha

Cac cdm bién gui nhiét d6 quan trac vGi tan suat 1 phat vé
mach phat trién NodeMCU, va sau d6 gti vé trung tam di liéu luu
trir nhu Hinh 3.

Hinh 3. M6 hinh thir nghiém do dac gia tri OTTV thuc té dua trén cdc thiét bi loT
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Thoi gian trong ngay
e \hiét 6 b& mat KC ngoai troi

Nhiét do trong nha

Hinh 4. Mot phan két qud thu thap nhiét do khdng khi trong nha va ngoai troi cia md
hinh thyc nghiém
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DaGi véi mo hinh thuc nghiém, gia tri OTTV dugc xac dinh theo
cOng thuc (2):

OTTV,, = U x DT 2

Trong do:

e U: Hé s6 truyén nhiét ctia mai, W/m2.K, (U = 1/Ro)

e DT: chénh léch nhiét dé thuc té gilta khong khi trong va
ngoai nha, K

Dua trén két qua thu dugc tir hé théng quan trac, nghién cdu
xac dinh gia tri OTTV clQa hé két cdu va phan tich su thay déi, su
khac nhau trong truyén nhiét gitra hé két cau va kha nang dap ung
thuc té theo QCVN 09:2017/BXD.

3. KET QUA VA THAM LUAN

Két qua quan trac gia tri OTTV cla hé két cdu mai vdai thiét bi
loT dugc trinh bay trong Hinh 5. Do su chénh léch nhiét d6, gia tri
OTTV thay d&i theo thai gian trong ngay nhu Hinh 4. Trong d6,
dong nhiét di xuéng (khi nhiét d6 ngoai tr&i cao hon nhiét dé
trong nha) c6 gia tri OTTVmax la 77,8 W/m? trong khodng thai gian
tir 6h dén 17h. Dong nhiét di 1én (khi nhiét d6 ngoai trdi thap hon
nhiét do trong nha) cd gia tri OTTVmax la 17,7 W/m? trong khoang
thai gian tir 17h dén 6h ngay hém sau. Gia tri OTTVmax gan tuong
duong vai gia tri OTTV tinh toan bén trén (80,66 W/m2).
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Thai gian trong ngay

oTTV
Hinh 5. Gid tri OTTV ctia két cdu mai trong md hinh thuc nghiém theo thdi gian trong ngay

Théng ké phan bé tan suat di liéu & Hinh 6 cho thdy phan Ién
thai gian trong ngay dong nhiét cé xu huéng di l1én vdi gia tri OTTV
dudi 10 W/m?2. Tuy nhién, Hinh 7 cho thdy OTTV cla két cdu mai
trong trudng hop dong nhiét di xudng c6 khoang phan bé rong va
gia tri trung vi la 35,5 W/m?2, Bén canh d¢, gia tri bach phan vi 90%
clia OTTV khi dong nhiét di xuéng la 64,5 W/m2. Day c6 thé xem la
gia tri tham chi€u dé kiém tra so vdi yéu cdu cla QCVN
09:2017/BXD vé cach nhiét cho két cau mai.
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Hinh 6. Théng ké phan b6 tan sudt di liéu OTTV cda két cdu mai trong mo hinh

thuc nghiém
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Két qua tinh toan OTTVm (80,66 W/m?) va xac dinh theo mé
hinh kiém nghiém thuc t& (64,5 W/m?) cho thdy mé hinh két cau
mai ngoi két hop hé tran tdm xi mang chua dam bao yéu cau cach
nhiét so véi QCVN 09:2017/BXD (< 25 W/m2). So sanh cho thdy gia
tri OTTV thuc nghiém thap hon gia tri tinh toan do gia tri DT do
thuc té thap hon so véi AT cta Hudng dan ky thuat LOTUS Céng
trinh Nha &. Nhung gia tri OTTV thuc té van vuot 2,58 lan so vaéi yéu
cau ctia QCVN 09:2017/BXD.
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Hinh 7. Thdng ké phan b tan sudt d liéu OTTV clia két cdu mai trong mé hinh thyc
nghiém véi trudng hap dong nhiét di xudng

Duva trén cong thuc (2), gia tri OTTV ty |é thuan véi hé sé truyén
nhiét U va chénh léch nhiét d6 thuc té. Do diéu kién khi hau cta
Viét Nam no6i chung va BDBSCL néi riéng, gid tri nhiét do chénh léch
gilta khong khi trong va ngoai nha con cao. Vi vay, viéc giam hé sé
truyén nhiét, hay tang nhiét trd clia cdu trdc mai céng trinh la can
thiét. Trong cac giai phap cach nhiét can luu y gidm nhiét dé & bé
mat cau trdc mai bang cach dadm bao vat liéu cdu truc mai cé hé s6
hép thu buic xa mét trai thap.

4. KET LUAN

Két qua tinh toan vé kha nang cach nhiét cta két cdu mai va
quan trac thuc nghiém trong nghién ctiu cho thay nhiing giai phap
mai théng thudng chua dép tng so vai quy chudn, cling nhu chua
dam bdo tién nghi nhiét cho khong gian ngudi st dung. Vi vay,
viéc nghién ctiu, quan trac va danh gia hiéu qua cach nhiét cta két
cdu mai rat quan trong déi véi cong trinh vung BDBSCL nham dam
bao tién nghi nhiét, s& dung nang lugng tiét kiém hiéu qua.
Nghién ctu clng cho thdy tiém ndng Ung dung cac thiét bi loT
trong vat ly kién tric nhdm kiém nghiém, danh gia kha nang cach
nhiét hodc diéu kién tién nghi trong cac khoéng gian chiic ning,
dac biét 1a cac gia tri vé nhiét do, do6 &m, chat luogng khoéng khi. Vi
diéu kién han ché, nén nghién ctu chua danh gia so sanh gia tri
OTTV clia cac cdng trinh tuong tu. Do d6, can nghién ctu véi da
dang hinh thuc két ciu va thdi gian quan tric dai hon dé danh gia
toan dién vé viéc ap dung chi s6 OTTV trong dam bao cach nhiét,
st dung nang lugng hiéu qua clia céng trinh.
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Dé thi ven bién vung Déng bang séng Ctu Long
va tac dong tu hién tuong bién déi khi hau

Coastal cities in the Mekong Delta area and impacts from climate
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' Trudng Pai hoc Ton Buc Thang
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TOM TAT:

Cac da thi ven bién ving Dang béng sang Ciu Long (DBSCL) kéo
dai tir phia Dang Nam Ba dén Tay Nam B, noi cudc sing nguii dan
gén lién vai bir bign va he thang séng rach, ho da thich nghi vai li
|yt tir hang tram nam qua. Tuy nhign, vang DBSCL tap trung déng
dan cu, dé bj tdn thuong vi nhitng tac dang tir hien treng bign ddi
khi hau (BDKH). Ngap lut va xam nhap mén tai vang DBSCL kéo
theo nhitng tac dong tiéu cuc nhu syt lan, sat & bir bign hay thigu
nude ngot cho tudi tidu va sinh hoat hang ngay cla ngudi dén,
nhét |a nhitng do thi gan sat bién nhu Rach Gia, Bac Ligu, va Ca
Mau. Nghién ciu dua ra dé xudt ma inh phat trién cho TP Ca Mau
- da thi ven bién chiu do nhiém man nang nhat trong vung. Nai
dung bao gom tdng thé cdu tric da thi, dinh hudng phét trién
khong gian da thi, d& xudt co céu sir dung dét da thi, ciing nhu dé
xut mat sd miii nhon phét trién kinh té-xa hai cia TP Ca Mau. Ket
qué cha bai bao dang gop mat phan vao chién lvge Gng pho vai
hien tugng BOKHE Nuac bién dang (NBD) cho céc da thi ven bién
ving DBSCL trong nhitng ndm tai.

Tir khda: D thi ven bién; bign ddi khi hau; Déng bing sang Ciru
Long; Ca Mau

ABSTRACT:

The coastal cities in the Mekong Delta extend from the Southeast
to the Southwest, where people's lives are closely related to the
coast and the river system, they have adapted to floods for
hundreds of years. However, the Mekong Delta is densely
populated and vulnerable to impacts from climate change.
Flooding and saltwater intrusion in the Mekong Delta leads to
negative impacts such as subsidence, coastal landslide, or lack of
fresh water for irrigation and daily life of people, especially in
urban areas near the sea, such as Rach Gia, Bac Lieu, and Ca Mau
province. The study proposes a development model for Ca Mau
city - a coastal city with the heaviest salinity in the region. The
content includes the overall urban structure, urban spatial
development orientation, proposed urban land use structure, as
well as some spearheads for the socio-economic development of
Ca Mau city. The result of this research contributes to strategies
to respond to cope with climate change and sea level rise for
coastal cities in the Mekong Delta in the coming years.

Keywords: Coastal city; climate Change; Mekang Delta; Ca Mau

1.DAT VAN DE

DBSCL ctia Viét Nam cung cdp trén 50% san lugng gao cho
qudc gia, 90% san lugng gao xuat khdu, 70% lugng tréi cay,
40% lugng thly san danh bat va 74% lugng thiy san nudi trong
cla cad nudc. [Bdo BCSVN, 2017]. Tuy nhién, hién vung DBSCL
dang dung trudc thach thic ctia hai gong kim la BDKH&NBD va
tac hai cla viéc cac quéc gia dau ngudn séng Mé Kéng xay
dung céc dap thay dién lam thay d6i dong chay cla con séng
nay. Nhitng ndm gan day, cac tinh ven bién vung PBSCL lién
tuc d6i mat véi tinh trang nudc man xam nhap sau vao nodi
déng trong mua khé va nudc ngap do triéu cudng vao mua
mua, trong d6 nguyén nhan chinh la do tac déng cla BDKH
[Nhan Dan, 2021]. Mua I nhirng ndm gan day bién déng that

thudng, tinh trang ngap lut & cac do thj véi dién tich réng hon
va lau hon, cuing vaéi hién tugng sat |6 dat, |6¢ xody xuat hién
ngay cang nhiéu, nhiing tac déng nay sé lam anh hudng rat I6n
dén an ninh luong thuc [Arlene Christy, 2007]. Day la nhing
thach thuc 16n ma PBSCL phai d8i mat, can phai c6 tam nhin
dai han cuing véi k& hoach hanh d6ng cu thé dé ch dong tng
pho, thich nghi. BDKH 14 su bién d6i cla trang thai khi hau dién
ra trong thai gian dai, do cac qua trinh ty nhién bén trong hoac
bén ngoai, hodc do tadc dong clia con ngudi tao nén. BDKH lam
cho nhiét dé cac dai duong tang lén, bang tan hai dau cuc dan
dén han hén, bao lut ngay mét tang, muc nudc bién ciing dan
dan tang cao, cac hién tugng thai tié€t cuc doan ngay mot nhiéu
[Birkmann Jorn, 2006].
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Cac d6 thi ctia vung DBSCL gan lién vai hé théng séng, kénh
rach day dac trong vung va ca bd bién dai tir Déng sang Tay, d6 la
san phadm cda qua trinh thich nghi vdi 10 lut cia con ngudi khi phai
“séng chung v&i [0” hang tram nam qua [SISP, 2013]. Xuat phat tu
viéc con ngudi dinh cu trén cac dai dat dap cao va sau d6 trén cac
b dat dugc béi dap cta dong séng, noi ¢ phu sa mau mé lai
thuan lgi cho giao thuong hang héa. Bén khi kénh dao dugc xay
dung, con ngudi séng doc theo bd kénh va hinh thanh 16i dinh cu
mdi dang dai, doc theo tuyén kénh dao. Tai nai giao cat cla cac
dong séng va con kénh, cac do thi dugc hinh thanh va ngay cang
phat trién theo mét dac trung séng nudc [SISP, 2016]. Chinh dac
diém cac d6 thi gan lién vé6i hé théng séng ngoi, kénh rach, hé
thong giao thong dudng bé - dudng thay dan dén cac d6 thi chiu
tac déng truc ti€p va trén dién rong tu hién tuong BDKH&NBD
[Nhan Dan, 2021].

Do d¢, viéc nghién ctiu phan tich vé dac trung dé thi ven bién
viing DBSCL nham hiéu ré lich st hinh thanh dé thi, dic diém phan
bé cac d6 thi, va nhiing tac déng clia BDKH&NBD déi véi cac do thi
ven bién,... sé gop phan du doan va phong tranh nhimng tac déng
tu hién tuong BDKH d6i véi d6 thi ven bién trong viing. Bay cling
la mét budc can thiét va quan trong trong qua trinh nghién ctru dé
Xuat cac gidi phap ung pho véi hién tugng BDKH cho cac doé thi
ven bién trong viing BBSCL.

2.D0 THI VEN BIEN VUNG DBSCL

DBSCL dugc hinh thanh tir qua trinh béi ddp phu sa cla séng
Mékong va sy thay d6i muc nudc bién sudt hang nghin nam. Tuy
nhién, ngudi dan Viét Nam mdi chi bat dau dinh cu tai DBSCL cach
day hon 300 ndm, ho tiing budc khdam pha nhiing dac tinh cia song
Mékong, tan dung cac ngudn tai nguyén va dan thich ting véi cac
tran 10 lut [SISP, 2013]. Cac d6 thi clia ving DBSCL chinh |a san phdm
clia qua trinh thich nghi véi 1 lut, hay néi cach khac 1a con ngudi
phai “séng chung vai 10" (shaking hand with flood). Trong giai doan
so khai, con ngudi dinh cu trén cac dai dat dugc dap cao va sau dé
trén cac bo dat dugc boi dap cia dong séng, nai c6 phu sa mau mé
lai thudn Igi cho giao thuong hang héa [Mathur, A., 2014]. Khi cac
kénh dao dugc xay dung, con ngudi bat dau séng doc theo bd kénh,
chinh 16i dinh cu d6 tao nén mét hinh thai cu trd mdi dang dai,
tuyén. Ngay tai nai giao cdt clia cac dong soéng, cac con kénh, cac do
thi dugc hinh thanh va ngay cang phat trién gan lién véi mat nudc
[Arlene Christy, 20071. Qua trinh hinh thanh cac dé thi DBSCL dién ra
kha nhanh chéng nén nhiéu ndm qua hang loat dé thi tai cac tinh
viing DBSCL da dugc nang cap lén d6 thiloai 3, loai 2 vdi vai tro [a TP
tinh ly hodc thi xa truc thudc tinh (Hinh 1). Tuy nhién, su phat trién
néng d6 thi khong déng bo véi hé théng ha tang giao thong, thoat
nudc, xur ly rac thai dan dén tinh trang ket xe, ngap lut cuc bo, 6
nhiém méi trudng... Mat khac, téc d6 do6 thi héa nhanh trong khi
nang luc quan ly, trinh d& quy hoach, quan ly dé thi chua theo kip
nén anh huéng it nhiéu dén dai séng, sinh hoat cia mét bé phan
khong nho ngudi dan tai cac do thi nay [SREX, 2015].

Cac d6 thi ven bién ctia vung DBSCL kéo dai ti phia Déng Nam
B& dén Tay Nam B9, déu 1a viing bién c6 tai nguyén I&n vé thay hai
san va dau khi. Viéc xay dung va phat trién cac dé thi ving ven
bién déng nghia véi duy tri va phét trién cdng déng dan cu, luc
lugng lao déng @& tham gia danh bat thly hai san, tham do khai
thac dau khi, vira gop phan dam bao an ninh néng lugng quéc gia,
vlia tdng cudng bao vé chl quyén cla qudc gia trén vung bién
[Vién QHTLMN, 2012].

Trudng hop dién hinh TP Ca Mau thudc tinh Ca Mau, vung kinh
t€ bién va ven bién bao gém vung bién, cac cum ddo Hon Khoai,
Hon Chuéi, D4 Bac va cac huyén cé ba bién (U Minh, Tran Van Thoi,
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Phu Tan, Nam Can, Ngoc Hién, Dam Dai). Cong nghiép, dich vu dau
khi, thay hai san la nhiing nganh kinh t& quan trong giai quyét viéc
lam, tao ra san lugng xuat khdu 16n. Ngoai ra, viing con phat trién
du lich ven bién va cum du lich ddo nhu khu du lich Mii Ca Mau,
khu du lich Khai Long; cac cum du lich tai ddo Hon Khoai, Hon B4
Bac; cac khu du lich ritng ngap man ven bién, ring tram.

Qua nghién cru nay nhom tac gia sé dua ra dé xuat mo hinh
dinh huéng phat trién cho TP Ca Mau trong phan sau ctia bai bao.
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Hinh 1. So d6 phan bd cac dd thi cap tinh trong viing DBSCL (SISP, 2016)

3. TAC PONG CUA HIEN TUONG BPKH TG1 CAC PO THI VEN
BIEN VUNG DBSCL

BDKH la sy thay d8i trang théi clia cac nhan t6 khi hau dién bién
trong mét thdi gian dai hang chuc ndm hodc lau hon, dugc phdéng
doan la sé bién dong nhanh han trong tuong lai. Nguyén nhan clia
BDKH chu yéu dugc cho la do céc hoat déng clia con ngudi gay nén
théng qua nan chat pha riing va phat thai qua nhiéu lugng khi CO2
vao bau khi quyén, gay nén hiéu ting nha kinh [Dastagir, 2015]. H& qua
nghiém trong nhat la hién tugng nong 1én toan cau, bang tan nhanh,
khién muc nudc bién dang cao, gdy mat can bang sinh thai va de doa
truc ti€p cudc séng cla hang tram triéu ngudi trén toan thé gidi. Tac
déng clia BDKH cung véi cac tac dong khéc cdia con ngudi déi véi moi
truong tu nhién cang lam cho hé qua ctia BDKH tré nén nghiém trong
hon [B6 TN&MT, 2016].

Riéng d6i vdi cac dé thi ven bién ving DBSCL, nhiing tac déng
chinh dén tur viéc quan ly st dung nguén nuéc séng Mékéng - con
séng 16n chay qua nhiéu nudc, va hién tugng nudc bién dang cao
gay nhiém man. Do vay, viéc tim hiéu cac tac dong clia BDKH can
dugc xem xét day d0 cac mat do BDKH&NBD va cac tac dong kép
néu co lam gia tdng hé qua ctia BDKH, d6 la cac van dé: Ngap lut,
xam nhap man, thay déi nhiét do va thdai tiét, sat 16 gdy mat dat
canh tac va dat 8. Vé cao ban, vung BBSCL chiu tac dong hai yéu t6
BDKH chinh 1a ngap lut va xam nhap man. Néu nhu trudc day,
DBSCL chi phai chiju thiét hai do ngap lut tir dgt 10 dinh ky hang
nam tur thugng nguén séng Mékong, thi dusi su cdng hudng cla
NBD, dién tich ngap man sé ma rong, kéo theo qua trinh nhiém
man dat, cing vdi do 1a sy 1an sau cla nudc bién vao dat lién
[Gotte, E., 20171].

Vao dau nam 2021, do mua mua két thidc sém, muc nudc dau
ngudn & muc thdp nén man xam nhap cang lan sau vao cac kénh
rach khu vyc Nam Bo'. Chinh hai tac dong song song nay dan dén
hang loat cac tadc dong tiéu cuc khac nhu sut Iin, sat 1& b song, bo



bién hay thiéu nudc ngot cho tudi tiéu va sinh hoat hang ngay cua )
ngudi dan cac tinh BBSCL [Kiéu Thi L&, 2017]. ¢ ) Mekong Voo

a) Ngap lut do nguyén nhan |G mua, thay triéu va hién tuong j
NBD. Vung ngap do mua - triéu la cac vung dat thap, ndam giap
ranh gita viing ngap do |G va vung bi tac dong cla thay triéu, vi
du nhu trung tdam ban dao Ca Mau, U Minh Thugng, U Minh Ha, ha
luu ven Vam Cé Tay va ven Vam C6 Dong. Ving ngap do triéu nam
rdi rac ven bd bién Dong, la cac vung triing thap xen ké cac giéng
cét cao ven bién, nhu cac vung clta séng Vam Cd, ven bién Tra
Vinh, viing ctfa séng My Thanh, Ganh Hao, va ving mi Ca Mau.

b) Xdm nhap mdn: Hién nay, dat bi xdm nhap man ngay cang
sau vao dat lién, dd man tang cao va thoi gian ngap man kéo dai
(Hinh 2&3). D6 la hau qua cda hién tugng nhiét dé tang lam nudc
bién dang cao, luu lugng nudc séng trong mua khé it di do riing _
thuong nguén & cac nudc dau nguédn thudc luu vuc séng bi tan 18
pha ndng né. Vung Ca Mau nhiing nam gan day c6 dau hiéu nudc .
man xam nhap nghiém trong vao vung ngot cta huyén U Minh.
Dong thai, do nhu cau lam kinh té nén nhiéu noi da cho ngudi dan
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pha cac dap ngdn man dé dua nudc man vao nudi thdy hai san 0 2 & ok A
khién cho tinh hinh nhiém man cang trd nén nghiém trong.

¢) Thay d6i nhiét d6 va thdi tiét: Tai cac d6 thi ving DBSCL, su thay Hinh 3. So d6 tach 16p vé mic do xam nhap man viing DBSCL (SISP, 2016)
d6i trong ché& d6 mua, @6 4m ¢ lién hé kha chit ché véi cong trinh xay ,
dung, nhat la van dé thoat nudc trong cac d6 thi [SISP, 2013]. BDKH
dan d@én tang cudng d6 mua, ting muc nuéc bién,... sé lam thay déi
I6n trong cac tiéu chuan va gidi phap quy hoach, thiét ké hé théng tiéu
thoat nuéc mua. Nam 2020 vung BBSCL da phai hing chiu dot kho
han nang nhat trong lich str gan 100 ndm qua clia vung dat nay [Nhan
Dan, 2020]. Hién tugng khé han c6 anh hudng truc ti€p dén hoat déng
cla cac cdng trinh thay néng, lam gidam kha nang cap nudc cho céc
khu dé thi cé tap trung dong dan cu.

d) Sat I& gay mat dat canh tac va dat 8: Hién tugng sat |& dat
dién ra theo hai loai hinh phé bién Ia sat 1§ dat ven séng, va x4i |&
b& bién.

W

Hinh 5. Sat |6 tai ke dé bién Ganh Hao, Bac Liéu (B&o Thanh Nién, 2017)

Dién bién trong thai gian qua cho thdy, tinh trang sat 15 dién ra
ngay cang nhanh chéng va dir déi, cuén tréi nhiéu dat canh tac va
dat & ctia ngudi dan. Khéng nhiing thé, chinh con ngusi dang gop
phan vao su sat |I& bang cac hoat dong khai thac cat, st dung tai
nguyén thién nhién khéng kiém soat. X6i 16 b& bién xay ra tai hau
hét cac khu vuc ba bién, véi cudng dod vai mét chuc mét mdi nam
(Hinh 4&5). Muc nudc bién dang lén, dong chdy sbng tang lén la

fmﬁmmmﬁﬁmhﬂgﬂ nhiing nguyén nhan sat 1§ bd bién. Hién trang sat I& dudng bo
'ﬁtzsﬁi“@?:mwﬂ:iﬁﬂm bién khu vyc DBSCL nam trong dai bo bié’/n tif Viing Tau d(?'n Ha

#1224 - Vimg dy bio doh hudng min > 4g/] kbing of khi ning iy Tién [Nhan Dan, 2020]. Anh huéng truc tiép va dé thdy nhat cha
:{,“:gz“m"g:hm“‘;mhm s BDKH dén viing DBSCL la viéc suy gidm nguén tai nguyén dat (dat

drgc mrdc ngot i song khi triéu vira, thip. 3, ndng nghiép va ngu nghiép), tac dong truc ti€p dén ddi séng

Hinh 2. Bdn d6 man xam nhap I6n nhat viing DBSCL, thang 12/2019 (Trung tam clia ngudi dan dé thi va cac viing kinh té. Hé qua tat yéu la gia tang

Du bdo KTTV qudc gia, 2019)
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doi ngheo, khong con ca héi lam néng nghiép, va budc phai di cu
vé cac d6 thi, gay thém &p luc vén da rat Ién dén cac do thi [Frank
Schwarte, 2013].

Tém lai, tdc ddng cla hién tugng BDKH t6i cac do thi ven bién
trong vung DBSCL la tac dong tat yéu va khong thé tranh khoéi. Do
vay, néu khéng c6 nhing tinh todn mang tinh chién lugc va dong
bé ma chi phu thudc vao nhiing giadi phap mang tinh cuc bo va ty
phét cha ting dia phuong, sé khéng cé su phat trién can béng,
hop ly va hiéu quéd cla toan vung clng nhu cla cac khu vuc.
Nhing tac dong nay clia BDKH sé co tac hai khong nhé dén doi
s6ng va kinh t& clia cac d6 thi ven bién viing DBSCL, nhat Ia nhiing
d6 thi gan sat bién chiu d6 nhiém man ning nhat nhu Rach Gia
(Kién Giang), Bac Liéu va Ca Mau.

Bang 1. Théng ké s6 liéu tac dong cta BDKH dén cac do thi
vung DBSCL

Tinh Bothi | e | mim o
AN GIANG Chau béc trén 3 0dén 1

Long Xuyén | 2.5dén 3 0dén1
DONGTHAp |_CaoLanh 2.5dén3 0dén 1

Sa Déc 2 dén 2.5 0dén 1
VINH LONG Vinh Long 2d&n 2.5 0dén1
CAN THO Cén Tho 2dén 2.5 0dén 1
HAUGIANG |y 1hanhy 1dén1.5 0dén 1
KIEN GIANG Rach Gia 1dén15 16 dén 24
CAMAU Ca Mau 1dén1.5 16 dén 24
BACLIEU Bac Liéu 1dén 1.5 16 dén 24
SOCTRANG | g4 Trang 1.5dén 2 6dén 16
TRA VINH Tra Vinh 2dén25 6dén 16
BEN TRE Bén Tre 1.5 dén 2 6 dén 16
TIEN GIANG My Tho 1.5 dén 2 4dén6
LONG AN Tan An 2 dén 2.5 4déné6

(Nguén: Nhom tac gia, 2015)

4. MO HINH PO THI VEN BIEN CHIU TAC PONG CUA BDKH -
TRUGNG HOP TP CA MAU

Nhing dé xuat sau day duoc trich lugc tir két qua nghién ctu
cUa Vién Quy hoach Xay dung mién Nam nam 2016, trong khuoén
khg dé tai nghién ctu khoa hoc cap B6 (Bd Xay Dung) vé Xdy dung
gidi phdp thich ting bién déi khi hdu, nudc bién dang cho cdc dé thi
thuéc viing Béng béding séng Cdu Long [SISP, 2016]. Tac gia la thanh
vién chinh trong nhédm nghién cuu.

Nhém nghién ctu da st dung phuong phdp mé hinh-mé
phdng dé dé xuat mé hinh phat trién d6 thi chiu tdc dong ngap lut
va nhiém man ving DBSCL. M6 hinh, theo nghia hep, la mot
khuén, mau, tiéu chuan theo dé dé xay dung, ché tao ra san phdm
hang loat. Theo nghia réng, mo6 hinh Ia tap hgp hinh anh, hinh
tuong, sd do, su mod ta udc |é mot déi tuong, mot khach thé. Mo
hinh-mé phéng la phuong phap dé mé phéng mot hé théng téng
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thé cac khach thé, cac qua trinh hién tugng clia ddi tuong dang
dugc nghién ctu. Trong pham vi nghién ctiu nay, hé théng téng
thé cac khach thé lién quan dén cac d6 thi chiu tac déng ngap lut
va nhiém man viing PBSCL.

Muc dich cla viéc dé xuat la tim ki€m nhimng mé hinh phat
trién cho cac khu d6 thi viing BBSCL trong tuong lai, ddm bao gén
két hai hoa vdi cac khu vuc 1an can hién cé, hudng téi muc tiéu
hinh thanh dién mao kién trdc riéng cho méi dé thi, thé hién nét
dac trung lich st - van hod va ban dia cda tung dia phuong trong
khu vuc, dong thai c6 kha nang chiu tac déng ngép lut va nhiém
man tu hién tugng BDPKH&NBD.

Trén qui mé toan vung PBSCL, bang phuong phap so d6 hoa
cac tac dong cla hai yéu t6 tac dong trén, 16ng ghép cac I6p tach
vGi nhau, c6 thé khoanh ving céc tac dong ctia BDKH. Theo d9,
phan tich cia nhdm nghién ctu phan loai dugc 5 ving tac dong
chinh nhu sau (Hinh 6):

- VUng | (Z1): Vung duyén hai phia Tdy Nam B9, chju xam nhap
man kha nang (chi thua viing duyén hai phia Bong), va déng thai
chiu ngdp lut & muc dé thap. Do vay gidi phap thich (ing véi BDKH
cho vung nay phan I6n tap trung vao cac giadi phap céng trinh va
phi céng trinh Ung phé va thich ting véi moi trudng ngap man.

- Vung Il (Z2): Vung duyén hai phia Bong Nam B9, chiu xam
nhdp man nang va ngap lut kha ndng (Muc ngép lut chi ding sau
vluing triing Z3). Giai phap thich Ung tap trung ca hai van dé ngap
va man. Vung nay sé la vung bao vé vlng IV (Z4) khoi hoac giam
tac ddong xam man.

- Vung Il (Z3): Vung ngdp ndng, nhung khong bi man. Giai
phap chi yéu thich ¢ng véi ngép lut.

- Vung IV (Z4): Vung nudc ngot, ngap lut trung binh, it nhiém
man. Giai phap thich ing hudng i van dé thich tng ngap lut muc
nhe va giam thi€u xam nhap man bang giai phap thay lgi ti ving
Il.

- Vung V (Z5): Vung ly tudng, chiu it tac ddong cia ngap lut nhat
(1-1.5m), va khéng cé hién tugng xam nhap man. Bay la vung ly
tudng cho phat trién dé thi, tdp trung dan cu dé thi cao, mé hinh
phat trién nén. Vung can dugc bao vé nghiém ngit.
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Hinh 6. So d6 phan viing tac dong clia BDKH tai viing DBSCL (SISP, 2016)

Vé ly thuyét, viing chiu anh hudng nang nhat la nhiing viing c6
cudc séng, 16i sinh hoat, canh tac va san xuat lé thudc vao moi
trudng tu nhién. Do dé, thiét hai & vung ndéng thon thudng
nghiém trong hon & cac vung dé thi. Tuy nhién, véi téc do doé thi
hoéa hién nay, gan 17 triéu dan ving BBSCL dang dan dich chuyén




sang tap trung tai cac khu dé thi, thi tdc dong ctia BDKH d6i voi
ngudi dan tai cac dé thi ngay cang gia tang va khéng hé nho. Dac
biét 1a nhiing d6 thi gan sat bién chiu d& nhiém man ning nhat
nhu Rach Gia, Bac Liéu, va Ca Mau (Theo Bang 1. Thong ké s6 liéu
tac déng clia BDKH dén céac do thi ving DBSCL).

Tu 5 ti€u viing dugc xac dinh nhu trén, nhém nghién ciu da dé
xuat mé hinh dinh huéng phét trién cho céc dé thi cuing thuéc tinh
trong tirng Vung. Trong d6, dé xuit mé hinh phat trién dé thi chiu
tdc déng ngap lut va nhiém man cho thanh phé Ca Mau thudc
Vang I

Thanh phé Ca Mau la tinh ly cda tinh Ca Mau, truéc nam 1975,
thi xa cé tén la Quan Long. Nam 1999, thi xa Ca Mau dugc Thu
tudng Chinh phl Viét Nam céng nhan la d6 thi loai 3. Nam 2010,
Ca Mau dugc cong nhan 1a d6 thi loai 2, dién tich 13 250,3 km?”. Dan
s6 nam 2019 13 226.372 ngudi, mat do dan sé dat 908 ngudi/km?
[T6ng cuc théng ké, 2019].

a) Vé téng thé cdu truc dé thi

Tinh Ca Mau la tinh cuc Nam Viét Nam, nam trong khu vuc ven
bién Tay Nam B9, ti€p gidp vai Vinh Thai Lan (Hinh 7), chiu dnh
huéng truc tiép tu bién Péng, thi€u nudc ngot quanh ndm va la
noi dugc du bao sé chiu anh hudng 16n ti BDKH&NBD. Tuy nhién,
noi day hinh thanh va phat trién cac hé sinh thai tu nhién doc do:
riing, riing ngap man ven bién, khu bao tén thién nhién, phong ho
gio bao,... va cling la nguén tai nguyén thiy san gia tri cao.

Cau truc d6 thi bao gom:

- Vung kinh té ndi dia ndm trén vung dat tuong déi cao trong
khu vuc, dugc bao vé bai hé théng giao théng, dé bao va riing
phong hd, dugc uu tién phat trién KCN, cac cum céng nghiép, tiéu
thl cong nghiép; Xay dung trung tam kinh té dich vy, bao gém cac
trung tam thuong mai, trung tam dich vu tai chinh ngan hang,
phat trién cac ca s& dich vu du lich, két néi véi ha tdng cac khu d6
thi 1an can; Phat trién ving nguyén liéu, vung thuc pham; Phat
trién nudi thdy san, chan nudi gia suc gia cdm qua mé trang trai
tap trung; Xay dung cac cng trinh nudc ngot phuc vu nhu cau
dung nudc sinh hoat xen ké trong khu d6 thi (hé chia nuéc mua,
cong trinh loc nudc ngot, ...);

- Vung kinh té bién va ven bién (Hinh 8): khu vuc tiép giap Vdi
vinh Thai Lan, han ché viéc xay dung khu dan cu tap trung. Cac céng
trinh xay dung chd yéu la cong trinh thay Igi, khai thac thay san, dau
khi, cdng nghiép déng tau. Trong thdi gian tdi, thily hai san la nganh
kinh t& quan trong nham gidi quyét viéc lam, tao ra san luogng hang
thly san xuat khau; D4y manh phat trién cac nganh céng nghiép ven
bién, bao gébm céng nghiép ché bién thdy hai san tai cac KCN tap
trung, gén vai x{ ly chat thai, nudc thai, bao vé méi trudng. Phét trién
c6ng nghiép tau thay; Phat trién du lich, quy hoach phat trién mét s
khu, cum du lich ven bién va cum du lich dao, cac khu du lich rimg
ngap man ven bién, riing tram; Phat trién van tai va cong nghiép van
tai bién: tap trung dau tu hoan thanh dua vao khai thac sir dung céc
cang; Phat trién dich vu thuong mai & cac vung ven bién va vung bién
nhu thuong mai, tai chinh, ngan hang; Quy hoach xady dung céc lang
cé ven bién dé sap xép tai dinh cu cho cac ho dan & ngoai dé bién va
cac clia séng vao phia trong.

b) Binh huéng phdt trién khéng gian

Vung kinh té noi dia, bao gom TP Ca Mau va 2 huyén Théi Binh,
Cai Nudc, c6 dién tich tu nhién 130.75 ha, chiém 24,52% dién tich
tu nhién toan tinh.

- Phat trién d6 thi TP Ca Mau, nhat |a két cau ha tang; phat trién
cac do6 thi khac trong vung nhu thi trdn Cai Nudc, thi tran Thai
Binh;

- Phat trién KCN Hoa Trung, cac cum céng nghiép, tiéu thu
céng nghiép & An Xuyén, Phudng 8, Phudng 1, Tri Phai, Dam Clng;

- Xay dungTP Ca Mau thanh trung tam kinh té dich vu, bao
gém cac trung tam thuong mai, trung tam dich vu tai chinh ngén
hang; phat trién cac co s& dich vu du lich;

- Xay dung TP Ca Mau thanh trung tam dao tao ngudn nhan luc
chat lugng cao cho tinh;

- Phat trién vling mia nguyén liéu, ving thuc phdm phuc vu
cho TP Ca Mau;

- Phét trién nudi thiy san & huyén Cai Nudc, Théi Binh va TP Ca
Mau; phat trién chan nudi gia suc gia cdm theo mé hinh trang trai
tap trung.

Hinh 7. Ban d6 vi tri tinh Ca Mau (SISP, 2016)
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Hinh 8. So d6 mt cdt khang gian ven bién Viing | (SISP, 2016)

Vung kinh té bién va ven bién, bao gém vung bién, cac cum
dao Hon Khoai, Hon Chuéi, P4 Bac va cac huyén c6 bd bién (U
Minh, Tran Van Thdi, Pha Tan, Nam Can, Ngoc Hién, Dam Dai), c6
dién tich dat lién 402.195 ha, chiém 75,48% dién tich tu nhién toan
tinh.

- Thay hai san: nganh kinh t€ quan trong nham giai quyét viéc
lam, tao ra san lugng hang thay san xuat khiu 16n;

- Phét trién cac nganh céng nghiép ven bién, bao gém céng
nghiép ché bién thly hai san tai cac KCN tap trung (S6ng Déc,
N&m Cén) gén vai xtt ly chat thai, nudc thai, bao vé méi trudng;

- Phat trién du lich: Quy hoach phat trién mét sé khu, cum du
lich ven bién va cum du lich dao, bao gém khu du lich Mai Ca Mau,
khu du lich Khai Long; cac cum du lich tai ddo Hon Khoai, Hon Ba
Bac; cac khu du lich ritng ngap man ven bién, riing tram;

- Céng nghiép va dich vu dau khi: ving bién Tay Nam Bo la
vling bién c6 tai nguyén 16n vé dau khi, viéc tham do khai thac dau
khi vira gop phan dam bao an ninh nang lugng quéc gia, viia tang
cudng bao vé chl quyén clia qudc gia trén vung bién. Tinh Ca Mau
can phdi hop chat ché trong qua trinh thuc hién cac du &n tim
ki€ém tham do, khai thac va ché bién dau khi, nhat 1a cdc nganh
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céng nghiép st dung ngudn khi khai thac tir vung bién, phat trién
thj trudng khi ty nhién, xdy dung hé théng du trit, van chuyén va
phén phéi san phdm dau khi. Nghién cdu xay dung moét s kho duy
trit dau, khi hoa ldong & Nam Can;

- Phat trién van tai va cong nghiép van tai bién: tap trung dau
tu hoan thanh dua vao khai thac s dung cac cang Nam Can, cang
ca va bén & dao Hon Khoai, cang ca Séng Doc, cac bén & dao Hon
Chudi;

- Phat trién néng, lam nghiép ven bién;

- Phat trién dich vu thuong mai & cac vung ven bién va vung
bién nhu thuong mai, tai chinh, ngan hang. Tiing buéc hinh thanh
mot s6 trung tdm kinh té€ dich vu ven bién nhu Séng B&c, Nam
Can, Khanh Héi, Cai Déi Vam, Rach G6c. Nghién cuu dau tu xay
dung mét trung tam dich vu kinh t€ bién tai cum ddo Hon Khoai
(cht yéu la dich vu hau can nghé ca, du lich, cac dich vy ctu hd
cliu nan);

- Phat trién xa hoi gén vdi bién: két hgp chit ché gita phat
trién kinh té& véi phat trién cac linh vuc vin héa xa héi phuc vu
nhan dan ven bién va ngu dan trén bién. Quy hoach xay dung cac
lang ca ven bién dé sap x&p tai dinh cu cho cac hd dan & ngoai dé
bién va cac clra séng vao phia trong, hé trg cho cac hé nghéo ving
bai ngang ven bién, xay dung ha tang, chd trong dén phét trién
gido duc, y t&, van héa théng tin vung ven bién.
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Hinh 9. S¢ d0 st dung dat thich ting BDKH&NBD toan tinh Ca Mau (SISP, 2016)

¢) Dé xudt str dung dat

Pat san xuat néng nghiép:

- Do dac diém dat nhiém phén, dd man cao nén hiéu qua tréng
lba khong cao. Dé xuat chi nén danh mét quy dat nho, sau vao bén
trong dat lién, gan bd song (d€ tan dung nguén nudc mua ria
man) cho san xuat tréng lua, cung cdp mét phan luang thuc cho
dan do thi Ca Mau;

- D4t tréng cay lau nam: Cai tao vudn tap dé tréng cay an trai,
cdy cong nghiép tang hiéu qua kinh té€ trén cuing mét don vi dién
tich, déng thai dap ng nhu cau dat dai phuc vu cho viéc xay dung
€0 s& ha tang phat trién KTXH;

- Lua chon nhiing vling dat c6 c6t nén cao, c6 hé théng dé
diéu bao vé, gan khu dan cu va KCN (cung cdp nguyén liéu ché
bién). Mét s6 loai cay an trai chiu dugc dat man, dat nhiém pheén
nhu dira, mang cau xiém, chudi, mia, thom.
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Pat trong 1am nghiép

- Khu vuc dat riing phong ho, riing cach ly, riing chéng sat
I3,...nam & vi tri ven bd bién;

-Gilt 6n dinh dién tich riing hién cé, déng thaoi trong méi
ring trén vung loang I6 da beo cla ring hién tai, trén dit ngap
man, bai béi va khu vuc ring tram. Dua dién tich dat lam
nghiép nay vao khai thac hiéu qua kinh té phat trién cac khu du
lich sinh thai - nghi duéng, bdo vé cac loai dong thuyc vat quy
hiém trong riing nhu ca sdu, ong mat, ... gidp phat trién khu
vuc kinh té dich vu.

Pat nubi trong thay san

- D4t nudi thly san sé chiém mét ty lé rat I6n do chuyén tur dat
san xuat nong nghiép sang. Vi tri nam bén trong khu bai béi, ven
bién, tdn dung nhiing khu vuc nhiém man nang, dat dai it gia tri
khai thac vé nong nghiép, dugc bao vé bai hé théng rao chan, dé
diéu, ndm gan cac nha may ché bién thay san;

- Mét s6 thay san dac trung clia khu vuc mang gia tri cao vé
dinh du&ng va gia tri xuat khau nhu tém, cua, c3, ...

Pat phi néng nghiép

- Uu tién quy hoach dat phat trién cac KDC & nhiing vung dat
cao, khong chiu anh hudng I6n clia gié bao, xam man, c6 nguén
nudc ngot du trlt va hé théng giao théng lién két ving hoan chinh;

- Doi véi dat & KDC ndng thén, bo tri dat & cho cac gia dinh mai
tach hé, dau tu moét s6 du an tai dinh cu, sdp xép bé tri dan cu
vling ven bién; tiing budc quy hoach sép xép cac hd dan cu phan
tan vao cac khu, cum dan cu dé€ thuan tién cho dau tu xay dung ha
tang.

Hinh 10. Ban d6 dinh hudng st dung ddt tinh Ca Mau chju tac dong ngap lut va
nhiém man ti hién tugng BDKH (Nguon: nhém tac gid trén nén So do dinh hudng
phat trién khong gian ving tinh Ca Mau 2020-2030 cda SISP ndm 2010)



5.KET LUAN

Cac d6 thi ven bién ctia ving DBSCL kéo dai tir phia Dédng Nam
BO dén Tay Nam B9, la vuing bién c¢6 tai nguyén 16n vé thiy hai san
va dau khi, cuéc s6ng ngudi dan gén lién vai hé théng song, kénh
rach va bd bién. Chinh dic trung khéng gidng vdi cac vung lanh
thé khac, khién cho ving BBSCL phai chiu tac dong ngap lut va
nhiém man tu hién tuong BDKH&NBD va mot s6 hé luy khac. Ngap
lut va xam nhap man tai ving DBSCL dan dén cac tac déng tiéu
cuc khac nhu sut lun, sat 18 bs séng, bd bién hay thi€u nudc ngot
cho tuéi tiéu va sinh hoat hang ngay clia ngugi dan cac do thij ven
bién, nhat 1a nhiing d6 thi gan sat bién chiu d6 nhiém man nang.

Viéc nghién cliu phan tich vé dic trung d6 thi ven bién vung
PBSCL dé hiéu r6 lich st hinh thanh dé thi, dac diém phan bé cac
dd6 thi, va nhiing tac dong clia BDKH&NBD d6i vai cac doé thi ven
bién,... s& gop phan du doéan va phoéng tranh nhiing tac déng tu
hién tuong bién d&i khi hau d6i véi doé thi ven bién trong vung.
Nhiéu minh ching cho thdy ngudi dan tai cac dé thi ven bién
trong vung BBSCL tU hang tram nam qua da va dang c6 nhiing
chon lua khén ngoan trong t8 chic méi trudng séng va moi
trudng san xuit dé séng chung vdi Q.

Théng qua phuong phap so dé hda cac tac déong clia hai yéu té
ngap lut va xdm nhap man, nhém nghién ctu 16ng ghép cac 16p
tach vé quy mé va hinh thai cOa cac d6 thj d€ phan loai dugc 5
vling tac dong clia BBKH. TU d6 dé xuat nhitng mé hinh phat trién
cho céc khu d@6 thi viing BBSCL néi chung, va cac dé thi ven bién
nai riéng, dam bdo géan két hai hoa véi cac khu vuc lan can hién co,
hudng t6i muc tiéu hinh thanh dién mao kién tric riéng cho moi
dd thi nay, dong thai c6 kha nang chiu tac dong ngap lut va nhiém
man tu hién tugng BDKH&NBD.

Nghién ctu cling dua ra dé xuat mé hinh phat trién cho trudng
hgp TP Ca Mau - d6 thi ven bién chiu d6 nhiém man nang nhit
trong vung. Noi dung dé xuat bao gém cac van dé vé téng thé cau
tric dé thi, dinh hudng phat trién khong gian dé thi, dé xuat co
cdu st dung dat dé thi, ciing nhu dé xuat mét sé mdi nhon phat
trién kinh té - xa hoi cta thanh phé. Day la mét budc can thiét va
quan trong trong chién lugc Ung phé véi hién tugng BDKH&NBD
cho cac d6 thi ven bién ving DBSCL trong thai gian téi.

LGi cdm on

Cac tac gid cdm on Vién Quy hoach Xay dung mién Nam (SISP)
da giup hoan thién nghién ctu véi nhiing sé liéu tir dé tai nghién
cliu khoa hoc Xdy dung gidi phdp thich tng bién déi khi hdu, nudc
bién dang cho cdc dé thj thuéc viing Péng bdng séng Clu Long,
2016.
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TOM TAT:

Dang bang song Ciu Long vai dic trung dia hinh sang ngai, kénh
rach day dac; duge danh gia 1a bj anh huéng ning né bai hign
tugng nude bién dang do bign ddi khi hau. Nuac bign dang gy tac
dang dang ké dén s &n mon cac ket cdu cang trinh bing bé tong
cit thep (BTCT) khi thay ddi cac vang &n man va gia ting ndng da
céc chat an man trong céc ba phan ket cdu. Khi cdt thép bj &n
man, sirc khang cia cac két cdu sé bj suy gidm, anh hudng dén
kha nang khai thac cia cong trinh.

Nghién ciu nay tign hanh danh gia anh huéng cia moc do &n
man cdt thep dén sic khang coa ket cdu dam BTCT. Cac mau
ddm duge tao tng sudt va ngdm trong mdi truang nuac bién.
K&t qua nghién citu s& lam ri anh hwéng cia viec cdt thép bi an
maon dén kha nang khang udn cia dam BICT, dén ang xir cia ket
cdu dam BTCT ca xét ddng thai dnh hudng cia tai trong va diéu
kien mai trureng.

Tir khda: “an man"; "an man cét thep”; "dam BTICT": "sirc khang”

ABSTRACT:

The Mekong Delta is characterized by dense topography of rivers
and canals; is considered to be heavily affected by sea level rise
due to climate change. Sea level rise has a significant impact on
the corrosion of reinforced concrete structures by changing the
corrosion zones and increasing the concentration of corrosive
substances in structural parts. When the reinforcement is
corroded, the resistance of the structure will be reduced,
affecting the exploitability of the building.

This study evaluates the influence of reinforcement corrosion on
the resistance of RC beam structures. The beam samples are
stressed and immersed in seawater. The research results will
clarify the influence of the corroded reinforcement on the flexural
resistance of the RC beams, on the behavior of the RC beam
structure, taking into account the influence of loads and
environmental conditions at the same time.

Keywords: "corrosion”; “bar steel corrosion”; “RC beams";
“resistance”

An mon c6t thép trong cau kién dam BTCT 1a mét qua trinh lau
dai va phu thudc vao nhiéu yéu t6: diéu kién moéi trudng, tai trong
tac dung, vat liéu ché tao cau kién...[7, 8] Bong bang séng Clu
Long vé&i mang ludi séng ngodi va kénh rach day dac la mét thuan
lgi cho phat trién giao thong dudng thly; bén canh d6 nham két
néi cac tuyén dudng bod dugc théng sudt va lién tuc, ddm bao van
tai hang hoa va hanh khéch, cac cong trinh cdu BTCT dang tré phd
bién trén cac tuyén dusng bo va la déi tugng bi an mon dudi tac
dung cdia méi truong xam thuc. Cac con séng, kénh rach noi day
vGi ché dé thay triéu lén xuéng anh hudng dén d6 nhiém man cua
moi trudng nudc; dac biét vao mua kho, khi han hdn kéo dai, nuéc
man xam nhap sau vao dat lién, d& man cGa nudc tang Ién. Day la
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mot trong cac yéu t6 gay nén hién tugng dan mon trong két cau cau
BTCT va la van dé can dugc nghiém tdc nghién ctu va phan tich
nham danh gia muc d6 nguy hai va tadc déng dén tudi tho cla cac
coéng trinh cau BTCT trong qué trinh khai thac.

D& c6 thé danh gia mot cach nghiém tic va chinh xac dnh
hudng cla clia 4n mon cot thép dén siic khang ctia dam BTCT can
thuc nghiém trong moéi trudng dién tién nhanh; véi cac diéu kién
tu nhién dugc thiét ké va gia lap trong moi trudng thuc nghiém
mot cach gan ding nhat so vai diéu kién lam viéc thuc té cda cau
kién dam. Qua dé6, quan trac, thu thap, phan tich va danh gia ung
xU clla dam trong suét qua trinh lam viéc véi cac kich ban dugc tao
ra trong phong thi nghiém.



Van dé trén dugc sy quan tdm cta nhiéu nha khoa hoc trong
va ngoai nudc; trong nudc tac gia Nguyén Céng Luyén, Trudng Dai
hoc Ba Nang, da cong bo két qua, Nghién cdu dnh hudng cda hién
tugng dn mon cdt thép dén két cdu bé téng cét thép bdng mo hinh
3D-RBSM, trén Tap chi Khoa hoc ky thuat va méi trudng, 2018 [9];
tac gia Vi Ngoc Anh, Trudng Dai hoc Kién tric Ha Noi, cong b6 két
qua nghién ctu, An mon cét thép va dnh hudéng cua né téi ing xir
ctia két cdu bé téng cét thép, 2014, [8]. Trén thé gidi nhdm tac giad
thudc Trudng Dai hoc Cairo University, Ai Cap da cong bo két qua
nghién ctu vé sy an mon cbt thép trén dam BTCT du Ung luc va
BTCT truyén thong, Mohamed Moawad, Hossam El-Karmoty,
Ashraf El Zanaty, Behavior of corroded bonded fully prestressed
and conventional concrete beams, 2015 [10].

Tuy nhién hau hét cac tac gia thai gian qua dang dung lai & cau
kién BTCT chiu nén ho&dc nén uén déng thai (sa d6 uén 3 diém) [8,
9]; trong pham vi bai bao nhdm bé sung thém gdc nhin tu viéc
phan tich tng x{r cta cdu kién dam BTCT chju uén thuan tay (so d6
udn 4 diém) véi ¢t thép bi &n mon dudi tac dung clia tai trong [10,
11], tdc gia dé xuat thuc nghiém trén cac mau dam BTCT, cac diéu
kién moi trudng dugc mé phong va gia dinh. Nhom tac gia sé tién
hanh théng ké, phan tich s6 liéu, déng thai dua ra mét s két luan
va kién nghi lién quan dén anh hudng clia muc dé an mon cot
thép dén kha nang khang uén ctia dam BTCT.

2. VAT LIEU, THIET Bl CHE TAO MAU, THUC NGHIEM

2.1 Vat liéu ché tao mau, thiét bi phuc vu ché tao mau, qua
trinh thuc nghiém

- Bé tdng C30 b cudng dd chiu nén & tudi 28 ngay du kién la
fc’ = 30 MPa Thanh phan cap phdi cta bé tong dugc thiét ké theo
tiéu chuan ACI211.1-91, [4]

- Thép dugc st dung ché tao dam: D10, tron tron, fy = 240 Mpa.

Bang 1. Thanh phan vat liéu cho Tm? bé téng

Ximang XM 395 (kg)
Cat C 848 (kg)
ba b 1060 (kg)
Nudc N 170 (lit)

Thiét bi phuc vu ché tao mau:

- May nén San 3000 la loai méy nén dién t(, diéu khién bang
may tinh c6 thé gilt dugc luc theo thai gian.

- Load cell loai 1000kN dung dé do luc

- Strain gages loai KC60 hang KYOWA dung d€ do bién dang

- M4y SDA-830C dung dé néi cac dau do luc va bién dang ghi
d{ liéu cing 1 don vj thai gian theo tin hiéu dién.

- May dam bé tong

- Mot s6 thiét bi khac...

Hinh 2. My nén San 3000

2.2. Kich thuéc, hinh dang va cau tao mau

Mau dam ché tao phuc vu thuc nghiém cé kich thudc
500x100x100 (mm) [1, 2, 4, 5, 6]. SG lugng 10 dam.

500 : 100

Hinh 3. Kich thudc va cau tao dam thuc nghiém

2.3. Qua trinh thuc hién thuc nghiém

Véi muc tiéu cda nhdm nghién ciu la phan tich dnh hudng cla
an mon cbt thép dén tng x{ - cu thé 1a kha nang khang uén cla
dam BTCT duéi tac dung cla tai trong.

Nghién ctu dugc tién hanh trén 10 mau dam BTCT c6 kich
thudc 500x150x100(mm), trong d6 02 mau sit dung d& udn xac
dinh Pmax, 04 mau khéng gia tai va 04 mau dam gong gia tai muc
0,8.Pmax.

Bang 2. S6 lugng mau ddi sanh va xac dinh Pmax

Thi nghiém SLdam Luc tac dung
Thi nghiém uén 4 diém 02 Pmax

Nhom dam 1 04 Khéng gia tai
Bang 3. S6 lugng mau dam (ing cac cap gia tai

Thi nghiém SL dam Luc tac dung

Nhom dam 2 04 0,8 .Pmax

Diéu kién dién tién an mon nhanh thuc hién trong phong thi
nghiém véi dung dich NaCl néng d6 (3-5%) két hgp tao dién cuc
kich hoat moi trudng an mon dién ly.

Cac mau dam dugc goéng thanh ting cap, dam bao dam chiu
uén thuan tdy; 02 g6i dau dam cach dau dam 25 cm, 2 g6i phia
trong dam cach géi dau dam va cach nhau 150 cbm, chia dam ra
lam 3 doan mo6i doan 150 cm, lyc gong 0,8.Pmax, bang céch siét bu
16ng bo ga gia luc.

Nhém nghién clru xac dinh luc gdng théng qua loadcell, déng
thoi kiém soat thong qua bién dang va Ung sudt, bdng cach dan
sensor, cac la dién trd trén thiét bi gobng va dam. Nghia la cac cap
gia tai sé dugc xac dinh théng qua Ung sudt uén trén cot thép, tuc
Ia khi (ng suat bé tdng bang mé dun nut cha bé téng. Qua trinh
kiém soat nay dugc trién khai trong sudt qué trinh cdc mau dam
dugc gbng gia tai.

(L '] [ ™

D WPCT
ey o]

Hinh 4. Thiét bi md ta gong ddm
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Hinh 5. Hinh &nh gia tai dam
Qua trinh uén dam xac dinh Pmax, xac dinh théng qua load
cell, d6ng thai kiém soat qua viéc xac dinh (ing sudt ctia thép bang
cach gan cac sensor trén tam thép cdu tao trong dam [1, 2].
Gia tri luc uén pha hoai xac dinh dugc: Pmax = 28 KN
Ung véi (ing suat thép tai v&t niit xap xi : 6 = 150 Mpa.
L3 j ogos ., G ‘

Hinh 6. Hinh anh uén dam xac dinh Pra

Cac cap mau dam dugc ngdm trong moi trudng dung dich
NaCl néng do (3-5%) két hop tao dién cuc kich hoat méi trudng an
mon dién ly. Thai gian ngam la 30 ngay lién tuc.

Hinh 11. Hinh anh c6t thép bi dn mon

3. KET QUA PHAN TICH THUC NGHIEM

3.1. Két qua uén dam sau khi thi nghiém an mén dién tién
nhanh.

Bang 4. Théng ké két qua uén cac mau dam (KN)

Tén Luc gia Luc uén pha Gia tri luc
STT mau tai ban hoai saungam | trung binh
dau (KN) (KN) (KN)
1 Mau 1 0 22.10
21.17
2 Mau 2 0 19.96
3 Mau 3 0 20.68
4 Mau 4 0 21.95
5 Mau 5 0,8 Prmax 14.40
6 Mau 6 0,8 .Pmax 12.20 12.41
d 7 M5u 7 0,8 .Pmax 10.10
Hinh 8. Hinh dnh dam ngam c6 gia tai 8 M3u 8 0.8 Prox 12.95
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Dua trén két qud théng ké tai Badng 3 tién hanh vé biéu dé
quan hé gilra stic khang va tai trong tac dung.

Quan hé suc khang va tai trong tadc dung

30 21.17

20 12.41
8

10
0

Gia tri luc (KN)

Nhom dam 1 Nhom dam 2

tai trong tac dung Iuc uén pha hoai

Hinh 12. Quan hé stic khdng udn va téi tac dung

3.2. Mtic d6 4n mon cét thép

Cac mau dam sau khi uén dén pha hoai, sé tién hanh dap bod
I6p bé tong bao vé, cac thanh thép dugc Idy ra va lam sach phan gi
thép bao quanh, bé tdng bam vao thanh réi ti€n hanh can xac dinh
khéi luong.Khéi lugng thép hao mon dugc tinh bang chénh léch
khoi lugng gilta cac thanh thép trudc va sau khi ngam.

Kiém soat khéi lugng thép bi &n mon trong qué trinh thi
nghiém d6i véi cac t6 hgp dam. Khéi lugng thép ban dau: 1a khai
lugng 02 thanh thép D10 tron tran dugc can sau khi cét theo kich
thudc ban vé va trude khi ché tao dam.

Bang 5. D6 hao mon c6t thép cac nhém mau dam (%)

Lucgia tai |KLthép| KLthép | KLthép | Hao | Hao mon
STT |Ténmau| ban dau ban |saungam haomon| mon TB
(KN) dau(g)| (g (9) (%) (%)
1 [Mau1 0 562.0 | 412.2 | 149.8 | 26.7
2 | Mau?2 0 560.0 | 418.5 | 141.5 | 25.2
5 |Mau3 0 551.0 | 407.5 | 143.5 | 26.1| 26.15
6 |Mau4 0 553.5| 406.5 | 147.0 | 26,6
7 |Mau5| 0,8.Pmax | 556.5| 390.7 | 165.8 | 29.8
8 |Mau6| 0,8.Pmax |550.5| 3955 | 155.0 |28.2
9 |Mau7| 08Pmx |554.5| 3865 | 168 [30.2| 29:41
10 | M3u8| 0,8.Pmax |552.5| 389,8 | 162.7 | 29.5

Dua trén két qud théng ké tai Bang 4 tién hanh vé biéu dé
quan hé gilra tai trong tac dung va mic dé an mon cét thép.

Quan hé tai tdc dung va mdc dé an mon c6t thép

40
c 26.15 23.41
0
€
§ 20 3
N 0
0
Nhém dam 1 Nhém dam 2

Tai tac dung Murc d6 &n mon

Hinh 13. Quan hé luc tdc dung va mdc do dn mon

3.3. Anh huéng cia 4n mén cét thép dén siic khang uén cta
dam BTCT

Trén co s& két qua théng ké tai Bang 3 va 4 tién hanh vé biéu
dé thé hién quan hé gitra muc dé an mon va kha nang khang uén
cta dam.

Quan hé muc dé an mon va stc khang uén

C
2 40 29.41
26.15
< 30 21.17
S 20 1241
310
=
£ 0
Nhém dam 1 Nhém dam 2

muc dé an mon (%) Iuc uén pha hoai

Hinh 14. Quan hé m(c d9 an mon va siic khang udn

4, KET LUAN VA KIEN NGHI

Qua két qua phan tich thuc nghiém trén cdc mau dam, nhém
nghién ctu dua ra mét sé két luan nhu sau:

- Khéi lugng cét thép hao moén & cac mau dam dugc gia tai I6n
hon & cac mau dam khéng gia tai. Nhu vay c6 thé thdy mic d6 an
mon c6t thép ti 1é thudn vdi tai trong tac dung lén dam. Cét thép
bi &n mon thudng truong nd thé tich lam nut két cdu bé téng bao
vé, qua cac vét nut kha nang xam nhap cla tac nhan an mon cang
dién tién nhanh va phic tap.

- Gia tri luc khang uén tai thoi diém pha hoai clia cdc miu dam
¢6 gia tai nhd hon so véi cac mau dam khong gia tai; nhu vay cé
thé thay khi c6t thép trong dam BTCT bi &n mon sé lam gidm suc
khang uén ctia dam BTCT; nguyén nhan cé thé néu & day la do tiét
dién lam viéc cta c6t thép bi suy giam, kha nang dinh bam gitia
c6t thép va bé tong giam dan dén kha nang lam viéc chung suy
giam.

- Kién nghi nghién ctru thém anh huéng cla hién tugng an
mon c6t thép dén khad nang dinh bam gilta bé tong va cét thép
trong két cdu dam BTCT.
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Thao luan mét sé van deé vé két cau thep
ctia van khau dé lon é Dong bang song Ctiu Long

Practical issues in design large-span steel gates in Mekong delta river

> V0 HOANG HUNG'; TRAN DINH HOA?, DO XUAN CUONG?; VAN THE DUNG?; TRAN XUAN HAI*

' Khoa Céng trinh, Trudng Pai hoc Thuy loi
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2Vién Thly cong, Vién Khoa hoc Thly lgi Viét Nam
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ABSTRACT:

Due to the influence of tidal motivation; adapt working both
condition of prevent saltwater intrusion and keep freshwater;
water transportation, the system of hydraulic structure in Mekang
delta river require large span gate from 30m to 60m even larger.
Therefore, the vertical large span gate and mitre gate can meet
these above requirements. However, without experience in
designing and manufacturing large span gate, almost of project in
Vietnam is followed the standard design of European countries. In
recent year, application of Cai lon - Cai be; Ninh Quoi and Xeo Ro
sluices; Project of control water in Ben Tre; The system control
water of Hochiminh city...first step are mastering the technology
of large span gate, however, practical issues in structural,
material, design, manufacturing, operation and maintenance need
further discussion.

Keywords: Mekong Delta, Lift gates, Miter gates, Material, Design,
Manufacturing

M TAT:

Cac cang trinh kiém soat nuac & Bang bang sang Ciu Long thirang
ca quy md lan, ché' d lam viec ban nhat triéu va nhat triéu, yéu
cu ca ngan man va giir nggt dong thai phéi dam bao yéu cdu giao
thang thily mat cach thuan Igi nén dai hai cang trinh kifm soat
nuec cb cira van khdu da lén tir 30 m dén B0 m. Cira van phang
kéo dirng va cira van phao chit nhan ca the dap ing t6t cac yéu céu
trén. Tuy nhién do kinh nghiém thigt k& va ché tao cia van khdu do
lan & Viet Nam can nhigu han ché, nén trong qua trinh thigt ke va
ché tao dd duge cac co quan quan Iy va don vi tr van dau to
nghién citu. Cac van dé nhu hinh thirc ket céu, vat lidu ché tao, tinh
toan thigt ke, ché tao lap dat... trinh bay trong bai bao nay dugc
rit ra tir thyc tién thigt k& va ché tao cira van cing Cai Lan, cing
Cai Be. cdng &u thuyén Ninh Qui, cong Xéo Ra, cdng kiém soat
trigu khu vic thanh phd Ha Chi Minh, cac céng thudc du an quén ly
nude Ben Tre dé cong trao ddi va tiép tuc hoan thien.

Tir khaa: Dang bang sdng Ciru Long; cira van kéo ding; cira van
chir nhan; vat ligu; thigt ke; ché tao

1.DAT VAN DE

Hién nay van dé ngap lut, han han, xam nhap man & Bong
bang song Clu Long (DBSCL) ngay cang nghiém trong do &nh
huéng cta phat trién thuong nguén va tac déng cla bién d&i khi
hau va nudc bién dang. Vi vay can thiét phai nghién ctu dau tu xay
dung cac cong trinh kiém soat nuéc dé phan dau dén nam 2030
van dé ngap lut, han man co ban dugc gidi quyét & khu vuc DBSCL
[1]. Néam qua Nha nudc da dau tu nhiéu hé théng cong trinh thay
lgi I6n dugc huy dong tir nhiéu ngudn vén khac nhau nhu hé
théng céng ngan triéu khu vuc TP.HCM, hé théng quan ly nudc Bén
Tre, hé théng cong trinh thay Igi Céi Lén - Cai Bé va nhiéu cong
trinh don |é dang dan di vao hoat déng c6 hiéu qua. Cac céng trinh
kiém soat nudc & DBSCL thudng c6 quy mé Ién do bé rong séng va
kénh I6n, ché dé lam viéc ban nhat triéu va nhat triéu, yéu ciu ca
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ngan man va gilt ngot déng thai phai dam bao yéu cau giao théng
thay moét cach thuan Igi nén doi hdi cong trinh kiém soat nudc co
clia van khiu dé I6n tir 30 m dén 60 m. D€ dap Uing dugc cac khau
dd nay hoac I6n han nira, cac nudce cé nén khoa hoc ky thuat phat
trién da sit dung nhiéu hinh thuc ctfa van khac nhau nhu clra van
kéo dung (vertical-lift gate), clta van ch(t nhan (miter gate), ctia van
cbng (visor gate), cla van vién phan xoay (rotary segment gate),
clia van cung (segment gate). Tuy nhién d6i vé6i Viét Nam kinh
nghiém thiét ké va ché tao cac loai hinh ctta van nay con kha mdi
doi hoéi phai dau tu nghién ciu dé lam chd cong nghé. Chinh vi vay,
trong qua trinh thiét ké va ché tao clra van céng Cai Lan, cong Cai
Bé, c6ng au thuyén Ninh Qudi, c6ng Xéo Ro, cdng kiém soat triéu
khu vuc TP.HCM, cac c6ng thudc du an quan ly nudc Bén Tre [2] da
gap phai nhiéu van dé nhu lua chon hinh thic két cau, cai tién két
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cdu, lua chon vat liéu thép, tinh toan thiét k&, ché tao lap dat... va
da dugc gidi quyét hodc can ti€p tuc nghién ctu hoan thién dé ing
dung cho cac cong trinh ti€p theo. Dudgi day trinh bay moét vai van
dé chinh @é cung trao d6i va thao luan.

2.LUA CHON HINH THUC KET CAU CUA VAN

Nhu da trinh bay & trén, clra van trong céng trinh kiém soat
nuéc & BBSCL can ¢6 khau do I6n. Clra van kéo ding va clia van
chit nhan dugc uu tién lua chon cho cac cong trinh ki€ém soat nudc
3 DBSCL do phu hgp véi dic diém va kha nang thiét ké, ché tao &
Viét Nam hién nay.

2.1. Cita van phang kéo diing

Do yéu cau cac céng trinh ngan séng hodc céng ngan triéu &
DBSCL ¢6 khdu do6 16n dén 60 m nén ctia van kéo ding dang dam
bung dac khé dap ung dugc cac yéu cau vé bién dang, clia van
dang gian 6ng thép dang c6 xu hudng phat trién va dan hoan
thién. Do ctra van c6 chiéu dai nhip B gap nhiéu lan chiéu cao H
nén thudng dung loai clfa van hai gian chinh, tly theo ban mat la
mat phdng hay mat cong ma canh thuong gian chinh c6 thé la
thanh thdng hay thanh cong, con thanh canh ha cé thé chon la

thanh cong mét chiéu hay hai chiéu (Hinh 1a, 1b, 1¢) [3]. Cac hinh
thiic ctia van nay da dugc ing dung & dap ha luu séng Dinh, c6ng
Bau Chau, c6ng Muong Chudi, cdng Céi Lén, céng Cai Bé... va
nhiéu c6ng 16n khac véi kich thudc nhip 16n nhat 1én dén 40 m
(Hinh 2).

DaGi véi clra van cong vung BBSCL thudng lam viéc hai chiéu va
¢6 chénh léch muc nudc khéng I6n nén sit dung ban mit phang
(clra van phédng kéo dung). D€ phat huy t8i da hiéu qua cta hé gian
theo ca hai chiéu, tac gid & Truong Pai hoc Thay lgi da dé xuat
nghién ctiu cai tién hinh thic gian Hinh 1c st dung két hop thanh
cong ngugc d& ban mat nhu Hinh 1d dé tang d6 clng cla gian
theo ca hai chiéu. Nguyén tac chiu luc ctia hé gian nay dugc cho &
Hinh 3. Khi ¢6 su chénh léch muc nudc bién 16n hon phia séng
(Hinh 3a), thanh canh ha (1) chiu kéo, thanh canh thugng (2) chiu
nén va nguac lai khi c6 su chénh Iéch muc nuéc séng I6n han phia
bién (Hinh 3b), thanh canh ha (1) chiu nén, thanh canh thugng (2)
chiu kéo sé phat huy dugc tac dung cdia vom [4].

Hudng clia ban mat ctia van phéng kéo diing duoc quay vé phia
bién hay phia séng dugc lua chon theo diéu kién cé loi vé mat chiu luc,
diéu kién béo tri, bdo dudng hé gian va diéu kién bé tri téng thé cla
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cong trinh. Dai véi khu vuc BBSCL ¢6 chénh léch muc nudc phia bién
I6n hon phia s6ng nén ban mat quay vé phia bién sé phat huy dugc t6i
da cudng do vat liéu khi thanh canh ha chiu kéo, ngoai ra khung gian
nam phia séng sé it bi &n mon hon va dé bao tri bao dudng. Tuy nhién
cling can phai néi thém rang khi hé gian quay ra phia bién, hé gian
cling ¢é tac dung gidm mét phan tac dong clia song vao bé mat clia
van va it bi dong béo rac phu sa trén cac thanh gian 6ng thép.

]ilén - (2) Chiu nén
Séng |
a) (1) Chiu kéo
Séng (2) Chiu kéo
Bién - 'T
(1) Chiu nén
b)

Hinh 3. Nguyén tdc chju luc chinh ctia thanh gian khi ban m3t quay vé phia bién

2.2. Cita van chit nhan khau dé lén

Clra van chi nhan thudng dugc st dung trong cac au thuyén
do chi chiju dugc chénh léch ap luc nudc tir moét phia va khong co
kha ndng diéu tiét nudc. Khi clra van chiu chénh léch ap luc nudc
theo hudng vom 16i (Hinh 4a) da tao hiéu ting vom 3 khdp viing
chéc, ap luc nudc tac dung lén ctia dugc dén vé hai géi. Khi clra van
lam viéc theo hudng ngugc lai (Hinh 4b), khdng tao dugc hiéu tng
vom 3 khép, hai canh ctra lam viéc déc lap, ap luc nudc tac dung
[én ctia dugc dén vé diém dat xy lanh trén dinh clra, clra van bj bién
dang gay ra ro ri nudc tai mép clfa. Chénh léch ap luc nudc cang
I6n, ro ri nudc cang |6n. Tuy nhién véi cong trinh diéu tiét nudc cd
yéu cau khdu d6 16n ma chénh léch cét nuéc khong 16n, néu st
dung cong trinh au thuyén riéng biét sé c6 vén dau tu 16n, viéc tich
hop céng va au thuyén véi ctia van chit nhan khau dé 16n lam viéc
hai chiéu & PBSCL la mét budc di dot pha trong nganh thay lgi Viét
Nam. C8ng au thuyén Ninh Qudi tinh Bac Liéu la mot vi du dién
hinh véi clra van cht nhan 2x18,14x5,2 m. Tuy nhién khi ctra van

a) So d ctra van lam viéc theo hudng vom 16i

chit nhan c6 khau d6 16n, do han ché vé chiéu dai xy lanh nén d6
dai cdng xon tur diém dat xy lanh d&n mép clra kha 16n va diém dat
xy lanh & phia trén dinh clfa van, khi chiu chénh léch ap luc nuéc
I6n dé gay uén xodn clfa van.

V&i mong muén clfa van lam viéc dugc hai chiéu dé gidm chi
phi dau tu xay dung céng Xéo R6 thudc hé thong thay loi Cai Lon -
Cai Bé, cac tac gia & Vién Khoa hoc thuay Igi Viet Nam da dé xuat
tang dé cung cda canh clra khi clra van lam viéc doc lap bang cach
thém hé gian ch6ng & phia sau cfa (Hinh 5). Day la hinh thic két
cdu mai lan dau dugc thiét ké va ché tao tai Viét Nam cling nhu
trén thé gidi [5]. Cac van dé da dugc dat ra déi véi clra van nay nhu
léch trong tam canh cla khi thém hé gian chéng, sé clia tai mép
ngoai va dau gian, khéa clia khi clra van lam viéc ngugc chiéu, cao
su chan nudc dau cla... da co ban dugc gidi quyét va can co thoi
gian dé kiém chung.

3.LUA CHON VAT LIEU

3.1. Vatliéu thép

1) Yéu cau vé vat liéu thép

DGi vai két cau chiu luc 16n, lam viéc moi trudng xam thuc
manh doi hoi d6 bén va yéu cau chéng ri cao. D€ dap Ung yéu cau
nay va dé dang gia cong ché tao tai hién truong, thanh phan hoéa
hoc ctia thép can dam bao c6 ham lugng C(%) thap, Mn(%) cao, Cr
(%) cao, P(%) thap, Ni (%) cao.

2) Lua chon vat liéu thép cho két cau clra van

Pé lva chon vat liéu thép phu hgp, can théda man céc tiéu chi:

-Dam bao cuong do

- Dam bao kha nang chéng an mon, chéng ri trong moi trudng
lam viéc (thudng xuyén ngam chim)

-Dam bao kha niang dé dang gia cong ché tao (cat, uén, dap, han..)

- Pam bao tuéi tho

- Bam bao kha nang canh tranh gia thanh vat liéu phu hop véi
yéu cau cong trinh

-Dam bao tinh phé bién trén thj trudng trong nudc & thé gidi

- Diéu kién kinh té cta Viét Nam hién nay.

Tuy nhién trén thij trudng Viét Nam c6 rat nhiéu loai vat liéu

b) So dd ctra van lam viéc theo hudng vom 1om

Hinh 4. Hinh thiic chju lyc cdia van chit nhan

Xy lanh

Khéa ctra

a) So do ctia van chit nhan cdi tién

b) M@ hinh khdng gian mgt canh clia

Hinh 5. Clfa van chit nhan khau d6 16n ting cudng thém hé gian chdng
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thép khac nhau nhung khé cé thé dap dng day du cac tiéu chi &
trén:

- Vat liéu thép hop kim thap SM490, S355JR, Gr50 A572, Q3458 .
... Day la loai thép két cdu thong dung (tinh han dugc va uén dugc)
dang dugc dung rat nhiéu trong cac cong trinh cau cong, gian
khoan ... & trong nudc cing nhu trén thé gidi, tuy nhién loai vat
lieu nay déu bi ri trong méi trudng nudc man, co6 gia thanh via
phai;

- Vat liéu thép khéng ri SUS 304 . . .: Loai thép nay c6 tuéi tho
cao hon loai thép trén, ca tinh kém hon thép cac bon hgp kim thap,
khéng bi ri, gidam chi phi son sta bdo dudng hang nam, gia thanh
dat;

- Vat liéu thép khéng ri SUS 323L. . .: loai thép nay c6 tudi tho
cao hon cac loai thép trén, co tinh cao hon S355JR, khong bi i,
giam chi phi son stta bado dudng hang nam, gia thanh rat dat.

Vi vay viéc lua chon mac thép cho clra van khau d6 16n can
dugc can nhic trong bai toan téng thé va cé thé st dung nhiéu
mac thép cho mot coéng trinh tly thudc vao yéu cau lam viéc cla
ting bd phan.

3.2.Vat liéu bdo vé bé mat

Bao vé bé mat két ciu thép clia van dugc lua chon dua vao vat
liéu thép nén, moi trudng lam viéc va chu trinh son phd.

Hién nay bdo vé bé mit két ciu thép cta van khau d6 16n &
DBSCL thuong st dung son Epoxy giau kém, chéng an mon dién
hod, dién ly trong méi trudng nudc bién man thay thé cho kém
nhing néng vi ly do:

- Yéu cau chudn bi bé mat thap hon

- Chiéu day nho hon

- Dé thi cong & hién trudng va c6 yéu cau thap hon

- Bao tri dé dang

- Chi phi thap hon nhat la vé nhan cong, vat tu, may moc, thiét bj

- Tuéi tho cla I8p son ban vé dén 15 nam

- Nhiéu nha cung cdp trén thi trudng

Tuy nhién sau moét thoi gian ngan st dung, clia van thép bi ha
bam rat nhiéu. Ha bam vao bé mat kim loai tiét ra chat két dinh cuc
ky bén chat lam hong 16p son bao vé bé mat kim loai gay ra an
mon va ri sét nhu vi du & Hinh 6 clia ctra van trong HTTL Cai Lén -
Cai Bé. Vi vay can thiét phai nghién ctu giai phap bao vé bé mat co
kha nang chéng ha bam nhung khéng anh huéng dén méi trusng
nudc xung quanh.

0 || e
Hinh 6. Ha bdm c{ra van sau mt thoi gian ngén st dung

3.3.Vat liéu lap day
Do clta van c¢6 nhip 16p, trong lugng clfa van cing 1én, dé
tao luc ddy ndi can bing véi trong lugng ctia van khi lam viéc

trong nudc can lam két cdu réng. DSi vai canh clra clia van chi
nhan st dung tén bung hai mat dé tao cac hép réng; déi véi clra
van phéng kéo dung, cac dam phu doc va hé gian éng thép
cling la céac két ciu rédng co thé tao ra luc day néi clra van khi
lam viéc trong nudc.

Nham d6i pho véi viec kha nang méi han co khuyét tat, nuéce
tham vao céc hdp réng gay mat hiéu qua ddy néi, can nghién clu
st dung vat liéu nhe 1ap day hop réng, chi€ém ché ctia nudc néu co
hién tugng tham xay ra. D€ |ap day hop réng, cac tac gid dé xudt s
dung keo bot n& dién day Polyurethane Foam (PU) c6 kha nang
chéng tham nudc, chéng chay khi han (Hinh 7).

—

PU

—

Hinh 7. St dung vat liéu PU 1dp ddy hop rong

4. TiNH TOAN THIET KE

4.1. Xac dinh trong tam ctia van

Ctra van kéo ding dugc van hanh nhd xy lanh thuy luc dat tai
hai dau clra. D€ clfa van dugc chuyén dong thang ding trong mat
phéng khe van thi phuong cta xy lanh can di qua trong tdm cla
clfa van (Hinh 8) [3].

Xy lanh
thiy lwc

Tai van

Trubién

IF3 l Py

Hinh 8. Phuong ca ddt xy lanh thay luc di qua trong tdm ctia van

Khi phuong cuta xy lanh khong di qua trong tam ctra van véi do
léch e sé gay ra 4p luc ngang tac dung lén khe van lam tdng ma sat
khi kéo ctta (Hinh 9). Vi vay trong tinh toan thiét ké can thiét phai
xac dinh trong tam ctia van dé bé tri diém dat xy lanh trén clfa cho
phu hgp. Viéc xac dinh trong tam clfa van phang kéo ding kha dé
dang khi sir dung cac phan mém mé phéng khéng gian két cau ctia
van nhu SAP2000, ANSYS... [6][7].

Hinh 9. Ap Iuc ngang khi c(fa van bi kéo léch tam
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4.2, T6i uu két cau gian

Khi thiét ké hé gian trong clia van kéo ding khdu d6 16n
thudng co6 hé s6 du trir @6 bén kha 16n va chénh nhau kha nhiéu
gilia cac bo phan do tinh toan theo hé phang, bé tri hé dam va kich
thudc gian chinh khong hop ly 1am cho trong lugng ctia van 16n so
v3i yéu cu chiu luc. D€ gidm trong lugng clia van can tinh toan
theo sag d6 két cau khdng gian va tinh toan t6i uu kich thudc hinh
hoc va tiét dién cac thanh gian. Hinh 11 va Hinh 12 thé hién mét vi
du vé mé hinh clta van cng Céi Lén kich thudc 40x9 m va phd
chuyén vi (ing véi hai t6 hap ngdn man va gilr ngot truéc va sau khi
tinh toan t6i uu. Két qua tinh toan kich thudc t6i uu dugc cho &
Bang 1. Trong d6 bién thiét ké (DVs) la cac bién lién tuc nhu kich
thudc bao ngoai clia gian (B1, B2, B3, H1, H2, H3) va duong kinh
ngoai cla cac loai thanh gian (DKO1, Dk02, DK03, DK04) dugc
khéng ché trong pham vi nhat dinh, xem Hinh 10. Bién trang thai
(SVs) la ting suat khéng vuot qua Ung suat cho phép. Ham muc tiéu
la trong lugng (WT) la nho nhat. Kich thudc sau khi téi uu van dam
bao diéu kién vé bién dang cho & Bang 2 [4].

Hinh 10. Cac bién thiét ké

5.CHE TAO LAP PAT

5.1. Chia khéi clra va té hop

Pé dadm bdo chat lugng, cong tac gia cdng co khi clra van dugc
ché tao trong xudng sau dé van chuyén va l3p dat tai céng trinh.
Do ctra van c¢6 kich thudc 16n rat kho khan trong cong tac van
chuyén nén clra van nhip I6n thudng dugc chia thanh cac khéi dé
van chuyén. Viéc chia khéi ctra dam bdo vi tri chia khéng phai la vi
tri bat loi nhat vé mat chiu luc do kho kiém soat chat lugng t6 hop
han tai hién truong. Cac khéi chia c6 thé khong déu va chia sé
lugng 1é d€ dam bao khoéng c6 vi tri ndi tai gilta nhip ctia van. Cac

mai ndi can dugc kiém tra dé c6 phuong an gia cudng khi can thiét.
Hinh 13 thé hién hinh anh khéi gilta clfa van c6ng Cai Bé dang
trong qua trinh van chuyén.

Tuy thudc nang luc clia nha thau thi cong, viéc t6 hop clra van
c6 thé thuc hién tai bai hodc tai vi tri lam viéc, tuy nhién can phai
ki€ém soat chat ché chat lugng dudng han tai hién trudng. Hinh 14
thé& hién hinh anh clia van c8ng Cai Lén dang dugc t6 hgp trén bai
va chudn bi ciu 13p vao vi tri lam viéc.

Bang 1. Bién thiét ké va gia tri tinh toan t&i uu

Bi&n Gia tri thiét Gia trj tinh toan t6i uu (mm)
T thigtke | ké (mm) Coban 1 Coban 2
1 B1 5200 5055 5155
2 B2 4300 4222 4359
3 B3 3100 3388 3044
4 H1 2600 2600 2600
5 H2 3000 3000 3000
6 H3 3367 3367 3367
7 DKO1 762x20,0 252x%20,0 200x20,0
8 DK02 457x12,7 312x12,7 439%12,7
9 DKO03 457x12,7 203x12,7 447x12,7
10 DKO04 457x12,7 380x12,7 453%12,7
11 DKO5 457%12,7 200x12,7 423%12,7
WT 66,085 28,232T 40,653 T
Bang 2. Kiém tra diéu kién bién dang sau ti uu
T6 hap Chuyén vi UZ Chuyén vi Nhan xét
(m) tuong déi
Coban 1 0,050968 1/784 Dat
Coban 2 -0,031981 1/1250 Pat
ANSYS] .
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Hinh 14. (tra van c8ng Cai L6n duoc t6 hap trén béi sau d6 ciu Iap ddt vao vi tri cong
trinh

5.2. Can tim trong tam tai hién truéng

Do ctia van thuc thé cé thé cé su sai khac so véi mé hinh tinh
toan thiét ké hodc trong qua trinh thiét ké chua xem xét dén trong
tam cla van vi vay can thiét phai xac dinh chinh xac toa do trong
tdm clia van thuc té dé co bién phap xt ly thich hgp trudc khi ldp
dat vao cong trinh.

Dua trén nguyén ly can bang ngau luc cé thé xac dinh vi tri
trong tam ctia van. SU dung 4 kich thay lyc (100T hoac 150T) va cac
Loadcel dat tai dau kich tai cac vi tri nhu Hinh 15 va Hinh 16. Nang
toan bo clra van va doc gia tri phan lyc tai cac kich va tur do tinh
toan xac dinh trong tdm clra van trén mat bang theo so d6 Hinh 17
va céng thuc dudi day. Phuong phap nay kha don gian va phu hgp
vai diéu kién ky thuat hién c6 clia cac nha thau Viét Nam.

e te,=e
W +Vy)e =1, +V,)e,

b a a b
(VI(E+AX)+V3(E+ AX) = V4(E_AX)+V2(E_AX)

Vi V2

V3 V4

G=V]+V2+V3i+V4

V3i+V4

V1+V2)
|

Hinh 15. Diém nang ctia van

Hinh 17. Xac dinh toa d¢ trong tdm cta van

5.3. Diéu chinh trong tam

Sau khi xac dinh vi tri trong tam c(fa van trén thuc té€ néu khéng
dap ung yéu cau thiét ké thi can thiét phai diéu chinh trong tam.
Bién phap c6 thé st dung |a han thém cac thanh thép phu dé dai
trong hodc bom bé tédng vao cac 8ng thép dé diéu chinh trong
tam. Day chi dugc coi la bién phap tinh thé khong phai la bién
phap thiét ké clra van.

6. KET LUAN

Théng qua thuc tién thiét ké va ché tao cac clra van khau d6 16n
& DBSCL vlra qua, c4c tac gid mong muén dugc trao d8i thao luan
c4c van dé con tén tai dé ti€p tuc nghién ctu hoan thién trong thai
gian tadi:

- Cai tién hinh thic két cdu clfa van va t6i uu héa hinh dang va
kich thudc

- Nghién ctu va lua chon vat liéu thép cho clra van thép ving
bién

- Gidi phap bao vé bé mit chéng ha bam clra van ving bién

- Tinh todn d6 bén mai két cau clra van khau dé 16n

- Tu ddng héda trong thiét k&, quan ly van hanh va canh béo an
toan

- Xay dung tiéu chuan thiét k&, ché tao, ldp dit va nghiém thu
clra van thép khau dé 16n

- Xay dung dinh muc ché tao va bién phap lap dat cho phan
clra van thép khau do 16n
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Nghién cuu, danh gia su hinh thanh cac vét
nut nhiét cuc bé trong két cau bé tong khoi

lén 6 tu6i sém ngay

Research and evaluate the formation of local thermal cracks in mass concrete structures

at an early age
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Email: dothimydung1983@gmail.com

4Vién Ky thuat Cong trinh dac biét, Hoc vién Ky thuat Quan su
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TGM TAT:

Trong qué trinh xay dung két céu khdi len nhe dap, bé mang md,
tru cAu, mang dién gio, mang nha...thirang xay ra hign treng ran
nit @ tudi sém ngay. Mat trong nhitng nguyén nhan chinh anh
hiréng dén van dé trén |3 do legng nhigt toa ra trong qué trinh
thiy hda xi mang. D€ danh gig tng suét, bign dang nhiét hinh thanh
trong ket cdu bé tang khdi lan thi can thigt phai xac dinh su phéan
bd nhigt da trong ket cdu da. Vi vay, nghién ctu nay, tac gia st
dung phuong phép sd dé xac dinh sw phén bd nhiet do bén trong
ket cdu bé tong khdi lan. Dang thavi, danh gia sur hinh thanh vét nit
nhiét cuc bd trong ket céu & tudi sam ngay. K&t qué nghién cou |3
tai lieu tham khéo trong qué trinh thigt ke, thi cang cac céu kien
bé tang khdi lan trong diéu kien Viet Nam.

Tir khaa: vt nirt nhigt; nhigt da; chénh lach nhigt do; bé tong khdi
|cm.

ABSTRACT:

During the construction of mass concrete such as dams, bridge
abutments, and piers, wind power foundations, house foundations,
etc., cracks often occur at an early age. One of the main causes
affecting the above problem is the amount of heat released during the
cement hydration process. In order to evaluate the stress, thermal
deformation formed in the mass concrete structure, it is necessary
to determine the temperature distribution in mass concrete
structure. Therefore, in this study, the author uses a numerical
method in order to determine the temperature distribution inside the
massive concrete structure. At the same time, evaluate local thermal
crack formation in the structure at early age. The research results
are references to the design and construction process of mass
concrete blocks in Vietnamese conditions.

Keywords: thermal cracks; temperature; temperature difference;
mass concrete.

1. DAT VAN BE

Trong xay dung cac cong trinh nhu dap thuy dién, méng cot dién
gié, m6 cau, tru cau.... thudng cé kich thudc rat 16n va chiing dugc goi
chung la cau kién bé tong khéi Ién (BTKL) [1-3]. Mét trong nhiing tac
déng dang k& va &nh hudng dén su thay déi thé tich ca két cdu d6 la
hiéu tng nhiét do, hau qua ching gay ra su thay déi trang thai ting
suat-bién dang cla két cau trong thdi gian xay dung va van hanh [4, 5].
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Su phat trién trudng nhiét do, ing sudt trong cau kién BTKL
dudi tac dong bai nhiéu yéu t6. Cac yéu t6 bén ngoai co thé dugc
k€ dén nhu: nhiét d6 khong khi, nhiét do nén, van khudn, sy hién
dién cua gi6 va hudng cta gié. Yéu t6 chinh bén trong tac dong
trong thai gian thi cong la su téa nhiét cda xi mang. Lugng nhiét
tda nhiét ra phu thudc vao thanh phan ctia hén hgp bé tong nhu:
ham lugng xi mang va loai xi mang st dung [6].



Ngoai ra, su hinh thanh trudng nhiét d6 con chiu anh
hudng bdi nhiéu yéu té cong nghé thi cong nhu: so d6 dé
bé téng, nhiét d6 ban dau ctia hén hgp bé tong, chiéu day
I6p d6, téc doé thi cong, st dung hé théng éng lam lanh, thé
tich khodnh dé... Trong qué trinh thi cong BTKL, su tang
nhiét dang ké bén trong cta khdi bé téng do qué trinh thay
héa xi mang. K&t qua la, xuat hién sy chénh léch nhiét dé
dang k& c6 thé xay ra gitra tdam va bé mit cta khéi bé téng.
Hé qua hinh thanh (ng suat kéo dang k& va hinh thanh vét
nut nhiét [7, 8].

Van dé nat nhiét trong két cau BTKL luon dugc dong dao cac
nha khoa hoc quan tdm nghién cttu khong chi yéu té vat liéu ma
con yéu t6 cong nghé xady dung. TU d6, can dua ra cac bién phap
dé& ngan nguia sy hinh thanh vét ndt nhiét trén ca hai phuong dién
vat liéu sir dung va bién phap thi cong.

Hién nay, tiéu chi danh gia su hinh thanh vét nit nhiét
luén dugc cac Quéc gia, hiép hoi dua ra cé su khac nhau dé
phu hgp véi dac diém thi cong cling nhu khi hau ving, mién
ctia minh. @ Viét Nam, theo tiéu chuidn TCXD Viét Nam
305.2004 "Bé& tdng khoi I16n - quy pham thi cong va nghiém
thu", hai yéu t6 dugc kiém soat dé€ ngan ngua su xudt hién
cla cac vét nat trong cau kién BTKL. Y&u té dau tién la su
chénh léch nhiét dé gilta tdm va bé mat cla né AT. D€ tranh
xudt hién cdc vét nut, diéu kién can: AT <20°C. Y&u t8 thi hai
la gradient nhiét d9, gia tri cia n6 phai khong vuot qua Mt <
50°C/m [15]. Cé thé thdy rang, tiéu chudn TCXD Viét Nam
305.2004 da khong chi quan tam dén chénh léch nhiét do
gita 2 diém bat ky khéng dugc vuot quéa 20°C ma con quan
tam dén gradien giira 2 diém do.

Tuy nhién, hau hét cac nghién ctu chi danh gia so b su
hinh thanh vét nat nhiét thong qua chénh léch nhiét d6 cho
phép gitta tdm va bé mat khéi bé tong va lng suat kéo cuc
dai trong két cdu ma chua c6 nghién ctu chi tiét vé chénh
léch nhiét cuc bd bén trong két cau. Dlng vé phuong dién ly
thuyét bién dang nhiét, thi ¢ng suat nhiét hinh thanh do
bién dang nhiét cuc bd gy ra. Dac biét, khi bé tong & tudi
sm ngay (bé tong bat dau hinh thanh cudng d9, chua chiu
tai trong khai thac) thi chénh léch nhiét d6 cuc bé sé quyét
dinh dén bién dang nhiét cla két cau.

Trong nghién clru nay, tac gid st dung phuong phap phan ti
hiu han (PTHH) d€ phan tich trudng nhiét do trong két cdu BTKL.
Dong thai, st dung ly thuyét bién dang nhiét dé xac dinh chénh
léch nhiét d6 cuc bd bén trong két cau. Tir d6, dua ra danh gia su
hinh thanh vét ndt chung va vét nut cuc bé trong két cdu BTKL &
tudi sém ngay. Két qua thu dugc la tai liéu tham khdo ciing nhu
dua ra khuyén céo trong qua trinh thiét ké, thi cdng cdu kién BTKL
& Viét Nam.

2. VAT LIEU VA PHUONG PHAP NGHIEN CU'U

2.1. P8i tugng nghién cifu

Xem xét danh gia su hinh thanh cac vét nat (vét nut cuc
bé va vét nit chung) trong ciu kién BTKL & tudi sém ngay.
Véi khéi bé téng cé kich thudc 8,0m x 6,0mx 3,0m va trén
nén co kich thudc 16,0m x 12,0m x 4,0m. Do mé hinh tinh
c6 tinh d&i xiing nén 1/4 mo hinh dugc thiét 1ap dé chia ludi
PTHH. So d6 cdu tric va mo hinh tinh toan theo phuong
phap PTHH dugc thé hién trong Hinh 1. Cac dac trung vé
nhiét ctia bé téng va nén dugc dua vao moé hinh tinh toan
dugc trinh bay trong Bang 1.

b)

Hinh 1. Kich thuéc mo6 hinh (a) va lugi FEM (b)
Bang 1. Cac tham s6 dau vao trong mé hinh cta vat liéu

’ Gia tri
Ne Tinh chat, don vi
Bé téng Nén

1 Hé s6 dan nhiét, W/(m.cC) 2.60 2.00
2 | Nhiét dung riéng, kJ/(kg.°C) 0.95 0.84
3 | Khoilugng riéng, kg/m? 2400 2650

Hé s6 truyén nhiét d6i luu,
4 W/(m2.°C) 12.00 14.00
5 | M6 dun dan hoi, N/m? 2.7x10'" 1.8x10'
6 | Hésbgiannd 1106 110
7 | Hé s6 Poat-xong 0.18 0.20

Ham lugng xi mang trong 1 m?3
8 bé tong, kg/m? 350

Lugng nhiét téa ra t6i da cla 1
2 kg xi médng, kJ/kg 300
10 | Nhiét @6 ban dau, °C 25 25

2.2. Phuong trinh co ban cha ly thuyét truyén nhiét

Phuong trinh vi phan clia truyén nhiét trong két cdu bé téng
dugc thé hién theo phuong trinh (1) [11-13]:

E(kxﬁ}ﬁ[kﬂ}ﬁ(kz@jwv:pcﬁ, M

ox\ “ox) oyl "oy ) oz\ “ez ot

trong d6: ky, ky, k. — hé s6 khuéch tan nhiét theo 3 phuong ox,
oy, 0z (kx = ky = k: = A/c.p), m?/s; quv - lugng nhiét dugc tao ra bai cac
ngudn bén trong tai mot thoi diém nhat dinh, vi dy, trong qua
trinh thay hoéa xi mang, W/m?3; ¢ - nhiét dung riéng, kJ/kg.oC; p -
khai lugng riéng, kg/m3; V2t - todn tU Laplat; T - thai gian, ngay.
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Khi gidi phuong trinh (1), ngudi ta can biét diéu kién ban dau
va diéu kién bién [14, 17, 18]:

Diéu kién ban dau cho biét quy luat phan bé nhiét do trong vat
thé & thdi diém ban dau. Diéu kién ban dau chi c6 mat trong qua
trinh khéng 6n dinh, qua trinh &n dinh thi khéng can diéu kién ban
dau.

Diéu kién bién cua loai 1 (con goi la diéu kién bién Dirichlet):
cho biét quy luat phan bé nhiét do trén bé mat clia vat thé.

Diéu kién bién cla loai 2 (con goi la diéu kién Neuman): cho
biét mat dé dong nhiét tai bé mat.

Diéu kién bién cua loai 3: cho biét quy luat tod nhiét gitta bé
mat vat va moi trudng bao quanh vat tuan theo phuong trinh
Newton — Richman.

ot
A—=h(t. —t), 2
on (0 =2) @)

trong d6: n — phuang phép tuyén; h - hé s doi luu, W/(m2.°C);
tw - nhiét d6 bé mat, °C; t.- nhiét d6 trung binh, °C.

Diéu kién bién cta loai 4: c6 su ti€p xuc nhiét chat ché & ranh
gidi cia hai vat thé.

ot, ot

Ly :lzkv}‘la*n]:kzairj: (€)

trong do: ti, t - nhiét d6 cda vat thé thd nhat va vat thé tha
hai & ranh gidi ti€p xuc cha ching, °C; A1, A2- hé s6 dan nhiét cha
vat thé thu nhat va vat thé thi hai, W/m.°C.

Pé giai cac bai toan xac dinh trudng nhiét dé trong két cau
BTKL, ngay nay ngudi ta thudng st dung phuang phap sé (thudng
duing nhat la phuong phéap phan ti hitu han - PTHH). Trong nghién
cliu nay tac gia st dung phan mém Midas civil dua trén nguyén ly
cla phuong phap PTHH dé xac dinh nhiét do trong cau kién BTKL
[9, 10, 19, 20]. Tu d6, danh gia su hinh thanh vét nidt nhiét cta
ching & tudi sém ngay.

2.3. Péanh gia bién dang nhiét cia khdi bé téng

Tiéu chuan danh gia su hinh thanh vét nit chung cla ciu kién
BTKL.

D€ ngan nglia cac vét nut do nhiét, chénh léch nhiét do I6n
nhat gitfa tdm va bé mat (ATma) khéi bé tdng can dugc khéng ché,
ATmaxdugc xac dinh bai CIRIA C660, nhu trong céng thuc (4) [14]:

_3,7¢
o

AT,

max

4

trong dé: ¢ - kha nang chiu kéo Ién nhat cta bé téng; a - hé s6
gidn n& nhiét ctia bé tong.

Dua vao tiéu chuan CIRIA C600, ATmax = 19,9°C = 20°C, khi a =
13x10°va e =70x10°.

Chi tiéu danh gia su hinh thanh vét nit nhiét cuc b trong
két cau BTKL.

Nut trong khéi bé téng lién quan dén bién dang thé tich khéng
déng déu trong qua trinh déng cling bé téng. Bién dang bé téng
bao gém hai thanh phan:

Thanh phan dau tién la do bé téng bi co ngét, ty & co ngdt
thay déi lién tuc va khé xac dinh. Vi vay, dé don gian, ngudi ta
thudng quy d6i thanh nhiét dé tuong duong ATy =3 + 5 °C [16].

Thanh phan tha hai 1a do su thay d8i nhiét do cla cac diém
trong khdi bé téng, chiing gy ra su thay déi nhiét d6 AT..

Do d6, bién dang nhiét do nguyén nhan chénh léch nhiét do
AT1 va AT gay ra va dugc téng hgp theo céng thuc (5) [16]:
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e =KoAT, (5)

Trong d6: € - bién dang nhiét; K - hé sé hinh dang; o - hé s6
gian nd nhiét; AT - chénh lénh nhiét d gay bién dang va dugc xac
dinh theo (6):

AT = AT + AT, =5+AT, ©)

Vi vay, dé danh gia su hinh thanh cac vét nut trén khdi bé tong
can xac dinh su chénh léch nhiét dé AT,.

E)leng cong phan bd
[ nhiét thuc té

IE

S ™ Nhiét d6 trung binh
T tuyén tinh, T ()
S
Tiét dién sau

bién dang

bién dan
\
Hinh 2. Su xudt hién cGa mién gian ra va co lai khi phan bé nhiét d6 cong
Theo ly thuyét vé bién dang nhiét, su phan bé clia trudng nhiét
do trong bé tong la dang cong. Do su lién két gilta cac phan tu
trong khéi bé tdng nén ching chi né ra va co lai phu hgp véi
dudng nhiét dé trung binh tuyén tinh. Budng nhiét dé trung binh
tuyén tinh dugc xac dinh theo céng thic (7) [16]:

Tiét dién tr;dc
a

T=f+2 Ty %
a
trong dé: Ty, T2 - xac dinh theo biéu thuic (8):
T :g(z—zf}z :ﬁ[sf—l} ®)
a a a a

S - khu vuyc dugi dudng cong nhiét do thuc té dugc xac dinh
theo coéng thuc (9):

S= JH.T(x)dx ~ i];(x).Axi ©)

e - toa do trong tam cla dién tich S dugc xac dinh theo cong
thic (10):

[TCoxds 7)., Ax
e= Oa ~ i=ln (.I 0)
[Teyax 2 T4y

Danh gia su hinh thanh cac vét nut trén bé mat AT

AT, =T(x)-T(x) (1

TU céng thiic (11) ta thdy: khi AT2>0 mét vung kéo xuat hién;
khi AT> <0 mot vung bé téng nén xuat hién.

Bién dang kéo tGi han cla bé téng tudi 28 ngay thudng duoc
13y &= (1.5-2)x10% hé s6 gian n& vi nhiét a= 1x10% (1/°C); hé s6
hinh dang K = 1; chénh léch nhiét d6 tuong duong gay ra do co
ngot ATq = 5°C.

TU phuong trinh (5) va (6) ta thu dugc:



_4
AT, = AT—AT, _ & s 1.5><1(7)5
Ka 1x10
Do d6, nhiing vi tri trong khoi bé téng c6 ATz <10°C, vét nut
nhiét khong xuat hién. Ngugc lai, nhiing vi tri c6 AT2 > 10°C vét nit
nhiét cuc bo sé hinh thanh trong khoi bé tong.

-5=10°C (12)

3. KET QUA VA THAO LUAN

3.1.Danh gia kha nang niit chung cta khéi bé tong

Mot s6 két qua tinh toan trudng nhiét do trong khoi bé téng
dugc thé hién trong Hinh 3.
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Hinh 3. (a) - Truting nhiét dd trong khéi bé tong sau 96 git d6; (b) - Phét trién nhiét
d0 tai tim va bé mat khai bé tong

Su phan b6 nhiét d6 trong khéi bé tdng sau 96 gid dugc thé hién
trong Hinh 3a. Hinh 3b thé hién dé thi su thay déi nhiét d6 & tam va bé
mat clia khoi bé téng, cling nhu chénh léch nhiét d6 gilta tdm va bé
mat khéi bé téng theo thai gian. Tai thai diém sau 60 gid, chénh léch
nhiét d6 gilra tdm va bé mat khéi bé tdng vugt qua 20°C. Tuc la tai thoi
diém d6 vét nut trén bé mat khéi bé téong bat dau hinh thanh. Tuy
nhién, su thay déi gia tri chénh léch nhiét d6 dan 6n dinh va gidam dan
theo thoi gian. Piéu dé dugc ly gidi nhu sau: theo thoi gian, lugng
nhiét bén trong 16i khéi bé tdng dan duoc thoat ra bén ngoai, dan dén
chénh léch nhiét d6 tam- bé mat giam dan theo thai gian.

3.2.Panh gia su hinh thanh vét niit cuc b ctia két cau BTKL

Xem xét su phdt trién nhiét dé va chénh léch nhiét dé cuc bé
xung quanh cdc nit §hang 1 (cdcnit 1,2, 3,4,5,6,7,8,9).

Cac diém nay nam trén hang dau khéi bé téng va tiép xuc truc
ti€p vdi khong khi. Do d6, dé tang nhiét dé clia chiing khéng dang
ké so v6i cac diém bén trong khéi bé tong. Nut 1 c6 nhiét dé thap
nhat so v&i cac nut khac. Nat 8 va 9 c6 nhiét d6 cao nhat va dat
40°C sau 36 git bé dugc d8. TU hinh 4b ta thay, tat cd cac diém déu
NG (AT2> 0), nut 1 cé nhiét dé chénh léch 16n nhat va bang 7,8°C.

a) b)

Hinh 4. (a) - Phat trién nhiét dd & cic it cia hang 1; (b) - chénh lach nhiét @ cuc bd
xung quanh ching

Trong khi d6 & hinh 4b, chénh léch nhiét do cuc bd xung
quanh nudt 1 va nut 9 la 7,8°C (= 10°C). Theo tiéu chi ndt cuc bé thi
vé&t nut sé xuat hién & vitrinut 1va 9.

Xem xét su phdt trién nhiét dé va chénh léch nhiét dé cuc bé
xung quanh cdc nut & hang 2 (cdc nat 10, 11, 12, 13, 14, 15, 16,
17, 18).

Hinh 5a cho thay cac nat 10 va 11 ndm ngoai clia cau kién bé tong
nén nhiét dé clia chiing nhoé hon cac nut 12,13, 14, 15,16, 17, 18. Cac
ndt nam gan tam cuda khoi bé téng, ching cé su bién thién nhiét d6
gan giéng nhau. Nhiét dé t&i da nhan dugc la 62°C sau 84 gid dé bé
tdng. Sau do, nhiét do cac nut cd xu hudng gidm dan theo thai gian.

2 e [ el L -
a1} ol 16 = moda |7 —

Ed
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a) b)

Hinh 5. (a) - Phat trién nhiét d9 & cic nit cia hang 2; (b) - chénh l&ch nhiét d6 cuc bo
xung quanh ching

Hinh 5b cho thay su chénh léch nhiét dé cuc xung quanh céac
nut ctia hang 2. Phan I6n chénh léch nhiét d6 duong (AT2> 0) - cac
phan ti bé tong c6 xu hudng chju kéo. Tuy nhién, véi nat 12, sau
72 gid d6 bé tong thi chénh léch nhiét do6 AT, <0 -bé téng xu
huéng chju nén. Bac biét, & cdc nut 10, 17, 18 ¢ nhiét d6 chénh
léch AT>> 10°C nén xuat hién vét nut nhiét sau 36 gid d6 bé tong.

Xem xét su phdt trién nhiét d6 va chénh léch nhiét dé cuc bé
xung quanh cdc nit 6 hang 3 (cdc nat 19, 20, 21, 22, 23, 24, 25,
26,27)

Su phat trién nhiét d6 va hinh thanh chénh léch nhiét d6 cuc
bé clia cc nit hang 3 tuong tu nhu cac nut & hang 2. Nhiét d6 bé
mat (nut - 19) ctia khéi bé tdng luén thap hon nhiét d6 cla cac nat
bén trong (Hinh 6a).

ki
L

ara

a) b)

Hinh 6. (a) - Phat trién nhiét do & cdc nit ctia hang 3; (b) - chénh léch nhiét d6 cuc bo
xung quanh chiing
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Nhiét d6 cac ndt tang dan vao phia trong ctia khoi bé tong. Nut
27 c6 nhiét d6 I6n nhat va dat gia tri khoang 64°C sau 96 gis dé bé
téng. Nhin vao su phat trién ctia chénh léch cuc bd xung quanh
cac nut clia hang 3 (Hinh 6b) cho thdy, cac nut 19, 26 va 27 sé hinh
thanh cac vét nut nhiét do chénh léch nhiét d6 xung quanh ching
vugt qua 10°C.

Xem xét su phdt trién nhiét dé va chénh léch nhiét dé cuc bé
xung quanh cdc nat & hang 4 (cdc nut 28, 29, 30, 31, 32, 33, 34,
35, 36).

Dién bién nhiét do clia cac nut & hang 4 dugc thé hién trén
hinh 7. Tt hinh 7 ta thay nudt 28 da hinh thanh vét nit (ndt nay tiép
xuc véi khong khi) do chénh léch nhiét do cuc bd vugt qua gia tri
cho phép.

a) b)
Hinh 7. (a) - Phat trién nhiét d6 6 céc niit cia hang 3; (b) - chénh lch nhiét d6 cuc bd
xung quanh chlng

4, KET LUAN

Dua trén két qua thu dugc, c6 thé rut ra két luan sau:

1. Cac vét nut nhiét c6 thé dugc kiém soat bang cach xem xét
tat ca cac yéu t6 anh hudng dén nhiét do, trudng Ung suat trong
qua trinh xay dung va khai thac.

2. Banh gia vét nit cuc bd trong khoi bé tdng ¢ y nghia rat
quan trong dé du doan chinh xac su hinh thanh vét nit nhiét dé tu
d6 dua ra cac bién phap phu hop. Trong nghién ctu nay, hau hét
cac nat trén gan bé mat ctia khéi bé téng thudng bi nit. Vi vay, can
ti€p tuc nghién clu cac bién phap ngdn ngtia su hinh thanh vét
nut nhiét nhu gidm ham lugng xi méang, st dung hé théng 6ng lam
lanh cing nhu st dung van khuon cach nhiét.

3. Huéng nghién citu tuong lai: ti€p tuc nghién ctu, xac dinh
chiéu réng vét nut va mat do vét nit xuat hién trén ciu kién BTKL.
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Gidi phap khéi pha song tetrapod bé téng
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Novel solution for environmental friendliness semi-precast concrete tetrapod breakwater
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TGM TAT:

Bai bao trinh bay y twing thigt ke va thuc nghigm ché tao cia giai
phép khii pha stng tetrapod bang bé tong |ap ghép than thien mai
truang. Khdi pha sang dugc thist ke thanh 2 phan dé va dinh ca lai
riing & trong nham |am gidm kich thudc va trong lrgng cla céu
kign trong qua trinh van chuyén va |&p dat. Giai phap thigt ke nay
chi sir dung vat ligu bé tong cho | phan cia khdi pha sang nhur |3
ket céu va, phan ring phia trong lép v sé duge bom dan bing vat
ligu tai chd ré hon nhu cét bién, d& hac tai vi tri [ap dat dé dam
béo trong lrgng thigt k& yeu cdu. Ngoai ra gidi phap thigt k& can
cho phép két hop chic ning tréng cay. Vai chirc nang tring cay,
khdi pha sdng sé& hoat dang theo nguyén tac nhu rimg ngap mén tu
nhién vai hé thing ré cay phic tap va dan xen gidp chang xai man,
ddng thai lign ket cac khdi tetrapod vai nhau thanh mat mang ket
cdu ca tinh dn dinh cao, |3 s ket hop hai hoa giira gidi phap nhan
tao va tu nhign, than thign mai truang.

Tir khaa: Khdi pha stng; tetrapod; than thign mai truang; bé tang
|&p ghep.

ABSTRACT:

This paper presents a design idea and experimental fabrication of a
novel solution for environmental friendliness semi-precast concrete
tetrapod breakwater. The tetrapod breakwater is designed into 2
parts, so called the base and the top parts with a hollow core inside in
order to reduce the size and weight of the structure during
transportation and installation. This design solution only uses
concrete material for one part of the breakwater as the shell
structure, the hollow parts inside the shell will be filled by cheaper in-
situ materials such as sea sand or rock at the construction site to
meet the required design weight. In addition, the design solution also
allows to combine the function of planting trees. With the function of
planting trees, the breakwater will work on the same principle as a
natural mangrave forest with a complex and intertwined root system
to help prevent erosion as well as to link the tetrapods together into a
structural network with higher stability. This design is a harmonious
and environmental friendliness combination of artificial and natural
solutions.

Key words: breakwater; environmental friendliness; tetrapod;
semi-precast concrete.

1. PAT VAN BE

Cac két cau nhan tao dang dugc st dung dé pha song ciing
nhu bdo vé b bién hién nay c6 xu hudng bi bao mon, pha hay
theo thoi gian béi tac dong lién tuc clia moi trudng xam thuc cling
nhu luc téc dung cla séng bién [1]. Ngoai ra, gidi phap dung cac
kh&i phé séng bang bé tong loai I6n tuy cé hiéu qua I6n trong béo
vé ba bién, tuy nhién lai pha hdy nghiém trong khung canh thién
nhién doc theo cac ba bién. D8i véi cac tuyén bdo vé ba tu nhién,
han 35% dién tich ritng ngdp mat trén thé gidi da bién mat vi hiéu

Ung nha kinh [2]. Diéu nay la thach thiic I6n ma con ngudi can déi
mat, dat ra nhirng yéu cau vé cac giai phap bao vé bd masi ngoai
thuc hién chic nang chinh 1a bao vé bs dong thai c6 thé duy tri
tuyén bao vé bd ty nhién nhu la su két hgp hai hoa gilia giai phap
nhan tao va ty nhién.

Khéi pha song tetrapod la két cau bang bé téng dugc st dung
dé pha séng, chéng x6i mon ba bién. Két cau nay dugc coi la tuyén
4o giap trén dé chan song [3]. Hinh dang 4 chan cla khéi tetrapod
dugc thiét k& dé tiéu tan nang lugng cla séng téi béng cach cho
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phép nudc chdy xung quanh thay vi chéng lai ap luc ctia séng va
nudc. Cac khéi nay thudng dugc 16ng vao nhau mot cach ngau
nhién, tao thanh mét khéi I6n dé ngan can sy dich chuyén cta ban
than dudi tdc dung cla séng bién. Mac du hiéu qué trong pha
s6ng bédo vé b, sit dung khéi pha soéng tetrapod cling dat ra cac
van dé lién quan dén moi trudng can dugc giai quyét. Cac nghién
ctru khoa hoc chi ra rang st dung khéi pha séng tetrapod lam tang
téc d6 x6i mon bai bién bing cach lam xdo trén qua trinh hinh
thanh méi trudng bién theo cach tu nhién. Hoat dong cta cac khéi
tetrapod kéo cat ra khoi bd nhanh hon so véi nhitng gi xay ra trong
qua trinh ty nhién, lam héng cadnh quan ty nhién, do dé khéng
phu hop trong béi canh hién nay [4,5], t&r d6 dat ra van dé cap
bach vé céc giai phap st dung khéi pha séng tetrapod theo hudéng
bén viing, than thién méi trudng.

Giai phap khéi pha séng tetrapod két hop trong cay (Tetrapod
Green Sea Defence) da dugc dé xuat bai Sheung-Hung Lee va Wan
Kee Lee thudc Cong ty Tetrapod Shanghai, Trung Quéc vao nam
2016 [6] v&i muc tiéu ap dung giadi phap nay vao cac vung triéu
nhiét dgi va can nhiét déi co riing ngadp man. V& mat y tudng, mot
16 rbng cé kich thudc I6n dugc tao ra trong 1 chan cda khéi
tetrapod 4 chan nhédm tao khong gian dé trong cay, 3 16 rédng khac
nho hon sé dugc ché tao nam trén than cda chan nay va gila 3
chan con lai € nudc bién c6 thé vao, luu tr, ra va déng thai la nai
dé ré cay phat trién, thoat ra ngoai bam sau vao dat theo thai gian.
Y tudng nay dugc minh hoa trong Hinh 1.

=

Hinh 1.Y tugng khéi pha song két hop trong cay [6]

Giai phap thiét ké nay ky vong sé tao nén hé rao chén séng dan
xen gilta cac kh6i phé séng va hé ré cay phat trién qua cac 16 réng.
Vo ngoai bang bé téng cta khéi tetrapod sé bao vé cay khi ching
trong qua trinh phat trién, khi ré cay phat trién day du sé giup c6
dinh tiing khéi ding vi tri va én dinh hon trong qua trinh lam viéc.
Hé théng chung nay sé hoat dong theo nguyén tac nhu riing ngap
man tu nhién véi hé thong ré cay phuc tap va dan xen gitp chéng
x6i mon, déng thai lién két cac khoi tetrapod véi nhau thanh mét
mang két cdu c6 tinh én dinh cao. Gidi phap nay khéng chi duoc
coi la 1 tuyén chan séng bao vé bs don thuan ma con tao nén moét
hé sinh thai, ngéi nha cho sinh vat séng. Giai phap trén da bat dau
dugc thuong mai hoa, tuy nhién viéc ché tao khéi tetrapod loai nay
tuang déi phuc tap.

Ngoai ra, thuc té thi cdng va st dung khéi pha song hién nay
dang vudng nhiéu khé khan cho ca cht dau tu va nha thau do: (i)
khoi lugng bé téng st dung cho cong tac ché tao Ién, khong tan
dung dugc vat liéu tai ché dan dén chi phi vat liéu I6n va (i)
thudng phai huy dong thiét bi van chuyén, cau I3p siéu trudng siéu
trong. Do d6 yéu cau vé tan dung vat liéu tai cho, giam kich thudc,
khéi lugng van chuyén, cau I3p nhung van dam bao kich thudc va
trong lugng trong theo yéu cau thiét ké trong qua trinh sir dung la
rat can thiét.

Trén cd s& do, nghién clu nay dé xuat giai phap thiét ké va ché
tao thr nghiém khéi pha song 1ap ghép bé tong tetrapod c6 chiic
nang tréng cdy nham muc dich giai quyét cac van dé dat ra & trén.
Vi chiic nang trong cay, giai phap khdi pha song sé hoat dong
theo nguyén tac nhu rirng ngdp man tu nhién véi hé thong ré cay
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phtc tap va dan xen gitip chéng xéi mon, dong thai lién két cac
khéi tetrapod vé6i nhau thanh mét mang két cau cé tinh én dinh
cao. Ché tao thi cong 1ap ghép cho phép chia khéi pha séng thanh
cac manh nhé hon, thuan tién han trong khau van chuyén, cau lap.
Ngoai ra giai phép thiét ké chi st dung vat liéu bé téng cho 1 phan
clia khéi pha séng nhu la két ciu v, phan réng phia trong 16p vd
sé dugc bom dan bang vat liéu tai ché nhu cat bién, da hoc, ... dé
dam bao trong lugng thiét ké chia cau kién.

2. GIAI PHAP THIET KE

2.1. Cau tao khdi tetrapod nguyén mau

Khéi pha séng tetrapod loai 4 chan cé hinh dang va kich thudc
nhu thé hién trong Hinh 2, trong do6 kich cac kich thudc dinh dang
& Hinh 2¢,d c6 ty Ié ¢8 dinh véi chiéu cao H. Thé tich khdi tetrapod
dugc xac dinh theo chiéu cao H nhu sau:

V =0.28+° (M

LB D

Hinh 2. Hinh dang va kich thudc khdi tetrapod

Trong thuc t€ st dung, tuy thudc vao khéi lugng én dinh tSi
thiéu clia mot ciu kién ma Iua chon chiéu cao H cta khdi tetrapod
phu hgp. V6i khéi pha song tetrapod st dung bé tong nang thong
thudng véi khéi lugng riéng 2.5 T/m3, kich thudc cac khoi tetrapod
c6 trong lugng dén 25 T dugc thé hién trong Bang 1.

Bang 1. Kich thudc mét s6 khoi tetrapod

di Fhodng cich im oiic chiln

Trong
lugng
1 khéi 05| 10| 20| 50 | 10.0 | 150 | 20.0 | 25.0
tetrapod
(T
A 0.27 1034|043 | 058 | 0.74 | 0.84 | 0.93 | 1.00
B 0.14]0.17|0.21 | 0.29 | 0.37 | 042 | 0.46 | 0.50
C 043054068 | 092 | 1.16 | 1.33 | 1.46 | 1.58
D 042053067 | 091 | 1.14 | 1.31 | 144 | 1.55
E 0.21]0.27 {033 | 0.45 | 0.57 | 0.65 | 0.72 | 0.78
F 058073091 | 1.24 | 1.57 | 1.79 | 1.97 | 2.12
G 0.1910.24 | 0.31 | 042 | 0.52 | 0.60 | 0.66 | 0.71
H 090|113 (142|193 | 244 | 2.79 | 3.07 | 3.30
| 0.54)069|086| 1.17 | 148 | 1.69 | 1.86 | 2.00
J 0.27 1034|043 | 059 | 0.74 | 0.84 | 0.93 | 1.00
K 098|123 |1.55| 2.11 | 2.65 | 3.04 | 3.34 | 3.60
L 1.08 136|171 | 232 | 292 | 3.35 | 3.69 | 3.97

2.2. Thiét k& khéi pha séng lap ghép
Khéi pha song lap ghép dugc thiét ké dua trén co s kich thudc
cac khéi pha song nguyén ban tuong tng. V&i mobi loai khéi pha



song kich thudc khac nhau, miic d6 réng danh ché cho vat liéu dén
dé tai ché phia trong khéi pha séng sé khac nhau, dugc xac dinh
thong qua chiéu day I6p vo bé tong duc san. Chiéu day 16p vé bé
téng duc san v6i moi loai khdi pha song dugc thiét ké trén ca s& do
bén clia n6 trong qua trinh cdu I3p, khi 13p dat chua c6 vat liéu dan
va khi bom/dé vat lieu dan. Qua trinh thiét k& dugc thuc hién
thong qua phan tich cac giai doan lam viéc cla I8p vd bé tong
bang phan mém Ansys nhu dugc minh hoa trong Hinh 3.

Hinh 3. M hinh va kiém tra (ing suat cGa I6p v6 bé tong khi bom dén vét liéu

Trong tam clia bai bao nay nham gidi thiéu vé y tudng thiét ké
va trién khai ché tao thuc nghiém, viéc phan tich tinh toan va thiét
ké chi tiét sé dugc trinh bay trong mét bao cao khac. Vi muc dich
dé, khéi tetrapod loai 5 T dugc lua chon lam nguyén mau dé trién
khai y tudng thiét ké va thuc nghiém. Cac kich thudc co ban cua
khéi tetrapod loai 5 T dugc thé hién trong Bang 1, trong d6 chiéu
cao cla khéi H = 1.93 m. Thiét ké khéi tetrapod bang bé tong lap
ghép bao gém hai phan chinh gom khéi dé va khéi dinh nhu dugc
thé hién trong Hinh 4. Khéi dé c6 chiéu cao 1,021m, gém toan bé 3
chan dudi cha khéi pha séng va 0,1m cla phan chan trén. Phan
khéi dinh la 1 chan clia khéi pha song. Hai phan nay déu dugc thiét
ké c6 dang réng trong do I6p vo bé tong cla khéi dinh cé chiéu
day t&i thiéu 50 mm tuy thudc vi tri, cGia khéi dé€ c6 chiéu day t6i
thiéu 80 mm tuy thudc vi tri.

590
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Hinh 4. Mat cdt doc khoi tetrapod trudc khi lap ghép

Hai bd phan chinh sau khi ché tao, van chuyén dén vi tri can
I3p dung sé dugc ghép va lién két véi nhau thong qua khép néi am
duong. Khéi dinh dugc gitt 6n dinh dya vao trong lugng ban than
va théng qua khdp néi am duong sau 0.1 m l6ng vao khéi dé,
ngoai ra con dugc ¢ dinh chéng xoay bang 3 thanh thép D20 dat
xuyén qua cac 16 chd sdn & khu vuc khép ndi am duang clia moi
khoi. Vat liéu dan sé dugc bom vao trong khéi tetrapod tir trén
dinh xu6ng cho dén khi dat yéu cau vé trong lugng thiét ké. Ngoai
thu gon kich thudc, gidm bét trong lugng cau kién khi cau l&p va
van chuyén, tan dung vat liéu bom dan la vat liéu tai ché c6 gia
thanh ré thay vi bé téng toan bd, thiét ké nay con cho phép két
hgp chiic nang tréng cay. Chau cay duoc dat lot vao phan réng
con lai ctia khéi dinh nhu minh hoa trong Hinh 5. Trong qua trinh
phat trién, ré cay thoat ra ngoai qua 3 16 D140 & trén thanh khdi
dinh va theo thai gian sé bam sau vao dat.

Chéu trdngcay

Wt lidu diin

100 140 268 , 273

i 370

426

275 |

Hinh 5. Gidi phap vat liéu dén va trong cay

2.3. Thiét ké van khuén

Van khuon cho khéi phé song tetrapod ldp ghép bao gém hai
b6 phan chinh la van khuén ngoai dé tao hinh va van khuén trong
dé tao 16i réng.

Céac manh van khuén
ngoai khoi dinh

Cac manh bén van
khudn ngoai khéi dé

Manh day van khudn
ngoai khdi dé
Hinh 6. Minh hoa van khudn ngoai khdi phé song
Van khuén ngoai cta khéi dé dugc tao thanh tir 4 manh chinh
lam bang thép tam day 3m, bao gébm 1 manh day va 3 manh bén
¢6 kich thudc va hinh dang giéng nhau. Van khuén ngoai va trong
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cta khéi dinh dugc tao thanh tir 3 manh chinh lam bang thép tdm
day 3m c6 kich thudc va hinh dang giéng nhau. D& gilr 6n dinh cuc
bé cho cac tdm thép van khuodn, quanh than van khuén dugc gia
cudng cac sudn thép 50x5 mm véi khodng cach phu hop. Cac
manh van khuén sau khi lap ghép dugc lién két véi nhau thong
qua céac khoa bang thép, sudn thép gia cudng tai vi tri lién két cd
kich thudc 50x7mm. Hinh 6 minh hoa gidi phap van khuon ngoai,
chi tiét cau tao ctia van khuén dugc thé hién qua hinh anh ché tao
thuc té trong phan sau.

V& mat y tudng clia gidi phap, dé€ tao 16i réng phia trong khéi
dé&, mét mo hinh bang x6p co hinh dang tuong tu vai khéi dé
nhung c6 kich thudc nhé hon sé dugc sit dung trong qua trinh dé
bé téng, nhu thé hién & Hinh 7. Khéi x8p nay sé dugc dinh vi dé tao
khoang cach gitia bé mat clia n6 va mat trong clia hé van khuén
ngoai khéi dé dung bang chiéu day thiét ké cta I6p vo bé tong
khoi dé. Sau khi bé téng déng ciing va dat cudng do, khoi x6p sé
dugc thao bé ra. Ngoai ra cling c6 thé ché tao cac bo van khuén
trong bang thép cho khéi dé tuong ty nhu van khuén trong cta
khéi dinh.

| ’ 708 1
|

Hinh 7. Mat cat doc khai xdp tao 16i rong cho khéi dé

3. THUC NGHIEM CHE TAO KHOI PHA SONG LAP GHEP

3.1. Chétao van khuén

Theo ban vé thiét ké chi tiét, van khuodn khéi dé va dinh dugc
ché& tao nhu thé hién trong Hinh 8 vz

——

Hinh 8. V&n khudn ngoai khdi dé trudc va sau khi ghép
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Hinh 9. Vén khudn ngoai va trong ctia khdi dinh trudc va sau khi lap ghép

3.2. Chétao khdi pha séng tetrapod lap ghép

Thuc nghiém tién hanh véi vat liéu bé tdong Mac 400, st dung
da kich c& 10x20 mm tai dia phuong (Phu Ly, Ha Nam), xi mang But
Son PCB 40, cat vang song L6, phu gia GPS-1500 va nuéc may séng
Ddy. Cac thi nghiém vat liéu dugc tién hanh tai nha may bé téong
dé dam bao cac vat liéu dap Ung cac yéu ciu st dung theo tiéu
chuén hién hanh, trong d6 thi nghiém cudng d6 chiu nén clia mau
bé tong dugc ti€n hanh theo TCVN 3118:1993 [7] cho két qua bé
téng dat mac theo yéu cau nhu thé hién trong Hinh 10.

RET QUA THINGHIEM THEET KE THANH PHAN BE T 56
Lyt in deviye
Wimbng By S ACR 40 - 80 1000w Py HA dam

Wi Gl 4t

i i Cin v Sang Lep Py ka7 75 13060

SLAS bt 2 Thid A A 400 ': LCLBLEE

Spesific v Mldu 15 13x03em iy

Spay i mi Nphy B aghbm || RIH21 BT
[§T5lr 5%

et Feutingdes

0l THONG TN S0 LIEL - A eiel punencaler

Nimdng { werat | D bl mén Cme Neeaghe By = SN |
Kb b s, ViR Iy
N YT
Kb Jusng o tich W Bl dresity 1380y e
Bro T o edk- Moty off s 42T (%)
MG dun & 1 Fiurews Lo
D . mshed storee | BOGH lUNE n‘.-'-a-hl.uu-lr;« ¥t dbepeiit T3 ;-. W i
Kheti e et tick g Bl deminy L& {hon 5
D2 dag ciadi- Hallinsrs apmee nr 47015
B THANH PHAN VAT LIEL CHO 1M BE TONG: Mix proponney fmb sf ooe s
:'Fl.r!.'lr_lx_l it ke T4 I A - It i e ? nedia | _['__i'l]_
Cin 1 %omad | et ly B w130 bhigren 35¢m
Da 55 10 rusdeal v TBls Do nin R npapdd, chipe camagerviivg smeght | 320 difilom
B MM anded srw, UG By |Coosorng B vob T ity T ehipn o grapuraaive aiwht | 378 i
HENr  [Cwing &) nén 13 g3 dep campreasior rivd | 385 LA e’
iy A devaurr 06l

Krtinim - Cwimg dé min BT it 06 medw bE sngdyt mic yi cin

Hinh 10. Két qua thi nghiém nén mau bé téng Mac 400
Qua trinh d8 bé téng, bdo dudng va thao van khuén dugc tién
hanh riéng véi hai khoi dinh va khéi dé. Hinh 11 va 12 ghi lai qua
trinh thi cdng d6 bé tong va thao van khuoén khéi dinh, Hinh 13 13
hinh dnh d8 bé téng khéi dé.

Hinh 11. D6 bé tong khoi dinh




Hinh 13. Khi d€ trong qua trinh d6 bé tong va sau khi théo van khudn

Sau khi bé téng dat cudng dé thiét ké va thao van khuodn, phan
dinh dugc ghép 1&n phan dé€ dé tao nén khéi pha séng tetrapod
13p ghép hoan chinh nhu thé hién trong Hinh 14.

Hinh 14. Khi pha séng tetrapod sau khi I3p ghép, béo dudng va hoan thién

TU Hinh 14 c6 thé thdy rang khéi pha séng tetrapod 13p ghép
dugc cdu thanh ti hai khéi réng co kich thudc va trong luong nhe
hon rat nhiéu so véi khéi tetrapod nguyén mau 5 T. Viéc van
chuyén va ciu 13p cdu kién nguyén mau cé chiéu cao 1.93 m va
trong lugng 5 T khé khan hon rat nhiéu so véi van chuyén khéi dé
c6 chiéu cao 1.02 m, trong lugng khoang 1.60 T va khéi dinh chi
0.26 T. Théng thudng cac khéi tetrapod dugce sap xép thanh hai l6p
chéng ngugc 1én nhau d€ van chuyén dén vi tri 1dp dung nhu minh
hoa & Hinh 15. C6 thé nhan thay vdéi cach sép xép dé van chuyén
nay, giai phap khai tetrapod 1ap ghép giup tiét kiém vé mat khong
gian hon rat nhiéu so véi khéi pha song nguyén mau. Tu Hinh 14
cling c6 thé thdy rang vat liéu dan sé dé dang dugc bom/tha vao
trong khoi tetrapod lap ghép tir mat trén khéi dinh. Cay cling c6
thé dugc tréng ti day bang cach dat chau cay lot vao phan réng
con lai ctia khéi dinh nhu da dugc minh hoa trong Hinh 5. Cac 16
réng D140 & bén sudn cla khéi dinh du kién |a nai dé ré cay thoat
ra ngoai khi phan dinh clia khéi tetrapod dugc st dung véi muc
dich trong cay, tao béi tu nhién & khu vuc pha séng.

Ny
b) Sdip xép van chuyén khdi tetrapod ldp ghép
Hinh 15. Minh hoa cach sap xép van chuyén cac khéi tetrapod

4, KET LUAN

Trong bai bao nay, y tudng thiét ké va thuc nghiém ché tao cla
gidi phap khéi pha séng tetrapod bang bé téng ldp ghép than
thién méi trudng da dugc trinh bay. Két qua thuc hién cho phép
rat ra mot sé két luan sau:

Y tudng vé giai phap khéi pha séng tetrapod bang bé tong lap
ghép két hgp chiic nang tréong cay than thién méi trudng la hoan
toan kha thi.

Giai phap giup thu gon kich thuéc va khéi lugng can van
chuyén va cdu I3p trong qua trinh thi cong I13p dat khéi pha séng.
Vi thuc nghiém ché tao trong nghién cdu nay, thay vi van chuyén
va cdu l3p cdu kién nguyén mau cé chiéu cao 1.93 m va trong
lugng 5 T, chi can van chuyén khéi dé c6 chiéu cao 1.02 m, trong
lugng khodng 1.60 T va khéi dinh khoang 0.26 T. Ngoai ra chiéu
cao xép chong hai hang khéi tetrapod cling gidm ti 2.94 m xuéng
con2.2m.

Khéi pha song lap ghép cho phép tan dung vat liéu tai cho ré
hon nhu céat bién, da hoc thay vi st dung toan bd khéi pha séng
bang bé tong, diéu d6 cho phép gidm gia thanh, chi phi xay dung.

V6i chic nang tréng cay, khoi pha séng sé hoat déng theo
nguyén tac nhu riing ngdp man tu nhién vai hé théng ré cay phuc
tap va dan xen giup chéng x6i mon, dong thdi lién két cac khéi
tetrapod v6i nhau thanh mét mang két cau cé tinh 8n dinh cao, 1a
su két hgp hai hoa gitia gidi phap nhan tao va tu nhién, than thién
moi truong.
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M6 hinh sé thi nghiém coc khoan nhéi

phut via than coc

N

Numerical model of static load tests on shaft grouted bored piles
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TGM TAT:

Nhitng ndm gén day, nhiéu céng trinh nha cao tang dugc xay dung
tai TP.HCM, mat thanh phd lan nhét va ndng dong nhét cia Viet
Nam. Phén lén dién tich coa thanh phd ndm doc theo ven séng Sai
Gan va sang Dang Nai, ddc bigc |3 cac quan trung tam. Coc khoan
nhdi ciia mang nha cao tang cén ca kich thuac va chiéu sau lan dé
xuyén qua lop d&t sét yeéu tram tich bao hoa nuac, ca chigu day
| va dam bao do méanh cia coc. Ky thuat phut vira than coc duge
ap dung dé tang strc khang thanh cia coc khoan nhai. Bai bao trinh
bay ma hinh sd theo phuang phap phan tir hiru han, théng sd cia
ma hinh duge xéc dinh tir phirong phap phan tich nguoc ket qué thi
nghigm xuyén tiéu chudn (SPT) cia dat nén va sic khang thanh
cia coc khoan nhdi phut vira than coc. Ma inh nay xac dinh thang
qua thi nghiém nén tinh coc nhim xac dinh stc chiu téi ca coc thi
nghiém cia cang trinh tai Quan 1. K&t qua dy bao cia ma hinh
durge so sanh vai sd ligu quan tréc ngoai hién trudng cho thay |3
dang tin cay. Ket qua tinh toan tr ma hinh cho phép dy bao duge
sirc chiu tai cia coc va cung cdp mat tai lieu tham khéo cho cong
tac thiet ké coc.

Tir khéa: Coc khoan nhdi; phut vita than coc; sic khang thanh, ma
phang coc

ABSTRACT:

In recent years, many high-rise buildings have been built in Ho
Chi Minh city, the largest and most dynamic city in Vietnam. Most
of its area is located along the the Saigon and Dong Nai rivers,
especially the central districts. The bored pile foundation of
high-rise buildings need to have a large size and depth to
penetrate the large thickness soft soil layer which is a water-
saturated deposit clay, and respone slenderness of pile. The
technique of shaft grouting pile is applied to increase the shaft
resistance of bored piles. This paper presents a numerical
model according to the finite element method, the parameters
of the model are determined by the back analysis method of
Standard Penetration Test (SPT) and amobilized shaft resistance
along pile. This model is determined by test to calculate the
bearing capacity of a bored pile at the construction in District 1.
The simulation results of the model are compared with the
observed data in the field that are reliable. Calculation results
from the model allow to predict the bearing capacity of piles and
provide a reference for pile design.

Keywords: Bored piles; shaft grouting pile; shaft resistance;
simulation piles

1.DAT VAN DE

Hién nay, viéc du bao stc chiu tai coc khoan nhéi phut vita
than coc dua vao ly thuyét tinh toan coc khoan nhéi truyén théng
[2], [3]. K&t qua du bao suc chiu tai clia coc ¢6 sai léch 16n so véi
thuc té [6], [7], [8], [9], [10]. Dan dén cong tac du toan kinh phi dau
phai diéu chinh tai nhiéu du &n. Do dé, cong tac thi tai hién
trudng trd nén hét stic quan trong. Thi nghiém thir tai coc la mot
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céch hiéu qua dé danh gia phuong phap thiét ké coc. Cac loai thi
nghiém thi tai coc bao gém thi nghiém nén tinh, thi nghiém O-
cell, thi nghiém tha déng bién dang 1én (PDA)... Két qua thi
nghiém thir tai coc nhdm xac dinh tai trong coc, bao gém quan hé
gilta tdi trong — chuyén vi, khd ndng chiu tai cuc han, dic tinh
truyén tai va dé bén cta coc. Thi nghiém nén tinh coc dugc xem la
thi nghiém truyén théng, phd bién tai cac du an. Tuy nhién, qua



trinh th( tai tinh tiéu t6n nhiéu thoi gian d€ hoan thién ho so thiét
ké. Do d0, tac gia dé ra giadi phap st dung phuang phap s6 dé mé
phoéng Uing xU coc dua trén cac théng s6 dia chat, moé hinh dat va
dac tinh coc. K&t qué nghién clu gitp cho viéc trién khai du &n
dugc tién hanh nhanh hon, du toan coéng trinh dugc xac dinh
chinh xac hon & giai doan xac dinh va phé duyét kinh phi dau tu
xay dung coéng trinh.

2. PHUONG PHAP NGHIEN CcUU

S dung phuang phéap phan ti hitu han (Plaxis 3D) két hop vdéi
két qua quan trac ti thi nghiém nén tinh coc tai hién truéng.

2.1. Déi tugng nghién cuu

Coc khoan nhéi dugc stit dung dé mé phdng trong nghién ctu
thudéc du an Friendship Tower, s6 31 dudng Lé Dudn, Quan 1,
TP.HCM. Coc khoan nhéi phut vita TP2 ¢6 kich thuéc dudng kinh D
la 1200 mm, chiéu dai coc L 1a 65 m, phun vira tir -42m dén -64m so
vGi mat dat tu nhién. Coc thi nghiém TP2 dugc thi tai téi da dén
300% tai thiét ké&, tuong Ung la 3150 tin va coc sé khong duoc
dung lai sau khi thi nghiém. Nham thu thap dugc day du cac thong
tin d€ danh gia ung x{r cGla coc trong qua trinh lam viéc, su huy
déng cac thanh phan stic khang tai céc Iop dat, coc thi nghiém
dugc bo tri cac thiét bi cdm bién (strain gauge) doc than coc tai cac
diém ranh gidi cOa I6p dat nham xac dinh ma sat thanh coc, loai
dau do Geokon 4200. Vat liéu vira phut than coc cho coc TP2 thiét
ké theo cap phdi va cac thanh phan pha trén bao gém Xi mang:
100 kg; Nudc: 66.6 lit; Bentonite: 1.5 kg; Bentoryl 186: 150 ml va
Daracem 100 (phu gia siéu hoa déo, giam lugng nudc): 400 ml.

2.2. Diéu kién dia chat

Dia tang cong trinh gém 9 I6p dat. Bac diém dia chat cac 1op
cu thé, LAp 1: Sét gdy pha cat, xam nau, nau dé, xam xanh. Bé day
I6p H=10m, chi s6 SPT trung binh Ia 15. L6p 2: Cat sét, ndu do, xam
xanh, xam vang, bé day I6p H=10m chi s6 SPT trung binh la 12. L6p
3: Cat cap phéi tét 1an bui va séi, xam vang, 16p nay c6 bé day
H=5m, chi s6 SPT trung binh la 14. L&p 4: Cat sét, bui, xam vang,
I6p nay c6 mat hau hét & tat ca cac hé khoan, nam bén dudi I6p 3,
I6p nay c6 bé day H=15 m, chi s6 SPT trung binh la 17. L8p 5: Sét
béo lan cat, nau vang, xam xanh. Bé day trung binh I6p H=14 m,
chi s6 SPT trung binh 1a 19. Lép 6: Sét gay pha cat, xam vang, |6p
nay c6 bé day tuong déi méng nam bén dudi 16p 5, c6 chiéu day
trung binh 2 m, chi s6 SPT trung binh la 40. Lép 7: Cat sét, bui, xam
xanh, xam trang, chiéu day trung binh I6p la 12 m, chi s6 SPT trung
binh la 35. Lop 8: Cat sét, xam xanh, I6p nay tuong d6i méng nam
bén dudi I6p 7, chiéu day trung binh 1&p 1a 3m, chi s6 SPT trung
binh 1a 45. Lép 9: Cat cap phdi tot 1an bui, xdm vang, xam xanh,
chiéu day trung binh 18p 1a 12m, chi s6 SPT trung binh I6p 50. Muc
nudc ngam khao sat ti cac hé khoan nam & do sau -7.5m so véi
mat dat tu nhién.

2.3. Quy trinh thi nghiém coc

Thi nghiém nén tinh véi 3 chu ky lién tuc gia tai va d& tdi tuan
thd theo tiéu chudn hién hanh [1]. Chu ky 1: Tai cap tai trong 100%
tai trong thiét ké (tuong duong 1050 tan), téng do lun dau coc la
10.02 mm. Sau khi gidm tai hoan toan, do ltn du con 3.48 mm. Chu
ky 2: Tai cap tai trong 200% tai trong thiét ké (tuong duong 2100
tan), téng do lun dau coc 1 25.87 mm. Sau khi gidm tai hoan toan,
dé lun du con 10.73 mm. Chu ky 3: Tai cap tai trong 300% tai trong
thiét ké (tuong duang 3150 tan), tdng doé 1un dau coc 1a 42.59 mm.
Sau khi gidam tai hoan toan, dé 1tn du con 18.35mm. K&t qua dé lan
dau coc Ung véi tai trong tac dung, ma sat don vi do duoc tai vi tri
cac |6p dat, tai trong phan b6 doc than coc tai cac chu ky gia tai
duoc thé hién Hinh 2.1, Hinh 2.2. Két qua tinh toan luc khang ma sat
thanh coc dugc huy dong 1én nhat so vai chi s6 Nser (fs/Nspr) theo

d6 sau z thé hién Hinh 2.3, téng hagp tu di liéu do dac cac strain
gause doc than coc thé hién tai Hinh 2.3, tuong tu theo cac nghién
cau [6], [7], [8], [9], [10].

Cip tal thi nghigm P (tdn)
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Hinh 2.1. Biéu do tai trong P va dd lin dau coc y tir két qua thi tinh coc TP2 [4]
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Hinh 2.3. Gid tri ma sat fy/Nser theo @0 sau z tir két qua thi nghiém

2.4. Mo hinh trong tinh toan mé phdng coc phut viia than
coc

Mé hinh dat nén dugc st dung la mé hinh Hardening Soil dugc
Iua chon d& phan tich két qua thi tinh coc. Day la mé hinh nang
cao, st dung do ciing dé tai Ew phu hgp véi tng xt d& tai khi thdr
tinh coc. Ngoai ra, m6 hinh cé xét dén thanh phan bién dang déo
cla dat. Trong mé hinh dat, 2 théng s6 quan trong nhat la thong
s6 d6 bén (luc dinh ¢, goc ma sat @) va théng sé vé do cing E, cac
théng s nay anh hudng truc ti€p va dang ké dén két qua chuyén
vi va ndi luc coc. Ma sat don vi f; (kN/m?) do dugc tai cac doan coc
khac nhau, chinh la théng s6 khang cat hoac luc dinh gilia coc va
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dat ¢ (kN.m?). Thanh phan géc ma sat ¢ da chuyén toan bd sang
ma sat don vi f; phu thudc vao ap luc ngang, cé thé xem ¢@=0 va
c=fs trong trudng hgp nay. Gia tri f; d6i véi doan coc khéng phun
vlia ndm trong pham vi f;=(2.8-4.3)Nser, trung binh la fi= 3.2Nspr.
Gia tri f; doi v6i doan coc phun vita nam trong pham vi f=(6.7-
7.3)Nspr, trung binh la fs=7.1Nspr. Dua vao chi sé Nspr trung binh cda
doan coc theo d6 sau, ta c6 thé udc lugng duoc gia tri luc dinh ¢
thong qua ma sat don vi fs tinh ti Nser. Diéu nay xac dinh théng sé
d6 bén cho mé hinh dat nén. Vé thong sé d6 cing E cua cac l6p
dat dugc 1y theo tuong quan vdi gia tri fs, E=500fs. Cac gia tri do
ciing Eced Va Eur 13y theo khuyén cao cda Plaxis. Coc dugc mé hinh
bang phan t&r Embedded pile v6i mé dun dan hoi coc tuang tng
vaGi lat liéu lam coc va ma sat don vi phu thuéc vao I6p dat. Dudng
kinh coc dugc khai bdo la 1200 mm. Khai bdo vat liéu coc trong méd
hinh Plaxis dugc thé hién Hinh 2.4. Trong Axial skin resistance cla
vat liéu coc chon layer dependent tuc la ma sat don vi fs clia coc sé
phu thudc truc ti€p vao théng s6 do bén c cla cac I16p dat. Gia tri
Tmax (kN/m) la stic khang ma sat thanh 1&n nhat theo d6 séu cua
coc. Trong tinh todn ma sat huy dong thi gid tri ma sat huy déng
cla coc khéng vugt qué Tmax. Gid tri nay dugc lay tur két qua do ma
sat fs 16n nhat nhan vaéi chu vi coc. Vé stic khang mai Fmax (kN) la gia
tri lyc 16n nhat huy déng & mii coc. Gia tri nay dugc ldy theo gia tri
I6n nhat stc khang mii fo (kN/m?) do dugc tai mii coc nhan véi
dién tich coc A (m?). Diéu kién bién ctia mé hinh 3D dugc lya chon
sao cho bién ciia m6 hinh I6n hon ving anh hudng clia coc, ving
anh huéng ctia coc dugc ldy bang 3 lan dudng kinh coc. Tac gia lua
chon kich thuéc mé phdéng cia bién la 25mx25mx75m cho coc
dudng kinh 1200mm va chiéu dai 65m. Trong mé hinh Plaxis 3D st
dung ludi phan ti tam giac. Tac gia lua chon ché d6 chia lusi min
(fine) dé xem xét két qud mot cach chinh xac nhat. Cac giai doan
mo phdng, tinh toan két qua thir tinh coc bao gom 3 giai doan
chinh. Giai doan 1: Tinh toan thiét lap diéu kién ban dau, bao gém
ap luc dat va ap luc nudc tai thdi diém trudc khi tién hanh xay
dung (Initial Phase). Giai doan 2: Thi céng coc (kich hoat phan tu
coc Embedded pile). Giai doan 3: Gia tai va d& tai theo trinh tu thi
nghiém da thuc hién.
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Hinh 2.4. Khai bdo vat liéu coc TP2
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3. KET QUA TiNH TOAN MO PHONG 3D VA SO SANH VOI
KET QUA THU TiNH
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Hinh 3.1. Két qua tinh todn coc 6 cap tai I6n nhat cocTP2

Hinh 3.1 thé hién két qua tinh toan bién dang coc va ving
anh huéng cla coc ra xung quanh tai cap tai I6n nhat. Hinh
nay cho thay diéu kién bién da chon la dam bao. Tai cac vi tri
bién khong phat sinh ¢ing suat va bién dang du do viéc gia tai
dau coc gay ra. K&t qua mo phong 3D va két qua thi tai tinh
dugc vé trén cung 1 biéu d6 dé so sanh, Hinh 3.2 cho thdy
rang két qua mé phong bang Plaxis 3D hoan toan trung khép
vGi két qud thi tinh, sai s6 khéng dang ké. Két qua nay cho
thdy phuong phap moé phong bang céc théng sé, tac gia lya
chon 1a hgp ly, c6 co s& va can ct dé ap dung cho cac mé
phéng coc bang phan ti Embedded pile. Cu thé, tai cip tai
I6n nhat & chu ky 3, d6 lin dau coc do dugc tur két qua thi
tinh 1a 42.59 mm trong khi d6 gid tri t mé phong la 43.1mm,
su khac biét [a nhé hon 5%. Hinh dang biéu d6 va xu hudng
bién dang clia dau coc khi gia tai va d& tai cia mé phong kha
phu hgp véi thu tinh. Su khac biét gitta mé phdng doan coc
phun vita va khéng phun vira trong coc TP2 la gié tri d6 bén ¢
va d6 cung E cla cac I6p dat. Tai cac doan coc khong phun
vla gia tri c=fs, trong dé giad tri fs trung binh f;=3.2Nspr va
E=500fs. Tai cadc doan coc dugc phun via gia tri fs trung binh
dugc 13y la f;=7.1Nspr va E=500f,. Su khac biét chi la su tang do
bén va dé ciing cha dat tai cac doan coc phun vira, dudng
kinh coc gilt nguyén khéng tang. Diéu nay hoan toan phu hop
vi viéc xac dinh chinh xac d6 day doan phun vira & d6 sau I6n
dudi nén dat la rat kho khan va khong biét chinh xac dé day
I6p phun vira. Ngoai ra, viéc phun v{ta trong dat sét va dat cat
c6 do day I6p vira sé khac nhau khong déng nhat nén viéc
quy d&i hiéu qua cha phun vita vé su tang dé bén cla dat f, va
do cung E tai I16p phun la mot cach tiép can hop ly va da do
tin cdy so vdi xem xét tang duong kinh coc do I6p vita phun.
Hinh 3.3 so sanh ma sat thanh theo dé sau cua coc tur két qua



do thuc t€ va mé hinh, cé thé thay rang két qud mé phéng
bang Plaxis 3D trung khdp 90% so vai thuc té. K&t qua nay
cho thay d6 tin cay ctia phuang phap mé phdng ma tac gia da
dé xuat trén.
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Hinh 3.3. So sénh ma sat thanh f; gita mo phdng va thi nghiém coc TP2

4. KET LUAN

K&t qua phan tich so sanh, cho thay phuong phap tac gia
st dung dé mdé phoéng cho doan coc phun vita va doan coc
khéng phun vira |a da d6 tin cay. K&t qué da dugc kiém chiing
qua coc thi tinh TP2 dudng kinh 1200 mm, chiéu dai 65m
phun vita tir d6 sau -42m dén -64m. Su khac biét gilta mo
phéng doan coc phun vita va khéong phun via trong coc TP2,
L=65m nay la gia tri d6 bén c va dé cing E cla cac I6p dat. Tai
cac doan coc khéng phun vita gid tri c=f; dua vao mo hinh,
trong dé gia tri fs trung binh la f;=3.2Nspr va E=500f,. Tai cac
doan coc dugc phun vira gia tri fs trung binh dugc lay la
fs=7.1Nspr va E=500f,. Su khac biét chi la su tang dé bén va dé

cing cla dat tai cac doan coc phun vita, dudng kinh coc gitr
nguyén khéng tang.

Phuong phap ti€p can nay, c6 thé 4p dung mé phéng, so
sanh suc chiu tai cuc han clia coc khong phun vira va ¢6 phun
v(ta cung chiéu dai dua trén biu d6 quan hé tai trong P va do
Iin dau coc y tir két qua mo phong.

Phuong phap nay dugc xem la phuong phap thd tinh
trén mo hinh, tuong ty nhu thi tinh hién trudng, két qua la
biéu d6 P-y dugc xac dinh, dua vao biéu d6 nay cé thé xac
dinh suc chiu tai cuc han theo cac phuong phéap khac nhau vé
do lan gidi han.
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PHAT TRIEN XAY DUNG BEN VIING TRONG DIEU KIEN BIEN D1 KHI HAU KHU VUC BANG BANG SONG COU LONG

Phat huy gia tri di san kién truc dé thi theo
hudng kién tao thuong hiéu doé thi dé thuc day
nguén luc phat trién do thi

Building city brands to create resources for urban development through promoting the

value of urban architectural heritages

> TS.KTS DAO THI NHU
Cuc Phét trién D6 thi, Bo Xay dung
Email: nhuxd@yahoo.com

TGM TAT

Da thi - mat trong nhirng phat minh vi dai nhat coa lich sk loai
ngutri- khang chi 3 noi sinh séng cd chéat lreng cao ma can |3 noi
ca thé gidi quyet phén lan nhing van dé cia phat trién kinh té
viec |am, ddi mai séng tao va phat trién con nguai. B4 thi cing
ngay cang dugc quan nigm khang chi la noi cu trd hay céi ndi vin
haa, ma con 13 noi san sinh ra nhimg ngudn lyc dé phat trién kinh
té dat nudc. Bai toan tim kigm khoi thang nguén lyc cho da thi
ngdy cang tré thanh vu tign déi vai cac chinh quyén da thj trudc
thuc t& han ché trong phu thudic vao nguén lyc phat trién da thi t
tham dung dat dai va cac ngudn luc bén ngoai. Lam sao dé khai
théc duee ngudn lyc tir chinh da thi va ting tredng vegt bac hon
nita 1a bai toan cia tat ca cac do thi trong qué trinh da thi hoa
manh mé hién nay. Bai bao tap trung di tim nguén luyc dé phat trién
da thi thong qua phén tich vé co hgi, cach thic khai thac gig tri
ciia di san kién trac do thi nham kign tao theong higu cho da thi dé
sén sinh ngudn lyc phat trién, &p dung cho cac da thi Viet Nam.

Tir khda: Thuong higu da thi; di san kign tric da thi; nguan lre
phat trién da thi; bao tdn va phat trién.

ABSTRACT

The city - one of the greatest inventions in human history - is not
only a place to provide a high quality of life, but also a place that
can solve most of the problems of economic development,
employment, innovation and human development. Citie is also
increasingly perceived as not only a place of residence or cultural
cradle, but also a place to generate resources for the economic
development of the country. The question of finding economic
resources for urban areas is increasingly becoming a priority for
urban governments in the face of limited reality in over depending
on intensive land use and external resources. How to exploit
resources right from the city itself and to grow more are the
concerns of all cities in the current strong urbanization process.
The article focuses on finding resources for urban economic
development through analysising opportunities and ways to
exploit the value of urban architectural heritages in order to
create city brand, applied to urban areas in Vietnam.

Keywords: City brand; urban architectural heritage; urban
development resources’ conservation and development.

1. MG PAU

Quang ba thuong hiéu cda thanh phé va dia diém lich st
dang ngay cang dugc phat huy tai nhiéu d6é thi, quéc gia trén
thé giGi dé tao nguén luc phat trién d6 thi. Nhiéu thanh phg,
khu vuc va quéc gia da va dang tich cuc ti€p thi ban than
bang céch st dung cac “thuong hiéu” méi, trong dé c6 viéc
quang ba thuong hiéu théng qua cac céng trinh di san kién
trdc do thi.

Trong khi cac cong trinh di san kién tric cé dai da déng
g6p khéng nhé vao tén tudi va su phat trién kinh t& cda nhiéu
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quéc gia nhu Trung Quéc néi ti€ng vaGi Van Ly Trudng Thanh -
céng trinh di san c6 thé nhin tU mat trang, Ai Cap véi hé
théng cac Kim Tu Thap - noi con an dau nhing bi 4n chua
dugc kham ph4, thi cac cong trinh di san hién dai va duong
dai dang tao ra nhitng dau an van héa, dong gop vao su phat
trién kinh té cho cac dé thi duang dai, nhu Paris ndi tiéng vdi
thép Eiffel; Nha hat Opera, Cau Cang Sydney la biéu tuong cua
Uc; Tokyo véi skytree - biéu tugng cla tinh than va stic manh
m&i ctia Nhat Ban; Pa N8ng véi Cau Vang - biéu tugng mdi
cla du lich thé giéi.... C6 thé noi nhiéu thanh phé da va dang



phuc héi stic séng cla minh théng qua viéc xay dung thuong
hiéu gdn véi cédng tac bao ton, phuc hoi, tai thiét va lam séng
lai cac cong trinh di san kién trac dé thi.

2.DI SAN KIEN TRUC PO THI - TU GIA TRI VAN HOA
CONG PONG DEN GIA TRI KINH TE TRONG BOI CANH MG,
TU THUONG HIEU VAN HOA PEN THUONG HIEU KINH TE

Trén thuc té, nhiing cong trinh kién trac dugc goi la di san
la nhitng cong trinh dugc cong nhan va dugc ton vinh bai
cdng déng, phan I6n dé la nhiing cong trinh mang y nghia
van héa, lich st to 16n d6i v6i cdng dong, dac biét la véi mét
cdng déng nhat dinh - cdng déng sang tao, san sinh, gan bo,
tuong tac va ké thira véi n6 [Pao Thi Nhu, 2017]. Cac di san
dugc cong nhan badi chinh quyén nhu di san cap qudc gia,
tinh/thanh phé 1a nhiing di san dugc cong nhan chinh thic,
dugc biét dén va c6 y nghia déi véi cong déng & cac quy mo
khac nhau.

Theo lich s hinh thanh, di sén la cong trinh dugc tao ra
bsi cong dong, dai dién cho van héa, y thic hé cta cong
dong hay 16i séng ma cdng déng do ton thd, muén gin gil va
Iuu truyén cho thé hé sau. Do vay, c6 thé ndi gia tri cla di san
khéng chi dugc biét dén va cong nhan & gia tri qua khd ma
con la naoi két tinh cac dac diém hay biéu trung van hoéa cong
déng va dinh hudng su phat trién van héa cho thé hé tuong
lai. C6 thé goi di san la “thuang hiéu van hoa” cha cong doéng
dé cong déng nay cé thé tu hao, so sanh, thdm chi “canh
tranh ngam” véi cdng déng khac. Di san da tré thanh mot
“dén thiéng” cta cong déng, dugc bdo vé, nang niu bdi cong
déng. Viéc bao vé di san clng dudc coi la hanh déng dé bao
vé nhiing gia tri chung nhat dai dién cho céng d6ng, nhiing
gia tri ma céng déng muén gin gil, ton thd va mong mudn
nhiing thé hé sau ti€p tuc luu gitr va phat trién dé tiép néi
mach chdy vdn héa hay tiéng néi cla cong déng dé. Co thé
néi & trong mot xa hoi coi trong nhiing gia tri tap thé, tat ca
moi ngudi déu lam viéc hanh déng vi tap thé, tim thay su tu
toén cla ban than trong hinh anh tap thé, tim thiy su tu hao
va gia tri trong “thucng hiéu van héa” tap thé nhu phuong
Déng thi di san kién tric dé thi la mét gia tri ma dé thi nao
cling can gin gilr va phat trién.

Khi qua trinh d6 thi héa dién ra, cdc céng dong dan cu bi
xao tron nhiéu han, céng déng dia phuong dugc mé réng
cling vdi su xuat hién thém cac thanh vién méi va nhiing van
héa mdi. Di san dia phuong cling vi vay ma dugc nhiéu ngudi
biét d&n hon va gia tri clla n6 da vuogt qua ranh giéi dia ly cta
cong dong, vugt qua nhing lang, nhiing x6m, nhiing pho
phudng hay thanh phg, quéc gia dé trg thanh tai san chung.
Cong déng ciing khéng con bé budc & nhiing con ngudi sdng
chung trong mét ranh gigi dia ly ma tré nén mé rong dé tiép
nhan thém nhimng cu dan mdi bén canh viéc xuat cu cac cu
dan ban dia ra ngoai lam an nhung van gilr sgi day gan két véi
cdng déng gobc. Gia tri cla di san vi vay da thay déi trong méi
quan hé véi cdng déng mdi, va thay d6i nhiing ranh gigi méi.
Nhitng géc nhin mdi cla thoi dai da tao ra nhitng cach danh
gida mdi va cach khai thac méi déi véi di sdn. Nhiéu di san c6
gié tri I6n da bét dau dugc khai thac, tré thanh diém dén du
lich ca ca ving, ca nudc, tham chi nam trong ban d6 du lich
thé gidi. Cuéc séng mdi, thoi dai msi da ma ra co hoi phat
trién mgi cho di san. Nhing tinh, dia phuong c6 di san dugc
khai thac du lich tré nén nang déng hon, giau c6 hon. Nho
viéc thu hat du lich dén vai di san, rat nhiéu viéc lam da dugc
tao ra & dia phuang, nang cao thu nhap nguai dan, kinh té dia

phuong phat trién nhanh chéng. K&t qua 13, cang ngay di san
cang dugc quan tam nhiéu haon, khai thac dau tu manh mé
hon. Lan séng dau tu khai thac gia tri van héa tir di san da
dem dén co hoéi kinh t& mang lai nguén luc mai cho dia
phuong. Tuy nhién tai nhiéu noi, di san dugc khai thac mot
céch bua bai, chay theo phong trao, sao chép cach thuc phat
trién & naoi khac, ap dat canh quan kién trac xa la 1én khéng
gian di sdn mot cach tho thién khéng phu hop da lam mai
mét cac gia tri cot 16i cta di san, khong nhing khéng tao
thém sirc hat ma con pha huay gia tri ctia di san va danh mat
dan co héi khai thac nguén luc tai chinh qua phat trién di san
clia dia phuong.

3.THUONG HIEU PO THI VA CON DUGNG HINH THANH
THUONG HIEU PO THI THONG QUA CAC GIA TRI DI SAN
KIEN TRUC DO THI

3.1. Gid tri ctia dé thi, thuong hiéu ctiia dé6 thi va gid tri
cta di san kién tric dé thi

Mbi d6 thi déu c6 modt gia tri riéng (value), gia tri nay
thong thudng gan véi nhitng gia tri da dugc béi dap qua thoi
gian, nhu gia trj dén tur lich s van héa dia phuong, tir nhiing
sy kién dac trung hodc cong trinh di san kién truc dé thi néi
bat nhat hoac nhirng cdm nhan cta ngudi dan dia phuong vé
d6 thi. Tuy nhién, d6 thi ciing c6 thé luya chon cho minh gi4 tri
mdi gan véi dinh huéng tuong lai va muc tiéu phat trién.
Ngay nay, gia tri cia dé thi dang dugc xay dung dé tao thanh
“thugng hiéu” ctia d6 thi, khong chi gédn véi muc tiéu xay
dung hinh dnh dé thi trong mat ban bé quéc té€ ma con thu
hat su cha y va co hoi tao ra cac gia tri kinh t& nhg vao viéc
clng ¢ mdt “nhan hiéu tiéu dung” cta dia phuong.

Thuong hiéu la mot nhan thic cta mét nhdém cdng doéng
cu thé vé gia tri clla mét doi tugng cu thé nao d6, va nhan
thitc nay c6 thé bi dnh hudng hoac khong bi anh hudng bai
cac khia canh vat chat va thoi quen giao ti€p cia mét doé thi
nhat dinh (Sevin, H.E. 2014). Tuy nhién, thuong hiéu thudng
dugc khai thac dua trén dac diém tam ly va nhan thac cla
nhém cong déng (cdng déng muc tiéu), nd thudng phan anh
mét tap hgp nhing thudc tinh déc dao vé chic nang va cac
giad tri biéu tugng (Kavaratzis, M., Ashworth, J.G. 2005).
Thuong hiéu cha dé thi thusng lién quan dén hinh anh tich
cuc vé dbé thi gitta cdc nhém cdng déng khac nhau théng qua
cac gia tri van héa gdn véi dé thi, cac hiéu ing hinh anh (kién
trac), cac su kién dia phuong va quéc té, qua dé do thi sé cé
dugc Igi thé canh tranh vé@i cac d6 thi khac. Moi ngudi cam
nhan vé thanh phé hay d6 thi thudng bang céc cau chuyén
hodc bang cac hinh anh gan véi cac trai nghiém than thuéc
clia minh, do vay viéc dua vao cac céng trinh di san kién trac
d6 thi thudng c6 tac dong t6t nhat dén nhan thic cta ngudi
dan vé noi minh sinh s6ng va hinh anh cda thanh ph6/dé thi
noi chung (Ashowrth, J.G., Kavaratzis, M.2009.p.521). Déi vGi
viéc xay dung thuong hiéu d6 thi, cac doé thi thuong s dung
3 nhan t6: khéng gian van hoa - thong qua cac cdng trinh di
san kién tric d6 thj (cA mai va ci), nhitng nhan vat ndi tiéng
va cac su kién van héa quan trong, néi bat.

Méc du cé sy tuong déng nhat dinh, muc tiéu khi xay
dung thuong hiéu cta do thi khong hoan toan trung khép véi
muc tiéu bdo ton phat huy gia tri cda cac céng trinh di san
kién tric dé thi. Trong khi cac céng trinh di san kién tric dé
thi thudng thé hién chiéu sadu van héa va nhiing tu tudng van
hda bdt nguédn ti qua khi, tén tai va quen thudc lau doi vai
cong déng. Gia tri hay thuong hiéu ma moi do thi dat ra cho
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minh trong thoi diém hién nay lai thudng dé€ dinh huéng dén
su phat trién cla d6 thi trong tuong lai. Néu céng tac bao ton
va phat trién di sén kién truc dé thi tap trung vao viéc luu git,
bao vé va khoi ggi nhiing gia tri thién vé van hoa va thién vé
c6i nguén, cdng tac quang ba thuong hiéu cua do6 thi tap
trung vao cing ¢6 va quang ba nhing gia tri dang dugc
“thinh hanh”, “yéu thich”, dang la “nhu cau” va c6 co hoi dugc
giao dich hay tiéu dung trén thj trudng lam tang tinh canh
tranh cla d6 thi. Noi cach khac, gia tri cta di sdn huéng dén
€6i ngudn va chiéu siu van héa thi thuong hiéu cta dé thi lai
mang tinh “duong dai” “hién tai” va huéng dén “thuong mai”
“canh tranh” nhiéu hon. Do vay, khi mot d6 thi lya chon mét
céng trinh di san kién trac dé cing cé cho “thuong hiéu d6
thi” (nhu “d6 thi di san”, “d6 thi van héa” “d6 thj cta nhing
diéu ky bi” ...) thi céng trinh d6 khéng chi can dugc bao vé dé
gilr gin gia tri van hda v6n cé cha nd, ma con can dugc “khai
thac” dé€ tao ra nhiing gia tri mang tinh tiéu dung nhiéu hon,
tat nhién la gia tri tiéu dung nay khéng nén lam chéch di gia
tri van héa g6c cda di san hay lam pha hdy nhing gid tri van
héa da dugc cong d6ng dia phuang cdng nhan va gin gitr dé
hudng dén sy xay dung thuong hiéu dé thi dugc bén ving.

Do vay, viéc xay dung thuong hiéu d6 thj trén co s& cac
céng trinh di san kién trac dé thi ludén can dam bao hai yéu
cau, mét 1a bao vé dugc nhing gia tri van hoa géc (hay la
thong diép goc) clia di san, va hai la trén co s& nhing gia tri
van héa géc d6, can khoi ggi va khai thac dugc nhirng gia tri
tiéu dung phu hgp véi cong dong duong dai, cudc séng
duong dai. Pua hinh dnh cla di san tr& nén quen thudc trong
cac hoat déng va phong céch s6ng, phong cach tiéu dung cla
cong déng dia phuong, ciing nhu théa man nhu cau trai
nghiém kham phd nhiing gid tri mdi, tu dé giup xay dung
clng ¢6 “tinh cdm” “su gan két” va “cam nhan dac biét” cla
cong vé thuong hiéu dé thi, nang cao tinh canh tranh cta do6
thi, m& ra nhu cau mong muén trai nghiém kham pha, gan két
véi di san nhiéu hon - tir d6 co hoi phat trién kinh té d6 thi
dugc thiét lap.

3.2. Lé dién cdc I6p gid tri ctia di san va thic ddy trai
nghiém tiéu ding cia céng déng - cdch thirc d€ qudang bd
thuong hiéu d6 thj va khoi théng nguén luc kinh té dé thij

a. Lé dién cdc I6p gid tri cua di san

Vé ban chat, gia tri van hoa goc hay thong diép c6t 16i clia
di san la nhat quan, tuy nhién gia tri c6t 16i nay lai thudng
dugc &n ddu trong cac I18p “vé boc” bén ngoai, hay qua nhiéu
I6p, nhiéu tang gia tri khac nhau & cac 16p biéu hién vat chat
va phi vat chat. Con ngudi mudén di dén tang sau nhat cla gia
tri di san phai thong qua viéc trdi nghiém va béc téch cac 16p,
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cac tang gia tri “vo” & bén ngoai do. Trén thuc té€, mach chay
van hoa trong moi con ngudi déu théi thuc ho c6 mong udc
mudn tim hiéu, kham pha ra gia tri ¢t 16i nhat cla cac céng
trinh di sdn - nhu mot cach dé ho cé thé cham sau vao cac
tang van héa va nhan biét gia trj c6t tdy chan chinh cta van
héa, cla cudc séng va su séng va qua do6 tim vé ban chat cla
chinh minh. Tuy nhién, do sy khac nhau vé thgi gian, khéng
gian, su trai nghiém, kinh nghiép va khéac biét vé cac thé hé,
viéc thiu hiéu dugc cac 16p gia tri va gié tri c6t 16i cda di sén
dugc xay dung va phat trién tir trong qué khit [a mot diéu khé
khan vgi tat cd moi ngudi, ngay ca d6i véi cac chuyén gia di
san hay van hoa. Nhu cau dugc cham vao tang sau gia tri cét
I6i ctia di san dugc thé hién bdng nhu cau, mong muén trai
nghiém théng qua cac hoat déng du lich, kham pha. Viéc giup
con ngudi nhan ra tung I&p gia tri va dac biét la cham dugc
vao |&p gia tri c6t 16i hay thong diép cta cong trinh di san
ki€n tric dé thi - biéu tugng cla dia phuong la co hdi cho cac
dia phuong phat trién du lich va tir 6 m& ra cc hoi phat trién
kinh té.

Nhu trén da dé cap, di san vén khéng dugc tao ra dé co
gia tri kinh t&, nhung ching ta hoan toan cé thé tao ra gia tri
kinh té théong qua cach cung cép céac trai nghiém vé di san
mot cdch maéi mé va déc déo, € dap ung nhu cadu kham pha,
thudng thic va phong cach séng clia cong déng noi riéng va
clia con ngudi no6i chung. Do vay, viéc lam hién 16 gia tri c6t
thy cta di san hay boc tach dan cac I6p gia tri clia di san la rat
quan trong trong viéc quang ba thuong hiéu van héa nay.

C6 thé noi, néu trudc day nhiing gia tri “déng bang” hay
con goi la gia tri “chét”, nhiing gia tri ctia “thai gian” dugc dé
cao trong céng tac bao tén di san thi ngay nay, chinh sy kham
pha ra nhiing I8p gia tri “séng” - gia tri c6 thé ap dung, trai
nghiém ngay trong hién tai hay tim ra nhitng chiic ndng “hién
tai” phu hgp véi di séan tré thanh mot yéu t6 thu hat sy quan
tam chd y cta cdng dong trong cudc séng duong dai. Cang
ngay ching ta cang nhan ra rang, mac du qua khu la can thiét
dé& ndi véi ching ta vé lich s, vé van héa da qua, nhung chi
c6 hién tai méi cho chung ta su trai nghiém ré rang nhat va
chi ¢6 hién tai mgi la thi ta c6 thé ndm gi. Chung ta kho ¢6
thé thdm thau dugc nhiing “théng diép” hay nhiing gia tri c6t
I6i ctia di san chi théng qua nhiing “trai nghiém” gian tiép tu
I6i ké, cau chuyén, nhitng mong udc, nhan gui cha thé hé
trudc hay ti ngudi khac (gia tri “chét”). Nhung chung ta hoan
toan c6 thé “cdm nhan ngay”, thdm thdu ngay, cé thé danh gia
ngay nhiing gia tri cda di san thong qua nhiing tuong tac truc
ti€p vai di sdn ngay trong cudc séng & thoi diém hién tai (gia
tri “séng”).



Quan diém béo tén di sdn cing da thay d6i trong thai gian
gan day, nhiing gia tri “séng” (hay con goi la gia tri “ndng” gia
tri “hoi sinh”, 16p 16i, thong diép) lién tuc dugc nhac dén bén
canh nhiing gia tri vat thé, gia tri “déng bang” (hay con goi la
gia tri “chét”, gia tri “lanh”, gia tri “qua kha”, 16p vo [Riegl
Alois, 1903; Choay Francoise, 1992; Tricaud Pierre-Marie,
2010]). Tuy nhién lam sao dé goi ra dugc gia tri “s6ng” cla di
san, va liéu gia tri “séng” cha di san co6 lam anh hudng, thiét
hai dén nhiing gia tri ma chdng ta muén “déng bang” khéng?
Trudc day, day chinh 1a mau thuan trong bai toan bao tén di
san. Nhiéu ngudi cho rang, gia tri “dong bang” phai dugc bao
vé mot cach nguyén ven, moi su can thiép c6 thé lam héng
né. Va vi vay, nhiéu di san can dugc bao vé théng qua cach
"d€ nguyén”, “khong can thiép”. Tuy nhién, cang ngay nhiing
ngudi lam céng tac bdo tén cang nhan thdy, néu cu dé
nguyén, khéng can thiép, gia tri can “dong bang” cling khéng
thé “déng bang” dugc. Ban than “déng bang” |a mét muc tiéu
mau thuan véi thuc té€ luén chuyén dong va thay déi cia doi
s6ng. Chang ta khong thé “déng bang” bat cir mot d6i tugng
nao, du la d6 la d6i tugng vat chat. Cling nhu khéng thé ¢c6
mot “gia -tri -c6 thé -déng bang”, ma bat ci gia-tri nao cling
phai “bién dong” va chiu su “thay déi” (gia tri kha bién). Su
thay d6i clia d6i tugng hay gia- tri |a mot thuc té, cling la moét
quy luat cta su séng, gidng nhu van vat déu thay déi, tham
chi thay d8i trong moi phuat gidy [Nguyén Hién Lé, 2006]. Su
khong thay ddi chi c6 thé tim thiy tai ngay phut giay hién tai,
tai thoi khac cla su tuong tac hoa lam mot gira déi tugng
quan sat va vat dugc quan sat.

Hiéu rd thuc t&€ nay c6 thé gilp ta cé nhitng nhin nhan
toan dién hon vé gia tri cha di san, gia tri vinh cu (gia tri goc,
thong diép goc) va gia tri tam thai (gia tri I6p vo), gia tri xiing
dang duoc bdo vé va gia tri can phai thay d6i dé hoa vao thuc
tién cla cudc séng. Co thé ndi, gia tri xting dang dugc bao vé
hay giad tri vinh cla cta di sdn, dac biét trong cac di san
phuong Bong ndi chung va Viét Nam néi riéng la gia trj cla su
“hoa hop”, “gan két” dugc cdm nhan gilra d6i tugng va ngudi
thudng thuc, st dung hay chiém nghiém né. Ngoai ra nhiing
gié tri khac déu la nhiing gia tri c6 thé thay d6i va can phai
thay d6i dé€ tao ra sy phu hgp riéng cha céc thai ky lich su
khac nhau va sy phu hgp chung clia cd qua trinh lich s va
phat trién. Khai niém “hoa hop”“gdn két” 1a moét khai niém
quan trong va cé tinh bat bién, lau dai, c6t 16i va cing sé mé
dudong cho céng tac quang ba thuong hiéu clia do thi.

C6 thé noi, di san du cé thé dugc thé hién va biéu hién
qua nhiéu 16p gia tri, nhung cé thé quy vé 2 I8p gia tri: i) 16p
gia tri c6t 16i (thong diép), bat bién, khong thay déi, d6 la gia
tri c6 dugc tU “su hoa hgp” “su can bang” Hay & mot chiéu
canh khéc, cé thé goi d6 la gia tri phan anh dugc “dao”, quy
luat clia cudc séng, cla su séng va gilp con ngudi tim vé vai
ban chat cta chinh minh - mét d6i tugng khong tach réi ma
lubn hoa hgp véi cac déi tuong khac; ii) gia tri c6 thé “thay
d6i”. Gia tri nay thé hién & cac dang thic biéu hién khac nhau,
théng qua nhimng hinh thai vat chat nhu kién triac, bé cuc,
cach st dung, van dung, chéng I6p hai hoa 1én di sdn qua cac
chiéu khéng gian, thai gian khac nhau. Gia tri nay la gia tri
“thay d8i” va c6 “ban chit thay d6i”. Gia tri nay vén dang dugc
dich/hiéu ra 1a “gia tri chét” - thé hién cho nhirng biéu hién
gilr lai tir qua khu va trai ngugc lai vai gia tri “séng”- thé hién
cho gid tri gan két vai cudc séng cla cdéng dong duong dai &
trén. Tuy nhién cach dich hi€u nay déu chua lam ré ban chat
thuc té€ clia d6i tugng va su lién tuc ma déi tugng di san can

ti€p tuc phat trién. Tuy nhién, khi hiéu vé gia tri “thay d&i”,
chiing ta sé c6 thé tim dugc con dudng di cho céng tac bao
toén di san dang bé tac hién nay, bao ton sé khéng con trg
thanh rao can cla su phat trién ma la cach thiac dé thac ddy
su phat trién, tim ki€ém nguén luc phat trién cho dé thi théng
qua di san. Tuy vay, cach s dung tu ngir “thay déi” & day du
sao cling mang mot y nghia tuong déi (hay noi cach khac tu
“thay d6i” khéng néi lén sy “thay d6i” hoan toan theo y nghia
clia ngdén ngl - hay néi cach khac khong nén qua cau né vao
cau chir, ngdén ngir d€ hiéu dugc y nghia clia su thay déi dang
dugc dé cap & day). “Thay d6i” khéng cé nghia la chdp nhan
su khac biét hoan toan va trai ngugc véi nhitng gi dang co,
lam mai mét di cac gia tri da dugc duc két qua thai gian, ma la
mot thai d6 chap nhan su “thay d6i” dé tao ra su hoa nhap véi
cudc song va su séng dang chay, doi ngugc hoan toan vdéi
quan diém vé sy “chét cing”. Moi cdng déng déu c6 van héa
va van hoa nay la van hoéa lién tuc dugc béi dap, lién tuc dugc
c6 dong, gan duc khai trong dé phu hgp hon véi cudc séng
ducng dai. Puang nhién, trong qua trinh phat trién, moi cong
déng sé c6 nhiing thai diém van hoéa phat trién thinh vugng
(c6 thé dat dén nhirng gia tri c6 dong nhat clia cdng dong), va
cliing c6 nhiing thai diém van hoéa cong déng bi chéch choac
va bién thién, khéng ré dugc con dudng cing nhu mai moét
dan gia tri ban sdc. D6 1a diéu hién nhién. Tuy nhién, khi xét
gid tri cta cong dong cling nhu gia tri cla di san, ta phai xét &
mot chiéu dai lich s va trong su toan dién véi xung quanh
V@i ddi séng véi con ngudi va tham chi cé sy thay d6i thé ché
dé c6 thé xéac dinh dugc nhiing gia tri ban chat that sy cta di
san ma khong phai chi la mdy méc gil lai nhing thd, nhiing
hinh dnh ta c6 thé nhin thay va dugc thira hudng tir qua kha.
D6 1a y nghia cla gia tri “thay d6i” - van dam bao su phu hgp
théng nhat trong thai gian, khong gian nhat dinh va sy lién
tuc phat trién. Day la hai gia tri c6t 16i ma qua do6 dinh hudng
cdng tac bao tén co thé trd thanh ban, 1a ctu canh cho cong
tac phat trién va khaoi thong nguén luc dé kién tao xay dung
thuong hiéu d6 thi.

b. Thiic ddy trai nghiém tiéu ding cia cdng déng déi véi
cdc céng trinh di sdn kién tric dé thj - thiic ddy thuong hiéu

Tai Phap, chinh quyén thanh phé Bordeaux da béo toén,
khai thac khéng gian di san kién trdc dé thi tai Quays of
Bordeaux theo moét cach thuc hién dai véi moét chidc ndang
cdng déng masi dé gép phan xady dung va quang ba thuong
hiéu d6 thj di san. Théng qua viéc thiét ké va xay dung mot
méat guong nudc khéng 16 trudc cac cong trinh di san da ch da
bién khéng gian di san tai Quays of Bordeaux trd nén dac biét
hon bao gid hét. Khéng chi gitp thu hat sy chd y clda cong
dong dia phuong, khéng gian nay cling thu hat hang triéu du
khach dé&n dé tim hiéu va hoa nhap vao mét théi quen sinh
hoat than thién cla ngudi dan dia phuong & bat ci thai diém
nao trong ngay. Ngudi di bd va tré em déu c6 thé dat chan
xudng nudc va chiém ngudng hinh anh phan chiéu cta cac
mat tién cla Port de la Lune, c6 thé thudng thiic hiéu ting ma
40 ngoan muc clia man sugng mu béc 1én tir mat guang dac
biét vao mua hé. Boocdeau mirror nhanh chéng tré thanh
thuong hiéu ctia Boocdeau, va ciing dugc cho la tdm guong
néi tiéng nhat & Phap. Cung véi tdm guang nay, du an cac
cong trinh di san tai Quays of Bordeaux, dugc Unesco ghi vao
Danh sach Di sdn Thé& giéi vao nam 2007. Trang web
Landscape Architects Network da xép guong nuéc Bordeaux &
vi tri thi 4 trong bang x&p hang cac thanh tyu vé dia diém do6
thi trén thé gidi [Hinh 1]. Tai Paris, cac cong trinh di san kién
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Hinh 2. Quang bé thuong hiéu tiéu dng ndi tiéng gan véi thuong hiéu di san kién tric do thi
(Tir trén xudng dudi: Qudng cdo nudc hoa Eau de Toillet nhan hiéu Scandal @ Paris; Qudng cdo nudc hoa “Her” cia nhdin hiéu théi trang Burberry gdn vdi biéu tuong London; Show dién
thai trang cao cdp xudn he 2020-2021 cia thuang hiéu Chanel tai Grand Palais 6 Paris; Mot thiét ké thoi trang mé phdng nhimg ddc diém gdn véi cong trinh kién triiccia kién tric su nqudi
Y Carlo Scarpa gdn Treviso, Y')(" https://www.architecturaldigest.com/gallery/fashion-designers-architecture-inspiration)

T FESTIV

a Nang City

Hinh 3. Céc hoat ddng xtc tién thuang hiéu cda dé thi gén véi cac cong trinh di san kién tric d6 thi tiéu biéu tai VN
(Bén trén: Nhiing hoat ddng gop phdn qudng bd Di sén Binh Kim Ngdn - 42 Hang Bac (Ha Néi) (Biéu dién ca tri, trién Iam anh, trién ldm to soi truyén théng. . .). Bén dudi: Biéu dién do
dai tai khdng gian di sdn phd' & Hoi An, 18 hdi phdo hoa qudc té tai Cdu rong Da Néng)

tric d6 thi diém nhan cling thudng dugc thiét ké dé hoa nhap thuong hiéu tiéu dung vén da ndi ti€ng cda Paris thi hinh anh

va thac day st dung cac khong gian cong cong. Tu dé khong clia céc cong trinh di san gan vai cudc séng clia cu dan duong
gian di san khong chi trd thanh mot khéng gian chung ma da dai luon dugc khai thac. Tham chi nhiéu c6ng trinh di san
tréd thanh mét phan ctia phong cach s6ng, 16i séng cla ngudi dugc st dung cho nhiing budi trinh dién thai trang cla nhiing

dan Paris duong dai (Parisiens). Tham chi trong cdc quang céo thuong hiéu thoi trang I6n da tao ra su cong hudng gilta cac
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sau tham cla con nqudi

# - # . . L S T b e
Hinh 4. Sy gan gili gilia thong diép cla khdng gian di san truyén thng VN va khong gian canh quan cau Vang Ba Na - thueng hiéu mi ctia dd thi Ba Nang, du lich VN va nhu cu

(Nguon: Anh Nicolas cornet? v internet) (https://phatgiao.org.vn/an-chua-sau-nhung-ngoi-chua-viet-la-su-giau-co-ve-van-hoa-va-ban-sac-d33793.htmi)

thuong hiéu tao stc hdp dan va suc séng cla cac thuong
hiéu, gitp tang anh huéng va canh tranh manh mé cho dé thi,
g6p phan thuc ddy kinh té€ d6 thi [Hinh 2].

4. MOT SO CACH THUC THUONG PUQC SU DUNG DE
QUANG BA THUONG HIEU PO THI THONG QUA DI SAN
KIEN TRUC DO THI

+ Thuc day su phd bién cta hinh anh va tén goi clia di sén
théng qua cac su kién van hoa dé thi: Di san dugc nhic dén
nhiéu, thudng xuyén va lién tuc gan véi tén cta thanh phg,
gan vai tén clia mot nén van hoa dac sdc cta nhan loai, hoac
tén tén cha danh nhan, thuong hiéu da dugc biét dén. Day la
hién tugng gia tri chéng gia tri, thuong hiéu chéng thuong
hiéu. Thuong hiéu da dugc biét dén nang dé thuong hiéu
mdi, va thuong hiéu mdi lam méi hinh dnh gid tri cda thuong
hiéu c. Tha dé Paris gan v@i nhiéu thuong hiéu, trong dé cé
thuong hiéu vé sy lang man va cé nhiéu cong trinh di san kién
trac dé thj dic sdc. D€ tranh th thuong hiéu nay, nhiing hinh
anh quang cdo cla cac nhan hiéu nudc hoa néi ti€ng thudng
¢6 hinh anh cla cac di san nhu Thap Eiffel, nha tho Duc ba dé
tén vinh va lam tang gié tri cla thuong hiéu tiéu dung. Nhiéu
show dién thai trang cGia cac nhan hiéu néi tiéng cling dugc
t8 chiic & cac cong trinh di sdn kién tric dac biét cha thanh
phé dé tan dung Igi thé dnh hudng théng qua thuong hiéu
cUa cac di san kién tric d6 thi (Hinh 2). Nhitng nam qua & VN,
cach lam nay cing da dugc ap dung dé€ quang bé cac thuaong
hiéu tiéu dung cGa dé thi nh& vao thac ddy thuong hiéu cua
cac cong trinh di san kién tric d6 thi gan vai tén cla thanh
phé da dugc biét dén trén thé gisi (Hinh 2).

+ Hoan thién khéng gian di sén gdn véi cdnh quan tu
nhién va phong cdch séng ciia céng déng dia phuong.

M6t di san c6 khong gian canh quan dac sac luén dé dang
thu huat su quan tdm cla cong déng, vi né khéng chi co gia tri
van héa, lich sir ma con cé gia tri khi gan vai tu nhién va thién
nhién. Gia tri hoa hgp véi tu nhién luén cham dén tang sau
gan két cla con ngudi, vi ban chat con ngudi cling la mét
phan cta tu nhién, va khéng thé tach khéi tu nhién (Pao).
Nhiing khéng gian cadnh quan dugc thiét ké khéo léo, ty nhién
va hap dan khéng chi gitip con ngudi hiéu ré hon vé béi canh
khéng gian gan véi di san ma con giup con ngudi kham pha
dugc nhiing chiéu canh khac nhau cia ban than trong su hoa
hgp véi tu nhién. Do vdy, nhiing khéng gian ty nhién, canh
quan bén canh di san luén can dugc gin gili, hoan thién, bao
vé, bdo ton dé€ nang cao tam gia tri cda di san cling nhu déap
(tng nhu cau sau thdm cla con ngudi, tao suc canh tranh cho
thuong hiéu cua di san.

Mot cong trinh bén canh dong séng, mot céng trinh gan
vdi nhiing ngon nui, hang dong ky vi khéng chi tao cdnh quan
dep cho cong trinh, thé hién mot y niém gan két gilta cong
trinh - tu nhién ma con giup gan két con ngudi - ty nhién mot
cach tu nhién nhat. Trong cac céng trinh di san phuong
Pong, gid tri cda céng trinh khong tach biét khdi ty nhién
thong qua nguyén ly phong thay, dinh khi, dinh tam. B&i mot
céng trinh di sdn khong chi la di sdn cba van héa cong déng,
ma con la két tinh cta nhitng tu tudng gan két Thién-Dia-
Nhan thé hién trong viéc lua chon dia diém c6 khi t6t, nguén
nang lugng mang lai thinh vugng cho céng dong va gan vai
nhiing niém tin manh mé vé tuong lai thinh vugng, t6t dep.
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Hinh 5. Chua Doi (chia Ma Toc-S6c Trang)

Nhiéu cong trinh hién tai khi bi mat dan khéng gian canh
quan von c6 gan lién véi né trude day can nghién cdu nguyén ly
phong thiy gan két tu nhién dé xay dung, bao vé hay tai tao lai
khodng khéng gian nay nham hoan thién gia tri téng thé tir d6
tang gia tri clia di san. Trong nguyén ly “dao” clia phuong Boéng,
mot déi tugng tach biét von khéng cé gia tri ma gia tri cha no la
nam trong su gan két vGi nhiing doi tugng xung quanh. Do vay,
gia tri cGa di san khéng chi & ban than céng trinh d6, ma né can
phai tim vé véi su hoa hgp trong mét téng thé cadnh quan.

Trong viéc gén két di san véi khong gian, dac biét di san cla
phuong Béng nédi chung va Viét Nam noi riéng can phai chi y su
hai hoa, phu hgp vé mat ty 1& va nguyén ly bé cuc dé tao ra mét
khéng gian mang tinh thdn thién, chuyén héa (khac hdn véi
khong gian mang tinh chiém hiiu, ty 1& I6n trong cac khuon vién
di sdn & phuong Tay). Bai cac di san phuong Bong bat nguén tir
nhiing gia tri hoa hgp, gan két va mang nhiéu y niém triét hoc vé
su chuyén héa, thay di. Cong trinh di san truyén théng cua Viét
Nam luén phan &nh tinh than nay qua b8 cuc c6 su luan chuyén
khéng gian lién tuc, cac nhip dac - réng dugc két néi vao nhau
két hgp véi canh quan, cac trang tri, mau sic giau biéu cdm vé
suy tudng vé cudc séng, thai gian, “dao troi dat” .... Cau Vang
(Pa Nang) - mot coéng trinh kién trdc van héa mai ctia Viét Nam
dang chiing minh cho gia tri ca mét cong trinh mdi nhung phan
anh dugc nhiing gia tri gan két gilra tu nhién - cong trinh - con
ngudi, truyén dat dugc théng diép cua gia tri ¢t 16i cha van hoa
di san, la su hai hoa, gan két, hoa nhap gilta con ngudi véi cudc
sOng, su séng. Véi y tudng goi hinh anh mét soi chi két néi (hay
dugc nha dau tu quang cdo nhu dai lya vang 6ng &nh trén may,
ban tay than nui nang d& dai lua vang) dang khoi ggi gia tri cua
su “hda nhap” “két néi” gilta céng trinh, con ngudi, tu nhién.
Trong anh sdng cGa mat trdi cudi ngay hay mu suong cta budi
sang, canh Cau Vang mang vé viia vugt thodt, lay ddng cam giac
hoa nhép tuyét déi ciia cong trinh va con ngudi.

+ Cdng cé gid tri bi€u hién (gid tri vat thé) di kém véi y nghia
vdn héa, lich st ddc biét

Coéng trinh di san duong nhién ludn gan vdi gia tri qua khu,
thé hién cho nhimng gia tri vdn hda cdng déng va nhiing thai ky
lich st dac biét. Tuy nhién, phan 16n nhiing c6ng trinh di san hién
nay tai Viét Nam chi la nhiting gi con dong lai clia qué khu, nghia
la ching da bi mai moét rat nhiéu, nhing 16p gia tri cta di san
khong chi bi bao mon béi thai gian, bi xam hai béi chién tranh,
b&i cac hanh vi st dung cta cong dong (lan chiém, chiém
dung...) ma con bi thu hep vé khéng gian, bi mat di nhing
thanh phan gan két quan trong véi né nhu canh quan, cudc dat.
Trong khi d6 di san lai ti€p tuc ti€p nhan nhiing anh huéng mai
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tir cudc séng hién dai. Nhiéu di san bi anh huéng ctia phong cach
ki€n tric duong dai, kién trdc chdp va cop nhat tir noi khac ciing
nhu nhing hanh déng s dung thién vé mé tin ma giam dan
hoat dong gén két cong déng, lam mat di su théng nhat hai hoa
gitta cong trinh va con ngudi. Trong khi tao dung thuong hiéu,
can boc tach nhiing I16p vé chap va lam xa dan y nghia va gia tri
nguyén géc vé su két néi va hoa nhap gilra di san véi céng déng.
Viéc gin gilt va bao tén cac I8p vo (vat chét va tinh than) dam bao
tinh xac thuc cha di sdn gitp di san gitt dugc gia tri l1au dai véi
thai gian.

+ Béc tdch hién 16 nhiing I6p gid tri cia di sén, cung cdp trai
nghiém méi phii hop, khuyén khich tréi nghiém thdc ddy su' tim
vé véi nhirng gid tri cét 16i cia di sén la su phtt hop, gdn két con
nguéi - tu nhién, hai héa phi hop véi phong cdch séng hién dai,
tré thanh mét phdn caa 16i séng duong dai.

Tao ra nhiing trdi nghiém mdi trong nhiing khéng gian di san
c@ la mot van dé phuc tap nhat va dau dau nhat trong cong tac
bao tén di san ciing nhu tao dung thuang hiéu va gia tri phu hop
véi xa hoi duong dai. R6 rang day khong phai la mét phép cong
nhing gia tri, nhirg cach thic cta cudc séGng mdi vao di san, ma
day la mét su nghién cdu nhing gia tri phu hgp, nhiing chic
nang nhing trdi nghiém phu hgp cé thé dugc thuc hién tai di
san.

Nhu da néi & trén, gia tri cGa su “phu hgp” “hai hoa” la gia tri
c6t 16i quan trong nhat cta di sdn phuong Dong. Dua trén gia tri
nay ma nhing gia tri biéu hién cé thé “thay déi” dugc tao ra dé
minh hoa, hé trg cho viéc doc, dich, hiéu dugc nhiing gia tri cét
16i, nhitng théng diép 4n sau trong di san qua thdi gian, khéng
gian. Cai can gilr 1a nhiing gid trj c6t 16i hay gid tri géc (I6p 16i), céi
c6 thé thay d&i la 16p vo (d€ tao su da dang va phu hop trong
cdm nhan va trai nghiém). Moi di san luén dung hoa hai ndi dung
: 1- gid tri 16i (la gid tri chung nhdt, bdt bién va sé can bao vé qua
thai gian, 2- gid tri hé trg (la gid tri biéu hién, c6 thé thay d6i) c6 thé
I3 nhitng biéu dat bén ngoai, 1a 16p vé cta di san, la cach thic
biéu dat cla di san dé tao nén thong diép. Trd lai véi cau chuyén
cla Cau Vang, mét cong trinh kién trdc maéi ctia VN nhanh chong
da nhanh chong tré thanh thuong hiéu cta Da Nang va du lich
VN néi chung dugc Tap chi Time cllia My xép vao top 100 dia
diém tuyét v&i nhat thé gisi nam 2018. Cau Vang mac du la mot
coéng trinh kién tric mai, tuy nhién cong trinh nay da khéng chi
cung cap mot trai nghiém mgi vé du lich ma vé ban chat, trai
nghiém mdéi nay da lam béc 16 gia tri c6t 16i ma moi di san kién
trac dé thi can truyén dat la sy hoa hgp va hoa nhap gitia con
ngudi - tu nhién. Trong mot cudc khao sat cda TG bao Daily
Mail (Vuong Quéc Anh) d6i véi nhitng ngudi thudc thé hé sinh tur



nam 1982-2000 dugc cho la thé hé si dung va ap dung cac cong
nghé hién dai vao cudc séng, nhitng ngudi thudc thé hé sir dung
smart phone d6i v6i cac ghi nhan clia ho vé an tugng du lich thé
gidi, cho thay su hdp dan cta Cau Vang da vugt qua cac ky quan
¢l ¢c6 nién dai hang nghin nam, nhiing dia diém c6 gia tri van
hoa, ton gido nghé thuat da dugc khdng dinh (Hinh 4).

5.CO HOI THUC DAY THUONG HIEU PO THI THONG QUA
BAO TON VA PHAT TRIEN DI SAN KIEN TRUC PO THI TAI
DONG BANG SONG CUU LONG (PBSCL)

Vung BBSCL v6n dugc biét dén la mot vung séng nudc véi
van hoa dac sac. Véi su hoi tu cla tinh hoa van hoa dac sac cua
cdng dong 4 dan téc anh em Kinh, Hoa, Khmer, Cham, Vling nay
cling ndi tiéng véi rat nhiéu cac cdng trinh di san kién tric cé gia
tri. Tuy nhién cac d6 thi ctia Vung DBSCL van chua khai thac hiéu
qua thuong hiéu @6 thi théng qua cac cong trinh di san kién truc
d6 thi, ma chu yéu van quang ba thuong hiéu trén phuong dién
do6 thi song nudc, miét vusn théng qua du lich sinh thai miét
vudn séng nudc, du lich van hoéa - tam linh, du lich bién dao, du
lich néng nghiép cong déng. Noi cach khac Vung nay chua dugc
phat trién thuc ddy hoat déng du lich va thuc day tiéu dung
thuong mai dua trén thuong hiéu di san kién tric tuong xing véi
gia trj clia n6. Do vay, du c6 tiém nang I6n, song vung du lich nay
van chua cé dugc stic tang trudng vugt bac. Cac chinh quyén dé
thi clla cac dé thi trong viing can khai thac thé manh nay hon
n{fa, trong d6 chu trong quang ba thuong hiéu vung trén co s&
chudi/hé théng cac cong trinh di san kién tric dé thi dac trung
clia 4 nén van héa ma dién hinh 13 van hoa cham lau d&i va doc
dao (BBSCL c6 khoang 1,3 triéu ngudi Khmer, tap trung chu yéu
tai cac tinh Séc Trang, Tra Vinh, An Giang... ngi c6 ba I& hoi chinh
ca déng bao Khmer. Van héa Khmer van dang dugc luu git va
phat huy trong hé théng céc di tich va danh thing néi tiéng, cac
I& héi van hod truyén théng clia déng bao thudng dién ra quanh
nam, gép phan phat trién kinh té& - xa héi cda dia phuang.) Viéc
thuc day thuong hiéu d6 thi clia viing théng qua cac di san kién
tric d6 thi khéng tach rgi v6i hoat déng bao tén di san va thuc
d4y trai nghiém tiéu dung théng qua khai thac gia tri cda di san.
Bang cach thuc ddy cac hoat déng, 18i s6ng, théi quen sinh hoat
clia cong déng duong dai gan két va hoa nhap véi di san nhiéu
hon dé cac cong trinh di san tré thanh mot phan cla thoi quen,
cla I6i séng duong dai, ctia su hda nhap vdi sy sdng, cac cong
trinh nay sé tao nén mét thuong hiéu du lich va dich vu thu hut
nhu cau trai nghiém, kham pha cta khach du lich bén phuong.
bdc biét khi hinh anh cla céc cong trinh di san nay dugc quang
ba gén két véi vai cac thuong hiéu da lam nén tén tudi ctia Vung
nhu van héa séng nudc, don ca tai td, .... S& cung cing ¢6
thuong hiéu chung ctia vung néi chung va thuong hiéu cula cac
coéng trinh di san kién trdc do6 thi trong vung néi riéng. Chua
Doi (chua Ma Toc-S6c Trang), mdt ngdi chua diém 1é ¢é kinh cuda
ngudi Khmer con luu gilr dugc nhitng vé dep doc dao, cuing cac
huyén thoai tam linh thd vi, huyén bi. Kién trdc mang tinh nhan
sinh, gan két hai hoa gilta cong trinh véi ty nhién va con ngudi
¢4 thé trg thanh thuong hiéu cho S6c Trang néi riéng va van héa
Khmer néi chung (Hinh 5).

6. KET LUAN

Di san/Céng trinh ki€n trac dé thi vén khéng dugc sinh ra dé
¢6 chiic nang tao gia tri kinh té cho d6 thi, nhung né lai hoan
toan c6 thé dugc khai thac dé€ tao hiéu qua nang cdp hinh anh
van hoa cua dé thi, xay dung ban sac, niém tu hao cta d6 thj va
ti dé thu hat dau tu va tao nén sy tang truéng cho dé thi. Noi

cach khac gia tri cda di sdn cao hon nhiing gia tri cia mot san
pham hang héa hay dich vu kinh té théng thudng dé trao
ddi,mua ban trong cudc séng do vay ma né khong chi gilp cling
c6 van hoa dé thi ma con cé thé 1a nén tang dé thuc day kinh té
d6 thi trong tuang lai. Muén phat huy gia tri dong gop vao su
tang truéng kinh té dé thj cda di san, can phai song song vgi
cdng tac bao ton phat trién gia tri c6t 16i cha nd va cac hoat déng
trdi nghiém du lich céng déng. Gia tri cha di san khong chi &
nhiing biéu hién vat chat ma ta dé thay bang mat thudng, ma gia
tri cGia n6 thé hién & chiéu sau béi dép, tao dung, két néi nhiing
mé&i quan hé con ngudi - tu nhién. Théng diép 4n dau trong di
san khong chi la nhitng théng diép vé nghé thuat don thuan co
thé nhin bang mat ma an dau nhing nguyén ly cla cudc séng,
nguyén ly vé su hoa hgp va hoa nhdp clia moi déi tugng, su vat
hién tugng trong cudc séng nay dé€ hoda vao su séng chung,
nguyén ly cia méi quan hé gitta thién- dia - nhan, va nhac con
ngudi vé ban chat cta chinh minh va gia tri sdu thdm nhat cta
con ngudi trong ki€p nhan sinh. Moi hanh déng khai thac di san
déu can hudng dén muc tiéu bao vé ducc gia tri ¢t 16i nay mai
c6 thé ti€ép tuc gin gilt dugc gia tri cla né cing nhu gilp tao
dung va clng c6 thuong hiéu cla di san, tir d6 giup xay dung
thuong hiéu cta dé thi,va thu hat kinh té€ cho dé thi ti viéc dap
Ung nhu cdu cét 16i nhat cla cdng déng théng qua canh clra di
sdn va cac cong trinh kién tric duong dai cé gia tri tuong tu.
Coco chanel - huyén thoai theo dudi nghé thuat thai trang thé
gidi da noi “thadi trang la tam thai, phong cach méi la vinh ctu”,
cau néi nay cing rat phu hgp véi cong tac bao tén va phat trién
thuong hiéu cta dé thi théng qua cac céng trinh di san kién tric
d6 thi. Moi hanh dong can thiép hodc sdng tao ra cac cong trinh
van hoa, di san kién tric cla d6 thi déu cé thé chap nhan dugc
néu né dua trén viéc lam sang té va toén vinh gia tri cét 16i cha di
san. Ngugc lai, néu chi dua trén trao luu tiéu dung thai thugng,
cép nhat xu hudng, néu cé thu hat dugc du lich phat trién kinh
té cing chi la tam thai va sé nhanh chong that bai. Bai su vinh
cru hay bén viing phai dén tur viéc gin gilr gia tri 6t 16i, cudi
cuing dich dén ctia mdi dé thi va mdi céng déng phai la su cham
dén nhiing gia tri sdu thdm nhat, cham dé&n nhu cau nhan sinh
quan sau sdc nhat trén con dudng phat trién con ngudi noi
chung va céng déng néi riéng. Do vay, phat trién thuong hiéu dé
thi théng qua di san va cong trinh kién tric tuong tu phai dua
trén phat trién, hién 16 ngay cang rd hon gia tri va vai tro su
ménh cla di san déi véi cdOng dong, con ngudi, va su séng noi
chung.
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Quan ly chat luong thi céng coc khoan nhoi

Construction quality management of bored piles

> TS DO THI MY DUNG';TS LAM THANH QUANG KHAI" ;TS NGUYEN TRONG CHUC?; PGS.TS DOAN VAN DUAN?

'Khoa Xay dung, Trudng Dai hoc Xay dung Mién Tay

Email: dothimydung1983@gmail.com; lamthanhquangkhai@gmail.com

2Vién Ky thuat Céng trinh dac biét, Hoc vién Ky thuat Quan su
Email: ntchuc.mta198@gmail.com

3Khoa Cong trinh, Trudng Dai hoc Hang hai Viét Nam

Email: duandv.ct@vimaru.edu.vn

TGM TAT:

Trong vai thap nién gan day. coc khoan nhdi d& trdr thanh mat gidi
phap mang quen thufc trong céc cong trinh xay dung & VN. Hign nay,
co rét nhigu phuong phép thi cang coc khoan nhdi khac nhau, toy
thuic vao nang lyc cia don vi thi cang, digu kién dia chat thay van,
mét bang cong trinh, ciing nhu hinh déang, cdu tao va do séu dat
mang... ma ta c cAc phuong an lya chon thi cong khac nhau. Tuy
nhién do coc nhdi duge thi cang bing cach khoan tao I trong dét sau
da |ap day bang bé tong cdt thép, nén viec dam bao chét lrgng coc
khoan nhdi 3 mat van d& ma céc don vi lién quan dac biét quan tam.
Nghién ciru nay céc tac gia trinh da trinh bay quén Iy chat leong thi
coing coc khoan nhdi nhdm hé tro céc ky sur tur vén ném ving céc kién
thirc lien quan dén chét legng thi cng coc khoan nhéi.

Tir khoa: Coc khoan nhai; gidi phap mang, mat bang thi cang, quén
|y chat lrgng, nén mang.

ABSTRACT:

In recent decades, bored piles have become a familiar foundation
solution in construction works in Vietnam. Currently, there are many
different methods of construction of bored piles, depending on the
capacity of the construction unit, hydrogeological conditions,
construction site, as well as the shape, structure and depth of the
foundation, etc. that we have different construction options. However,
because bored piles are constructed by drilling holes in the soil and
then filling them with reinforced concrete, ensuring the quality of bored
piles is an issue that the concerned units are particularly interested in.
In this study, the authors presented the quality management of bored
pile construction to support consulting engineers to master the
knowledge related to the quality of bored pile construction.

Key words: bored piles, foundation solution, construction site,
quality management, foundation.
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1.DAT VAN BE

& nuéc ta coc khoan nhéi dugc st dung tir nhitng nam 1980
tir hinh thic tao 16 bang thu cong cho dén nay da cé nhiing
thiét bi hién dai dé€ tao 16 va d6 bé téng bang cac quy trinh
khac nhau. P3c diém chung cla cong nghé thi céng coc
khoan nhoi 1a khoan tao 16 trong nén dat, git én dinh
vach hé khoan bang 6ng vach, dung dich bentonit, sau dé
tién hanh duc coc theo phucong phap dé bé tong trong
nudc [1]. Do d6 bé téng trong nudc nén viéc ddm bao chat
lugng coc khoan nhéi la mot van dé ma cac don vi lién quan rat
quan tam. Trong qua trinh thi céng xay ra su c6 la diéu kho
tranh, cac su c6 xay ra do miic d6 va tinh chat phuc tap khac
nhau, nén trong thuc té cd nha thau va tu van giam sat thudng
ling tang, khac phuc su c6 kha vat va, gay tén kém chi phi thuc
hién [2]. Bén canh d6 viéc lya chon quy trinh céng nghé va
thiét bi thi cong khéng phu hgp, cdng véi qua trinh kiém soat
ky thuat thiéu chat ché la mot trong nhiing nguyén nhan xay ra
nhiéu su c6 thi cdng coc, anh hudng tsi chat lugng va tién do
du an [3]. Bai bdo nay céc tac gia trinh bay tom tat nhing noi
dung chinh ma ngudi ky su gidm sat phai ndm viing dé nang
cao hon nira trach nhiém giam sat cting nhu quan ly chat lugng
thi cdng coc khoan nhéi.

2. NOI DUNG NGHIEN CUU.

2.1. Nhiing yéu cau chung:

Coc khoan nhéi trong nhiing nam gan day da dugc ap dung
nhiéu trong xay dung nha cao tang, cau I6n va nha cong nghiép co6
tai trong 16n. So véi coc ché tao san, viéc thi cdng coc nhéi ¢
nhiéu phuc tap han, do d6 phuong phap va cach giam sat, kiém tra
chat lugng phai lam hét stic chu ddo, ty my véi nhiing thiét bj kiém
tra hién dai...

a. Viéc giam sat phai dua vao cong nghé thi cong va chuong
trinh ddm bao chat lugng da duyét. Trong chuong trinh dam
bdo chat lugng thi cong cla nha thau cin thé hién chi tiét & 3
khau quan trong sau: Céng nghé tao 16 (dao, dong, khoan, ép),
cach git thanh 16 coc (6ng chéng suét chiéu dai coc hodc dung
dung dich) va chat lugng 16 (ding vi tri, khong nghiéng qua tri
s6 cho phép, can ldng & day 16 dugc thdi ria sach ding yéu
ciu); Ché tao 16ng thép, 14p 16ng c6t thép va gilr 16ng thép én
dinh trong qué trinh d6 bé téng; Khéi lugng bé toéng, chat
lugng va céng nghé dé bé tong.

b. V& mat quan ly va kiém tra chat lugng coc thi chia lam 2
giai doan: trudc khi thanh hinh coc va sau khi da thi céng xong



coc. Chi tiéu can phai kiém tra va danh gia gém cé: Chat lugng
16 coc trudc khi d6 bé tong; Chat lugng va khéi lugng bé téng
dé vao coc; Long c6t thép trong 16 coc (su lién tuc, nghiéng
léch, tréi...); Chat lugng sdn pham (tinh trang, kich thuéc than
coc va suc chiu tai cla coc).

Néu dung dung dich sét (hodc hod pham khac) dé 6n dinh
thanh 16 coc thi can phai quan ly chat lugng dung dich nay vé cac
mat: Ché tao dung dich dat tiéu chuin da dé ra; Diéu chinh dung
dich (mat d6 va do nhét...) theo diéu kién dia chat cong trinh - dia
chat thuy van va céng nghé khoan cu thé; Thu héi, lam giau va su
dung lai dung dich; Hé théng thiét bi dé kiém tra chat lugng dung
dich tai hién trong.

2.2. Khéi lugng kiém tra va cach xit ly

Vé nguyén tic, céng trinh cang quan trong (c6 gia tri kinh té
cao, hodc 6 y nghia lich str, c6 muc anh hudng dén xa héi.. .), céng
trinh chiu tai trong |6n, thi céng trong diéu kién dia chat phtic tap,
céng nghé thi céng c6 d6 tin cay thap, don vi thi cong va don vi
thiét k& c6 trinh dd va kinh nghiém it thi can phai quan ly va kiém
tra chat lugng c6 mat do (ty 1& %) cao hon, tiic 1a néu dé rui ro cang
nhiéu thi mdc d6 yéu cau vé quan ly va danh gia chat lugng can
phdi nghiém ngat véi mat dé day hon.

Vé khéi lugng kiém tra trong tiéu chudn TCXD 206: 1998 “Coc
khoan nhi - yéu cau vé chat lugng thi cong” da dua ra khéi lugng
kiém tra t6i thiéu (bang 1).[5]

Bang 1. Khéi luong kiém tra chdt luong bé téng than coc (theo
TCXD 206: 1998) [5]

Théng s6 Phuang phap Ty I& kiém tra
kiém tra kiém tra t0i thiéu, %
Sunguyén | -Sosanh thé tich bé tong d6 vao 16 100
ven ciathdn | cocvdi thé tich hinh hoc clia coc
coc - Khoan lay I6i
- Siéu am, tdn xa gama c6 dat ong 1-2% + phuang phap khac
trudc 10-25% + phuong phdp khdc
- Phuong phdp bién dang nho
(PIT, MIM), quan sat khuyét tat >50
qua Ong ldy 16i bang camera vo
tuyén
- Phuang phap bién dang I6n PDA 4% va khdng it han 5 coc
Domdrong | Khoan dudng kinh nhd (36mm) 6 | 2 -3 coc ltic lam thit hodc theo
hodc do viing mé rong day hodc xuyén qua |  phu luc E cGia tiéu chudn nay
ngam clia mii coc
mii coc vao
da
Cutng do bé | -Thi nghiém mau liic d6 bé tong Theo yéu cau clia gidm sat
tong thén - Thi nghiém trén 16i bé tong lic
oc khoan
- Theo téc d@d khoan (khoan thdi
khong Idy 16i)
- Sting bt ndy hodc siéu dm ddi
vdi bé tong & dau coc

Kiém tra bang phuong phap khéng pha huy (NDT), éng
tham do NDT dat suét chiéu dai coc con 6ng khoan 13y 16i phai
dat cach day coc tir 3 + 4m. Khong nhat thiét phai kiém tra tat
€ cac coc c6 dat sdn 6ng. Thong thudng chi ti€n hanh kiém tra
theo mot ty 1& nao d6 so véi cac coc da dat 6ng, néu thay chat
lugng t6t va dat két qua 6n dinh thi c6 thé ding. Néu cé nghi
van thi phai tiép tuc kiém tra cho hét s coc da dat 6ng. Ngoai
ra cing c6 thé dua vao so d6 trinh bay trén hinh 1 [7] dé thuc
hién trinh tu kiém tra tit don gidn dén phuc tap theo muc do
khai thac Ung suat cho phép va dé rui ro c6 thé xdy ra trong
qud trinh thi cong coc.
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Hinh 1. S0 d6 ding dé danh gia va i Iy coc khoan nhdi [7]
2.3. Kiém tra chat luogng 16 coc
Yéu cau vé chat lugng: Chat lugng 16 coc la mét trong céac yéu
t6 ¢ y nghia quyét dinh chat lugng coc. Cong viéc khoan va lam
sach 16 coc, sau dé la cach gilr thanh vach 16 coc la nhiing céng
doan quan trong, dnh hudng dén chat luong 16 coc tét hay xau.
Cac chi tiéu vé chat lugng 16 coc gém vi tri, kich thudc hinh hoc, dé
nghiéng léch, tinh trang thanh vach va |6p can lang & day 16. Trong
bang 2 TCVN 9395:2012 Coc khoan nhoi - thi cdng va nghiém thu
[7] trinh bay céc théng s6 dé danh gia chat lugng va phuong phap
kiém tra ching.
Bang 2. Cdc théng s6 cdn kiém tra vé 16 coc [7]
Thong s6
kiém tra

Phuang phap kiém tra

- Kiém tra béng mét c6 dén roi
- Duing siéu dm hodc camera ghi chup hinh 16 coc
- Theo chiéu dai can khoan va miii khoan

Tinh trang 10 coc

Do thang dingva | - Thudc day
dosau - Qua doi
- Mdy do do nghiéng

- Calip, thudc xép mé va ty ghi dudng kinh
- Thiét bj do dung kinh 16 khoan (dang cg, siéu am..)
- Theo d9 md clia cdnh mili khoan khi mé rong ddy
- Thé chuy (hinh chép nang 1 kg)
- Ty 1& dién tré
- Dién dung
- So sénh d séu do béng thudc day trudc va sau khi vét, théi ria
Luu y: Kich thudc 16 khoan khuyén khich Nha thau tu kiém tra
dé hoan thién cong nghé, hién tai trong thuc t& chua bt budc
phai do dudng kinh 16 (chi khéng ché chiéu sau, do ldng day va
khéi lugng bé téng).
Vi tri cGia 16 coc trén mat bang, dé nghiéng cling nhu kich thu-
éc hinh hoc ctia n6 thudng khong dung vai thiét ké quy dinh, nh-
ung khéng dugc sai Iéch qua gidi han nao dé. Cac pham vi sai s6

Kich thudc 16

Dg lang day 16
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nay do thiét ké quy dinh theo tiéu chudn thiét ké va thi cong coc
nhéi. J Viét Nam, TCVN 9395:2012 Coc khoan nhdi — thi cong va
nghiém thu [7] quy dinh sai s& cho phép vé 16 coc nhéi dugc quy
dinh trong bang 3 cla tiéu chuan nay.

Ngoai kich thudc va vi tri hinh hoc nhu da néi & trén con phai
dam bao lugng can lang & day 16 khong duoc day qué cac gia tri
sau: Coc chéng < 50mm; Coc ma sat + chéng < 100mm [7].

Phuong phap kiém tra:

(1). Kiém tra kich thudc va tinh trang thanh véach 16 coc hién
nay & Viét Nam thudng st dung may siéu am, uu diém cla thiét bi
nay la do dugc dudng kinh, hinh dang thuc t&, do nghiéng, d6 léch
tam cla 16 khoan theo 4 huéng nhd vao cdm bién siéu am. Do dé
giup cho don vi thi cong, giam sat sé cé cai nhin truc quan hon vé
hé khoan, phat hién cac vi tri bat thudng trén thanh hé khoan. Hé
théng cdm bién siéu am, thiét bi cho két qua nhanh (20m/phut) va
chinh xac dén 98% do d6 khong lam anh hudng nhiéu dén thoi
gian thi céng cong trinh. Két qua do dac cla thiét bi sé dugc ghi ra
trén gidy kém theo céac théng tin vé ngay thang, chiéu sau, ma sé
hé khoan dé lam bién ban do kiém tra. Nh& d6é don vi thi cong,
giam sat c6 co s& dé dé dang dua ra danh gia, két luan, va phuong
an xt ly va khac phuc kip thoi. Thiét bi c6 thé tu dong phat hién va
do kiém tra dugc hinh dang day 16 gitp danh gia mdc dé bun ban
con lai trong hé, d6 ma clia canh mi khoan khi mé réng day. Thiét
bi cai dat vi tri cdm bién (Ién hodc xuéng) & mot do sau bat ki gidp
cho dan vi thi cong, gidm sat cé thé quan sat rd hon vi tri can kiém
tra ky. Hé théng c6 thé do dugc dudng kinh 16 khoan téi da 1én dén
8m va & dd sau téi da 100m do dé dap tng hau hét cac cdng trinh
hién tai & Viét Nam. Thiét bi hoat dong don gian, sir dung dién udi
220VAC nén rat thuan tién cho qua trinh st dung, thi cong.

(2). Do bé day I6p can ldng & day 16 coc

Phuong phap chuy rgi: Dung chuy hinh con bang déng néng
khoang 1kg, c6 tai dé€ budc day va thd cham cham vao 16 khoan.
Phan doan mat I6p can ldng bang cdm giac tay cam day, d6 day
I6p can la hiéu s6 gitta d6 sau do dugc lic khoan xong véi d6 sau
do dugc bang chuy.

Phuong phap dién tré: Dua vao tinh chat dan dién khac nhau
cGa méi trudng khong déng nhat (gém nudc + dung dich gilr
thanh va céc hat can lang) ma phan doan chiéu day I16p can ldng
nay bang tri s6 bién déi clia dién tré.

Phuong phap dién dung: Dua vao nguyén ly khodng cach gitia
hai cuc ban kim loai va kich thudc gitta chung khong thay déi thi
dién dung va suat dién giai ctia moi trudng ty 1& thuan véi nhau,
sudt dién giai ctia moi trudng nudc + dung dich gilt thanh + can
13ng, c6 su khac biét, do d6 ti su thay d8i clia suat dién giai ta suy
ra dugc chiéu day I6p can lang.

Phuong phép séng am (sonic): Dua vao nguyén ly phan xa cla
song am khi gap cac giao dién khac nhau trén dudng truyén song.
Pau do lam hai chic nang phat va thu. Khi séng gap mat I6p cén
ldng phan xa lai, ghi dugc thai gian nay la t1, khi gap day 16p can (
dat da nguyén dang ) phan xa lai, ghi dugc t,, chiéu day 16p can
lang séla:

h= (7" — b jc
2 (1)

Trong dé: h - d6 day I6p can 1ang; t1 va t2 - thai gian phat va thu
khi séng gap mat va day I6p can 1ang (giay); C - t6c d6 séng am
trong can lang (m/giay).

L6p can l1ang hinh thanh trong thai gian ti luc tao 16 dén luc
dé bé téng, trang thai cla I6p nay tir trén xudng & thé 16ng r6i dén
dac va cubi cung la hat. Do vay, thé nao la can lang ciing khéng c6
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dinh nghia ré rang va cling khéng c6 mét bé mat can ldng xac dinh
cu thé ma chu yéu xac dinh dua va kinh nghiém.

(3). Diéu ché va quan ly dung dich gilt thanh

Trir trudng hop I6p dat & hién trudng thi cdng coc khoan nhoi
¢6 thé tu tao thanh dung dich sét hoac tao 16 va gilt thanh bang
phuong phap cé 6ng vach, con lai déu phai dung dung dich ché
tao san dé gilt thanh 16 coc. Ché tao dung dich phai dugc thiét ké
cap phdi tuy theo thiét bi, cdng nghé thi céng, phuong phap
khoan 16, diéu kién dia chat cong trinh va dia chat thuy van cla dia
diém xay dung dé quyét dinh.

Trong bang 3 trinh bay cac yéu ciu vé chat lugng cta dung
dich sét luc ché tao ban dau

Bang 3. Chitiéu tinh ndng ban ddu cia dung dich sét [7]

Hang muc Chi tiéu tinh nang Phuong phap kiém tra
1. thl lugng Tit1,05/cm? 1,15 g/em? Ty trong ké boac Bomé
riéng ké
2.D0 nhét 18-455 Phéu 500/700cm?
3. Hamlluqng <6%
cét
4.Ty |é chat keo > 95% Dong cdc
5. Lugng mat ) Dung cu do lugng mét
6 <30ml/30 min nuic
6. Do day do sét Tmm-3mm sau 30 min Dung cu do !uqng mat
nudc
- 1min: 20mg/cm?-30 mg/cm2 v o
7. Lyc cat tinh 10min: i 50 mg/cm? - 100 mg/cm2 Luc ké cat tinh
8.Tinh 6n dinh <0,03 g/cm2
9.9 pH 7-9 Gidy thir pH

2.4.Kiém traléng thép va lap dat ong do

Long c6t thép ngoai viéc phai phu hop véi yéu cau cda thiét ké
nhu quy cach, ching loai, chat lugng que han, quy cach méi han,
d6 dai dudng han, ngoai quan va chat lugng dudng han.. con phai
phu hgp yéu cau trong bang 4 duéi day [7]

Bang 4. Sai sé cho phép ché tao I6ng thép [7]

Hang muc Sai sd cho phép, mm
1. Khodng cach giita cac ¢t chd +10
2. Khoang cch c6t dai hodc ¢6t 10 xo +20
3. Dutng kinh léng thép +10
4.D9 dailong thép +50

Sai s6 cho phép clia I6p bao vé cot thép chi clia 16ng thép: Coc
dé bé tdong dudi nudc + 20mm; Coc khéng dé bé tdng dudi nudce +
10mm.

Cac 6ng do dugc lam bang thép hodc nhua PVC c6 dudng kinh
phu hgp véi kich thuéce ctia dau do. Budng kinh trong ctia méi 6ng
thi nghiém dugc chon nam trong pham vi tir 50 mm dén 60 mm,
chiéu day cta thanh 6ng chon tir 2 mm dén 6 mm va phai tinh
toan dam bao kha nang chiu ap luc (ca ap luc théng duing va ap luc
ngang). Dau dudi ctia 6ng dugc bit kin, dau trén cé nap day. Cac
doan 8ng do siéu am c6 thé han hodc budc chat vao phia trong
cla 16ng c6t thép, khoang cach gitta cac méi han hodc buéc phai
dam bao su én dinh clia 8ng khong bi xé dich trong qua trinh 46
bé téng. Cac 6ng nay dugc dat song song vai nhau doc theo suét
chiéu dai than coc, ddy cla cac 6ng do dugc dat & cung mot cao
d6 va sat day hé khoan. Viéc lién két gilra cac doan éng phai dam
béo kin khit khdng cho nudc ban hodc cac tap chat lot vao trong
8ng. Phia trong cac 6ng do siéu am phai dugc kiém tra thong suét
va dé day nudc sach trudc khi tién hanh d8 bé téng. S6 lugng cac
6ng do dugc quy dinh tuy thudc vao kich thudc cau kién mong can
thi nghiém. Dé&i vai moi cau kién mong khoang cach gitia tam hai



8ng ké tiép nhau dé tha dau do nén bé tri trong khoang tir 0,3 m
dén 1,5 m. [8]

DGi v6i coc khoan nhéi c6 dudng kinh coc la (@) thi s6 lugng
6ng do du tinh cho mét coc nhu sau:

a) Hai 6ng khi ® < 60 cm (géc gilia cac 6ng la 180°);

b) Ba 6ng khi 60 cm < ® < 100 cm (gdc gilia cac 6ng la 120°);

¢) Lén hon hodc bang bon 6ng khi ® >100 cm (gdc gitta cac
ong la < 90°).

2.5. Kiém tra chat lugng bé téng va cong nghé dé bé téng

Thi cdng bé tdng cho coc khoan nhéi trong dat cé nudc ngam
phai tuan theo quy dinh vé dé bé téng dudi nudc va phai cé sy
quan ly chat lugng bé tong khi d6 bang cac théng s6 sau day: Do
sut (cho ting xe dé); C8t liéu tho trong bé téng khong 16n han ¢&
hat theo yéu cau ctia cdng nghé; Chat lugng ximang; Muc hén hgp
bé téng trong hé khoan; D6 sau ngap 6ng dan bé téng trong hén
hop bé tong; Khéi lugng bé téng da dé trong 16 coc; Cudng d6 bé
tong sau 7 va 28 ngay.

Can thiét 1ap cho tiing coc mét dudng cong dé bé tdng quan
hé giiia luong thuc té clia bé tong vao coc va thé tich hinh hoc (ly
thuyét) clia coc qua timng do sau khac nhau. BPudng cong noi trén
phai cé it nhat 5 diém phan bé trén toan bo chiéu dai coc. Trusng
hgp bé tong sai lIéch khéng binh thong so véi tinh todn (it qua
hodc nhiéu qua 20%) [7] thi phai xem lai dung dich gilt thanh va
dung cac bién phap dac biét dé thdm dinh tim nguyén nhan va
phuong phép dé thich hop.

Ngoai diéu kién vé cudng do, bé téng cho coc khoan nhéi phai
c6 do sut I16n d€ dam bao su lién tuc cta coc (bang 5) [4] va phai
kiém tra chat ché trudc khi d6, lugng ximang thudng khéng nhé
hon 350kg/m? bé tong.

Bang 5. DO sut clia bé téng coc nhoi [4]

Diéu kién st dung Do sut (mm)
D tu do trong nudc, 6t thép co khodng cach I6n cho phép bé

A o x s 75-125
tong dich chuyén dé dang
Khodng cach c6t thép khong di Ién d€ cho phép bé tong dich
chuyén dé dang, khi c6t dau coc ndm trong viing véch tam. Khi 10-17,5
dudng kinh coc nhd hon 600 mm
Khi bé tong dugc d6 dudi nudc hodc trong méi trudng dung dich

) ; I . >15
sét bentonite qua dng d0 (tremie)

Viéc thi cong d6 bé téng cho coc thudng tién hanh cling ldc
V@i viéc khoan tao 16 cho cac coc khac. Nhiing chan dong rung sé
c6 anh hudng khong tot dén qua trinh déng ciing clia bé tong t-
udi. Do vay can phai han ché tac hai chdn déng trong moéi trudng
dat bang théng s6 van téc chuyén doéng cuc dai chia chat diém nhu
trinh bay trong Bang 6.

Bang 6. Muic vdn t6c chdn ddng cho phép d6i véi bé téng

Tudi clia bé tong Van téc cuc dai cla chat diém (mm/s)
0-4 gio Khong han ché
4-24gi¢ 5, t6t nhat la khdng ¢ chan dong
1-7ngay 50

2.6. Kiém tra chat lugng than coc

Chat luong cla coc sau khi d6 xong bé téng thudng thé hién
béng cac chi tiéu sau:

- DO nguyén ven (su toan khoi clia coc);

- Su ti€p xuc gita mai coc va dat nén;

- Stic chiu tai clia coc.

Mét s6 phucng phép kiém tra thudng dung gém co:

(1) Phuong phap siéu am truyén qua

Viéc tham do bang siéu am mot cau kién mong bang bé tong
cb dat trudc it nhat hai 8ng do, song song, bao gébm cac budc nhu
sau:

Cho moét dau do (dau phat) vao trong mot 6ng do da day nudc
sach va phat séng siéu am truyén qua bé tong clia cau kién moéng;

Cho moét dau do tha hai (dau thu) vao mét 6ng khac cling day
nudc va thu séng siéu am nay & cing muc do sau cta dau phat
song; khi can (vi du ltc do dé 16n 16 héng) c6 thé hai dau thu phat
khéng cing & mot muc do sau nhung khodng céch chéo nay phai
dugc xac dinh.

Trén suét doc chiéu cao cac 6ng, do thdi gian truyén séng siéu
am gidra hai dau do; Ghi lai su thay d6i bién d6 cla tin hiéu nhan
duagc.

Phan tich va danh gia két qua kiém tra do chuyén gia tu van c6
trinh d6 chuyén mén cao thuc hién va chiu trdch nhiém truéc ngu-
i dat yéu cau.

Pé danh gia chat lugng bé téng cla cau kién méng thudng
phai dua vao cac déac trung am do dugc (nhu van tdc, bién do,
nang lugng, thai gian truyén...) hodc dua vao hinh déng cta song
am dugc ghi lai trén man hinh. Trong bang 7 trinh bay cach danh
gia chat lugng bé tong theo mét sé dac trung song siéu am.

Bang 7. Ddnh gid chdt lugng bé téng than coc khoan nhéi theo

ddc trung séng dm
Chat lugng Thoi gian truyén Bién do Hinh dang séng
Tot Déu dan khong dotbién | Khong bi suy gidm Idn Binh thudng
Phan tang Tang l6n (6 suy giam Bién doi la
Niit gay Tang dgt bién Suy gidm ro rét Bién ddi la

Phuong phap kiém tra chat lugng bé téng bang siéu am khéng
cho théng tin vé cudng dé (hodc cac dac trung co hoc khac nhu
modun dan héi, hé sé Poisson). Muén cé dugc cac thong tin nay, &
cac cong trudng 16n (vai khéi lugng bé tdng nhiéu) phai tién hanh
xay dung céc tuong quan gitta dic trung co hoc nao d6 (can dung
no6 trong kiém sodat chat lugng) véi dac trung am. Trong trudng
hgp muén cé nhimng sé liéu so bd vé chat lugng hoac cuing do bé
téng thédng qua cac dic trung séng am c6 thé tham khao béng 8

Bang 8. Ddnh gid chdt luong bé téng than coc bdng van téc xung

T6c d xung Dénh gia
ft/s m/s chat lugng
Trén 15.000 Trén 4570 Rét tot
12.000 - 15.000 3660 - 4570 Tot
10.000 - 12.000 3050 -3660 Nghingd
7.000 - 10.000 2135-3050 Kém
Dai 7.000 DGi 2135 Rat kém

(2) Phuong phap déng vi phong xa (tia gamma)

DE kiém tra chat lugng va phat hién khuyét tat trong bé téng
mdéng, ngudi ta st dung ngudn déng vi Cs-137 (hodc Cr-60) dé
khao sat dac trung co ban cuda vat liéu.

Khi truyén qua bé tong, cudng do buc xa bi giam yéu do su hap
thu cia bé tdng. V& ly thuyét da chiing minh dugc: mat dé bé tong
thay d6i phu thuéc tuyén tinh véi logarit clia cudng dé buc xa I thu
nhan theo phuong trinh:

p=A+BInI )

Trong do: A, B dugc xac dinh trén mau chuan trong phong thi
nghiém phu thuéc vao cudng do buc xa ban dau lo, chiéu day cua
mong d, hé sé suy gidm p va mét sé tham s6 khac.

Khi chiéu day d khéng déi thi viéc xac dinh p chi hoan toan
phu thudc vao sé lugng tia phdng xa phat va thu.

Tu mat do p va su phan bd cla no sé xac dinh dugc cac khuyét
tat va dé déng nhat ctia bé téng coc méng.

(3) Phuang phap bién dang nhé (PIT)

Phuong phép thit bang bién dang nhoé dua trén nguyén ly
phén xa khi tr& khang thay d8i, clia séng Ung suat truyén doc theo
than coc, gay ra bdi tac dong cuia lyc xung tai dau coc.
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Trinh tu thuc hién ch( yéu nhu sau: Dung bua tay c6 lap bo
cam bién lyc, déng lén dau coc; Ghi lai hinh song luc xung lam
diéu kién bién; Luc can & mat bén clia coc mé phdng theo luat tat
dan tuyén tinh, luc can & mii coc mé phong theo 16 xo va bd phén
tat dan. Dung cac tham sé gia dinh cda dat dé tinh bang phuong
phap lap va diéu chinh tré khang dé sao cho hinh séng tinh toan
tuong d6i khdp véi hinh song do dugc tir thuc té, tir d6 phan doan
vi tri va do I6n khuyét tat.

Ngoai phuang phap bién dang nho PIT theo trudng phai cta
My, & Vién co hoc Viét Nam c6 hé théng thiét bi MIMP-15 kiém tra
chat lugng coc theo nguyén ly trd khang co hoc (MIM) clia ngudi
Phép theo tiéu chuan Phap NF 160-94.

(4). Phuang phap bién dang I16n (PDA)

Phuong phéap thdr bang bién dang I6n (theo mé hinh E.A. Smith
hodc theo Case) la phudng phap do séng cua luc & dau coc va
song van toc (tich phan gia téc) réi tién hanh phan tich thai gian
thuc d6i vai hinh séng (bdng cac tinh 1ap) dua trén ly thuyét truyén
song Ung suat trong thanh cing va lién tuc do luc va cham doc
truc tai dau coc gay ra.

Cac dau do gia téc va Ung suat dugc gan chat vao coc, cac tin
hiéu tir dau do dugc truyén tir coc nhu nang lugng I6n nhat cla
bua, ing suat kéo nén Ién nhat clia coc, suc chiu tai Case-Goble, hé
s6 dd nguyén ven.. dugc quan sat trong qua trinh thi nghiém trén
hé théng may phan tich va hién thj.

Cac s6 liéu hién truong dugc phan tich bdang chuong trinh
CAPWAP (hodc Case) nham xac dinh sic chiu tai thg cong cla
cog, stic chbng ma sét clia dat & mat bén va & mii coc cung mot s6
théng tin khac vé céng nghé déng va chat lugng coc.

C6 thé phan doan muc do khuyét tat (cé tinh chat dinh tinh)
cUa coc theo hé s6 hoan chinh B (theo bang 9).

Bang 9. Phdn dodn muc dd khuyét tat cda than coc

Hes6 B 10 0,8-10 0,6-0,8 <06
Miic do khuyét Hoan Tén that it Phd hong Nt gay
tat chinh

98

Nhu da luu y trén day, cac phuong phéap kiém tra khéng pha
hoéng viia néu c6 nhiing han ché ctia né. Do d6 dé c6 do tin cay
cao hon trong viéc xac dinh cac khuyét tat clia coc thudng phai
dung khéng it hon hai phuong phap khac nhau dé cung kiém tra
va xac nhan, khéng nén tin vao mot phuong phap nao khi cé nhiéu
nghi ngd vé két qua. Co thé dé khang dinh, phai dung cac phuong
phap truc giac tuy ton kém va cng kénh nhu khoan lay mau hodc
dao khi diéu kién cho phép.

Trong béng 10 va 1 tdm tét néu mot s6 uu va nhugc diém ciing
nhu pham vi dp dung cla cac phuong phap kiém tra néi trén.

Bang 10. Cdc phuong phdp truyén qua truc tiép (tia gamma hodc
siéu dm)

Phuang
phap Phudng phap kiém tra bang Phucng phép kiém tra
Uu siéu dm truyén qua bdng gamma truyén qua
khuyét diém
- Do 56 phdng xa gilta cdc
o . ong dat san hodc cic 16
- Do song siéu am truyén qua P
(oa e <o . | khoanldy mau.
cdc ong ddt san hodc cac 16 P s
v - Ngudn phéng xa va dau
A gy i khoan lay mau. o Cxoa
Nguyén tac va diéu . N . .. | thu dé trong cdc 6ng gan
b - Céc dao dong duoc truyén tur < ax a
kién dp dung o x N « +» | Nhau hodc doi dién nhau
mot 6ng khdccing cao do dé | .. L ol A
oo o | 6 do day nudc. Vung mdt
do thoi gian dén va bién do | .. . .~ . . <
dao don do thap sé lam tdng
ng photon (quang td) trén
dau do.
Uu diém -Tuong ddi nhanh -Tuong ddi nhanh
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-Xac dinh dugc khuyét tat | -Xac dinh duoc khuyét tat
giiia cac ng kha chudn giita cdc 6ng kha chudn
-Khong bi han ché dg sau -Khong bi han ché d6 sau
-Xem két qua ngay trén man | -Xem két qua ngay trén
hinh man hinh
-Phdi ddt trudc cac ong
-Phadi dét trudc cc ong hodc | hodc phéi khoan 10
o phéi khoan 16 -6 thé gdy nhiém phong
Nhuge diém Kho xéc dinh dugc khuyét tat | xa
@ gan mat bén clia coc -Khodng cach 16n nhat
gilfa cic 6ng 1a 80cm.

(ing dung -Kiém tra dong chét cda bé | -Kiém tra ddng chdt ctia bé
tong hodc xac dinh bat ky | tong hodc xéc dinh bat ky
khuyét tat nao trong coc khuyét tat nao trong than

€oc
Bang 11. Cdc phuong phdp thir déng bé mdit (PIT, MIM, PDA)
Phuang s
phap Elluong phap}ht{dong Phuang phép thi dong bién dang
bién dang nhé (g - PIT, .
Uu 16n (PDA)
. MIM)
khuyét
-Do thdi gian truyén song
doc trong bé tong.
-Duing bia o vao ddu coc | -Do van tdc va bién dang dau coc.
Nguyéntdcva | truyén séng nén di xuéng | -Dung biia rai tu do trén dau coc dé
diéukiéndp | gdp mii coc hodc bt ky | gdy ra chuyén dich coc vao trong dat
dung khuyét tat nao sé phdn xa | -Dung Iy thuyét phuong trinh
lai bé mat. truyén séng dé phan tich
-Viéc phén tich sé tién
hanh sau
“Khong cén chon ong tr- -Khéing cén chdn éng trudc
uac w1 (
Uu diém e . -Thiét bi gon nhe xdch tay
-Thiét bi gon nhe xéch tay
-Nhanh
-Nhanh
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2.7. Kiém tra stic chiu tai ctia coc

Suic chiu tai cta coc la théng s6 quan trong va co y nghia nhat
phan anh chat lugng cta coc da thi cdng. Viéc thir coc dé xac dinh
stic chiu tai ciia nd thudng la cong viéc ton kém va khéng phai luc
nao cling c6 thé thuc hién dugc cho tat ca cac coc tai cdng trudng.
Trong méi céng trinh, viéc kiém tra stic chiu tai coc khoan nhéi la
mét quy trinh khéng thé thiéu. Céng tac kiém tra chit lugng coc
giup cho don vi thi cong cling nhu chi dau tu biét dugc kha nang
chiu tai trong clia coc khoan nhéi c6 t6t hay khéng va dua ra
nhiing giai phap xtr ly néu can thiét.

(1). Phuong phép th tinh déng

Phuong phap nay dua trén nguyén ly phan luc clia dong co tén
Itra, dat mot thiét bi trén dau coc cé déi trong vira dua, sau d6 cho
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né. Dung phuong phap phuong trinh trinh séng hay dé ciing déng
dé tinh stc chiu tai clia coc nhéi.Phucng phéap nay ap dung cho tat
ca cac loai coc diing va nghiéng. Uu diém cé do I6n tai trong tha
rat cao, c6 thé Ién dén 3000 tan

(2). Phuong phap thir tai tinh truyén théng

Thudng chi ép dung & nhiing noi c6 mat bang réng va coc thi
phai 6 tai trong nhd hon 5000 tan. Nguyén ly hoat dong la diing
coc neo hodc cac vat ning chat trén dinh coc dé lam déi trong
giup gia tai nén coc. Phuong phap nay cha yéu ap dung cho cac
loai coc nhé hon 5000 tan, két qua thi la chung chung, khéng xéac
dinh dugc suc chiu tai cla mai va than coc.

(3). Phuong phap thi nghiém PDA

Phuang phap nay ap dung nguyén ly thuyét truyén song ting suat
va va cham cuia coc, dau vao la nhiing s6 liéu do gia toc va bién dang
coc dudi tac dung cda bua. Co s& cla phuong phap nay dua
trén: Phuong phép case; Phan mém CAWAPC; Phuong trinh truyén
séng coc; Hé thong phan tich déng coc PDA. Phuong phap PDA thar
dugc nhiéu coc trong ngay. Két qua do dugc: Suc chiu tai clla coc
khoan nhoi tai ting nhat bua dap, tai tiing dé cao ngap dat cda cog;
Ung suat nén, ting suat kéo va tng xudt nén phai I6n nhat. Thi nghiém
PDA chi chinh xéc khi luc va cham dau coc du 16n dé tao dugc bién
dang du tir 3- 5cm. Phuong phap nay tién hanh nhanh han, it gdy anh
huéng dén cac hoat dong & cong trudng nhung gay tiéng én. Dé dang
giam sat dugc d6 phuc héi hodc gian ra clia dat sau khi dong coc

(4).Phuong phép tht tai tinh bang hop tai trong Osterberg:
Ngudi ta dung hop tai trong Osterberg dat & mii coc nhéi hoac &
mii va than coc trudc khi d6 bé téng than coc, Sau khi coc da du
cudng d6 tién hanh tao tai bang cach bom dau vao trong kich da
chén trong coc, cac budc chat tai va do cac chuyén vi mii coc, dinh

coc, thong qua céc 6ng do chén san, dugc tién hanh nhu trong thir
tinh truyén théng.

Phuong phép nay thudng ap dung cho coc khoan nhoi chiu tai
trong I6n va nhiing nai c6 mat bang kho thi céng. Phuong phap
kiém tra suic chiu tai coc khoan nhéi nay mang lai d6 chinh xéac cao
va 6 thé kiém tra dugc kha nang chiu luc cta ting IGp dat ma coc
di qua. Th{r tai bdng hop tai trong Osterberg cé thé khic phuc cac
khuyét diém clia phuang phdap th{ tai tinh truyén théng va mang
lai d6 chinh xac rat cao.

2.8. Mét s6 hu héng thudng gap trong thi cdng coc khoan nhéi

Cac hu hong thudng gap trong thi cong coc khoan nhéi rat da
dang do nhiéu nguyén nhan khac nhau. Trong bang 12 trinh bay
nhiing dang hu hong chinh. & day can luu y dén mot s6 nguyén
nhan chung gay ra coc kém chat lugng thudng xdy ra ¢ khau
khoan réi don 16 va khau dé bé téng.

Cac nguyén nhan bao quét thudng la:

- Do kém am hiéu mét phan hay toan bd ban chit ctia dat nén
va diéu kién dia chat thuy van cta dia diém xay dung;

- Do kiém tra khéng day du trén cong trudng clia chii dau tu
hay nha thau vi khong c6 hodc thiéu tu van giam sét co6 trinh dé
chuyén mon, kinh nghiém va tu chat can thiét;

- Do hgp d6ng quy dinh qua eo hep hodc ké hoach thi cong véi
ti€n do khong thich hgp cho nhimng cong viéc can phai can than;

- Do thi€u khad ndng hodc tinh ciu tha cGa nha thau khi thi
cong nhitng cong viéc qua phuc tap;

- Do viéc hoan thanh mot coc bao gom mot s6 thao tac don
gian hgp thanh nhung nhiing nguoi thuc hién thiéu tinh té va
khéng c6 nhimng ky xao can thiét (vi it kinh nghiém) mac du ho da
dugc lua chon kha ky nhung van khéng lam chu t6t.
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* cong doan tao 16, nhimg hu hdng c6 thé 1a do hau qua cua:

- Ky thuat thiét bi khoan hodc loai coc da lua chon khong thich
hgp vai dat nén;

- Mét dung dich khoan dét ngét (khi gap hang cac-to hodc
thach cao) hodc su tréi Ién nhanh chong cua dat bi sut 16 vao
thanh 16 khoan, 2 su c6 nay dé tao thanh “ngoai du kién thiét ké”;

- Su quan ly kém khi khoan tao 16 do st dung loai dung dich c6
thanh phan khéng tuong ting vaéi diéu kién dat nén va cong nghé
khoan hoac kiém tra khong t6t su bién d6i thanh phan dung dich
(nhat 1a mat do va doé nhét);

- Sy nghiéng léch, bap bénh cta hé théng may khoan 16
khi gdp da mé coi hodc I6p da nghiéng. Nhing sai léch vi tri
nay phu thudc vao hiéu qua va su kiém soat cla thiét bi dan
hudng, diéu d6 anh hudng dén d6 thang ding cla coc va cé
thé vugt qua d6 nghiéng du kién (cho phép) cla thiét ké&;

- Lam sach mun khoan trong 16 coc khéng tét, day 16
khoan cé I6p can day, lam giam su ti€p xuc gilra I16p dat chiu
Iuc v6i mii coc, lam nhiém bdn va gidm chat lugng bé téng;

* § cong doan d8 bé tdng vao coc thudng gip nhiing sai
s6t do mot s6 nguyén nhan sau:

- Thiét bi d6 bé téng khong thich hgp hodc tinh trang lam
viéc khéng tét;

- Chi dao cong nghé d6 bé téng kém: sai sét trong viéc
cung cap bé tédng khéng lién tuc, gian doan trong khi d6, rat
6ng dé qua nhanh;

- Cép liéu khéng déu sé dan dén luong bé tong chiém ché
ban dau khéng dt do d6 qua nhanh;

- St dung bé tong cé thanh phan khéng thich hop, do sut
hodc tinh déo khong du va dé bj phan tang.

Mot s6 nguyén nhan khac lam héng coc hodc lam gidam
stic chiu tai cia coc c6 thé la:

- Su luu théng mach nudc ngam lam tréi cuc bd bé tong t-
uoi;

- Su sdp xép lai dat nén do chan déng sé dan dén sy suy
gidm ma sat ctla mat bén hodc stic chéng & mi coc;

- Khodng thai gian gian doan gitra khau khoan tao 16 va d6
bé tong vao coc kéo dai qua quy dinh gay ra su sut 16 & vach
16 khoan va ldng dong can qua day & day;

Nhu vay, 3 nhdm nguyén nhan ndi trén (quan ly va trinh
d, trong luc tao 16 va giai doan d6 bé téng) thudng chiém ty
trong dang ké gay ra anh hudéng dén chat lugng cho coc
khoan nhéi. Thudng ngudi thi céng da du kién trudc cac tinh
huéng, chuén bi sén bién phap x ly hodc khac phuc, nhung
diéu d6 khong phai luc nao clng tién liéu hét, nén kinh
nghiém trong va ngoai nudc déu chi ra rang phai ldy viéc
giam sat chat ché va ghi chép day du la cach bao dam chat I-
uong coc tin cay nhat.

2.9. Nghiém thu coc khoan nhéi

Theo TCXD 206:1998 trong d6 can chu y cac néi dung
chinh sau day [5]:

Phan tao 16: Muc nudc ngdm hodc muc nudc séng bién;
Téc @6 va qua trinh thi cong tao 16; Kich thudc va vi tri thuc
cla 16 coc (muc léch tdm va dé thdng dung); Pudng kinh va
d6 sau lam 16, dudng kinh va dé dai ctia 6ng chéng hodc 6ng
dinh vi & tdng mat; do dai thuc té cla coc, dé thdng ding cla
coc; Bién ban kiém tra chat lugng, su c6 va cach x{ ly (néu co).

Phan gilt thanh va c6 thép: Loai dung dich gilr thanh va
bién phap quan ly dung dich; Thai gian thi cong cho méi céng
doan; B tri c8t thép, phuong phap néi dau va do cao doan
dau phan d6 bé téong; Bién ban kiém tra chat lugng coc;
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Nhirng truc trac va su c6 (néu c6) va cach xt ly; Loai tho va sé
ngudi tham gia thi cong.

Phan kiém tra chat lugng coc: Bao cao kiém tra chat lugng
coc va suc chiu tai cla coc don; Ban vé hoan cong méng coc
khi dao hé mong dén cot thiét ké va ban vé c6t cao dé dau
coc.

3. KET LUAN

Cong nghé thi céng coc khoan nhéi thich hgp véi cac
cong trinh 16n, tai trong nang, dia chat nén mong la dat hoac
¢6 dia tang thay déi phuc tap. Thich hop xay nha cao tang tai
cac khu dan cu dong duc, nha xay chen, nha xay lién ké mat
phé, nha biét thy vi khdc phuc dugc cac su cé lun nit cac nha
lién ké, gia ¢6 moéng nha bi yéu, c6 thé thi céng tai cac dia
diém chat hep hodc trong ngé ngéach nhé... Cong nghé thi
cong coc khoan nhéi ciing tao thé cht déng cho nganh Xay
dung céng trinh giao théng, thi cong cac céng trinh cau,
cadng, ham... Khau quan trong nhat dé€ quyét dinh chat lugng
coc la khau thi cong, bao gém ca ky thuat, thiét bi, nang luc
lao déng cta daon vi thi cong, su nghiém tdc thuc hién quy
trinh thi cong chdt ché, kinh nghiém xu ly trong céc trudng
hgp cu thé. Do d6 can bd giam sat phai ndm virng céng nghé
thi cong cling nhu cac phuong phéap kiém tra dé nhic nhé
don vi thi céng diéu chinh néu c6 sai so6t, nham nang cao chat
lugng coc khoan nhoi.
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Lap tién da thyc hién dy &n dau tu xay dung trong nudc noi
chung va khu vurc Bang bing sang Ciru Long (DBSCL) nai rigng
chi yéu dugc |ap theo céc phrong phép so dd ngang, so dd
xién, hay so dd mang, viéc 1ap tién da, viéc quén |y tién da thi
cing cho ting viec hay toan ba cang trinh va xac dinh nhan
cang thuc hign, xac dinh thiri gian hoan thanh mat cong viec
thang thueng duge tinh theo dinh mac thai gian cho trong céc
ban dinh mirc duge quy dinh tai Dinh moc dv todn xay dung
cing trinh cia Ba Xay dyng, mac du dinh mirc da duge nhiéu co
quan nghién ctu, thing ké bang nhitng phueng phap khoa hoc
va duge coi 1a chudn myc cho vigc thyc hién cac cang viec
nhung dinh mirc lai chea dy trd duge moi tink hudng ma thyc
té sé dién ra nhu diéu kien thivi tigt, thay ddi ché dg chinh sach,
khan higm vat lieu, giai phang mat bang va dén bo giai toa, xir
ly kj thuat, phat sinh bd sung cac bign phap thi cang, diéu
chinh thigt k&, diéu chinh quy hoach, nguén van cho cang trinh
bi cét giam so vai k& hoach da bd tri, khan higm vat ligu... khign
thue t€ thue hign du an khac xa so vai k& hoach dé ra lam cho
ngudi quéan Iy bi dang, khang kip thai diéu chinh tign da thyc
hign du &n gay cham cham tign da thi cong va nhu vay gay dai
viin cho du an dau tw. Tap mar vai khé nang xtr ly cac bai toan
thigu thang tin va dif ligu khang chac chén nhr cac yéu td rii
ro khach quan |&n chi quan xay ra trong qua trinh thi cong vai
co st da viec sir dung céc |y thuyét, cac thudt toan cia ly
thuygt tap mar dé thigt k& k& hoach thuc hién du an sé ca s
khoa hoc vitng chéc dva ra dugc ket qué tinh toan dy bao vai
dd tin cay cao trr do [am co sé duy béo tinh hinh thec hign dy
an. Bai bao nay tac gia trinh bay quy trinh |ap tién d du an dau
tu xdy dung khu vyc DBSCL béng Iy thuyét tap ma.

Tir khoa: Tap mx; tién da dur an; DBSCL; so dd ngang; s dd mang.

ABSTRACT:

Making the progress of construction investment projects in the country
in general and the Mekong Delta in particular, it is mainly made
according to the methods of horizontal diagrams, oblique diagrams, or
network diagrams. the making of schedule, the management of
construction progress for each job or the whole work and determining
the labor to perform, determining the time to complete a normal job is
calculated according to the time norm given in the norms specified in
the Construction Estimating Norms of the Ministry of Construction,
Although the norm has been researched and statisticed by many
agencies using scientific methods and is considered a standard for the
performance of jobs, the norm does not anticipate all situations that will
actually take place such as weather conditions, changes in policy
regimes, scarcity of materials, site clearance and compensation for
clearance, technical handling, additional construction measures, design
adjustment, planning adjustment, capital for the work is reduced
compared to the arranged plan , scarcity of materials, ... making the
actual implementation of the project far different from the plan, making
the manager passive, unable to promptly adjust the project
implementation schedule, causing delays in the construction progress.
and thus raise capital for investment projects. Fuzzy set with the ability
to handle problems with lack of information and uncertain data such as
objective and subjective risk factors that occur during construction
with that basis, the use of theories, algorithms The calculation of fuzzy
theory to design the project implementation plan will have a solid
scientific basis to give high reliability predictive calculation results,
thereby serving as a basis for forecasting the project implementation
situation. In this article, the author presents: project schedule process
using fuzzy theory in the Mekong Delta.

Key words: fuzzy; progress of construction investment projects;
Mekong Delta; horizontal diagrams; network diagrams
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1.DAT VAN BE

Hién tai cac nghién ctru vé lap tién dé thuc hién du an ciing cé
ké dén cac yéu t6 thuc té tac dong vao qua trinh thuc hién nhung
do chinh xac con chua cao, viéc dp dung chiing vao cac cong trinh
thuc té thudng st dung cac thuat toan con don gian, vi dit liéu dau
vao la cac rdi ro nén cac di liéu nay chua day da va khéng chac
chan vi vay két qua tinh toan chua phan anh ding du bao két qua
thuc hién cta du &n, do dé can thiét phai c6 mét phuong phap,
mot thuat toan phu hgp dé co thé tinh toan vai cac dir liéu khong
chdc chdn d6 va dua ra két qua véi dé tin cay cao, phuc vu tét va
thiét thuc cho viéc QLDA. Tap md c6 uu diém vé du bao véi nhiing
dir lieu khéng chic chdn nhu cac yéu té rai ro khach quan 1an chu
quan xay ra trong qua trinh thi cong anh huéng dén tién doé thi
céng cdng trinh diéu nay cac phuong phap lap tién doé khac chua
c6 ké dén.

2.NOI DUNG NGHIEN CUU

2.1.Co'sé phap ly

2.1.1. Cdc quy dinh vé qudn ly tién dé thuc hién du dn ddu tu
xdy dung

Linh vuc quan ly du an dau tu xdy dung luén la moét linh vuc
quan trong, nhan dugc su quan tam cla cac chu thé c6 lién quan.
Trong nhiéu nam qua, qua nhiéu giai doan diéu chinh va sira déi,
dén nay Nha nudc da ban hanh hé théng van ban quy pham phap
lugt tuong déi day di nham hoan thién cong tac quan ly dy an noi
chung, quan ly tién d6 thuc hién du an dau tu xay dung néi riéng.
Tai Viét Nam, cac néi dung lién quan tGi quan ly tién do thuc hién
du an xay dung dugc quy dinh trong mot s6 van ban quy pham
phap luat hién hanh nhu sau:

- Ludt xay dung s6 50/2014/QH13 ngay 18/6/2014 [9] quy dinh
vé quyén, nghia vuy, trach nhiém cla co quan, t6 chiic, ca nhan va
quan ly nha nudc trong hoat déng dau tu xay dung. Luat nay ap
dung déi véi co quan, té chiic, ca nhan trong nudc; t6 chuc, ca
nhan nudc ngoai hoat dong dau tu xay dung trén lanh thé Viét
Nam. Luat Xay dung vai 10 chuong, 168 diéu quy dinh vé cac hoat
déng xay dung bao gdbm cac cong tac quy hoach xay dung, du an
dau tu xay dung cong trinh, khdo sat xay dung va thiét ké xay
dung, cdp phép xay dung, qua trinh xay dung, chi phi xay dung,
tién do xay dung va cac hoat dong khac co lién quan dén xay dung
cong trinh.

Mot s6 Diéu trong Luat Xay dung 2014 quy dinh vé quan ly tién
d6 thuc hién du an xay dung nhu: Diéu 51: Yéu cau doi véi du én
dau tu xay dung; Diéu 59: Thai gian thdm dinh du 4n dau tu xay
dung; Biéu 61: Diéu chinh du 4n dau tu xay dung; Diéu 66: Quan ly
du an dau tu xay dung; Diéu 67: Quan ly tién do thuc hién du én
dau tu xay dung; Diéu 68: Quyén va nghia vu ctia chi dau tu trong
viéc lap va quan ly thuc hién du én dau tu xay dung.

- Luat s6 62/2020/QH14 ngay 17/6/2020 vé sta ddi, b6 sung
mot sé diéu cla Luat Xay dung nam 2014 [10] (viét tat la Luat Xay
dung stia d6i, b6 sung nam 2020). Luat ¢ hiéu luc thi hanh tu
ngay 01/01/2021, v&i nhiéu néi dung mai, khidc phuc nhimng han
ché con tén dong cla bo luat ch, thao g& cac van dé kho khan,
vuéng mac, bat cap hién nay trong linh vuc xay dung, dac biét la
da ra soét lai quy dinh cla cac luat c6 lién quan dé khong chéng
chéo.

- Luat Bau thau s6 43/2013/QH13 ngay 26/11/2013 [11] quy
dinh quan ly nha nudc vé dau thau, thiét 1ap méi trudng minh
bach, canh tranh cho cac hoat déng dau thau phu hgp véi thong 1é
qudc té, tao co s& dé chl dau tu lya chon nha thau cé dd nang luc
thuc hién. Luat Dau thau gém 13 chuong, 96 Diéu, quy dinh vé cac
hoat dong dau thau: hinh thic, phuong thuc lua chon nha thay;
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hudng dan 1ap k& hoach va quy trinh Iya chon nha thau; trach
nhiém cla ca bén lién quan trong hoat dong dau thau.

- Luat Bau tu cong s6 39/2019/QH14 ngay 13/6/2019 [12] quy
dinh viéc quan ly nha nudc vé dau tu cong; quan ly va st dung von
dau tu céng; quyén, nghia vu va trach nhiém cla cic co quan
trong dau tu cong. Luat Bau tu cdng véi 6 chuong, 88 Piéu, véi cac
ndi dung dugc thé ché héa quy trinh quyét dinh chu truong dau
tu. Noi dung quan ly tién doé thuc hién du an dau tu xay dung thé
hién mét phan & Chuong 2: Chu truong dau tu va quyét dinh dau
tu chuang trinh, du dn dau tu cong; Chuong 3: Lap, tham dinh, phé
duyét va giao ké hoach dau tu cong.

Ngoai cac luat va nghi dinh thi B6 xay dung, ca quan clia Chinh
pha thuc hién chiic ndng quan ly nha nudc vé xay dung, cling ban
hanh cac van ban quy pham phap luat cé lién quan t&i cong tac
quan ly tién do thuc hién du én xay dung. Mét s6 cac van ban quy
pham phap luat dugc liét ké ra dusi day vé céng quan ly tién do
thuc hién du an xay dung:

- Nghi dinh s6 06/2021/ND-CP ngay 26/01/2021 [6] quy dinh
chi tiét mot sé ndi dung vé quan ly chat lugng, thi cdng xay dung
va bao tri cong trinh xay dung. Néi dung quan ly tién dé thuc hién
dy an xay dung dugc quy dinh tai Chuong Il: Quan ly thi cong xay
dung céng trinh. Trong chuaong nay quy dinh trinh tu quan ly thi
céng xay dung cong trinh; trach nhiém cta nha thau thi cong, chu
dau tu va ngudi lao dong; cac quy dinh cong tac giam sat, nghiém
thu va sau nghiém thu; Diéu 18 quy dinh vé quan ly tién do thi
cong xay dung;

- Nghi dinh s6 15/2021/ND-CP ngay 3/3/2021 [5] cla Chinh
pha quy dinh chi tiét mét s6 ndi dung vé quan ly du an dau tu xay
dung. Quy dinh vé 1ap, thdm dinh, phé duyét du &n va hinh thic t§
chiic quan ly thuc hién du an; T8 chic quan ly du an dau tu xay
dung; Thuc hién duy an dau tu xdy dung... Nghi dinh sé
15/2021/NB-CP [5] quy dinh chi tiét thi hanh mét s6 ndi dung clia
Luat Xay dung nam 2014 [9] va Luat stra d6i, b6 sung mot s6 diéu
cla Luat Xay dung nam 2020 (sau day goi tat la Luat s6
62/2020/QH14 [41]) vé quan ly du &an dau tu xay dung, gom: lap,
tham dinh, phé duyét du an, thiét ké xay dung; khao sét xay dung;
cap giay phép xay dung va quan ly trat tu xay dung; xay dung céng
trinh dac thu va thuc hién du an dau tu xay dung tai nudc ngoai;
quan ly nang luc hoat dong xay dung; hinh thiic quan ly du an dau
tu xay dung.

Nghi dinh s& 15/2021/ND-CP [5] cé hiéu luc ti ngay ky va
thay thé Nghi dinh s6 59/2015/ND-CP ngay 18 thang 6 nam 2015
cta Chinh pha vé quan ly du én dau tu xay dung [3]; Nghi dinh s6
42/2017/ND-CP ngay 05 thang 4 nam 2017 [4] cta Chinh pha vé
stta d6i, b& sung mét sé diéu cta Nghi dinh s6 59/2015/ND-CP
ngay 18 thang 6 nam 2015 cta Chinh pha vé quan ly dy an dau
tu xay dung; Nghi dinh s6 100/2018/ND-CP ngay 16 thang 7 nam
2018 cha Chinh pht vé stra d6i, bé sung, bai bé mét s6 quy dinh
vé diéu kién dau tu kinh doanh thuéc cac linh vyc quan ly nha
nudc clia B Xay dung [7]. Cac quy dinh truéc day clia Chinh phu,
cac bo, co quan ngang bo va dia phuong trai véi Nghi dinh nay
déu bai bo.

- Théng tu s6 26/2016/TT-BXD ngay 26/10/2016 clia Bo Xay
dung [1], dugc slta d6i, b8 sung mét s6 ndi dung tai Théng tu sé
04/2019/TT-BXD ngay 16/8/2019 [2] da dua ra quy dinh mét s& noi
dung chi tiét vé quan ly chat lugng va bao tri cong trinh xay dung.
Trong d6 quy dinh vé ndi dung giam sat thuc hién tién do thi cong
xay dung tai Diéu 7.

2.1.2. Cdc vdn badn lién quan khdc

- Bao cao két qua thuc hién ké hoach dau tu cong trung han
giai doan 2016-2020 cla cac tinh DBSCL.



- B4o cédo clia S& K& hoach va Pau tu cac tinh vé két qua thuc
hién ké hoach dau tu céng trung han giai doan 2016 - 2020 va
cong tac chuin bi ké hoach diu tu cdng trung han giai doan 2021
—-2025.

- Bdo cdo giam sat, danh gia két thic dau tu ciia mot s6 du an
tai cac tinh Vinh Long, Can Tha, Bén Tre.

- Cactailiéu lién quan cta du an nhu:

+ Ban vé thiét ké kién trac va két cau, ban vé thiét ké thi céng
cong trinh da dugc phé duyét;

+ Cac quy dinh vé thoi han khoi cong va hoan thanh céng
trinh, thai han dua cong trinh vao st dung ting phan (néu cé);

+ Cac s6 liéu vé diéu kién tu nhién va diéu kién kinh té€ xa hoi
cua dia diém xay dung cong trinh;

+ Cac s6 liéu vé khao sat xay dung;

+ Du toan thi cong cong trinh va gia thanh hgp dong;

+ Dinh muc lao ddéng (dinh muic san xuat hodc dinh muc
chung);

+ Céc tiéu chudn, quy trinh quy pham c6 lién quan;

+ Phuong an thi cong, phuong an céng nghé clia cac cong tac
cha yéy;

+ Diéu kién tai nguyén st dung cho thi céng cong trinh;

+ Hop déng gitta cac bén lién quan;

+ Nang luc clia nha thau va ctia cha dau tu;

+ Ngoai ra con phai dua vao diéu kién thai tiét khi hau vung
mién clia cdc nam trudc nam thi céng va du bao cho nam thi
cong...

2.2, Co s thuc tién

2.2.1. Kinh nghiém quéc té

Tai cac du &n xay dung & Ai Cap, kinh nghiém cho thdy nhiing
nguyén nhan quan trong nhat lam cham tién d¢ du an xay dung la:
tai chinh cdia nha thau trong qua trinh xay dung, su cham tré trong
thanh toan cla nha thau clia chu s& hiiu, thay déi thiét ké cda cha
s& hitu hodc dai dién cda ch s& hitu trong qua trinh xay dung, van
dé thanh toan trong qua trinh xay dung, viéc quan ly xay dung va
hgp déng thi€u chuyén nghiép. Cac chuyén gia tu van cho rang,
dé lam gidm dang ké& su cham tré thi cdn ddy manh né luc lam viéc
nhém.

Tai Jordan, qua nghién cttu cac du an nha &, van phong, nha
céng vy, trudng hoc, y té va phuong tién truyén théng, co rat
nhiéu du an dugc day nhanh tién dd nhd vao cong cu du béo rai
ro. Cu thé, cac cdng cu nay da du bao dugc cac rdi ro quan trong
lien quan dén thiét k&, thay ddi chul s& hiu, thai tiét, diéu kién thi
céng & cong trudng, diéu kién kinh té, khéi lugng cong viéc... Do
do, dé ddy nhanh tién dé thuc hién cac du an xay dung, can chuén
bi ngan sach xay dung day du, t8 chiic théng tin kip thdi, hoan
thién thiét ké va ky nang quan ly du an clia cac bén lién quan trong
qua trinh thyc hién dy an.

Mot s6 nudc c6 hé thong quan ly dau tu tuong déi hiéu qua
nhu Chi- I, Ai-len, Han Quéc va Vuang quéc Anh déu 4p dung co
ché& cu thé dé xuc tién ra soat thuc hién du an néu 6 su thay déi co
ban vé chi phi, tién dé, va Igi nhuan udc tinh ctia du an. Vi du & Han
Qudc, cac du an tu dong dugc tham dinh lai néu chi phi thuc té
tang thém trén 20%; & Chile, néu gia bd thau thap nhat cao hon
gia duy toan tur 10% trg 1én, du an do sé bi thdm dinh lai. Tai cac
qudc gia nay, viéc kiém tra, danh gia hoan thanh du an dugc thuc
hién théng qua chinh sach hau kiém, cac du an dau tu déu phai
dugc kiém toan. & Chi-lé va Han Qudc, co quan chuic thudng giir
vai trd 16n trong viéc kiém tra tai sdn hoan thanh so vdéi ké hoach
du &n. Tai Ai-len va Vuang quéc Anh, danh gia hoan thanh du an la
danh gia tac dong cda du an dau tu dua trén két qua dau ra. Riéng
Ai-len va Vuong quéc Anh, co ché ra soat dac biét dugc thuc hién

nham phat hién nhiing nhan t6 mang tinh hé théng anh hudng téi
chi phi, tién dé va chat lugng cta du an.

Nhu vay, trong qué trinh phat trién, cac nudc déu khéng
nguing nghién ctu hoan thién co s& luat phap, chinh sach vé si
dung von nha nudc dép Uing yéu cau quan Iy sir dung c6 hiéu qua
nguén vén nay. D& ddy nhanh tién dé du an, ngoai su chudn bj vé
ngan sach, phap luat, can ap dung cé hiéu qua cac cong cu quan ly
tién do6 trong xay dung. Kinh nghiém tir nudc ngoai cho thay, déi
v3i cac nudc dang phat trién nhu Viét Nam, can thiét phai co6 mot
van ban phap ly d0 manh dé€ quan ly qua trinh dau tu xay dung
mét cach toan dién va hiéu qua.

2.2.2. Kinh nghiém trong nu'éc

Tai duy an Keangnam (Ha Néi), day la du an c6 nhiéu nha thau
quéc té thi cdng, nén cé nhiéu phuong phap 1ap ké hoach va tién
dd thi cong c6 chat lugng. Mac du phan I16n ban tién dé cla ho st
dung phan mém Microsoft Project dé€ 1ap nhung déu cé su két hgp
sang tao riéng mang dac thu clia cac nudc khac nhu: Han Quéc,
Trung Qudc, Philipin... M&i nha thau Iap ra ban tién dé dé phuc vu
cho cong tac gidm sat theo dac thu ctia chinh ho va trinh ch dau
tu, tu van phé duyét dé€ quan ly va theo déi. Nhin vao ban ké hoach
vé tién do thi cong tu van cé thé thdy dugc nang luc clia tiing nha
thau, trong d6, ké hoach vé tién d6 thi céng ctia Trung Quéc da
lam rat t6t, diéu nay dugc kiém ching trén thuc té€ ho chinh la goi
thau thi cdng ddm bao nhat dy an tinh dén thai diém nay.

Tai cac du an khac, van dé quan ly va giam sat tién dé dugc
thuc hién bai khong chi don vi tu van quan ly va giam sat tién do
ma con nha thau chinh, nha thau phu. Cac nha thau chinh dung
céch riéng clia minh dé€ quan Iy va giam sat tién dé cla tiing nha
thau phu theo phong céch cla ting don vi thi cdng khac nhau.
Cac nha thau chinh tu van giam sat nhan thdy cong tac kiém soat
tién d6 trong van phong tuong déi tét tuy nhién van dé thuc hién
ngoai hién trudng khéng don gidn vi phai chiu tac dong rat da
chiéu. Khong thé pht nhan rdng mac du vé Igi nhuan c6 thé khéng
dap Ung v6i mét s6 nha thau nhung ho da khac rat nhiéu theo
huéng chuyén nghiép hon so véi trudc khi tham gia vao du an.
Day thuc su la diéu rat can thiét vi thuc té cac nha thau cua Viét
Nam hau nhu chua c6 tinh chuyén nghiép cao.

DGi véi cac du an dau tu cdng, viéc t6 chic gidm sat dugc thuc
hién théng qua nhiéu cap, nhiéu vong giam sat khac nhau. Muc
dich gidm sat dau tu clia co quan Chinh phua la ddm bao dau tu
dung muc dich, dung dy an, dung quy dinh va cé hiéu qua. Cha
dau tu c6 du an phai bé tri ngudi thuc hién giam sat du én thudng
xuyén theo quy dinh phap luat. Uy ban Phat trién va cai cach ting
cdp chiu trach nhiém t6 chic giam sat cac du an dau tu thudc
pham vi quan ly ctia cdp minh, c6 bd phan giam sat dau tu riéng.
Uy ban Phat trién va Cai cach thanh lap va chl tri cac t6 gidm sat
dau tu lién nganh vdi sy tham gia cla cac co quan tai chinh, chéng
tham nhiing, quan ly chuyén nganh va cac dia phuong c6 lién
quan.

Bai hoc vé viéc ap dung va thuc hién mé hinh quan ly va
gidm sat tién d6 tai cac du an & Viét Nam 1a & moi du an khac
nhau c6 cac dac thu khac nhau trén cac linh vuc va quan ly tién
d6 du &n cing vay, khong thé rap khuén ap dung bat ky mot
mé hinh nao cho du ¢é hiéu qua d6i véi du an kia nhung chua
chdc da co6 hiéu qua vai du an nay. Thanh cong cta du an phu
thudc rat nhiéu vao cong tac quan ly va giam sat tién do. Viéc
ap dung cdc md hinh quan ly gidm sat mét cach may moc la
khéng hiéu qua, mdi su sai lam va diéu chinh vé tién dé va
quan ly tién do trong giai doan dy an dang trién khai déu mang
lai cac tac dong tiéu cuc va rdi ro rat cao, do vay viéc théng
nhdt moé hinh quan ly tién d6 va phuong phéap giam sat tién do
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thi céng mang dac thu riéng cda tung loai du an la diéu hét suc
can thiét va can thuc hién ngay tu dau. Bén canh d6, cac dia
phuang can nghién ctiu hoan thién co s& phap luat, chinh sach
vé xdy dung phu hgp véi tiing giai doan phat trién nham nang
cao chat lugng, hiéu qua clia du an dau tu xay dung.

2.3. Ly thuyét tdp mé dp dung trong xdy dung

Tu nhitng nam dau thap nién 70 cta thé ky trudc, cac ky su xay
dung da dung ly thuyét ma& dé gidi quyét nhiéu van dé trong xay
dung, cu thé nhu:

(1) Kinh té ky thuat mg

+ Tinh toan ti s6 B/C Igi ich trén chi phi dua trén ap dung cuda ly
thuyét ma.

+ Ap dung ly thuyét ma dé du doan su thay déi ciia dong ngan
Iuu theo céc s6 liéu thu thap duoc.

+ Do ludng do léch khi phan tich gia tri hién tai, so sanh do
léch cua gid tri hién tai mo va gia tri trung binh hang nam ma& cla
dong tién.

(2) Quan ly ton kho m¢

+ Ly thuyét m& dugc dung dé quyét dinh lugng ton kho tét
nhat va muc san lugng t6i uu. Noi dung “lugng ton kho phai dat
muc tot nhat & cudi chu trinh san xuat”, va “san lugng phai gidm
bt d€ san xuat hoat déng cang lién tuc cang tét” dugc st dung dé
miéu ta cho viéc tén kho ma.

+ Kiém chiing mé hinh san lugng dat hang dua trén cac co s&
clia ly thuyét ma. S6 ma hinh thang dugc st dung dé mé hinh chi
phi dat hang va chi phi ton kho.

+ Ap dung ly thuyét m& dé xac dinh khéi lugng dat hang khi
hoach dinh s6 lugng nguyén vat tu yéu cau. Su khong chédc chan
cla nhu cau dugc mé hinh bang s md tam giac.

(3) Hoach dinh vi tri va bé tri mat bang ma

+ Hoach dinh vi tri nhu la mét mo hinh phan chia ma s dung
quy tuyén tinh. M6 hinh nay dugc 4p dung khi nhimng vi tri dugc
xem xét la khong ré rang va dugc hoach bang Iy thuyét mo.

+ B6 tri mat bang xay dung dua trén ly thuyét mo dé gidi quyét
bai toan thiét ké vi tri clia tiing hang muc. D4u vao dé thiét ké mat
bidng bao gom khoang cach va muc quan trong dugc mé hinh
bang nhiing bién ngdn ngf.

+ S dung méd hinh quy hoach muc tiéu ma dé xac dinh vi tri
trong mot vung 16i cho trudc phu thudc hai tiéu chudn déng thoi
sau: i cuc ti€u téng chi phi van chuyén, va ii cuc tiéu khoang cach
t8i da tur kho dén cac diém tiéu thu.

+ Danh gia cac phuong an bé tri mat bang theo mé hinh quyét
dinh da tiéu chudn m& MCDM.

+ Gidi thiéu mét hé thong bo tri mat bang ma FDMS bao gém
bén dit kién chinh: i m& hoad nhiing bién vao va ra, ii phan tich va
m& hoa kién thiic clia cac chuyén gia, iii ra quyét dinh mg, iv
chuyén cac gié tri m& dau ra thanh cac gia tri xac dinh.

(4) Ra quyét dinh mg

+ Xay dung mé hinh quyét dinh m& don vai muc tiéu va rang
budc dugc mé hinh bai cac tap ma. Mé hinh gia s cadc muc tiéu va
rang budc khong phu thudc hay tuong tac véi nhau, quyét dinh
dugc xac dinh bang cach téng hgp cac tdp md muc tiéu va rang
budc. Phuong dn chon lua la phuong an c6 muc thanh vién cao
nhat trong tap m& quyét dinh. Khi tap phuong an ma la tap lién
tuc, phuong an chon lua dugc xac dinh qua phép gidi mao.

+ M6 hinh m& da tiéu chudn gidp ra quyét dinh chon lua cac
phuong an dua vao nhiéu tiéu chudn cé trong s6 khac nhau cling
véi cdc khodng cdch Hamming.

(5) Mot s6 tiing dung khac trong xay dung

+ Ung dung ly thuyét m& dé mé hinh cac théng s6 va cac hu
héng do dong dat gay ra.
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+ Ung dung ly thuyét m& trong viéc tinh toan su van hanh téi uu
may dao dat nham muc dich udc tinh chinh xac thoi gian thi cong.

+ Ung dung mé hinh t6i uu m& trong viéc tinh toan can béng
khoi lugng dao dap cac cong trinh dudng giao thong. Trong do,
cac hé s6 chi phi don vi va nhiing vi tri ho dat gli tam dugc mo
hinh béng nhiing s6 ma&. Ham muc tiéu la cuc tiéu hoa téng chi phi
van chuyén dat.

+ Ung dung ly thuyét m& trong viéc danh gia an toan lao déng
trén cong trudng.

+ T6c do phat trién cda cudng do bé téng dugc du doan bang
mot mé hinh hé thong suy luan ma hai giai doan. Giai doan mét, ty
1& nudc trén xi mang dugc xem la thong s6 chinh. Giai doan hai, ca
hai thong s6 ty [& nudc trén xi mang va ty |é c6t liéu trén xi mang
dugc xem xét. K&t qua dugc tinh toan bang phuong phap trong sé
theo tam.

+ S dung ly thuyét ma thay thé ly thuyét dan héi va phan ti hiu
han dé du doan do bién dang clia mat dudng mém khi chiu tai dong.

2.4. Ung dung ly thuyét tap ma trong lap tién dé thuc hién
du an xay dung tai Pong Bang Séng Cliu Long

Vi céc thong tin trén day c6 thé thay ly thuyét tip ma rat hiu
ich trong lap ti€n do thuc hién du &n xay dung. C6 nhiéu cach van
dung khac nhau dé€ ng dung ly thuyét tdp md gidi quyét cac bai
toan vé tién dé. Trong pham vi nghién ctiu tac gia sé van dung ly
thuyét tap m& dé do ludng cac nhan té anh hudng téi ti€én do du
an xay dung tai DBSCL.

2.4.1. Ly thuyét tdp mé trong ldp tién dé thuc hién du dn xdy
dung

Ly thuyét tdp m& véi dic diém quan trong la dé xudt st dung
ham thudc va tiép dé la cac phép toan ma dé xui ly nhimng théng
tin “khéng chdc chan” hay khéng day du, nhiing théng tin ma su
chinh xac cia né chi nhan thay dugc gilta cac quan hé cla ching
vGi nhau, trong nhiéu trudng hop cling chi c6 thé mé ta dugc bang
cac cum tir ngdn ngit hoc dé cho ra nhiing quyét dinh chinh xac.

Tap ma la tap hgp cé dudng bién khong rdé rang hay ma hé.
Trong mot tap md, ham thanh vién dugc sir dung dé biéu thi muc
dd thanh vién cia mét phan td. Ham thanh vién cia mot tap ma F
trén tap téng X dugc ky hiéu 13 pF xac dinh béi:

UF: X->[0,1], v&i uF(x) 1a mdc d6 thanh vién cda phan t x cla
tap X l1én tdp ma F. S& ma 1a mét tdp ma v6i ham thanh vién phai
théa man diéu kién 12 lién tuc, 16i va chudn. Mot tap md daige goi la
chuén néu ton tai mot gid tri x sao cho A(x)=1. Hai s6 m& hay dugc
str dung la s6 ma& hinh tam giac va s6 ma hinh thang.

Cac s6 ma hinh tam giac duoc st dung dé tinh toan trong sé cla
cac nhan té rai ro ky thuat trong nghién ctiu nay. Bang phia dudi trinh
bay cac phép tinh toan ca ban ctia 2 s6 md tam giac vai nhau.
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Hinh 2: S6 md hinh thang
Bdng 1: Cdc phép tinh co bdn ciia sé m&

Phép tinh abCHng thiic Két qua

Cong A+B (@1+bn, a2tby, az+bs)
Tru A-B (a1-b1, a2-bo, a3z-bs)
Nhan AxB (arxby, a2xby, asxbs)
Chia A/B (a1/b1, a2/bo, a3/ba)
Nhan  véi | QxB (Qxb1, Qxba, Qxbs)
hang s6 Q

Ghi chl: A = (a1, a2, a3); B = (bs, bz, bs)

bGi4 tri ctla A va B la s6 duong, néu la sé am thi
phai dua vao gia tri nhd nhat va lon nhat

a1 <az<as;bi<bz<bsvabi>0(i=1+3);Q>0

2.4.2. Phuong phdp F-AHP

Phuong phdp F-AHP (Fuzzy Analytic Hierarchy Process) duoc
phét trién ti phuong phap AHP truyén théng véi su tich hgp clia
cac s6 md dé giadi quyét mot cach hiéu qua tinh ma cla dit liéu lién
quan dén viéc ra quyét dinh. Phuong phap F-AHP da khac phuc
dugc mét s6 han ché clia phuong phap AHP truyén théng, do dé
phuong phap nay ngay cang dugc nhiéu nha nghién ctru st dung
phd bién trong thuc t&.[8]

Trong phuong phap F-AHP, hai s6 m& thudng dugc st dung la s6
md& hinh tam gidc va s6 ma hinh thang dé dién ta su danh gia cac
phuong an theo ting tiéu chi. D danh gia trong s6 cac phuong an,
can phai c6 mét qua trinh so sanh va xép hang cac tiéu chi. Ngay nay
cac nha nghién ctiu st dung phuang phap da tiéu chi dé giai quyét
mot cach hiéu quad nhiing van dé lién quan dén di liéu dinh tinh.
Nhiing s6 ma tam giac da duoc st dung cho qua trinh so sanh cip dé
dién ta danh gia chd quan ctia ngudi ra quyét dinh. Khai niém “a-cut”
da dugc st dung dé€ qua trinh so sanh trg nén dé dang va tin cay hon.
Gia tri “a-cut” trong khodang tir 0 dén 1. Gid tri “a-cut” cang gan vé 1 thi
thé hién ngudi quyét dinh cang tu tin. Bén canh d6 gia tri “\” cho biét
thao d6 clia ngudi ra quyét dinh d6i véi cac yéu t6 anh hudng t6i lap
tién do trong du an xay dung.[8]

2.4.3. Phuong phdp AHP

Phuong phédp AHP (Analytical Hierarchy Pricess) hay con dugc
goi la phuong phap phan tich thi bac dugc dugc nghién clu va
phét trién béi Gido su Thomas L. Saaty (1977) [13]. Phuong phéap
AHP dugc st dung nhdam muc dich giai quyét nhiing van dé khéng
cb cau truc trong hoat déng kinh té€, xa héi va khoa hoc quan ly.
Phuong phap AHP gilp xU ly cac van dé ra quyét dinh da tiéu
chuén phuc tap. AHP cho phép ngudi ra quyét dinh tap hgp dugc
nhiing kién thic cla cac chuyén gia vé van dé nghién cuu, két hgp
dugc cac dir liéu khach quan va chd quan trong mot khuén khé
thi bac logic. AHP gitp phan loai muc d6 uu tién tuong déi cho
cac phuong an dugc dua ra dua trén mét muc ty 1é. Muc ty 1é nay
dua trén phan doan cla ngudi ra quyét dinh va mdc dé quan trong
cla cac phan doan dé, cling nhu tinh nhat quan trong viéc so sanh

cac phuong an trong qua trinh ra quyét dinh. AHP két hgp dugc ca
hai mat tu duy ctia con ngudi ca vé dinh tinh 1an dinh lugng. Dinh
tinh qua su sap xép thi bac va dinh lugng qua két qua bo trong sé
cho tiing nhan t6 th bac. Phuong phap AHP dugc tim thay su
dung nhiéu trong ky thuat va quan ly xay dung nhu: Lua chon
céng nghé, tim hiéu nang luc va chon lua nha thiu, danh gia an
toan thi cong, lva chon nha quan ly trong qua trinh thuc hién du
an, 1ap ké& hoach, phan tich Igi ich/ chi phi va phan bé nhan luc....
Trong nghién ctu AHP giup so sanh cdp phan cap tha bac cac yéu
t6 anh hudng téi lap tién d6 du an xay dung tai khu vuc DBSCL.

Ba nguyén tac khi thuc hién phuong phap AHP: (1) Phan tich
van dé ra quyét dinh (xay dung cdu truc thi bac); (2) Banh gia so
sanh cac thanh phan (so sanh cdp gilia cac nhan t6); va (3) Téng
hap cac muc dé uu tién (xac dinh cac ma tran trong s6). [8]

Pé qua trinh so sanh cdp dugc thuan lagi, kich thuéc cac ma
tran so sanh khong nén vugt qué 9. Cac budc tién hanh ap dung
phuong phap AHP:

- Budc 1: Xac dinh, phan tich van dé va muc tiéu nghién cdu.

- Budc 2: Xay dung hé thong phan cap tha bac.

- Budc 3: Diéu tra thu thap y kién danh gia cta cac chuyén gia
vé muic d6 uu tién.

- Budc 4: Xay dung cac ma tran so sanh cap st dung thang do
tur 1 dén 9. Thang do so sanh cdp nay dugc thé hién trong Bang 2.

- Budc 5: Chuyén cac théng s6 so sanh thanh cac trong s6.

- Budc 6: Kiém tra hé s6 CR ti cac dénh gia clia cac chuyén gia.
Hé s6 CR 10% thi dat yéu cau, néu CR > 10% can phai thuc hién lai
cacbude 3,4, 5.

- Budc 7: Thuc hién cac budc 3, 4, 5, 6 cho tat ca cac muic va cac
nhom yéu té trong cau truc thi bac.

- Budc 8: Tinh toén trong s6 téng hap, dung trong s6 téng hap
tinh dugc cho cac phuong an dé ra quyét dinh.

Bdng 2. Thang do ddnh gid mirc dé so sdnh cdp

Mucdo | . . sai s
Wy tién Pinh nghia Giai thich
1 Uu tr|1ehr;5ang Hai nhan t6 c6 muic d6 uu tién nhu nhau.
Uu tién vira |Kinh nghiém va nhan dinh hai nghiéng vé
phai nhan t6 nay hon nhan to6 kia.
5 Hoi U tién Kinh nghle[n Vi nhan dinh nﬁghlgng manh
vé nhan t6 nay hon nhan t6 kia.
M6t yéu té dugce uu tién rat nhiéu hon
7 Rat uu tién yéu t6 kia va dugc biéu 16 trong thuc
hanh.
9 Vé cling uu | Su uu tién hon hdn clia mot yéu té & trén
tién muc cé thé.
Murc trung 5 o LA e o aa s
2,4,6,8 | gian giita cac Can su thoa hiép g:sz hai muic d6 nhan
muc néu trén ’

2.5. Cach ap dung ly thuyét tap mé& trong lap tién dd du an
dau tu xay dung khu vuc PBSCL.

2.5.1. Quy trinh dp dung ly thuyét tdp ma trong ldp tién dé du
dn ddu tu xdy dung khu vuc DBSCL.

Nghién cttu dugc thuc hién qua 5 budc theo so d6 hinh dudi.
Tuong Ung vdi tiing budc sé st dung cac phuang phap nghién ciu
khac nhau.

- Budc 1: Thu thap d liéu tha cap: Cac tai liéu vé ly thuyét tap
ma, lap tién d6 du an xdy dung, cac dy an xay dung khu vuc
BBSCL, cac van ban quy pham phap luat va céc tai liéu lién quan
dugc thu thap tir cdc nguén tai liéu mé, thu vién quéc gia, thu vién
Dai hoc Kién tric Ha Noéi, Bo Xay dung, S& Xay dung céc tinh khu
vuc DBSCL,.... TU cdc ngudn tai liéu th cap nay, tac gia thuc hién
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phan loai tai liéu theo cédc ndi dung nghién ctu. Bén canh dé tac
gia phéng van chuyén gia dé lam ré tiing ndi dung nghién cuu. Két
qua thu dugc la:

- Téme quan: B1: Thu thip dit ] Phﬁnhr_h ié?g
Tongquan lidu thircdp hop Iy thuyét

nehién et .
dinh gid thee H
trang -
i
- Co =6 Iy niin: :
Co =& khoa hoe, B2: Yde dinh vin A
oo 5t phap I, eor & nghién cim b ,
53 thue tién i
!

Bigu tra khao sit
i
BY: Xicdighede 4= = -mimmimnod
yéutd dnhhwémg 7T i
ol tidn dé !
|'mg.d|_mglj' T

thuy et tip ma -
Lip tign 48 dw Ly thuyé&t tip m&
an

B4: Thuc hinh -
trén métsh dwan

- Diéxuit giai
phip

BS: Cic midi A d
phip

Hinh 3. Quy trinh dp dung Iy thuyét tap ma trong lap tién do du dn dau tu xdy dung
khu vuc DBSCL.

Y kifn chuyén zia C.'xn?j.&ngfruﬁi
cong bo
[ I
!
Whin dang cac nhin
10 dnh hudng

Tidp tuc
thip luin
Tadag ohi
Eing héi thir
nghidm
Tidp tuc thio
luin

Hinh 4: Quy trinh diéu tra khdo st thuc té

+ Téng quan vé cac nghién clu c6 lién quan.

+ Khai quat thuc trang lap tién d6 thuc hién du an xay dung tai
khu vuc BDBSCL.
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+ Téng hop, b8 sung co s& ly luan, co s& phap ly, kinh nghiém
trong va ngoai nudc trong Uing dung tap ma lap tién dé thuc hién
du an xay dung.

- Budc 2: Xac dinh van dé nghién ctu: Van dé nghién ctru dugc
xay dung trén co s& danh gid cac nghién cu da hoan thanh va céc
van dé thuc trang. TU d6 tac gid tap trung vao khoang tréng
nghién ctiu chua dugc gidi quyét trong cac van dé nghién ctu lién
quan da thuc hién.

- Budc 3: Xac dinh cac yéu t6 anh huéng tdi tién do thuc
hién du an xay dung tai khu vuc DBSCL théng qua diéu tra khao
sat thuc té. Cac yéu té nay sé dugc ghi nhan trong lap tién do
du an xay dung. Qua trinh diéu tra khao sat dugc chi tiét tai
Muc 2.5.2.

- Budc 4: Thuc hanh trén mét s6 du an dé danh gia kha nang
Ung dung ly thuyét tdp ma trong lap tién dé thuc hién du an xay
dung tai khu vuc BBSCL. Banh gid phat hién nhiing thuan lgi, khé
khan, han ché trong qué trinh 4p dung.

- Budc 5: Dé xuat giai phap xay dung trén co s& két qua cac cac
Budc 3, Budc 4. Cac giai phap nay la kha thi 4p dung trong lap tién
do thuc hién du an xay dung tai khu vuc BBSCL.

2.5.2. Piéu tra khdo sdt xdc dinh cdc yéu té dnh hudng téi tién
dé thuc hién du dn xdy dung tai khu vuc DBSCL

(1) Quy trinh diéu tra khao sat

Qua trinh diéu tra khao sat thuc té€ dugc thuc hién theo so dé
trén.

- Budc 1: Théng qua céc nghién ctiu da cong bé va y kién cla
chuyén gia, tac giad nhan dang cac nhan t6 anh hudng tdi tién do
thuc hién du &n xay dung néi chung. Cac nhan té nay c6 thé anh
hudng hodc khéng anh huéng déi vai du én xay dung tai khu vuc
DBSCL.

- Budc 2: Tham van y kién cla chuyén gia d€ Iua chon lai tur
Budc 1 cac nhan t6 anh hudng téi lap tién do thuc hién dy an xay
dung tai khu vuc PBSCL. Néu cac y kién cta chuyén gia théng
nhat, bang héi khado sat thit nghiém sé dugc xay dung. Trong
truong hop y kién clia cac chuyén gia chua théng nhat cac nhan t6
anh hudng tdi tién do sé dugc xem xét va lua chon lai.

- Budc 3: Badng hdi thi nghiém dugc xdy dung dua trén cac
nhan t6 théng nhat tai Budc 2.

- Budc 4: Khdo sat thir nghiém dugc tién hanh trén 10 mau dé
danh gid tinh hop ly ctia bang hoi.

- Budc 5: Banh gia khao sat th& nghiém tap trung vao cac ndi
dung

+ Hgp ly vé do dai clia bang hoi.

+ Thai gian tra |Gi bang héi.

+ Céc thuan lgi, khé khan trong qua trinh diéu tra.

+ Xéc dinh cong tac chudn bi dé thuc hién diéu tra, khao sat dai tra.

- Buéic 6; Badng héi chinh thiic dugc xay dung dua trén cac danh
gia tai Budc 5. Bang hdi chinh thiic dugc kiém tra logic théng qua
kiém dinh Cronbach’s Alpha. Kiém dinh nay nhdm phan tich, danh
gia dé tin cay cta thang do, hé s6 Cronbach'’s Alpha dugc tinh theo
cong thuc.

=K
K pIRY. o
0 - 1 -
K-1 .7":'.

Trong do:
K 1a s6 bién s6- item- thudng chinh la s cau héi chdng han
Xich ma binh phuong la Phuong sai.
Y la bién thanh phan
X la bién téng
Doc két qua hé s6 Cronbach'’s Alpha:
Tu 0.8 dén gan bang 1: thang do ludng rat tét.




Tu 0.7 dén géan bang 0.8: thang do ludng st dung tét.
Tu 0.6 tra [én: thang do ludng du diéu kién.
- Buéc 7: Diéu tra khao sat dai tra dugc tién hanh trén cac tinh
khu vyc BBSCL.
(2) Xac dinh kich thudc mau diéu tra
Trudc khi trién khai khdo sat can udc lugng s6 mau can
thiét lam co s& cho coéng tac thu thap sé liéu. Theo Fellows va Liu
s6 lugng mau dugc tinh theo cong thic toan hoc:
z2.52
- (u—x)2

Trong d6: s |a d6 léch chudn clia mau; z 1a gid tri dai dién cho d6 tin
cay yéu cau, véi do tin cdy 95% hay 99% thi gid trj tuong Uing clia z la
1.96 hay 2.58; (u-"x) la mét nlia bé rdng clia dé tin cdy yéu cau.

Bén canh d6 Gorsuch chi ra phan tich nhan t6 can c6 it nhat
200 quan sat. Hay Hachter da ching minh kich ¢& mau bang it
nhét 5 1an bién quan sat. Bollen téng két ty 1& s6 mau t6i thiéu cho
mot tham s6 can uéc lugng la 5 mau (ty lé 5:1).

Trong pham vi nghién ctu tac gia can c’ vao kha nang va thoi
gian thuc hién dé xac dinh kich thudc mau phu hgp 1a 200 mau (ké
thuia két qua nghién ctu ctia Gorsuch).

(3) Tiéu chi lya chon ngudi tra |Gi bang hoi

- Nhiing can b, quan ly dang lam viéc trong cac dy an tai cac
tinh khu vuc BBSCL.

- Kinh nghiém lam viéc tu 3 nam tré [én.

- Trinh d6 chuyén mén xay dung tu Dai hoc tré lén.

- Chon loc dit liéu:

+ Loai bo cac bang hoi dudi 3 nam kinh nghiém.

+ Loai bé cac bang héi ma ngudi tra 16i ngay ti cac cau hoi dau
da tra 16i khong nhan thay cac nhan t6 anh hudng téi ti€én do thuc
hién du an dau tu xay dung.

+ Loai bd cac bang hdi ma ngudi tra 15i khéng thudc chu thé
dugc tac gia diéu tra.

Hinh 5. Gac tinh khu vyc DBSCL

(4) K& hoach diéu tra khao sat

DBSCL ¢6 13 don vi hanh chinh bao gém: 1 thanh phé truc
thuéc Trung uong (Thanh phé Can Tho) va 12 tinh (Long An,
Dong Thép, An Giang, Tién Giang, Bén Tre, Vinh Long, Tra Vinh,
Hau Giang, Kién Giang, S6c Trang, Bac Liéu va Ca Mau). Véi 200
phiéu diéu tra néu chia déu cho 13 don vi hanh chinh thi diéu
tra 1 tinh, thanh phé khoang 15-16 phiéu. Viéc trai dai diéu tra
nhu vay sé gay nhiéu khé khan vé di chuyén, sdp xép an & va
kéo dai thoi gian thuc hién. Vi vay tac gid lya chon phuong
phép diéu tra chon mau, lua chon 3 tinh khu vuc DBSCL dé diéu
tra. 3 tinh lua chon dam bao tiéu chi:

- Mang d&c diém dién hinh cta DBSCL vé ty nhién, khi hau,
van héa.

- C6 t6c d0 xay dung nhanh chong trong 5 nam gan day (tu
nam 2015-2020). Trong 5 nam tGi ké hoach dau tu xay dung cla
tinh véi s6 lugng dong ddo cac dy an.

- Tac giad c6 thé dé dang lién hé, c6 méi quan hé quen biét
hoac dugc gidi thiéu ti cadc chuyén gia uy tin vdi cac du an xay
dung tai 3 tinh diéu tra, khao sat.

- 3 tinh lya diéu tra khao sat gém: Can Tho, Vinh Long, Bén Tre.

Qua trinh diéu tra khao sat dién ra trong 7 thang tai 3 tinh
Can Tha, Vinh Long, Bén Tre. Théng qua ban bé, déi tac céng
viéc, tac gid da Ién danh sach nhing ngudi can diéu tra khdo
sat cung thoéng tin lién lac. Tiép d6 tac gia ti€n hanh diéu tra
truc ti€p va gui phiéu qua email vGi cédc can bd khéng cé diéu
kién gap truc tiép. Trén day la co s& dé phuc vu cho cac nghién
cuu tiép theo (ing dung ly thuyét tdp ma trong lap tién dé du
an dau tu xay dung cac céng trinh cu thé khu vuc DBSCL.

3.KET LUAN

Tién do6 1a mét ndi dung quan trong trong QLDA. Cung véi chat
lugng va chi phi thi tién dé 1a mét trong ba chd diém chinh danh
gia du an thanh céng hay khéng. Can cu trén tién do cac cong viéc
dién ra, cac nguédn luc dugc huy dong, cac bén phoi hgp vai nhau
tao nén su phat trién cdia du an. Tap md ¢6 uu diém vé du bao véi
nhing d{ liéu khéng chac chan nhu céc yéu t6 rui ro khach quan
lan chd quan xay ra trong qua trinh thi cong anh huéng dén tién
d6 thi cong céng trinh diéu nay cac phuong phap lap tién dé khac
chua c6 ké dén va viéc st dung ly thuyét tap md dé tinh toan du
béo tién d6 thi cdng cla du an thi chua dugc nghién clu dén dac
biét 1a & khu vuc DBSCL. Vi vay can c6 nhiing nghién ctu chuyén
sau dé cong tac quan ly du an dau tu xay dung néi chung, cong tac
lap ti€n dé thi cong néi riéng dat chat lugng nhat.
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Lua chon phuong an st dung van khuon trong
thi cdng nha cao tang bang phuong phap AHP

Application of AHP method to select formwork options in high-rise building construction
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TGM TAT

Lra chon phueng an sir dung véan khugn hep 1y, pho hep vai dic
diém cda cang trinh va nang lyc coa nha thau thi céng dang vai
tro quan trong trong viec phan ddy nhanh tign da thi cang, ting
chét lrgng va gidm chi phi xay dung. Do vay, day luon |3 mong
mudn ciia cac nha thau thi cong. Bai bao nay st dung phuong phép
AHP dé so sanh cac giai phap st dung véan khutn trong thi cong
nha cao tang hién nay tai Viet Nam nh&m lya chon duge phueng én
tdt nhat. Thang qua céc td chuyén gia bay ngui, tigu chi lya chon
duge xac dinh 13 sv tdi vu vé kinh té; Tinh co gii haa trong sk
dung cdng cu thiét bj ki thuat cao; Td chic lao déng hop Iy va higu
qué; Tieu chuén haa va dinh hinh haa thi cong. Phan tich cho thay
phuang an sir dung van khun nham trong thi céng céc du an nha
cao tang ca wu the vuot trdi so vai cac phuong &n con lai. Ket qua
nghién ciru dong gop quan trong ca vé phuong dién khoa hoc va
thyc tién trong viec |ya chon phueng an st dung van khuan, gap
phén nang cao higu qué hoat dang san xudt kinh doanh cia nha
thau xay dung nai chung.

Tir khda: Van khutn thep dinh hinh; van khuan gé cang nghigp; vén
khudn nham AHP; tiéu chi, nha thau thi cong

ABSTRACT

Choosing & construction formwork used option suitable to the
project's characteristics and the construction contractor's capacity
is vital to speeding up the construction schedule, boosting quality, and
reducing construction costs. Therefore, it is always the desire of
building contractors. Based on the comparison of using formwork
alternatives in constructing high-rise buildings, this study suggests
applying the AHP method to be able to select the best one. A group of
seven experts determines the selection criteria that are (i) economic
optimization, (ii) high level of mechanization in using tools and
equipment, (ii) organizing the usage of labor reasonable and
effective, and (iv) the standardization of construction processes. The
analysis shows that using aluminum construction formwork for
constructing  high-rise  projects has outstanding advantages
compared to others. Thus, the research outcomes significantly
contribute to science and practice in selecting construction
formwork in high-rise building projects. They also contribute to
improving the efficiency of production and business activities of
construction contractors.

Keywords: Steel formwaork; industrial wood formwark; aluminum
formwark; AHP; criteria; construction contractor

1.MG PAU

Tai Viét Nam, theo Bédo céo chién lugc phat trién kinh t& xa
hoi 2011 - 2020, nganh Xay dung la nganh kinh té& c6 vi tri, vai tro
chién lugc quan trong trong cédng cudc xay dung va phat trién
dat nudc. Cung vaéi sy hoi phuc cla thi trudng bat dong san
trong giai doan 2014 - 2018, linh vuc xay dung, xay lap va phat
trién ha tang da phat trién manh véi tang truéng trung binh
9.15%/nam so véi muc 4.75% giai doan trudc 2013 [6]. Trong
nhiing ndm gan day, nhiing tién bo trong cdng nghé thi céng
xay dung da dan dén nhiéu déi méi va xu huéng méi néi do téc
do xay dung va d6 bén viing cong trinh. Trong sé cac day chuyén
thi cong chinh quyét dinh dén tién do, chat lugng, an toan va
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hiéu qua kinh té thi day chuyén thi céng van khuén déng vai tro
quan trong bdi n6 ddy nhanh tién do thi cong lam gidm gia
thanh cong trinh va tao ra chat lugng san pham cao, déng thdi
né thé hién trinh d6 xay |13p cta nha thau. Van khuén can phai
dam bao chiu luc, 8n dinh va dé thao I&p, van chuyén dé mang
t6i thuan tién cho cac cédng viéc vé sau. Van khuén phai dugc
ghép kin, khit d& khéng lam mat nudc xi mang khi d6 va dam bé
tong. Cong nghé van khudn hién nay trén thé gidi rat phong phu
ca vé chung loai va vat liéu ché tao, dac biét la cong nghé van
khuén st dung vat lieu nhe. Céac loai van khuén dién hinh nhu:
van khuén trugt, van khuén tdm mang Ién, van khudn bay, van
khuén nhém dinh hinh la nhitng van khuon dugc st dung cung



vGi su phat trién cling nhu co gidi hoa ky thuat thao tac mang
nhing dac thu riéng trong thi cong cong trinh.

Vat liéu chi€ém ty trong I6n trong gia thanh xay dung, la mét
trong céc chi tiéu quan trong nhat dé danh gia lya chon phuong
an thi cong xay dung cong trinh [12]. Do d6, trudc tinh hinh canh
tranh hét stic khéc liét trong thi trudng xay dung, viéc nghién ciu,
tim ki€m giai phap van khuén phu hgp 1a hét stic can thiét doi véi
moi nha thau xay dung. Van dé dat ra cia méi nha thau lién quan
dén bai todn ra quyét dinh da tiéu chi (MCDM). Trong d6, phuang
phéap AHP Ia moét trong cac phuong phap dinh lugng c6 cau trdc va
phan tich cac quyét dinh phtic tap, giup cho nha thau xay dung
dua ra quyét dinh t6t hon [10]. Bai bao dua ra phan tich lua chon
gidi phap van khuodn cho thi céng xay dung nha cao tang & Viét
Nam trén co s& danh gid bang phuong phap AHP.

2. TONG QUAN NGHIEN CUU

Da c6 mot s6 nghién ctu ap dung AHP d€ gidi quyét van dé &
cac khia canh khac nhau trong nganh Xay dung tai VN nhu: Vi
Quyét Thang, Nguyén Thé Quan (2015) da van dung phuong phap
phan tich tha bac (AHP) d€ lya chon loai hgp déng du an st dung
trong dy an thuc hién theo hinh thic déi tac cong tu [8]. Nguyén
Thé Quan (2015) ap dung phuong phap phan tich thd bac (AHP)
dé lya chon phuong an cong nghé thi cong xay dung [9]. Pham
Quang Thanh (2019) 4p dung phuong phap phan tich thd bac
(AHP) dé lya chon phuadng thuc thuc hién du an dau tu xay dung
[11]. Pham Héng Luan va Nguyén Dinh Pao (2013) tng dung
phuong phdp AHP (Analytic hierarchy process) xac dinh céc yéu
cau déi véi chat luong thiét ké thudc géi thau thiét ké - thi cong
[71. Nguyén Van Chau va céng su (2015) da danh gia va do ludng
muc dé rdi ro ky thuat trong xdy dung céng trinh giao thong
dudng bo & Viét Nam thong qua phuong phdp Fuzzy Analytical
Hierarchy Process (F-AHP) [2]. Nguyén Qudc Toan (2020) st dung
phuong phap AHP dé danh gia lua chon nha cung Ung vat liéu xay
dung [13]. Tuy nhién trong ap dung phuong phap AHP dé danh
gia lua chon giadi phap van khuén thi cong nha cao tang cho cac
nha thau xay dung tai Viét Nam thi chua c6 nghién ctu nao.

3. PHUONG PHAP NGHIEN CUU

Trén co s& nodi dung phuong phap AHP, ngudi ta can phai c6
dugc tap hgp cac phuong an dé xuat va cac tiéu chi lya chon
phuong an trudc khi tién hanh cac tinh todn can thiét. Bai bao
nghién ctu st dung quy trinh ap dung phuong phap AHP dé lya
chon phuong an van khuén nhu Hinh 1.

Dé c6 dugc cac danh gia chinh xac vé cac phuong an dugc dé
Xudt, rat can su tham gia ctia cac chuyén gia. Vi thé, viéc thanh lap
t6 chuyén gia cGia nha thau la cuc ky quan trong. T6 chuyén gia la
nhiing can bd cla nha thau va cac chuyén gia tu van dugc nha
thau mgi. Ho dugc dao tao theo hudng chuyén sau, co6 kinh
nghiém thuc hanh céng viéc va c6 ky nang thuc tién, ly luan
chuyén sau vé mét linh vuc cu thé trong pham vi nghién ctu hodc
6 hiéu biét vuat tréi so véi mat bang kién thiic chung. Trong céng
viéc ho luon la ngudi cho két qua chinh xac, tinh théng nghiép vy,
am tudng vé céng viéc dang lam.

Céc chuyén gia sé dong vai trd quan trong trong viéc dua ra
cac tiéu chi sang loc, cac tiéu chi lya chon phuong an va quyét
dinh muic dé uu tién tuong ddi cla cac tiéu chi trén co sd so sanh
cdp. Ho cling c6 thé gop phéan vao viéc dé xudt cac phuong an
céng nghé va té chuc thi cdng mdi cho céng viéc dang xét. Cac
muc tiéu, rang budc va diéu kién cta du an clng sé la cac can cd
quan trong dé cac chuyén gia ra quyét dinh lién quan dén cac van
dé trén.

Can tién hanh sang loc cac phuong an dé loai bd ngay cac
phuong an khéng dat yéu cau theo tiéu chi sang loc. Vi du, néu
mot phuang an cdng nghé hodc phuang an té chuc thi cong s
dung c6ng nghé gay ra tiéng 6n l6n trong mét du an thi céng &
ngay khu vuc cé trudng hoc thi tiéu chi han ché tiéng 6n c6 thé Ia
tiéu chi sang loc @€ loai bé phuong an nay.
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Hinh 1. Quy trinh &p dung phuong phap AHP dé Iya chon phuong an t§ chic thi cong

(Ngun [5])

Ngoai ra, cac phuong an dua vao so sanh ciing can dugc xem
xét trén co s& chi phi va thai gian, so sanh véi cac rang buéc da
dugc thiét 1ap. Sau khi sang loc, néu s6 lugng phuong an con lai
nhiéu hon 1, khi 8y phuong phap AHP dugc st dung. Cac chuyén
gia lai tham gia vao viéc dé xuat cac tiéu chi lya chon phuong én,
danh gid muc do6 uu tién theo cdp cla céc tiéu chi cling nhu do uu
tién cda cac phuong én theo tiing tiéu chi, tinh toan cac thong sé
theo phuong phap AHP va ti d6 chon ra dugc phuong an céng
nghé van khuén phu hgp nhat.

4. SO SANH, LUA CHON PHUONG AN SU DUNG VAN
KHUON PHU HOP

4.3.1. Thanh lap té chuyén gia

Dé lua chon phuong an cédng nghé véan khuén cho nha cao
tang, tac gia da tién hanh phong van chuyén gia, la nhiing can bg,
ky su c6 kinh nghiém lau ndm trong hoat ddng xay ldp cong trinh.
T6 chuyén gia 07 ngudi goém 03 can bo trinh do ky su xay dung, c6
kinh nghiém trén 15 nam cong tac thi cong cac céng trinh dan
dung, da va dang gil vi tri chi huy truéng céng trudng thi cong
coéng trinh nha cao tang. Cac thanh phan con lai bao gém 02
chuyén gia dén ti Trudng Dai hoc Kién tric Ha Néi, 02 chuyén gia
dén tir Trudng Pai hoc Xay dung Ha Noi, cac chuyén gia nay déu
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dang gidng day va nghién ctiu vé ky thuat va té chuc thi cong xay
dung, kinh té xay dung.

Trén cd s@ cac muc tiéu, rang budc va diéu kién cltia du 4n nha
cao tang can thuc hién, cac chuyén gia sé dua ra cac tiéu chi sang
loc, cac tiéu chi lua chon phuong an va quyét dinh mdc d6 uu tién
tuong déi clia cac tiéu chi trén co s& so sanh cap. Ngoai ra, ho cling
c6 thé gbp phan vao viéc dé xudt cac phuong an céong nghé thi
c6ng mdi cho céng viéc dang xét.

4.3.2. Lua chon phuong dn cong nghé

Dé xay dung cac du an nha cao tdng bé téng cét thép, hién nay
& nudc ta da cé nhiéu gidi phap cong nghé van khuén. Trén co sG
nhiing cong nghé van khudn dang dugc st dung & VN: Van khuon
thép dinh hinh, Van khuén gé tu nhién, Van khuén gbé céng
nghiép, Van khuén Composite (Nhya téng hop), Van khuén nhém.
Cac chuyén gia dé xuat cac phuong an van khuén phu hop vai
céng trinh nha cao tang bé téng cot thép nhu sau:

- PA1: St dung véan khuon thép dinh hinh

- PA2: St dung van khuén gé cong nghiép (van ép)

- PA3: St dung van khuon nhom

Giai phap cong nghé st dung van khuén gé tu nhién va nhya
téng hgp (Composite) cling dugc dé xuat nhung sau khi phan tich
da bi loai bo do khéng phu hop.

Trén ca s& phan tich diéu kién nang luc, kinh nghiém thi céng
cla nha thau ciing nhu thuc trang cong trinh, cac chuyén gia da
dua ra 4 tiéu chi lya chon phuong an la:

- Tiéu chi (C1): Hiéu qua kinh té t6i uu

Tiéu chi nay lién quan dén vén dau tu ban dau, sé lan luan
chuyén van khuén khi sir dung; thoi gian 13p-thao-van chuyén

- Tiéu chi (C2): Tinh co gidi héa, céng cu thiét bi ky thudt cao

Tiéu chi nay lién quan dén may moc thiét bi trong nang ha van
chuyén, thao 13p, bdo duéng khi st dung giai phap van khuén

- Tiéu chi (C3): T6 chuic lao déng khoa hoc

Tiéu chi nay lién quan dén viéc xay dung phuong an thi cong
hagp ly, khoa hoc khi sir dung gidi phap van khuén (ph6i hgp gitra
ngudi lao déng-vat liéu xay dung-may moc thiét bi thi cdng) gilip
tang nang suat lao déng.

- Tiéu chi (C4): Tiéu chudn héa va dinh hinh héa thi céng

Tiéu chi nay lién quan dén viéc chudn hda quy trinh thi céng
I3p dung, thao d& van khuén dugc quy dinh chi tiét, rd rang.

Tiéu chi vé an toan chiu luc cda giai phap van khudn dugc bod
qua. Theo t6 chuyén gia, day la tiéu chi tién quyét bat budc phai
dam bao thoéa man khi lya chon bat ky giai phap van khuén nao.

Tiéu chi vé chat lugng cling dugc bo qua, theo cac chuyén gia,
chat lugng van khuén sé thé hién théng qua chat lugng cla cau
kién ma van khuén duc ra (d6 phdng bé mat, ding hinh dang, kich
thudc, kin khit cla bé mat; khéng bi cong vénh, phinh), day la tiéu
chi bat budc khi sir dung bat ky loai van khudn nao.

1. Tién hanh lay y kién ca 07 chuyén gia bang phiéu phéng
van vé xép hang muc dé uu tién clia cac tiéu chi ta thu dugc két
qua tai Bang 1.

Bdng 1. Téng hop y kién chuyén gia vé muc dé uu tién cta cdc tiéu chi

sT)esl:i::\ Phéng van chuyén gia Tho;:
cap 1 2 3 4 5 6 7

ClvaC2 4 5 4 4 3 4 5 4
ClvaC3 3 3 2 2 2 2 2 2
ClvaC4 7 8 8 6 6 7 8 7
C2vaC3 | 1/2 | 1/2 | 1/3 | 1/4] 1/2 | 1/2 1/2 1/2
C2vaC4 2 3 3 2 3 3 3 3
C3vaC4 4 5 5 6 5 5 6 5

10.2021 | ISSN 2734-9888

Tu cac y kién téng hgp cla chuyén gia vé muc d6 uu tién cla
cac tiéu chi, ta 1ap ma tran so sanh cdp tai Bang 2.
Bdng 2. So sdnh cdp cdc tiéu chi

Tiéu
chi C1 c2 c3 c4
C1 1 4 2 7
C2 1/4 1 1/2 3
3 1/2 2 1 5
c4 1/7 1/3 1/5 1
T6ng 1,89 7,33 3,70 16,00

Tién hanh tinh toan cac di liéu theo phuang phap AHP. Trong
s6 cho cac tiéu chi dugc thé hién trong Bang 3
Bdng 3. Trong sé cdc tiéu chi khi so sdnh cdp

Trong sé tiéu
Tiéuchi | C1 C2 c3 Cc4 chi
C1 0,528 | 0,545 | 0,541 | 0,438 0,513
2 0,132 | 0,136 | 0,135 | 0,188 0,148
C3 0,264 | 0,273 | 0,270 | 0,313 0,280
C4 0,075 | 0,045 | 0,054 | 0,063 0,059

Vi s6 tiéu chi n = 4 thi Rl = 0,9. Ta tinh toén dugc cac chi s6 sau:
Amax = (0,498*1,88 + 0,120*9,33 + 0,330%3,42 + 0,052*18) = 4,113
Cl=(4,113-4)/(4-1)=0,038

CR=10,038/0,9 = 4,19% < 9% dat yéu cau.

2. Tiép tuc tinh toan do uu tién clia cac phuong an theo tiing
tiéu chi, ta thiét lap cac ma tran tuong ting co kich thudc bang s6
phuong &n dé xuat néu ra.

Do c6 4 tiéu chi so sanh, vi thé can tinh toan 4 ma tran vai cac
s6 liéu thu dugc tir viéc phong van tham khéo y kién chuyén gia.
Thiét lap ma tran tinh toan cho tiéu chi C1 (Hiéu qua kinh té t&i uu):

Bang 4. Ma tran muc d6 uu tién clia cac phuang an déi vai tiéu chi
C1

Phuong an PA1 PA2 PA3
PA1 1 1/4 1/7
PA2 4 1 1/3
PA3 7 3 1

Téng 12,00 4,25 1,48

Tinh toadn trong s6 cho cac phuong an theo tiéu chi C1 va thé
hién trong Bang 5:
Bdng 5. Trong sé cdc phuong dn theo tiéu chi C1

Phuong | pa1 | pa2 | Pa3 Trong s6
an phuong an
PA1 0,083 | 0,059 | 0,097 0,080
PA2 0,333 | 0,235 | 0,226 0,265
PA3 0,583 0,706 0,677 0,656

Vi s6 tiéu chi n = 3 thi Rl = 0,58. Ta tinh toan dugc cac chi s6 sau:

Amax = (0,074*1 3 + 0,257*4,25 + 0,669%*1,458) = 3,028

Cl=(3,028-3)/(3-1)=0,0142

CR=0,0142/0,58 = 2,44% < 5% dat yéu cau.

- Tuang ty, tdng hgp cac y kién tham khao chuyén gia va lap
Bang 6 tinh toan cho tiéu chi C2:

Bdng 6. Ma trdn miic d6 uu tién cla cdc phuong dn déi vai tiéu
chiC2

Phuang an PA1 PA2 PA3
PA1 1 1/4 1/6
PA2 4 1 172
PA3 6 2 1

Téng 11,00 3,25 1,67




Tinh toan trong s6 cho cac phuong an theo tiéu chi C2 dugc

két qua sau:

Bdng 7. Trong s6 cdc phuong dn theo tiéu chi C2

Bdng 12. T6éng hop két qua tinh todn
C1 C2 C3 C4 C1 0,513
PA1 0,080 0,089 0,110 0,123 C2 0,148
PA2 | 0,265 0,324 0,309 0,320 c3 0,280
PA3 0,656 0,587 0,581 0,557 C4 | 0,059

Phuong Trong sé
an PA1 PA2 PA3 phuong an
PA1 0,091 0,077 0,100 0,089
PA2 0,364 0,308 0,300 0,324
PA3 0,545 0,615 0,600 0,587

Tuong ty, ta tinh toan dugc cac chi sé:
Amax = (0,080*12 + 0,265%*4,25 + 0,656*1,476) = 3,049
Cl =(3,049-3)/(3-1)=0,024

CR=0,024/0,58 = 4,21 % < 5% dat yéu cau.
- Tiép tuc lay y ki€n chuyén gia dé tinh toan va lap bang muic

dd uu tién cla cac phuang an déi véi tiéu chi C3 nhu sau:

Bdng 8. Ma trdn mirc dé uu tién cua cdc phuong dn déi véi tiéu

chiC3
Phuong an PA1 PA2 PA3
PA1 1 1/3 1/5
PA2 3 1 1/2
PA3 5 2 1
TSng 9,00 3,33 1,70

Tinh toan trong sé cho céc phuong én theo tiéu chi C3:
Bdng 9. Trong sé cdc phuong dn theo tiéu chi C3

Phuong Trong sé
an PA1 PA2 PA3 phuong an
PA1 0,111 0,100 0,118 0,110
PA2 0,333 0,300 0,294 0,309
PA3 0,556 | 0,600 0,588 0,581

Amax = (0,089*11 ,0 + 0,324*3,25 + 0,587%1,667) = 3,013
Cl=(3,013-3)/(3-1)=0,006

CR=0,006/0,58 = 1,08% < 5% dat yéu cau.

- Cubi cung, ta lay y kién phéng van chuyén gia va lap bang

mUc d6 uu tién clia cac phuong an déi véi tieu chi C4 (Tiéu chudn

héa va dinh hinh héa thi céng):

Bdng 10. Ma trdn mirc d6 uu tién cua cdc phuong dn doi véi tiéu

chiC4
Phuong
an PA1 PA2 PA3
PA1 1 1/3 1/4
PA2 3 1 1/2
PA3 4 2 1
Téng 8,00 3,33 1,75

Tinh toadn trong s6 cho cac phuong an theo tiéu chi C4 va thé

hién trong Bang 11:

Bdng 11. Trong s6 cdc phuong dn theo tiéu chi C4

Phuong Trong sé
an PA1 PA2 PA3 phuong an
PA1 0,125 0,100 0,143 0,123
PA2 0,375 0,300 0,286 0,320
PA3 0,500 0,600 0,571 0,557

Amax = (0,098*1 0 + 0,334*3,25 + 0,568%1,7) = 3,033
Cl=(3,033-3)/(3-1) = 0,016

CR=0,016/0,58 = 2,81 % < 5% dat yéu cau.
3. Sau khi tinh toan dugc cac s6 liéu trong s6 néu trén, ta thiét
lap Bang 12 téng hop két qua tinh toan sau day:

Nhan hai ma tran thé hién trong Bang 12 véi nhau, ta c6 két
qué danh gia phuong &n lua chon t6i uu la phuong an co gia tri I6n
nhat nhu sau: PA1=0,0809

PA2 =0,2841

PA3=0,6351

Theo két qua nghién ctiu va tinh toan néu trén, phuong an c6
két qua 16n nhat la phuong an PA3 (Phuong én céng nghé ding
van khuén nhém) la phuong an téi uu nhat trong s6 cac dé xuat
céng nghé tuong Ung véi cac tiéu chi danh gia ma t6 chuyén gia
da déra.

Vay ta lya chon cdng nghé dung van khuén nhém dé tién hanh
thi cdng cac du éan nha cao tang.

5.LY GIAI VE KET QUA

5.1. Xu huéng st dung van khuén nhém

Tai mét s6 nudc nhu Han Quéc, Nhat Ban, Singapore, cép pha
nhém st dung chl yéu trong viéc thi cong nha cao tang. Két hgp
véi cac loai van khuén cho tuong bao che hay hé san thao tac. ba
tao ra nhiing hé théng cép pha thay thé hiéu qua cho ¢ép pha van
va Euro form truyén théng. Trong khi d6 & An Do, Malaysia va mot
$6 nudc Chau Phi, c6p pha nhém dugc ap dung cho nha & biét thu
va nha lién ké c6 tinh trung lap, tuong dong 16n.

Hién nay trén thé gidi c6 rat nhéu cong ty néi tiéng chuyén vé
san xudt van khuén tdm Ién nhu OURINORD, ALUMA,
DOKA,...Hang OURINORD la nha san xudt chuyén vé van khuén
tdm I6n véi han 50 nam kinh nghiém phét trién, theo nghién cudu
khi s&r dung cac sdn pham véan khudn tdm Ién clia ho sé gidm dugc
khoang 15% gia thanh san phdm, 25% vé thoi gian thi céng. Vi
mét ndng luc san xudt ti 2.000.000ft2/ ndm (tuong duong Vi
1.000 nha d&/ngay), hang ALUMA trdi qua hon 4 thap ky kinh
nghiém va phat trién véi hon 50 quéc gia. San phdm cta hang
tang do6 luan chuyén 1&n 40% va chat lugng san pham cai thién lén
con s6 35%. San pham cla hang nay nhe hon bat ky san phdm so
sanh trong nganh cong nghiép, thai gian 1ap ghép nhanh, giam chi
phi lao dong truc ti€p rat nhiéu. Cong ty DOKA c6 moét thuang hiéu
san xuat van khuoén néi tiéng trén thé gidi, véi hon 10 nam kinh
nghiém xong ho da lam hang ngan du an ndi tiéng trén thé gidi va
thuong hiéu ctia ho da dugc khang dinh qua cac cong trinh nhu
tda nha cao nhat thé gidi Buri Khalifa tai A Rap, nha may dién
Bauma tai Trung Qudc,... thé manh ctia hang chinh la van khuén
leo [4].

Xu hudéng thiét k& cac cong trinh cao tang da dugc t6i uu hon
rat nhiéu. T8i uu héa phong cach kién truc, két cdu dé phu hop véi
gidi phap cop pha nhom. Két qua rang trong nhimng nam gan day
xu hudéng kién tric da c6 nhiéu thay déi. Nha d6, két cau cling
dugc t6i uu héa, dién hinh:

- Thiét k& san phdng nhip I6n, san PT tng luc trudc thay thé san
ddm c6 dién véi s6 lugng I6n 6 san, dam phu.

- Thay vi thiét ké cét vdch c6 kich thudc I6n, véi sé lugng it, thay
d6i chiéu day nhiéu lan khi lén cao. Thi ndng sé lugng cot vdch, tdng
chiéu dai giam tiét dién. Han ché lugng vdch thi céng sau.

- Mé hinh chung mat d@é dam san khéng con day ddc nhu trudc
kia nda.

Nhiing thay d6i nhu vay da don gidn héa cong tac thiét ké, thi
céng van khuén. Bac biét la cop pha nhém.
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Bdng 13. Théng tin st dung vdn khuén nhém tai mot sé du dn

Du an Két cau ap Thoi ?lan thi . ASo dq:t A Huhéng
: dung cong thi cong bé tong
Huyndai Hill State Cot, véch, 5ngay/1 san fam Al e Van khuén hau nhu khong bj bién
Ha béng dam san 1500m?2 11an d6 bé tong -cot-dam san dang
s oA . 304 can nha lién ké hai tang, méi X N . -
Khu nha 6 hé gia Ae 2 A < LA LA 2 Vén khuén hau nhu khéng bi bién
, Cot, vach, block khodng 10 can lién ké. Ca block Sl R .
dinh Formosa Ha AN ~ P N PN dang, sau khi thdo coppha cong tac
N dam san sé dugc d6 nguyén khoi 1 lan -cot- . SR .
Tinh dam san hoan thién con lai chi la son trang tri

5.2. Panh gia hiéu qua chat lugng xay dung khi st dung
van khudén nhém so véi viéc st dung van khudn truyén théng

Vi van khuon truyén théng chat lugng bé mat va kich thudc
bé téng phu thudc phan I6n vao tay nghé clia cdng nhan.

Van khuon nhom nhe hon 30% so véi van khudn thong
thuong. Cong nghé san xudt van khuén nhom hién dai bat dau tu
viéc ché tao cac thanh nhém théng qua qua trinh nung chay phoi
nhém tao ra san phdm dam bao tiéu chuan nhe, cudng d6 va hiéu
qua. Gilra cac tdm san phdm nhoém nhe la tdm dam nhém, cudng
d6 va trong luong nhe, tao thanh khoi két cau hoan hao. Vai két
cdu thiét ké hé giang trén gian nhém nhe khung nhém, khung
tudng va van khuén try,...) dam van khuén nhom co két cau khoe,
bén viing, dé thido d&, mang lai hiéu qua kinh té cao cho toan két
cdu hé giang [5].

Khi st dung van khudén nhém thi véi bé mat van khuén phéng,
lang giup tao ra bé mat bé tdng nhdn min.

Bén canh d¢, véi cdng nghé san xuat hién dai, tdim nhom gidm
t6i da trong lugng nhung van dam bao kha nang chiu tai cho
phép. Cac cau kién dugc lién két vsi nhau tao nén hé toan khoi
chiu luc tét, viing vang va trong lugng nhe.

T4t ca cac bo phan ctia khuén mau hgp kim nhéom dugc 13p rap
bang tdm nhom hgp kim. Mot khi hé théng dugc lap rap, né sé
dugc tao thanh moét khudn khé hoan chinh véi d6 6n dinh rat tét
va kha nang chiu luc dén 60kN méi mét vudng [5].

Viéc ghép van khuén bé tong toan khdi bang van khuén nhom
dap ung dugc dé kin khit tiéu chudn, han ché mat nudc xi mang
lam giam mac bé tong.

S dung van khuén nhém ghép ciu kién dam san dé lién khéi
han ché dugc mach ngiing trong xay dung, chat lugng két cau cao
hon.

5.3. Panh gia vé gia thanh khi sit dung van khuén nhém so
V@i viéc sit dung van khuén truyén théng

Van khuén truyén théng hién nay da phéan la si dung tai
nguyén gb (g6 nguyén tam hodc gb ép). Viéc sit dung dai tra nhu
hién nay dan dén tai nguyén thién nhién ngay cang can kiét do sé
vong luan chuyén trong cong trinh thap. Bén canh do, trong qua
trinh gia cong van khuén hay bi cit bé nhiéu lang phi khéng tai st
dung dugc [5]. Mot loai van khuén truyén thong nia la van khudn
thép dinh hinh, day la loai van khuén cling dugc st dung phé bién
trong xay dung hién nay, tuy nhién kha nang khong tién cho viéc
van chuyén, va kha nang tao thanh van khudn tam I6n khé kha thi.
Diéu nay lam chi phi l3p dat, thao d& kha I6n.

Trong khi d96, gia thanh van khuén nhém cao han han cac loai
hinh khac nén chi phi dau tu ban dau khéong hé nho. Béng thai, ky
thuat quan ly yéu cau khat khe dan dén nhiéu Céng ty xay dung
trong nudc chua cé kha nang dau tu. Nhung d8i ngugc lai xét téng
thé mot du an thi khi st dung van khuén nhém chi phi hoan thanh
cla toan bd du an sé gidm dang ké so vdi st dung van khuén
truyén théng. Van khuén nhém c6 thé téi st dung dén 100 lan
(ttc 13 san phdm c6 thé sit dung cho 4-5 cong trinh). Théng
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(Nguén [4, 5])
thuong, du &n st dung lan dau tién sé hong khoang 20%, 80% san
pham con lai sé dugc tai st dung cho du an sau. Van khuén nhém
rat dé x{r ly trong céng tac lam sach céng nghiép véi quy trinh
khép kin, gop phan bao quan sdn pham tét va vé sinh moi trudng
(khéng ban bui, an toan) [5].

Tat ca cac bd phan clia tdm Igp hop kim nhém déu co thé téi su
dung va khéng c6 réac thai tai chd sau khi g& boé van khudn dé dam
bao moi truong xay dung an toan, sach sé va gon gang.

Khi s&r dung van khudén nhém khé nang sai léch két cau kha
thap, bé mat bé tong sau thi cdng tham my. M3t bé téng st dung
van khuoén nhém khong can t6 trat nhu déi vai van khuén truyén
théng. Chi cdn mai nham va phun son dé hoan thién do d6 giam
dang ké chi phi hoan thién céng trinh.

Vi du thyc té vé phan tich chi phi cho tda nha My Binh Plaza 2.
Toa nha nay la tda nha 28 tang ndi, dién tich xay dung 2.340 m2
[5].

Bdng 14. Tém tdt phdn tich so sdnh st dung gidi phdp vdn khuén
(Toa My Dinh Plaza 2)

Don vi: ty dong

Hé van khuén Hé van khuén
nhom dinh hinh | thép dinh hinh
Thoi gian 6 thang 12 thang
Chi phi khudn 7,284 5,463
Chi phi hoan thién 21,397 29,346
Chi phi so bd 6,374 10,243
Chi phi xtr ly chat thai 0 2,959
Chi phi may méc 2,049 5918
Téng 37,104 + X 53,929 + X
(Nguén [5])

Trong d6 X la chi phi chung cho toa nha (khong anh huang béi
loai van khuon)
P& dé so sanh cac két qua biéu dién bing biu d6 nhu sau:

60,000
50,000
_ @ 40,000
=
~“Q
=S 30,000
G '
o -5
S o 20,000 ——
= B
M
10,000 —
0 . . ]
Van khudén  Van khuén g
nhom truyén théng

Hinh 2. So sénh t8ng chi phi cia toan bd du &n khi st dung hai loai van khudn
(Ngudn [5])




Bdng 15. So sdnh ddc diém cia mét sé loai vdn khuén théng dung

Pac diém chinh Goé van ép Thép Nhém
DPau tu ban dau (VND/m2) 153.000 450.000 2.000.000-2.700.000
Luan chuyén (lan) 5-10 200 100
Chat luong bé mit Tt nhung glar,n nhanh theo s6 lan | Tét nhu‘ryg gidm do giva Tét
strdung bién dang
Trong lugng (kg/m2) 5-10 +/-31 +/-20
An toan Binh thudng Nguy hiém Tot
T6c do quay vong Cham Cham Nhanh
o B Phu thudc thoi tiét, .
Chi phi bdo dudng . Cao Trung binh
gia cong
Kha nang thu héi Khéng c6 kha nang tai ché ft Thu héi it nhat 80% gia tri
Bdo quan, bdo dudng Kho kin ¢ mai che tranh mua, Kho c6 mai C,,he tranh Kho c6 mai che tranh mua, néng
nang mua, nang

C6 thé thay khi st dung hé van khuén nhém dinh hinh thi thoi
gian xay dung it hon mot nla so véi st dung van khudn truyén
théng. Tuy chi phi danh cho van khuén nhom la kha cao nhung khi
st dung van khuén nhém dinh hinh thi cac chi phi vé hoan thién,
may maoc giam rd rét va nhat la chi phi chat thai xdy dung gan nhu
khong mat & khoan nay vi van khuén nhém it tao ra chat thai xay
dung khi thi céng dy an. Chinh nhiing diéu nay dan dén toan bo
chi phi cho thi cong du an gidm.

6. KET LUAN

Viéc lya chon gidi phap van khuén phtu hgp la bai toan lién
quan dén nhiéu tiéu chi c6 muc d6 uu tién khac nhau. Rat khé dé
dua ra gidi phap van khuén duy nhat cho tat ca cac cong trinh nha
cao tang. V&i mébi cdng trinh, cé6 mét giai phap thiét ké khac nhau,
mot ké hoach tién d6 cling nhu cac giai phap ky thuat cdng nghé
xay dung khac nhau. Tuy nhién AHP la phuong phéap lua chon da
tiéu chi, phu hgp véi cac trudng hgp ra quyét dinh phc tap (hiéu
qua kinh té, tinh co giéi hda, dinh hinh hoa, tién d6 va chat
lugng,...). Bang viéc so sanh cap céc tiéu chi dua trén muc do quan
trong clia ching déi véi viéc lua chon gidi phap van khudn sau do
so sanh danh gia ting cap chi tiéu dua trén muc d6 uu tién lya
chon néu xem xét riéng tling tiéu chi va két hgp cac géc do danh
gia nay lai cho két qua so sanh téng hop cé d6 tin cdy cao. Cac tac
gid da sir dung phuong phap phan tich thi bac AHP dé gidi bai
toan ra quyét dinh da thudc tinh gitip nha thau xay dung lua chon
dugc gidi phap van khuén phu hgp véi diéu kién riéng cla ting
céng trinh. Trong trudng hgp c6 nhiéu tiéu chi so sanh hon, c6 thé
st dung phan mém chuyén dung, hodc nhém céc tiéu chi thanh
nhiéu nhém hon va gidi quyét bai toan két hgp AHP vGi moét s6
phuong phép khac nhu tich hgp AHP véi ANP (Analytic Network
Process), hodc AHP vGi TOPSIS,... d€ tan dung dugc Igi thé clia méi
phucong phép trong giai quyét van dé cu thé.
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Ung dung ro da vé luci nhua chéng xoi ba ke
trong méi truong xam thuc

Application of Gabion With Hdpe Grid Cover for Slop Protection in Corrosive Environment
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TOM TAT:

Khu virc ven bién thugc Dang bing sang Ciu Long (BBSCL) dang
ddi mat vai bign ddi khi hau ngay mat lan, trong da van dé sat lé
bir ke ciing duoc quan tam. Hién trong sat |é thuang xay ra tai khu
vie oo dia chét yéu, dia tang cdu tao bai lap bun sét bé mat day,
sitc khang co hoc thép, tinh nén-lin cao lai them tac dang coa
thién tai nhu | lut, mua béo.... Bai bao trinh bay giai phap dang ro
dg co vo ludi duge ché tao tor vat lisu nhya HOPE (High-density
polyethylene). Tinh higu qua cia giai phap duge minh hoa cu thé
qua 2 cong trinh: ke song Ma Nhat, khu Cang nghiép chuyén séu
Pha My 3, tinh Ba Ria - Viing Tau va k& rach khu dd thi Mizuki Park
- Binh Chanh - TRHCM duge thyc hign trong nam 2019. Day I3
thang tin hitu ich cung cép cho céc nha tr van thigt k& va co quan
quén |y chuyén nganh thiy Igi, cu dueng co thé &p dung & nhiing
cing trinh trong tu, gap phéan dap ang su phat trign bén vimg dudi
céc tac dang tigu cyc cia mai trudng.

Tir khoa: Ro da; xdi |&; gia cff mai taluy; phét trién bén vimg; bién

dai khi hau

ABSTRACT:

Coastal Mekong Delta areas are facing increasingly climate change,
speciallly, the problem of embankment landslides has been greatly
concerned. The phenomenon of landslide often ocours in areas with
deep soft soil revealing its high compression index and low mechanical
resistances properties, besides, natural disasters such as flood, storm,
climate change also have affected the landslide. This paper performs
the solution for slope protection using gabion with its HDPE cover
(High-density polyethylene). The efficiency of the solution is drawn from
2 projects built in 2019 as follows: slope protection for Mo Nhat river
embankment, Phu My 3 specialized industrial zone, Ba Ria - Vung Tau
Province, and, slope protection for canal in Mizuki Park - Binh Chanh
District - Ho Chi Minh city. This successful application provides useful
information for civil engineers and/or administrators, who are able to
widen the such solution in similar transportation projects, or, irrigation
and drainage projects, in the purpose of sustainable development under
negative environmental impacts

Keywords: gabion; erosion, reinforcement of slopes; sustainable
development; climate

1.DAT VAN BE

Nhiing nam gan day, hién tuong sat 1& b& séng thudng xay ra
thudng xuyén va ngay cang nghiém trong & nhiéu khu vuc co6 dia
chat yéu véi dia tang cdu tao bdi I6p bun sét bé mat day, suc
khang co hoc thap, tinh nén-lun cao lai thém tac dong cda thién tai
nhu 10 lut, mua bao. Ngoai nguyén do I6p bun bé mat day va qua
yéu khéng khéng néi tai trong ddp gay ra, cac tau thuyén di lai trén
hé théng song, kénh rach gay ra hién tugng dénh nudc, nudc dang
cao va chay xi€t mua la lam chan mai ta luy bi x6i nghiém trong.
Hinh 1 minh hoa mot vi tri sat 16 ndng & BDBSCL [Web Néng lugng
sach Viét Nam (2019)]. Khac phuc sat 16 khu vuc BBSCL tiéu ton
hang ngan ti déng mbi nam [Web Béo dau tu (2018)], chi phi dy
kién sé con tiép tuc tang trong nhiing nam téi véi nhiing bién
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déng bat thudng cua thién tai, bao 10 gay ra. Do vay, tim gidi phap
hap ly vé kinh té - ky thuat dé chéng x6i ba ke 1a rat can thiét.
= | 4 Sy
- Y v

m g

Hinh 1. Sat 1§ b song 6 DBSCL



Bai bao trinh bay giai phap dung ro da vo ludi nhua gia c6 mai
ta luy cho khu vuc dat yéu sat kénh rach va ngap nudc. Giai phap
dugc dp dung thanh cong qua céng trinh ké séng Mo Nhét thudc
khu Cong nghiép chuyén sau Phu My 3, tinh Ba Ria - Viing Tau. M6t
cong trinh khac la b ké rach trong khu d6 thi Mizuki Park - Binh
Chanh - TP.HCM cling ap dung htu hiéu ro da vé nhya. Tu thanh
cdéng budc dau & 2 du an nay, kha nang tng dung ro da vo lugi
nhua gia ¢ mai kénh hay lam tudng chdn trong nganh thuy lgi va
giao théng la rat kha quan.

2. GIAI PHAP DUNG RO PA VO LUGI NHUA CHONG XO1 BO
KE TRONG MOI TRUGNG XAM THUC

2.1. Pac tinh cta vo lugi nhua

Nhua HDPE (High-density polyethylene) la loai nhua cé mat dé
polyethylene cao, cau tric phan ti cla nhua HDPE thé hién & Hinh
2 [Web Libretexts (2021)]. HDPE c6 d6 bén co hoc cao, hau nhu tro
hoan toan vé mat héa hoc, c6 thé chiu dugc nhiét dé cao (120 d6 C
trong thai gian ngan, hodc 110 d6 C trong thaoi gian dai).
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High Density Polyethylene (HDPE)

Hinh 2. Cau trtic phan t{ clia nhya HDPE

Viéc tng dung lusi nhuya HDPE lam v ro da dé gia ¢6 chéng x4i
mon trong maéi trudng xam thuc manh la do nhing dac tinh sau:

« Tinh bén co hoc cao (bén xé va bén kéo dut), kha ciing ving,
khéng mém déo nhu vé lusi nhya PE.

« C6 stic chiu va dap tét va tinh dan hoi cao, nhung nhya HDPE
sé bi bién dang déo s6m trong qua trinh bién dang, do d6, vo lusi
nhya thudng dugc coi la vat liéu "cing".

« [t bi &n mon bdi cac chat héa hoc nhu dung dich axit, kiém va
cac hgp chat hiiu co: rugu béo, aceton, ete etylic, glicerin.

- Chdng bién dang: vé luéi nhua HDPE van gilt dugc hinh dang
sau nhiéu lan xoén, uén.

+ V& lugi nhua HDPE s& hitu khd ndng chéng mai, chéng dm rat
cao, rat co lgi trong moi trudng xam thuc.

« V& gia thanh san xuat, vo ludi nhua HDPE khéng dat hon
nhiéu vé lugi thép truyén théng. Tai thai diém hién tai néu xét chi
phi vé ludi thi cao han khoang 1.7 lan, nhung xét cho toan két cau

tuong thi cao hon khoan
r.m?:" W ATy

Hinh 3. V6 ludi nhua dugc ché tao tit nhua HDPE
2.2. Uu diém chia ro da duing trong gia ¢ mai long séng so
véi dung két cau bé tong

Céc gidi phap gia ¢6 tang 6n dinh mai déc cé thé xem xét nhu sau:

+ Gidm d6 cao ba dap: giai phap nay mang tinh thu dong vi cao
d6 bo dap da dugc quy hoach dap tiing muic nudc tan suat 1.

« Gidm dé nghiéng mai d6c bang cach lam thoai mai doc hoac
chia nhiéu tang.

« Tang cudng do bén viing bé mat mai dbc: trong cay-co, xay
ke da, ké bé tong cot thép, neo dat, gia cudng mai déc bang coc
nhéi, coc déng, coc tre tai cac vi tri xung yéu.

« Tang cuong kha nang thoat nudc: nudc U dong sé lam gia
tang suc nang lén ddéi truat.

Vé&i nén dat yéu va do lin chua én dinh thi viéc dung tudng
chan BTCT phai st dung coc dai lam tang kinh phi xay dung, bé&i su
sut I4n nén moéng cé thé gay nat cong trinh. Két ciu ro da cé tinh
“xdc xéch” sé gidm thiéu dnh hudng tiéu cuc do sut lan nén méng.
Nhu vay, ro da cé thé lam tudng chin thdng ding hodc lat mai ta
luy chéng xo6i 16.

3.SU DUNG RO PA VO LUGI NHUA CHONG XOI KE SONG
MO NHAT, BA RIA - VONG TAU

3.1. Pac diém cong trinh

Ké séng Mé Nhat va san nén la hang muc ca du an “Khu céng
nghiép chuyén sau Phui My 3” do Cong ty C& phan Thanh Binh Phu
My lam Cha dau tu c6 dién tich 999 ha. Day la mét du an phat trién
ha tang khu céng nghiép nhdm ddy manh phat trién céc nganh
céng nghiép cho Vung kinh té trong diém phia Nam, trong d6 cé
tinh Ba Ria - Viing Tau, ma truc tiép la phat trién kinh t& cta khu
vuc do6 thi cdng cong nghiép Phu My. Khu vuc céng trinh bi anh
hudng xam thuc do gan bién, d3c biét la cac thang mua kho do
xam nhap man kha sau tac dong Ién dén an mon kim loai st dung
trong cong trinh.

Lop dat bé mit: Sét, sét pha, catl
san hén hap 13n r& thue vat man x4m
2{[xanh, x4m den, ndu vang. Bé day 16p
< thay ddi tir 0.5m dén 1.0m.

Lép 1: Bin sét mau xam den, ndu
den, xam 14n v4t liéu hitu co: Lép
dat nay xudt hién o hdu hét cac 15
khoan khao sat. B& day 16p thay dbi
tir 0.7m dén 8.3m; tang dan theo
hudng tir Quéc Lo 51 vé phia song
Mo Nhat

P T i

(Ll 7, s N Cae op 2 dén 16p 10 (khoan sdu 16
/ o J@;‘;\Z\( 7, 7 /|50 m) gom sét pha, 4 cat, cat hat min
o /'/, _'W i dén hat trung th6 chiu lyc trung binh

S A, s /| |den tot.

Hinh 4. Dia chat vi tri du dn ke song Mo Nhat
Bang 1. Chi tiéu co ly cta I6p dat 1

Thong s6 Don vi Gia tri
Dung trong uét v g/cm’ 1.53
Hé sé réng ¢, - 2.01
Gidi han chdy W, % 61.8
Gidi han déo W, % 373
Chisédéo I, - 246
Do sétB - 1.49

G6c ma sat trong @ do 1°34

Lucdinh ¢ kG /cm® 0.076
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Cao d6 thiét ké dinh ké va san nén cta du an lan lugt la +2.50
va +1.50. Chiéu cao san lap phan tiép gidp sébng Mo Nhat thay déi
t 3-12 m tly vi tri ké. Vé dia chat, khu vuc nay cé cac I16p dat tinh
tU trén xudng nhu moé ta & Hinh 4 [Cong ty TNHH dich vy, xay dung
Hoang Hung (2017)]. L6p dat 1 la I6p dat rat yéu, c6 do nén-lan cao
anh hudng nhiéu dén cac giadi phap thiét ké san nén va cac cong
trinh ha tang ky thuat. Bdng 1 cung cap cac chi tiéu ca ly cta lop
dat yéu nay.

3.2. Gidi phap ky thuat

Gidi phap k¥ thuat chinh cta bd bé nhu sau:

« Tinh 8n dinh cGa mai ta luy bd ke long séng (phan déc nghién
tao long séng) dugc dam bao bang giai phap tui dia ky thuat xép
choéng theo tiing 16p [Cong ty Orbitec (2015)]. Hinh 5 mé ta bo tri
tai dia ky thuat cho mai ta luy b ké nhdm dam béo én dinh cho bs
ké. Hé s6 6n dinh tinh toan theo Bishop dat trén 1.4 (Tiéu chuan
nganh, 22TCN 262- 2000). Két qua tinh toan thé hién & Hinh 6.

- Dam bao chéng x6i mai déc bang lat ro da lugi nhua bao pha
bén ngoai, mé ta & Hinh 7. Do I6p ro da nay méng so vdi chiéu cao
san lap nén tac dung cla ro da duoc bd qua trong tinh toan 6n
dinh dé thién vé an toan.

- Chdp nhan Iun ctia nén dap.

Giai phap két cdu mai ta luy bd k& nhu vay sé khong bi anh
hudng nhiéu do 1in. Két cau c6 kha nang thoat nudc nhanh, lam
gidm ap luc nudc phia trong mai ta luy.

TRONG S0 vl ali Ky T
Cuong do:
+ Prwang doc: 280Nm
+ Phuang ngang: S0kMm
b= vatieu: Polypropylens
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HOAT 1Al 1N S0ng: GuBKN'MZ
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Hinh 5. Tii dia ky thudt dam bao tinh 6n dinh mdi taluy bor ké song Mo Nhat w
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Thong so vai dia ky thuat:
Guong do:
+ Phuong doc: 2560kN'm
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Elewation
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Elevation
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e) ke logi 5, Hsan ldp=12-15m
a) Keloai 1, Hsan ldp < 3m Hinh 6. Tinh todn 6n dinh trugt mai d6c béng phuong phap Bishop

el R7 A sar
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Hinh 7. Thi cong ro da v6 ludi nhua bé mat ta luy

3.3. Bién phap thi cong

Céng tac thi céng ke séng Mo Nhat dugc chia thanh 2 giai
doan: giai doan 1 phuc vu bam cat san nén, sir dung tui dia ky
thuat dé lam ke, giai doan 2 thuc hién khi k& thi céng & giai
doan 1 da én dinh (khodng 6 thang) sé tién hanh bu lun, tao
phdng mai déc ké bang bao cat, sau d6 trai vai ky thuat ngén
cach va gia c6 mai ké bang tham ro da vé lusi nhya HDPE.

« Trinh ty thi cong ké séng giai doan 1 - phuc vu san nén:
Tha phao béo hiéu khu vuc thi cong — Dinh vi chan ké cac bac
bang coc dira — Lap dat tai dia ky thuat theo dudng da dinh vi
Lap dat 6ng bom cat vao cac 6ng gén trén tuai dia ky thuat, sau
do6 bom cat vao tui cho dén khi day tui — Tiép tuc dat cac tai
dia ky thuat ké tiép cho dén khi xong ké bac 1 — thi cong bac
ké ké ti€ép bé trén tuong tu nhu thi céng bac ke thu 1.

« Trinh ty thi cong ké séng giai doan 2 - hoan thién: Dap bao
cat bu vénh tao phdng mai ké — Trai vai dia ky thuat trén mat
ké va trai I6p da dam |6t — Xé&p vé lusi nhua (hang Tensar) vao
vi tri can tham — Xép da vao ro — Thi cong ro da ké tiép —
Céng tac hoan thién.

Nhan xét: Cong nghé thi cong don gian, chi can xép da vao
vo ludi nhua may sdn la thuc hién dugc nhanh gon. D€ c6 thé
xép da dugc nhanh va chat ché, can st dung céac loai da cé kich
thuéc tuong d6i déu nhau.

4. sU DUNG RO PA VO LUGI NHUA TRONG KET CAU
TUGNG CHAN G KHU DO THI MIZUKI PARK - TP. HCM

4.1.Pac diém cong trinh

Khu @6 thi Mizuki Park c6 quy mé khoang 26 ha nam trén
Dai 16 Nguyén Van Linh thudc huyén Binh Chanh, TP.HCM. Ha
tang khu dé thi bao géom nhiéu tuyén dudng néi bo clng cac
cau trén cac tuyén. Nudc song khu vuc cong trinh theo khao sat
¢6 tinh an mon bi - carbonat, ham lugng cac ion do dugc nhu
sau:

Do PH 16.88-6.92
« K*va N* :352 mg/lit - 363 mg/lit
- Ca* 116 - 20 mg/lit

«Fex*vaFest :0

- ClI 1609 mg/ lit

« HCOs :61-73 mg/lit

«Tinh SO4>  :0

Dia chat khu vuc nay kha yéu, cac I6p dat tinh ti trén xudéng
nhu sau [Phan vién khoa hoc cong nghé mién Nam (2019)]:

- Lép dat bé mat: Sét, sét pha, cat san hén hgp 1an ré thuc
vat mau xam xanh, xam den, nau vang. Bé day |6p thay d6i tu
0.5-1.0 m.

- Lép 1: Bun sét mau xam xanh, xam den déi ché 1an hitu co,
vO s0, trang thai chay, gap & tat ca cac 16 khoan, chiéu day I6p
nay thay dgi tir 16.5m dén 22.4m, tri s6 SPT tir 0+5.. Chi tiéu co
ly cta 1&6p nay: dung trong udt Kw =1.54 g/cm3, hé s6 rong eo=
1.85, gidi han chay Wl =64.3 %, giGi han déo Wp=29.6 %, chi s
déo Ip=34.7, d6 sét B=1.11, gbéc ma sat trong K=5°72’, luc dinh
¢=0.057 kG/cm?.

Nhan xét: Day la I6p dat rat yéu, c6 dé nén-lun cao anh
hudng nhiéu dén cac giai phap thiét ké san nén va cac coéng
trinh ha tang ky thuat.

Cac I6p 2 dén 16p 6 (khoan sau tGi 50 m) la cac 16p chiu luc
tU trung binh dén t6t gém sét pha, cat pha, sét nra ciing dén
cung.

4.2, Giai phap ky thuat tudng chén ro da

g Ty e

Hinh 8. Ro d4 vé lu6i nhua ducc xép nhiéu 16p 1am tudng chn dat

Hinh 8, thé hién doan tudng chan dung ro da vé nhua véi
cau tao tudng nhu sau [Cong ty Orbitec (2020)]:

« Dat nén dudi tudng ké dugc gia c6 bang coc tram dudng
kinh ngon = 4.0 cm, dudng kinh géc 8-10 cm, L=4.0m, mat do
dong 16 coc/m?, bén trén pha cat day 15cm ké dén la I6p cap
phoi da dam day 10cm.

« Ro da gém nhiéu modul c6 kich thudc khac nhau dugce xép
theo nguyén tac khéng trung mach, ro da c6 khung xuong
bang thép D8 va dugc son chéng gi, Vo bang ludi dia ky thuat
SS30 (hang Tensar), bé tri vach ngan theo nguyén tic cac 6
trong khéong qua 1m, ro dugc budc bdng day nhuya HDPE
chuyén dung.
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- P& chéng mat cat (tréi) mat sau ro ti€p xic véi nén cat
dugc trai vai dia ky thuat ngan céach.

Hinh 9, thé hién doan tudng chan da hoan thién vai bé mat
da dugc trong co6 tang hiéu qua kién trdc. Ngoai ra, tudng chan
ro da ciing c6 thé bé tri sau mé cau (xem md ta & Hinh 10) nhu
mot tudng trong luc c6 tac dung lam gidam ap luc dat Ién két
cdu mo cau.

Hinh 10. R da vo ludi nhua dugc xép sau mé cau

4.3. Trinh tu thi cong

Keé ro da dugc tién hanh thi cong theo trinh tu sau:

«Dinh vi tim coc dta phuc vu san lap 1an;

+Dbng coc dura, lién két cac coc vai nhau;

- Trai vai dia ky thuat ngan mat cat;

« San lap cat dén cao do +1.60 (K=0.85);

« Thi cong xt ly nén dat yéu;

+ Binh vi pham vi mdng ké va pham vi trai lugi dia ky thuat neo;
-Dao hé méng dén cao do thiét ké;
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« Cat dau coc dira hién hitu dén cao d6 day hé mong (tan dung
lai coc dira néu khéng bi muc);

« Thi cédng coc tram gia c6 nén (néu cd) va I8p cat pha dau coc;

« Trai I6p da ddm 16t moéng;

« Lap dat ro da theo phuong phap thl céng theo ting 16p két
hgp trai vai dia ky thuat ngan mat cat va trai lugi dia ky thuat neo.
Luu y: trong qua trinh 13p cac tang ro da tudng ke can hiéu chinh vi
tri ro da dé khit cac chuyén vi ngang (nhdm dam bao sau khi hoan
thanh mat ngoai tudng keé tuong ddi phéng theo thiét ké); D& khir
dugc chuyén vi ngang cla tudng ro da thi khi 13p dat phai dat ro
da léch khai vi tri thiét k& (Iech vé phia nén dap phia trong) mot
khodng bang véi chuyén vi ngang clia tudng.

5. KET LUAN

Mot s6 két luan vé gidi phap dung ro da vo lugi nhya dé gia ¢
mai ta luy hay lam tudng chan:

- Gidi phap kha hgp ly trong diéu kién cong trinh & khu vuc dat
yéu, nén méng cong trinh In chua 6n dinh, cdng trinh & khu vuc
xam thuc manh.

- Gid thanh ro da vé luéi nhya phai chéng, thi cong don gian va
nhanh.
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Thiét lap mé hinh vat ly xac dinh su phan bé
tai trong doc truc cua coc trong hé méng be coc

Physical model establishment for determining the axial load distribution on piles in pile raft

foundation
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TGM TAT:

Bai bao tap trung xac dinh su phén bd tai trong doc tryc cia coc
trong hé mang be coc dua trén sd legng coc, khoéng cach coc va
kich thudc be thay ddi trong mang be coc béng thi nghigm trén ma
hinh ti 18 nha. Coc co tigt dign tron co dudng kinh 38mm, dai
1200mm, va khoang céch giira céc tdm coc lan legt 2,0 va o lan
duang kinh. S& lrgng coc duge bd tri trong mong b vai céc
truing hop khao sét 1an luot (3 1, 4, va 9 coc. Kich thueae be hink
vudng |an lret 13 300 va 430mm. Phuang phép thi nghiém xéc dink
phan bd tai trong doc tryc cia coc don va nhom coc dya trén céc
théng sd ca d&t trong phang thi nghigm. K&t qua cho thay su
phan bd tai doc tryc thay ddi khi tai trong tac dung [en hé mang be
coc thay ddi. Dong thai khi si legng va khoang céch coc ting thi ti
|& phan b tai trong doc truc cia coc téng theo.

Tir khéa: be coc; tai trong doc truc; ma hinh ti |8 nho; phan bd tai
trong.

1.DAT VAN DE

Méng bé coc da dugc st dung nhiéu cho cac céng trinh xay dung
béi vi ca hai kha nang chiu tai va gidm do lin cing nhu han ché kha
nang lan léch clia cdc méng dugc ci thién dang ké, so véi méng coc
théng thudng. Katzenbach (2000) cho thay nhiéu uu diém clia bé coc
va dua ra mét s6 vi du vé cac iing dung clia bé coc trén dat sét cling.
Hemsley (2000) chi ra viéc st dung be coc cho cac cdng trinh trén cac
loai dat khac nhau. Noi chung, thiét ké kinh té€ nhat ctia bé coc dugc
trinh bay bai Randolph (1994), Poulos (2001). C6 nhiéu phuong phap
dugc dé xuat dé phan tich méng bé coc nhu nghién cdiu cdia Burland
(1995) cho thay mot quy trinh thiét ké don gian cda bé coc, trong dé
céc coc dugc thiét ké dé hoat dong nhu gia gidm d6 Iun; Horikoshi et
al. (1999) phat trién mét phuang phap dé tinh toan giai quyét téng thé
clia bé coc. Poulos (2000) va Poulos (2001a, 2001b) da téng hop nhiéu

ABSTRACT:

The paper focuses on determining the axial load distribution of a
raft and piles in the pile raft system based on the number of piles,
pile spacing, and different dimensions of the raft in the pile raft
foundation by a small-scale model. The cylindrical model pile was
38mm in diameter, 1200mm long, and pile spacing was 2.0 and o
times of pile diameter. The number of piles arranged in the raft
foundation were |, 4 and 9 piles. The square raft size was 300 and
490mm, respectively. Experiment methods were used to
determine the axial load distribution of single pile and pile group
with consideration of soil parameters in the laboratory. The
results show that, the axial oad distribution of the pile changes
when the applied |oads on pile raft foundation system change. In
Addition, the number and pile spacing increase, the ratio of axial
load distribution of the pile increases.

Keywords: pile raft; axial load; small-scale model; load
distribution

phuong phap tinh toan don gian va phuong phap s6 dé xuat cho thiét
ké ctia bé coc.

Trong cac phuong phap thiét k&, méng bé dong coc trd nén
kinh té vi stic chiu tai cla bé va coc dugc st dung déng thai va ho
trg cho nhau. Tuy nhién, cac tiéu chuan thiét ké ddi véi méng be
doéng coc chua dugc hinh thanh. Béi I, trong qua trinh lam viéc véi
cac tai trong khac nhau tac dung Ién hé mdng be coc cho ta sy
phan bé tai trong doc truc trong coc dan cling nhu ctia nhém coc
sé khac nhau. Vi vay nghién ctru thiét ké mé hinh vat ly trong diéu
kién dat cat dé nghién ctu su phan bé tai trong doc truc trong coc
daon va nhém coc cdia hé méng bé coc dugc thuc hién.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Co s& thiét lap mé hinh
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Nghién ctru vé Uing xt clia bé khong c6 coc va cé coc trong
phong thi nghiém bang mé hinh vat Iy véi cac trudng hgp bo tri
coc G cac khoang cach tir tdm coc nay dén tam coc kia khac nhau
(Sharafkhah va Shooshpasha 2017). Vat liéu trong mé hinh cla
Sharafkhah va Shooshpasha la cét, cat dugc dua va thung chua
theo ting 16p véi chiéu cao tng la 80 cm va chiéu day méi I6p la
10 cm. Thuing chia cat dugc lam bang két cdu thép véi kich thudc
1.3x1.3x1.0 (m) dugc dat trén san bé tong cbt thép 2.2x2.2x3.0 (m).
Do 1an cda coc duge xac dinh bang déng hé do bién dang dat & vi
tri dau coc trén bé. Vat liéu trong nghién clu cia Sharafkhah va
Shoosh Pasha véi cac théng sé vé chi tiéu ca ly dugc thi nghiém
nhu dung trong, ty trong, chi s6 thanh phan hat, ¢ hat trung binh,
stic chéng cat don vi. Thi nghiém xéac dinh chi tiéu cudng dé coc va
bé nhu stic chiu nén va khéi lugng riéng.

Mot s6 nghién cliu nhu sau: Goto va cac cong su (2013) da nghién
ctu sy phan bé ting sudt xung quanh nhém cog, so sanh su lam viéc
clia nhém coc véi coc don ¢6 tiét dién tuong duong. Vat liéu dat cat,
coc 6ng tron bang nhom co dudng kinh d=40 mm va d=32mm, chiéu
dai coc L = 1000; 1300 mm. Cac nhém 3x3 coc. Khoang cach coc S=
2.5d va 5d. Thung hinh hop bang thép: B=L=1600 mm; chiéu cao
H=1650 mm. Jaymin va cong su (2014) da& nghién ctiu ting xd khi chju
luc thdng dling clia méng beé coc véi cac chiéu day dai khac nhau, Vat
lidu dat dung dé thi nghiém la dat cat, coc thép tron dudng kinh d=10
mm (L/d=20), chiéu dai coc L=200 mm, nhém 2x2 va 3x3 coc, thung
hinh hop B=L=850 mm, chiéu cao H=500 mm. Bajad va Sahu (2008) da
khdo sat anh hudng cla sy tuong tac gilta cdc coc va bé clia moéng bé
coc thdng diing ndm trén dat sét mém trén mé hinh trong phong thi
nghiém. Vat liéu dat dung dé thi nghiém la dat sét mém, coc thép hinh
tron dudng kinh d=10mm, chiéu dai coc L= 100; 200 mm, Cac nhom
2x2 ; 3x3 va 4x4 coc, thung tron chiia dat c6 D=570 mm; H=500 mm.

Nghién ctru mé hinh vat ly nham xéac dinh d6 1an du doan cda
bé coc trong thiét ké so bd (Bhartiya va cong su, 2020) véi cac
trusng hop hinh dang, kich thuéc beg, sé lugng coc cling nhu chiéu
day clia bé khac nhau dugc thiét 1ap trong mé hinh vat ly. Nghién
ctru thuc hién trén mé hinh bé - coc va bé khéng coc nham xac
dinh su phan b6 suc chiu tai cha thanh phan bé va thanh phan coc.

2.2. Thiét lIap mé hinh va thi nghiém xac dinh phan bé tai
trong doc truc

Kich thudc bé va coc: Trong nghién clu nay coc nhém cé
duding kinh d = 38mm, chiéu dai coc Ic = 1200 mm dugc st dung.
Kich thudc be vuong dugc chon la 300x300 (mm) va 490x490 (mm)
cho céc trudng hop bo tri coc trong véi sé lugng coc va khoang
cach cac coc khac nhau. Mé hinh coc va lién két coc - bé véi cac
kich thudc coc va bé dugc thé hién trong Hinh 1.

Coc dugc ché tao bang éng nhém cé dudng kinh d= 38mm;
chiéu day 6ng 1.36mm; chiéu dai ctia coc la 1.200mm.

Chi tiét Hinh 1:

1:DE& bé bang kim loai kich thudc dai x rong x day lan lugt la 300 x
300 x 0.25 mm; va 490 x 490 x 0.25 mm, dam bao khdng bién dang

2: Coc bang kim loai nhém cé dau dong xuéng dat vat nhon,
dau con lai tao ren lién két coc vao dai, ¢ dinh vdi dé bé coc

3. Cdm bién do su bién dang doc truc (strain gauge), dat & mat
ngoai clia méi coc va c6 huéng hudng ra ngoai clia nhom 04 coc
clla méng beé coc

4. Day dan truyén tin hiéu

5.Load cell, dat & tam, mat dudi dé be; do tai trong &p lén bé coc

L: 1,2 mét; d1: 38 mm; d2: 38 mm; s: khodng cach gilta cac coc.

Dai coc lam bdng thép tdm c6 chiéu day 25mm, dugc ren sdn
cac 16 dé lién két coc vao vai dai.

MUi coc va dau coc dugc thiét ké lién két vao bé bang lién két
VGi thép, ba vi tri doc theo than coc dugc dan cdm bién do bién
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dang, cdm bién dugc dat bén ngoai coc nhém. Sau khi cac cdm
bién do bién dang dugc thiét l1ap, cac chét xung quanh vij tri lién
két mai va dinh coc dugc lap nham lién két chat coc va dai coc.

1:Bé bang kim
loai thép

2: Coc bang kim
loai nhém

3. Cadm bién do su
bién dang doc truc
4. Day dan truyén
tin hiéu

5: Load cell dudi
day be,

L: 1,2 mét; d1: 38
cm; d2: 38 cm;

s: khodng cach
gilta cac coc

Hinh 1. So d6 mo té hé thdng do bién dang doc truc cho méng bé coc

Bé tri bé va coc: B6 tri s6 lugng coc va khoang cach coc trong
bé trong nghién ctru nay dugc thuc hién véi 10 trudng hop, véi s =
2.5dvas=5d.

DGi v6i cac md hinh nén coc véi cac truang hop bé tri coc
trong beé khac nhau, phuong phap xac dinh phan bé tai cta bé va
coc duéi tac dong cua tai trong. M6 hinh dugc dugc thuc hién trén
vat liéu cat, khung thép chit | dugc ap dung dé I3p dat thung chia
vat liéu va kich thay luc. Thung chiia vat liéu dugc lam bang thép
vGi vé day tam thép la 2.5mm, kich thudc lap phuong 1.8x1.8x1.8
(m) vGi cac sudn gia c6 va cac thanh thép hop bao quanh thiung
chura vat liéu. Vai dia ky thuat dugc st dung bao quanh long cla
thung chua vat liéu tranh thoét cat va nudc ra ngoai trong qua
trinh thi nghiém mé hinh vat ly.

Mo hinh bé tri thi nghiém xac dinh phan bé tai trudng hgp cé
coc va khdng cé coc dugc thé hién ti Hinh 2 dén Hinh 5.

Mo hinh bé tri thi nghiém vai tdm nén c6 bé day 2cm va dusng
kinh 35cm dat 1én nén cat va dudi tdm nén nho hon cé bé day 5 cm
va duong kinh 10 cm. Kich thuay luc véi kha nang tac dung luc doc
truc 1a Pmax = 100 kN. Déi véi xac dinh chuyén vi clia hé méng be
coc, hai déng hé do chuyén vi dugc 1dp d6i xiing hai bén be, vi tri
dat déng hé do chuyén vi nén dugc 13p ngoai gan sat bién nham
xé&c dinh chuyén vi 16n nhat.

s —— Khung thép — Kich thiy hre
«
é Pong ho bién dang
Bé coc H | =T
u Pong hé lre
0 T
[l Vai dia k¥ thuat [ — Bom
H H<—— Thung thép chua vt liéu

] ] 0

Hinh 2. Mét cat doc md hinh thi nghiém nén bé khong ¢6 coc
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Hinh 5. Mét ¢t doc md hinh thi nghiém nén bé 9 coc

2.3. Quy trinh gia tai nén tinh coc

Trong pham vi cGia nghién ctu nay, cac thi nghiém nén tinh
coc két hgp véi do bién dang doc truc coc, dugc st dung quy trinh
thr tdi nham rat ngén thoi gian thi nghiém; Quy trinh tha tai
nhanh thuc hién trén nguyén tac:

Tai trong thi nghiém dugc gia tai ting cap, méi cap tai tang
tuong duong vai khoang 10% dén 15% tai trong thiét ké. Thai gian
gili tai & méi cap la 10 phut; Thaoi gian doc s6 liéu 1a 0- 2.5 - 5 phut;

Khi thi nghiém nén tinh cac loai coc ép hodc ddng, stc chiu tai
cuc han quy udc cla coc thudng dugc xac dinh Ung véi khi d6 lun
tai dau coc bang 10% dudng kinh coc (10%d). Tai cap tai I6n nhat,
tién hanh giir tai trong 10 phut, ghi két qua sau méi 2.5 phat (TCVN
9393:2012)

2.4. Cac théng sé vat liéu

Vat liéu lam coc

Cac thi nghiém nén tinh coc cé két hgp vai do bién dang, vi thé
coc can ¢o cac bién dang du I6n, do vay vat liéu va tiét dién coc la
yéu t6 quan trong:

- Sir dung coc 6ng gilip gidam dugc dién tich tiét dién coc, giam
vat liéu va trong lugng coc nhung khéng lam thay d6i kha ning
chiu luc theo dat nén clia coc, khi so véi coc dac c6 dudng kinh
tuong duong.

Coc dugc phd mét 16p sika d€ quét 1 16p cat mdng, hinh thanh
coc c6 mdt ngoai nhdm dé coc tiép xtc véi dat c6 d6 ma sat cao.

ik

Hinh 6. Gia cong pha I6p cat mdt ngoai cla coc

- Mé dun dan hoi ctia 6ng nhém la E nhém = 24 GPa, chon vat
lieu nhém cho coc mau, giup ta cé cac tri s6 bién dang doc truc
trong coc I16n hon.

- Xac dinh mé dun dan héi clia coc bang céac thi nghiém nén
cac 6ng nhédm c6 dudng kinh d=38 mm.

2.5 Kich thugc ca thiung chia dat thi nghiém

DEé m6 phéng nén dat trong mé hinh vat ly ty 1& nhéd can c6
mot thung chia dat. Cac nhém coc thi nghiém déu cé mat bang
déi xing, nén ta chon thung co tiét dién vuéng. Thung lam bang
thép dé dam bao dé ciing, khéng bi bién dang trong qua trinh thi
nghiém. Téng hop cac nghién ctru mé hinh thi nghiém ctia mot s6
tac gia trén thé gidi, véi muc tiéu sir dung cho cac thi nghiém nén
tinh cac nhdm coc vai ty 1é nhé, ta chon kich thudc thung chia dat
trong thi nghiém c6 hinh hép vuéng c6 canh B=1.800 mm va chiéu
cao thung la H=1.800 mm.

2.6 Thinghiém xac dinh cac théng dat

Pat st dung trong thi nghiém la loai cat sach dugc ché bi dat
theo phuong phap dam nén tai d6 4m tu nhién (TCVN 4201: 2012)
dua trén nguyén tic: Tai mot do 8m xéac dinh, mau dat khi ddm nén
sé dat dugc do chat nhat dinh. Ung véi méi d6 chit d6 dugc dem
xac dinh luc dinh ¢ va goc ma sat @ (TCVN 4199:2012) khéi lugng
thé tich tuong Gng véi @6 4m clia mau dat.
Bang 1 Céc chi tiéu clia vat liéu dat

, Luc Gécma
ﬁgj ?o)a’(;q . E()”“g troK:g ( d(ig)h sat
3 w), % &t (Yw), 0 (Yay, N
mau e | e | e | @99
1 2 3 4 5 6
M1 | 551 1621 | 1536 | 222 3092
M2 | 866 1708 | 1572 | 48 30.99
M3 | 1201 | 1812 | 1618 | 5. 3149
Ma | 1449 | 1862 | 1626 | 55 32

3.KET QUA VA THAO LUAN

Phan tich thi nghiém tir két qua do bién dang coc trén, tu gia
tri bién dang doc truc thu dugc cla cac "strain gauge”, gia tri tai
trong phan bé cla coc tai cac cao trinh tuong (ing, bang céng
thuic: Pi = Apei x Ep Ap

V6i: Ep - M6 dun dan héi cha vat liéu coc; Ap - Dién tich tiét
dién ngang cla coc; Apei - gia tri bién dang doc truc clia coc do tai
cao trinh thu i, xac dinh theo céng thuc:

Apei=Ro - Ri]

Trong d6: Ro (KE) - Tri s6 bién dang ban dau tai cao trinh thi i;
Ri(u€) - Tri s6 bién dang tai cao trinh thiti ing véi cap tai thit j;

ISSN 2734-9888 | 10.2021 NEWIREINE 121



PHAT TRIEN XAY DUNG BEN VIING TRONG DIEU KIEN BIEN D1 KHI HAU KHU VUC BANG BANG SONG COU LONG

Dai vai thi nghiém mé hinh, gid tri mé dun clia coc nhém la Ep
= 24000 MPa, coc cé dudng kinh d =38,
Ap =0.00113 m?

Hinh 7. M hinh thing chifa dét thi nghiém nén hé mang be - coc

Mé hinh thi nghiém theo ti I1é nhé véi kich thudc thung chia
vat liéu cat théa man diéu kién bién, doi véi bé 16n 490x490mm,
khoédng cach tir coc bién dén mép thung la 691mm (I6n hon 11d
=418 mm), khoang cach tir mdi coc dén day thung la 500 mm (I6p
hon 10d = 380 mm). Kich thudc thung du I6n dé tranh sai s6 do
anh hudng cuta hiéu ting bién va su phan phgi ting suét trong nén
dat xung quanh nhém coc.

Hinh 8. Thi nghiém xdc dinh md dun cGa dat nén
M6 hinh bé tri thi nghiém véi tam nén c6 bé day 2cm va dudng
kinh 35cm dat [én nén cét va dudi tam nén nhé han cé bé day 5 cm
va dudng kinh 10 cm. Kich thuy luc véi kha nang tac dung luc doc
truc 1a Pmax = 100 kN. Déi véi xac dinh chuyén vi clia hé méng be
coc, hai déng hé do chuyén vi duoc ldp déi xting hai bén bé, vi tri
dat déng hé do chuyén vi nén dugc ldp ngoai gan sat bién nham
xac dinh chuyén vi I6n nhat.

Hinh 9. Lap dat thiét bi quan trdc, do bién dang oc than coc
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Céc thi nghiém nén tinh méng beé coc trong phong dugc thuc
hién trén hai nhdm coc la 2x2 va 3x3 coc; Tu dudng kinh coc véi ty
Ié gitta khodng cach va dudng kinh coc trong nhém la: S/d = 2.5 va
5d, ta dugc kich thudc be la 300x300 mm va 490x490 mm. Tu
nghién ctu cda Jaymin D Patil, Horikoshi va Randolph (1997), chiéu
day be dugc chon cho thi nghiém la 25 mm.

Ty s6 gilta chiéu dai va dudng kinh coc cta cac nghién ctu vé
nhom coc la L/d = 12-40. Trong nghién ctu nay, coc dung trong thi
nghiém la L/d = 30, L= 1200 mm la hop ly.

Phan bé taitrong doc truc - coc don

Ti & phan tram coc ganh,%

0.00 0.50 1.00 1.50 2.00 2.50
Tai trong tic dung, kN

——Diucgc  —H—Gilta coc  —8— Mii coc

Hinh 10. Phén bd tai trong doc truc clia coc don

DGi véi tai trong phan bé doc truc doc theo than coc (hinh 10),
tai trong phan bé tai dau coc chiém 58%, con lai tai trong phan bé
tai vi tri gita coc va mi coc, mi vi tri chiém khoang 20%.

Tai trong phan bé doc truc - nhém 4 coc, 2.5d

Ti 1é phan tram coc ganh, %

45
Tai trong tic dyng, kN

—tr— U cpc e Gilta coc  —@— Mii coc

Hinh 11. Phan bé tai trong doc truc clia coc trong mang bé 4 coc, khoang céch coc 2.5d

D6i v6i hé mong beé coc bé co kich thudc 300x300mm, ¢6 s6
lugng coc la 4 coc, khoadng cach coc la 2.5d (hinh 11), xét tai cap tai
trong la 35 kN, ti 1& phan bé doc truc tai vi tri dau coc 35%, gilia coc
28% va mi coc la 15%.

Tai trong phén bé doc truc, 4 coc, 5d

@
L=3

w
<

re
=]

30

Tilé coc gang, %
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Tai trong tac dung, kN

—te— U cpr =l Gilta co B— Mili coc
Hinh 12. Phén bd tai trong doc truc clia coc trong méng bé 4 coc, khoang cach coc 5d
Khi khodng cach coc dugc tang Ién gap déi (5d), Tai trong phan

b6 1én coc tang lén rd rét, cu thé & vi tri dau coc 1a 50%, gilia coc 1a
25% va mui coc la 18%.



Trong khi d6, d6i véi hé méng bé coc cé kich thudc
490x490mm, c6 s6 lugng coc la 4 coc, khoang cach coc la 2.5d
(hinh 13), ty 1& phan bé doc truc tai vi tri mai coc 48%, gilta coc
18% va mii coc la 8%. Tuong tu khi khoang cach coc tang Ié 5d
(hinh 14), ti 1é phan bé doc truc tai tai cac vi tri gan nhu khéng
thay d&i 16n, cu thé vi tri mii coc 46%, gilta coc 17% va mii coc
la 7%.

Tai trong phan bé doc truc, 9 coc, 2.5d

sanh, %

TilEcoc g

Hinh 13. Phan bo tai trong doc truc clia coc trong méng beé 9 coc, khodng céch coc 2.5d

Tai trong phan bé doc truc, 9 coc, 5d

70

Ti | coc ganh, %
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Hinh 14. Phan bo téi trong doc truc clia coc trong mang bé 4 coc, khoang céch coc 5d

4, KET LUAN

Mé hinh thi nghiém theo ti I1é nhé véi kich thudc thung chia
vat liéu cat thda man diéu kién bién, kich thudc thung da 16n dé
tranh sai s6 do dnh hudng cla hiéu tng bién va su phan phéi ting
sudt trong nén dat xung quanh nhom coc.

Coc 6ng nhém dugc st dung nham giam dugc dién tich tiét
dién coc, gidm vat liéu va trong lugng coc nhung khong lam thay
d8i kha nang chiu luc theo dat nén clia coc, khi so véi coc thép hay
coc dac c6 duang kinh tuong duong.

Khi tai trong tac dung Ién hé méng bé coc tang thi tai trong
phan bé doc theo than coc tang theo va phan bé giam dan tur dau
coc dén miii coc.

Ti 1é tai trong phan bé doc truc déi véi coc don Ién hon céc coc
trong méng bé coc ¢é s6 coc tuang ting 4 coc va 9 coc c6 khoang
cach coc la 2.5d (35% - 50%).

Khi s8 luong coc tang, ti 1& tai trong phan bé doc truc clia coc
cung tang. Boi vdi khoang cach coc la 2.5d, nhém 4 coc, 9 coc
tuong Ung la 36% va 45%; khodng cac coc 5d la 48% va 56%.

DGi véi bé 6 kich thudc 490x490 mm, khi khodng céch coc
thay ddi, tai trong phan bé doc truc 1én coc gan nhu khéng thay
dé&i. Tuy nhién tai trong tai dau coc ti€p thu khodng 50% tai trong
tdc dung.

L&i cam on

Nghién cttu nay dugc tai trg bai Trudng Dai hoc Can Tho trong
dé tai ma s6 T2021-27. Tac gia xin chan thanh cdm on quy Thay cé
Trudng Dai hoc Can Tha da hé trg trong qua trinh nghién ctu thuc
nghiém nay.
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Nghién cuu dé xuat cong nghé coc cat bién-xi
mang-tro bay xu ly nén dat yéu phuc vu xay
dung vung ven bién Déng bang séng Ctu Long

Research and propose technology of sea sand-cement-fly ash column for soft soil
improvement in the coastal area of the Mekong Delta
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M TAT:

Dt y&u phan bd kha phd bign & vang ven bién Dang bing sang Ciru
Long (DBSCL), ca chiéu day lén, tinh nang xay dung rét thap. Dé
dam bao dn dinh cho cong trinh, trudc khi xay dung nhat thigt phai
xir Iy nén dat yeu. Cong nghé coc cét bién-xi mang-tro bay xir ly
nén dat yéu duge dé xuat |3 cong nghg mdi, dugc phét trién trén
co st cang nghé coc cét va cong nghé coc dét-xi ming. Bai béao
trinh bay két qua nghién ciu bude déu vé co si Iy thuygt cong
nghé coc cat bién-xi mang-tro bay, phuong phép tinh toan sic
chiu téi, dd lin cda nén sau xi Iy va kha nang str dung cat bién lam
vét lidu coc. K&t qua nghién citu da chi ra, coc cat bign-xi mang-
tro bay c6 tac dung nang cao sirc chiu t&i va giam di lin cda nén
3 nhir céc qué trinh: nén chit co hoc, gia ting cueng da coa coc
va dat nén xung quanh coc, cf két thoat nude nude coa dat nén,
dang thiri d& [am sang to kha ning st dung cat bién tai chd lam
vat ligu coc xt Iy nén dat yéu.

Tir khéa: Dat y&u, cat bién, xtr Iy dat yéu, coc cat bién-xi méng-tro
bay, co sir Iy thuyét.

ABSTRACT:

Soft soil is widely distributed in the coastal area of the Mekong Delta,
has a large thickness, and low bearing capacity. To ensure the
stability, before construction, it is necessary to improve the strength
of soft ground. The proposed technology of sea sand-cement-fly ash
column for soft ground improvement is a new technology, developed
on the basis of sand column and soil-cement column. This paper
presents the initial research results on the theoretical basis of sea
sand-cement-fly ash column technology, methods of calculating the
Ioad capacity, settlement of the treated ground and the ability to use
sea sand as a building material. Research results have shown that
sea-sand-cement-fly ash columns can improve the bearing capacity
and reduce the settlement of the foundation according to following
processes: mechanical compaction, increased strength of mixtured
columns and soil around the columns, consolidation and drainage of
the ground soil. The research also clarified the possibility of using sea
sand as a column material for soft soil improvement.

Keywords: Soft soil; sea sand; soft soil impravement; sea sand-
cement-fly ash column; theoretical basis.

1.DAT VAN DE

Xay dung cong trinh trén nén dat yéu chua bao gid la bai toan
don gian do su nhay cam clia dat yéu dudi tac déng cua tai trong
ngoai. DU cong trinh cé quy mé, tai trong nho thi trudc khi xay
dung nhat thiét phai tién hanh gia ¢, x{r ly nén dat yéu.
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Vung ven bién DBSCL phan bé rdng rai cac loai dat yéu ngudn géc
khéc nhau, c6 chiéu day 16n, tinh nang xay dung thap (Nguyén Thi Ny,
2014). D& xtt ly nén dat yéu tai day c6 thé st dung cac cdng nghé xi ly
sau nhu bac thdm, giéng cat, coc cat, coc datxi mang la nhimng cong
nghé “nhap ngoai” ti nhitng ndm 1980. Mac du cac cdng nghé nay da



dugc st dung kha phé bién nhung ching déu cé nhiing han ché ca vé
ky thuat, kinh té€ va nguén vat liéu x{ ly. Céng nghé bac tham trong
qua trinh thi cong thudng xay ra hién tugng xdo tron dat xung quanh
bac (hiéu g xao trén), bi dut bac hodc cac hat dat chui vao 16 réng
bac lam gidm kha ndng thoat nudc c6 két clia nén; bac tham phai
nhap khau tir nudc ngoai nén gia thanh xd ly cao. Cong nghé coc cat
6 han ché gay tiéng 6n Ién va néu thi cong trong nén dat yéu c6 muc
nuéc ngdm dao déng manh thi coc dé bi bién dang ngang, c6 thé b
cat, gay, tham chi bi pha hay lam gidm stic chiu tai ctia hé nén-coc.
Cong nghé coc dat-xi mang khong co tac dung nén chat vung dat yéu
xung quanh cog; tai trong cong trinh truyén xuéng nén cht yéu do coc
ti€p nhan, vai trd clia viing dat yéu xung quanh coc la khéng c6; khéi
lugng xi mang dua vao coc thudng I6n (tir 240 kg dén 400 kg cho 1 m?
dat) nén gia thanh x(r ly cao.

Mét van dé quan trong can dugc xem xét khi xay dung cong trinh
viing ven bién la su khan hiém nguén vat liéu xay dung truyén théng.
Cat séng dang cang ngay cang can kiét, khan hiém va viéc khai thac
chung da va dang xdy ra phuc tap, lam pha v& quy hoach va tac dong
xau t6i moi trudng sinh thai. Nghi dinh s6 23/2020/ND-CP ngay
24/02/2020 ctia Chinh pht Quy dinh vé quan ly cét, soi long séng va
bao vé long, bo, béi song la co s& phap ly nham han ché, tham chi cdm
khai thac cét séng, thic day tim ngudn vat liéu khac thay thé. Vi vay,
nghién cuu, s&t dung nguén cét bién tai chd lam vat liéu thay thé cat
séng phuc vu xay dung cong trinh ven bién ¢6 y nghia vé ciing quan
trong. Cung vdi viéc sit dung cat bién thay cho cat séng, viéc st dung
cac phu gia khoang c6 nguén géc tir phé thai céng nghiép nhu tro
bay thay thé mét phan xi mang trong linh vuc xay dung khéng chi cé
hiéu qua don thuan vé mat kinh té, ky thuat ma con la van dé bao vé
mai trudng va tai nguyén thién nhién.

TU cac phan tich néu trén, dit ra van dé can nghién ctu phat trién
cdng nghé mai xt ly nén dat yéu phu hgp vai diéu kién Viét Nam.
Cong nghé coc vat liéu hén hgp cét bién-xi mang-tro bay vai day du
G sG ly thuyét va st dung nguén cét bién, tro bay tai chd lam vat liéu
coc sé la mot cong nghé phu hgp dé gia ¢ nén dat yéu phuc vu xay
dung c6ng trinh viing ven bién Viét Nam néi chung, khu vuc ven bién
DBSCL ndi riéng.

2. CO SO LY THUYET CONG NGHE COC CAT BIEN-XI MANG-
TRO BAY

2.1. Co s ly thuyét nang cao stic chiu tai va giam dé lin cta
nén

Cac cong nghé xur ly nén dat yéu néi chung, cong nghé coc cét
bién-xi mang-tro bay néi riéng, vé mat ky thuat déu c6 muc dich duy
nhat 1a nang cao suc chiu tai va giam dé lan cta nén. Vi vay, can lam
sang td co s& khoa hoc nang cao stic chiu tai va giam dé lan nén ndi
chung va céng nghé coc cat bién-xi mang-tro bay cé kha nang nang
€ao suic chiu tai va gidm dé Itn cdia nén hay khong?

Strc chiu tdi ciia nén la kha nang chéng d& clia dat nén doi vai tai
trong ngoai tac dung xudng nén. Néu tai trong ngoai I6n hon stic chiu
tai clia nén thi dat nén sé bi mat 6n dinh vé cudng do, cong trinh bj hu
hong va pha huy. Do d6, khi thiét ké xay dung, tai trong céng trinh tac
dung xudng nén nhat thiét phai nhd han stic chiu tai ctia dat nén.

Hién nay, cé hang chuc phuong phap tinh toan stc chiu tai clia
nén. Tuy nhién, du tinh bang phuong phap nao thi stc chiju tai ctia
nén cling phu thudc vao stic khang cat (dac trung bai luc dinh c va goc
ma sat trong ¢) clia dat. Néu sutc khang cat ctia dat I6n thi stc chiu tai
clia dat 1én va nguoc lai, néu stic khang cat ctia dat nhé thi stic chiu tai
clia dat nho. Vi vay, dé€ nang cao suc chiu tai cGa nén thi can phai cai
tao dat nén dé gia tang suic khang cét clia dat nén.

D6 lin ctia nén 1a bién dang theo phuong théng ding clia nén dat.
Vi dat dugc cau tao bdi hat ran, nudc va khi nén d6 1in cdia nén phu

thudc vao bién dang ctia hat ran va bién dang clia nudc c6 trong dat.
Hat ran clia dat xem nhu khong bién dang (trén thuc té hat ran c6 bi
bién dang nhung rat nho - bién dang tir bién), nudc ciing duge xem la
khéng bién dang nén dé Iun clia nén thyc té chi phu thudc vao bién
dang cuia dat do gidm dé réng clia dat. Tri s6 dé lan cha nén cé thé
duoc xac dinh theo biéu thuc sau:

S =St + Sek + Shr

trong d6, S - téng d6 lun clia nén

St - d6 Itn tuc thai ca nén

Sk~ d0 1Un 6 két clia nén

Shr-d6 lUn clia hat ran.

D6 lan tic thai (A6 Iin dan héi) ctia nén co gia tri nhé, dé 1un cda
hat ran (d6 Iun tur bién) cing nhd nén do Itn clia nén chi yéu phu
thudc vao do lun c6 két, nghia 1a d6 1in do thé tich 16 réng trong dat
giam di nh& nudc va khi trong 16 réng thoét ra ngoai.

Hién nay, co rat nhiéu phuang phép tinh toan do Iin ¢6 két cla
nén. Tuy nhién, du tinh theo phuang phép nao thi do Ian c6 két cta
nén cling phu thudc vao tai trong céng trinh tac dung xuéng nén (ap
luc gay Iin Pg), chiéu day va dac trung bién dang cuia I6p dat chiu lun
(viing anh hudng ctia cong trinh). Ap luc gay lin va chiéu day I6p dat
chiu 1in phu thudc quy mé, tai trong céng trinh, dac trung bién dang
cla dat phu thuéc loai dat tén tai khach quan trong viing anh hudng
cuia cdng trinh. Vi vay, ddc trung bién dang clia dat sé quyét dinh dén
dé 14n cta nén. Néu dat nén c6 tinh bién dang I6n thi d6 1un cla nén
sé 16n va ngugc lai, dat nén c6 tinh bién dang nhé thi dé lun cta nén
sé nhd. Do d6, d€ giam dé lun clia nén can phai c6 phuong phép xt ly
nén dé cdi tao dic trung bién dang clia dat nén, nghia 3, lam gidm thé
tich 16 réng cda dat, lam cho dat nén dugc nén chat. Mudn vay, can
phai thic ddy qua trinh thoat nudc ra khoi 16 réng & trong dat.

D4t yéu vling ven bién DBSCL chi yéu la dat loai sét (sét, sét pha,
cat pha, bun sét, bun sét pha, bun cat pha) (Nguyén Thi Ny, 2014) c6
pha ran gém cac hat khoang vat sét c6 kich thudc nhé nhung téng
dién tich bé mat gilta cac hat I16n nén téng thé tich 16 réng trong dat
I6n dan dén lugng nudc va khi trong 16 réng Ién. Hon niia, cac hat sét
c6 lién két kién trac phat sinh do két qua tac dung qua lai gitia cac ion
va nguyén tif cia mang tinh thé khoang vat cau tao nén hat sét ciing
nhu gitia ching va cac ion, nguyén ti va phan t cia chat gan két dat,
do d6 bao quanh cac hat sét va trong mang tinh thé cau tao nén hat
sét ludn ton tai cac dang nudc lién két rat kho thoat ra ngoai. Do do,
dai vai dat yéu loai sét, qua trinh thoat nudc ra khai 16 réng, néu khéng
6 cac gidi phap thic ddy cudng buc, sé rat lau méi két thuc.

TU nhimg phan tich trén, nhan thay, co s& khoa hoc nang cao stic
chiu tai va gidm d6 In cta nén dat yéu néi chung, ving ven bién
DBSCL ndi riéng chinh la tac déng lam gidm hé sé réng va tang suc
khang cat clia dat yéu nha cac gidi phap xt ly pht hgp, kha thi.

2.2. Tac dung chia coc cat bién-xi ming-tro bay lam giam hé sé
réng va ting suic khang cit ctia dat yéu

Ban chat clia cdng nghé coc cat bién-xi mang-tro bay la dung thiét
bi chuyén dung dua vat liéu hén hap cét bién, xi mang, tro bay tron
khé vao nén dudi dang coc tiét dién tron, khong ldy dat & trong nén ra.
Thiét bi thi cdng coc c6 nhiém vu ép dat nén xudng sau va ra xung
quanh tao thanh khoang tréng dé dua vat liéu vao. Hén hop vat liéu
cat bién, xi mang, tro bay kho sau khi 1ap ddy khoang tréng sé hat
nudc trong dat yéu tao thanh vita cat bién-xi mang-tro bay va dan dan
ran chac thanh coc cling. Nhu vay, sau khi xtr ly, nén dat yéu sé tré
thanh hé nén-coc mdi va hé nén-coc nay phai c6 hé sé réng giam va
stic khang cat tang so vdi nén dat yéu trudc khi xt ly.

Nghién ctu ly thuyét da chi ra, khi dua hon hgp vat liéu vao nén
dat yéu, trong nén sé xay ra cac qua trinh: nén chat co hoc, gia tang
cudng do khang nén clia coc, gia tang stc khang cat clia dat yéu xung
quanh coc, ¢6 két thoat nudc clia dat nén. Cac qua trinh nay cé tac
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dung lam gidm thé tich 16 réng va gia tang stc khang cit cia hé nén-
coc (Ta Buc Thinh, 2002).

2.2.1. Qud trinh nén chdt co hoc:

Khi thi céng coc, lugng vat liéu hén hgp cat bién, xi mang, tro bay
dua vao nén sé chiém cho 16 rong cta dat, nudc va khi trong 16 rdng
thoat ra ngoai, tdng thé tich 16 réng sé gidm di, cac hat dat dugc sap
x&p lai, nén dat dugc nén chat.

C6 thé danh gié dinh lugng qua trinh nén chat ca hoc clia dat nén
nhu sau:

Xét mot khoi dat nén & trang thai ty nhién gobm 3 pha ran, long va
khi. Néu lan lugt goi thé tich chung, thé tich hat ran, thé tich 16 réng
ban dau cua khéi dat la Vo, Vho, Vro, ta co:

Vo =Vho +Vro (1)

Sau khi x{ ly bang coc cat bién-xi mang-tro bay, thé tich chung cda
khéi dat sé 1a V, thé tich hat rdn sé 1a Vh, thé tich 16 réng sé la Vr, tuong
tu (1) taco:

V=Vh+Vr @
Su thay d6i thé tich ctia khéi dat trudc va sau khi gia ¢é la:
AV=Vo-V (3)

Hay: AV = (Vho + Vro )- (Vh + Vr) =Vho +Vro-Vh-Vr

Vi thé tich hat rdn clia dat trudc va sau khi xtt ly 1a khéng d8i, cho
nén ta co:

AV =Vro-Vr
AV = AVr 4)

Biéu thuc (4) cho thay, su thay d&i thé tich khéi dat trudc va sau khi
xU ly bang coc cat bién-xi mang-tro bay chinh la su thay d&i thé tich 16
rong trong khai dat.

Nhu vay, khi x{ ly nén dat yéu bang coc cat bién-xi mang-tro bay
qua trinh nén chat co hoc dat nén sé xay ra ngay sau khi bat dau thi
cobng coc. Hiéu qua nén chat dat sé phu thudc vao khéi lugng vat liéu
cat bién, xi mang, tro bay dua vao nén, kich thudc 16 rdng trong dat
cling nhu lugng nudc va khi trong 16 réng thoét ra ngoai. Tuy nhién,
déi vai dat loai sét, do qua trinh thoat nudc ra khai 16 réng can nhiéu
thai gian nén qua trinh nén chit dat cling khéng thé két thuc ngay sau
khi thi céng coc. Viéc du bao chinh xac thai diém qua trinh nén chat
dat két thic phu thudc vao thoi gian thodt nudc clia dat nén. Day la
van dé hét stic phuc tap, doi hoi phai c6 cac nghién cliu chuyén sau,
tén nhiéu thoi gian va cong stic.

2.2.2. Qud trinh gia tding cudng doé ctia coc cdt bién-xi méng-tro bay

Vat liéu coc cat bién-xi mang-tro bay gém cét bién, xi mang, tro
bay tron vai nhau & trang thai kho. Sau khi thi cong tao coc, hén hop
vat liéu kho sé hut nudc & trong nén tao thanh vita cat bién-xi mang-
tro bay, sau d6 dong ciing thanh coc. Qua trinh déng cling clia viia cat
bién-xi mang-tro bay sé lam gia tang cudng dd clia coc. Pay la qua
trinh bién déi héa ly phuc tap, chia lam hai thai ky: thai ky ninh két va
thdi ky rdn chac. Trong thoi ky ninh két, vita xi mang-tro bay mat dan
tinh déo va dac dan lai nhung chua c6 cudng d6. Trong thai ky ran
chac, cht yéu xay ra qua trinh thay hoa clinke va qua trinh déng cling
v{ta cat bién-xi mang-tro bay.

Quad trinh thdy héa cac thanh phan khoang vat cua clinke, bao
gém: silicat tricanxit 3Ca0SiO: chiém 37-60%j silicat bicanxit 2Ca0SiO;
chiém 15-37%, aluminat tricanxit 3CaOALOs; chiém 10-18%; fero
aluminat tetracanxit 4Ca0.Al,0s.Fe;0s chiém 7-15%, va mot s6 thanh
phan phu nhu 5Ca0.Al0s; 2Ca0.Fe20s; MgO < 4%; Ca0 < 0,5%; SOs <
3,5%. Qua trinh nay tao ra silicat tricanxit (3Ca0.Si0>) la thanh phan
quan trong nhat vi chiém ty 1& I6n, c6 cudng do cao, ran chac nhanh,
téda nhiéu nhiét va aluminat tricanxit (3Ca0.AlLOs) rdn chdc nhanh
trong thoi ky dau nhung cudng do thap, nhiét lugng tda ra nhiéu nhat,
dé gay nut né.

Quid trinh réin chdc cla vita cat bién-xi mang-tro bay chia lam 3 giai
doan: hoa tan, héa keo va két tinh. Giai doan hoa tan tao ra chat méi

10.2021 | ISSN 2734-9888

Ca (OH), 3Ca0.AL0:.6H-0 trong nudc, tao thanh thé dich bao quanh
mat hat xi mang, tro bay. Trong giai doan héa keo, cac chat Ca (OH),
3Ca0.Al,0:.6H,0 mdi khong hoa tan dugc nita ma ton tai & thé keo.
Chat silicat bicanxit (2Ca0.Si02) von khéng hoa tan sé tach ra & dang
phan tan nhé trong dung dich tao thanh keo phan tan. Lugng keo nay
ngay cang sinh ra nhiéu, lam cho cac hat keo phan tan tuong déi nhé
tu lai thanh nhiing hat keo 16n hon & dang sét khién cho xi mang, tro
bay mat dan tinh déo va ninh két lai dan dan nhung chua hinh thanh
cudng d6. Trong giai doan két tinh, cac chat Ca (OH)z, 3Ca0.Al03.6H,0
tir thé ngung keo chuyén sang dang két tinh, cac tinh thé nhé dan
chéo nhau lam cho xi mang, tro bay bat dau c6 cudng do, chat
2Ca0.5i0,mH;0 t6n tai & thé keo rat lau, sau d6 cd mét phan chuyén
thanh tinh thé. Do lugng nudc ngay cang mat di, keo dan dan bi kho,
két chat lai va trd nén cling chac.

Nhu vay, sau khi két thuc qua trinh ran chéc, vita cat bién-xi mang-
tro bay déng cuing tao thanh coc, c6 d6 bén tang lén dang ké nha hinh
thanh lién két cat bién-xi mang-tro bay. C6 thé lugng héa d6 bén clia
coc nhu sau:

Khi chua c6 xi mang va tro bay, stc khang cit clia cat bién rdi kho
xéc dinh theo biéu thiic t=ctge, véi ¢ la gbc ma sat trong cla cat bién.
Khi trén xi mang va tro bay vao cat bién, trong hén hgp hinh thanh
lién két cat bién-xi mang-tro bay, cé thém thanh phan luc dinh tuong
tu trong dat sét dinh, stic khang cat ctia hon hgp dugc xac dinh theo
biéu thic T=ctgQ+Cmtb, VGi G 1a luc dinh dugc tao nén béi cac chat
két dinh xi mang va tro bay. Luc dinh nay chinh la dai lugng lam gia
tang dd bén (cudng dé) clia coc va gia tri clia nd hoan toan cé thé xac
dinh dugc bang cach thi nghiém cat cac mau ché bi cat bién-xi mang-
tro bay & trong phong.

2.2.3. Qud trinh gia tdng stic khdng cdt cda dét nén xung quanh coc

Qua trinh déng cling coc cét bién-xi mang-tro bay con cé tac dung
lam gia tang stic khang cat ctia dat yéu xung quanh coc do qua trinh
trao d6i ion va phan tng puzoland x3y ra & mit tiép xuc gilta coc va
dat yéu. Ban chat cia qua trinh nay c6 thé dién ta nhu sau:

Bao quanh méi hat khoang vat sét clia dat yéu la I6p dién kép ma
trong d6 cac ion canxi hda tri hai thay thé cac ion natri va hydro hoa tri
mét. Vi can it hon canxi héa tri hai dé trung hoa ludi dién am trén mat
ctia mdi khoang vat sét nén giam duoc kich thudc cda I6p dién kép va
do d6 lam tang luc hit clia cac hat sét, dan dén luc dinh cla dat tang
Ién. Hon n(fa, silic va nhdm trong khodng vat sét sé phan tng vdi silicat
canxi va hydrat nhém canxi trong phan Ung puzoland, tao ra cac hgp
chat c6 do bén cao va rat bén trong méi trudng nudc. Cac qua trinh
nay lam tang luc ma sat va luc dinh ctia dat yéu xung quanh coc, dan
dén tang stic khang cat ctia dat nén.

Ngoai ra, trong qua trinh nén chat, cing vdi viéc hé s6 réng cla
dat yéu gidm cling sé lam cho d6 4m va hé s nén lun cla dat giam,
luc dinh va géc ma sat trong cla dat tang 1én dan dén suc khang cat
clia dat yéu xung quanh coc tang lén.

2.2.4. Qud trinh c6 két thodt nudc ctia ddt nén

Ngoai tadc dung nén chét co hoc, gia tang cudng d6 clia coc va dat
yéu xung quanh coc, coc cat bién-xi mang-tro bay con cé tac dung
lam tang nhanh qua trinh c6 két thoat nudc clia dat nén.

Do coc cat bién-xi mang-tro bay dugc dua vao nén duéi dang kho
nén hén hop cat bién, xi mang, tro bay sé hut nudc trong dat yéu dé
tao ra viia cat bién-xi mang-tro bay, lam tén that mét lugng nudc I6n
chura trong dat, nghia la lam tang nhanh qua trinh thoat nuéc ctia nén
dat. Qua trinh nay xay ra ngay sau khi bat dau thi céng coc va kéo dai
cho dén khi nén dat dugc x{ ly xong, toan bd hén hop cét bién-xi
mang-tro bay tr& thanh coc cling cat bién-xi mang-tro bay.

Tém lai, cac tdc dung nén chat co hoc, gia tang cuong do clia coc
va dat nén xung quanh coc va c6 két thoat nudc clia dat nén la co sG ly
thuyét quan trong clia cdng nghé coc cat bién-xi mang-tro bay xu ly



nén dat yéu. D€ danh gia dinh lugng cac tac dung nay c6 thé tién hanh
thi nghiém trong phong va hién trudng bang cach so sanh gia tri cac
chi tiéu nhu hé s réng, d6 &m, ap luc nudc 16 réng, hé s6 nén lin, goc
ma sat trong, luc dinh cta dat trudc va sau khi xt ly cing nhu trong
thdi gian st dung c6ng trinh. Cac thi nghiém c6 thé tién hanh sau khi
coc cat bién-xi mang-tro bay dugc trién khai thi cong & hién trudng.

3. TiNH TOAN SUC CHIU TAI VA DO LUN CUA HE NEN - COC
CAT BIEN-XI MANG-TRO BAY

Sau khi x(r ly, nén dat yéu trg thanh nén méi (hé nén-coc). Viéc tinh
toan suic chiu tai va d6 1un clia hé nén-coc la van dé quan trong can
dugc xem xét.

3.1. M6 hinh tinh toan

Cong nghé coc cat bién-xi mang-tro bay xit ly nén dat yéu la cong
nghé mdi, chua dugc ting dung vao thuc tién nén hién nhién chua cé
phuong phép tinh toan nao dugc dé xuat. Tuy nhién, cong nghé nay
dugc phat trién trén ca s& cong nghé coc cat va cdng nghé coc dat-xi
mang nén c6 thé dp dung céc phuong phap tinh toan nhu d6i véi coc
cat hodc coc dat-xi mang. Cong nghé coc cat, vé ban chat la cong
nghé cai tao nén, con cdng nghé coc dat-xi mang la cong nghé gia c6
nén. Vi vdy, can phan biét trudng hop cai tao nén va trudng hgp gia c6
nén dé dé xuat mé hinh tinh toan.

Trudng hap cdi tao nén la khi ham lugng xi mang, tro bay trong hén
hgp vat liéu coc nho, xi méng va tro bay chi dong vai tro chat két dinh
cac hat cat, cudng d6 ctia coc khéng dang ké. Khi do, coc cat bién-xi
mang-tro bay gidng coc cat cé tac dung nén chat va cé két thoat nudc
dat nén. Sau xu ly, nén coc dugc coi nhu nén mdi, cé tinh chat co ly
mdi. Stic chiu tai va dé lun cia nén coc tinh nhu ddi vai nén tu nhién
V@i céc dac trung bién dang va stic khang cat la gia tri binh quan gia
quyén clia coc va dat yéu xung quanh coc. Van dé la ham lugng xi
mang, tro bay la bao nhiéu thi tao ra cudng do clia coc nhd, phu hop
dé coi hé nén-coc la méi trudng déng nhat. Theo cac nha khoa hoc
Thuy dién thi ham lugng xi mang, tro bay tao ra cudng dé coc nhé hon
150Kpa thi c6 thé coi hé nén-coc la déng nhat va co thé tinh stic chiu
tai va do lun cdia nén theo ly thuyét méi trudng bién dang tuyén tinh.

Trudng hop gia c6 nén la khi ham lugng xi mang, tro bay trong hon
hop vat liéu coc 16n, tao ra cudng dod coc Ién. Khi d6, coc cat bién-xi
mang-tro bay giéng coc dat-xi mang gilr vai trd quyét dinh trong stic
chiu tai chung ctia hé nén-coc. Tai trong cdng trinh tac dung xuéng hé
nén-coc chii yéu do coc ti€p nhan. Cac nghién ctu da chi ra, khi ham
lugng xi mdng, tro bay tao ra cudng dé coc > 10Mpa thi suic chju tai va
d6 lun clia nén cé thé tinh theo cac phuong phap nhu déi véi trudng
hap gia c6 nén bang coc dat-xi mang.

Tuy nhién, can luu y ring, véi cung cudng d6, coc cat bién-xi
mang-tro bay x(r Iy nén dat yéu uu viét hon coc dat-xi mang. S& di nhu
vay la vi, cing tham gia nhu nhau vao stc chiu tai chung clia hé nén-
coc nhung coc cét bién-xi mang-tro bay con ¢6 tac dung gia tang suic
chiu tai ctia viing dat yéu xung quanh coc trong khi coc dat-xi mang
khéng co tac dung nay dan dén suc chiu tai chung clia hé nén - coc cat
bién-xi mang-tro bay I6n han stic chiu tai chung ca hé nén - coc dat-
xi mdng

3.2. Tinh d6 lun va stic chiu tai ctia hé nén - coc khi cai tao nén

3.2.1. Tinh dé lin:

D4 1Un clia hé nén - coc ¢6 thé tinh theo cac phuong phap cua ly
thuyé&t méi trudng bién dang tuyén tinh, cu thé la:

Theo phuong phdp “Iép tuong duong”:

S=domphs (5)

trong d6: aom - hé s6 nén lan rat d6i binh quan gia quyén cla Idp
dat chiu lun va coc (hé nén - coc)

p-ap luc gay lun,

hs - chiéu day I6p tuang duang.

Theo phuong phdp cdng lun tiing I6p:

S=3", aihy Eﬁ ©)

trong dé: n - s6 1&p dat phan chia trong vung chiu lan ctia hé nén-
coc

oi - Ung sudt trung binh phu thém gitia cac |6p phan t6 thir i cta
hé nén-coc

hi - chiéu day 16p phan t6 thii ctia hé nén-coc,

B - hé s6 khong thi nguyén, phu thudc vao hé sé né héng clia dat
hé nén-coc,

Eoi - médun t6ng bién dang binh quan gia quyén clia I6p thi i hé
nén-coc.

3.2.2. Tinh stic chiu tai:

Stic chiu tai clia hé nén-coc cé thé tinh theo cac phuong phép dua
vao vling bién dang déo dudi day mong coéng trinh nhu sau:

Theo Puzurevxkiy (chiéu sau Ion nhdt cda ving bién dang déo dudi
ddy mong zmac=0):
cotgp+p+2

cotg(p+<p—%

mccotgp
cotg<p+(p—§

po =vh @

Theo Maxlov (chiéu sGu I6n nhdt cda ving bién dang déo dudi ddy

mong zmax = btgg):
y (btgp+h— )
cotg<p+(p—%
trong dé: @ - géc ma sat trong binh quan gia quyén ctia hé nén-
coc,

¢ - luc dinh binh quan gia quyén clia hé nén-coc,

v - khéi lugng thé tich binh quan gia quyén clia hé nén-coc,

h - chiéu sau chén mong,

b - chiéu réng ctia méng.

3.2.3.Théo luén:

Céc phuong phap tinh do Itn va suc chiju tai néu trén ap dung cho
trudng hop cai tao nén, nghia la nhu déi vai nén tu nhién. Vi vay, can
phan biét hai trudng hgp: thi cdng cham va thi cong nhanh.

- Truding hgp thi céng chdm la trudng hgp sau khi xtr Iy nén thi phai
dgi mét thdi gian nhat dinh méi bat dau xay dung céng trinh. Trong
trudng hgp nay, khéi lugng cat bién-xi mang-tro bay dua vao nén
dugc xem nhu tai trong ngoai. Dudi tac dung cla tai trong nay, trong
nén sé xuat hién Ung suat phu thém o, gay bién dang nén (ca theo
phuong doc va phuong ngang). Tri s6 clia ting suat phu thém bang:

c:=c+u )

trong d9, ¢ - ting suat hitu hiéu do hat dat tiép thu,

u - Ung sudt trung tinh do nudc tiép thu.

Theo thai gian, ting sudt hu hiéu tang 1én, Ging suat trung tinh
gidm di, nhung & bat ky thdi diém nao trong nén van tén tai méi
tuong quan trén. Trong trudng hogp thi cong cham, cac qua trinh nén
chét co hoc, c6 két va phan ting hda ly gita xi mang, tro bay véi moi
trudng da két thuc, toan bd tai trong ngoai (khéi lugng cat bién - xi
mang) do hat dat ti€p thu (c; = 6), Uing suat trung tinh bi triét tiéu (u =
0), cac bién dang nén dat tri s6 6n dinh, nén dugc nén chit hoan toan,
tré thanh nén mdi giéng nhu nén tu nhién. Cac phuong phap tinh do
[Gin va stic chiu tai ctia hé nén-coc theo ly thuyét moéi trudng bién dang
tuyén tinh la phu hop.

- Truding hgp thi céng nhanh la ngay sau khi qua trinh xt Iy nén két
thuc thi tién hanh xay dung cong trinh ngay. LUc nay, cac qua trinh nén
chat ca hoc, 6 két clia dat nén va cac phan tng hoa ly cia xi mang, tro
bay vai dat yéu chua két thuc. Cac chi tiéu co ly cia dat nén dung dé tinh
d6 Iun va suc chiu tai van dang trong qua trinh bién d8i, chua dat téi gia
tri 8n dinh (hdng s6) nén hién nhién két qua tinh toan chua chinh xac. Do

Pgh = +vh @)
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1in ctia nén tinh dugc sé Ién hon thuc té, stic chiu tai ca nén tinh duoc
sé nhd hon thuc té. Vi vay, trong trudng hgp thi cong nhanh, khéng thé
xem nén da xt ly nhu mot nén ty nhién. Tuy nhién, néu thién vé an toan,
van c6 thé st dung két qua tinh d IGn va suc chiu tai cia nén nhu doi
vGi nén ty nhién nhung gia thanh céng trinh sé cao han.

3.3. Tinh dé Itin va stic chiu tai ctia hé nén - coc khi gia c6 nén

3.3.1.Tinh dé lin

Viéc tinh IGn trong trudng hgp gia ¢ nén nhu d6i véi coc dat-xi
mang hién c6 nhiing quan diém khac nhau. C6 quan diém coi nén coc
gia c6 nhu mét mong khaéi quy ude khong bién dang va chi tinh d6 1in
clia nén dat dudi ddy mong khéi quy udc. Quan diém khéc tinh theo
phuong phap cling bién dang vai gia thiét xem coc va dat xung quanh
coc la mét khéi quy udc va bién dang doc truc clia coc gia ¢é tuong
Ung véi do lun ctia dat xung quanh coc. Khi bién dang doc truc clia coc
gia c6 tuang Uing vai d6 ltn clia dat xung quanh coc thi sy phan bé tai
trong sé phu thudc vao doé ciing tuong déi clia vat liéu coc. Chiing nao
Ung suat doc truc con nhd han dé bén gidi han réo cda coc thi tng
suat doc truc cia coc phu thudéc vao médun nén clia vat liéu coc va
cla dat xung quanh coc va dugc tinh theo cong thic:

g

PC
% = Ac aﬁx—i(l—ac) (19
trong d9, oc- ting suat doc truc clia coc
P. - t6ng tai trong tac dung 1én coc
Ac - dién tich tiét dién coc
G - Uing suat trung binh dudi day mong
ac- ty dién tich thay thé
Md - mddun nén cda dat xung quanh coc, thudng lay bang
150c. Vi ¢ la stic khang cét chia dat xung quanh coc, dugc xac dinh
bang thi nghiém ct canh hodc xuyén tinh.
Mc - médun nén clia coc, 1y bang (50-100) Ceoc V3i C coc la luc dinh
cla vat liéu.
D6 Itn clia nén dugc xac dinh bing téng dd lun cla khéi dat gia
¢6 chiéu sau H va do Iun ctia nén duéi khéi gia c6. D6 1Un ctia khéi dat
gia c6 xac dinh theo biéu thiic:

o oH
S=yH= acM +Mg(1-ag) ()

DO Iin clia nén dudi khéi gia c6 dugc xac dinh theo cac phuong
phap théng thudng nhung cé k€ dén hé s8 giam thiéu dé lun la ty s6
gira d6 lun cia khéi dat da gia c6 va dé lun clia dat chua gia c6.

*Nhdn xét:

Trong céng thic (11), mau s6 cé thé coi la gid tri trung binh cla
médun téng bién dang clia coc va dat nén xung quanh coc. Tuy nhién,
quan niém nén dat yéu sau gia c6 nhu thé nao dé c6 thé ap dung
phuong phap tinh 1tn thich hop la van dé can xem xét. Néu quan niém
nén dat sau gia ¢6 la mét mong khéi quy udc nhu mong coc thi viée tinh
1tn chi tinh cho nén dat bén dudi mii coc va nhu vay, dé lin thusng rat
16n (nhat la khi dugi mii coc phan b6 cac 16p dat yéu). Néu quan niém
d6 co ngédn doc truc ctia coc nhu dsi vai nén dat xung quanh coc thi
chua théa dang, bdi vi, coc cat bién-xi mang-tro bay c6 cudng do kha
16n, tinh toan khéi cao, dudi tac dung cua tai trong cong trinh, su co
ngan doc truc khdng dang ké so véi dat nén xung quanh, coc sé Iin toan
bo. Vi vay, néu khi dudi mii coc phan bé cac I6p dat yéu thi nén tinh do
1tn nhu d8i véi nén tu nhién. Lic nay dé 1un tinh dugc chac chan sé 16n
hon nhung thién vé an toan cho thiét ké (Ta Buc Thinh, 2017).

3.3.2. Tinh suc chiu tai

Stic chiu tai clia coc cat bién-xi mang-tro bay c6 thé tinh nhu déi
Vi coc dat-xi mang nhu sau:

Stic chiu tdi cda coc dugc tinh theo céng thic:

Q=Q:+Q (12)

vGi: Qs va Qp - suic chju tai do ma sat xung quanh coc va stic khang
dau mai coc.
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trong d6, Qs= a. cuAy, VGi:

Cu - stic khang khong thoat nudc clia dat nén, xac dinh bang thi
nghiém cat canh hodc xuyén tinh, cu = /15 + /20 vGi g la stic khang
xuyén dau mai.

a - hé s6 phu thudc vao stic khang cat khong thoat nudc clia dat
xung quanh coc, vdi ¢, > 50kPa thi o = 0,8-1,0, cu < 50kPa thia.=0,7.

A - dién tich mat bén coc.

Qp = cuNc An, Véi:

Nc — hé s6 suc chiu tai dau mai coc, phu thudc vao khoang cach
gitta cac coc. Khi khoang céch gilia cac coc trong khoang 4-5 lan
dudng kinh coc d thi véi d < 30cm; Ne=9; 30cm <d <60cm Nc=7 vad
>60cm Nc=6.

An-dién tich dau mi coc.

Stic chiu tai ctia nhém coc dugc tinh trén ca s& coi nhom coc va dat
xung quanh coc la mét khéi quy udc, theo céng thic:

Qunsi = Qsknsi + Qprnsi (13)
trong do: Qs ki - sUc chiu tai do ma sat khoi gia c6 véi dat xung
quanh
Qpnsi - SUC chiu tai clia dat & mat dudi khéi gia cé:
VGi: Qsknsi = Cu Abknsi=2(B+L) Heu
Qpkhsi=CuNc Amknsi= (6-9) cuBL.

va: B, L, H la chiéu rong, chiéu dai va chiéu cao khéi gia cé.

*Nhdn xét:

1) CoNng thuc (12), tinh stic chiu tai clia coc don gia c6 nhu d6i véi
coc ciing, nghia la dua vao suic khdng ma sét xung quanh coc va stic
khang dau mi coc. Néu trong cau tric nén dat yéu, dugi mai coc gia
€6 co |dp dat tét thi cach tinh nhu vay cé thé chdp nhan dugc. Nhung
trong thuc té xay dung, nhiéu trudng hgp phia dudi mi coc van la dat
yéu thi cach tinh nhu trén khong hoan toan hgp ly, béi vi, da coi coc
gia c6 la coc cuing thi toan bo tai trong cong trinh sé do coc tiép nhan
va nén dat xung quanh coc hoan toan khéng tham gia vao sutc chiu tai
chung. Nhu vay, coc gia c6 sé dé dang bi pha hay baéi coc tua vao 16p
dat yéu dudi mui coc khéng c6 kha nang mang tai. Trong tinh toan suic
chiu tai ctia nhom coc gia 6 ciing chi tinh dén stic khang cat khéong
thodt nudc clia dat nén & chu vi mat dudi khéi gia c6 ma khong ké dén
ban than khoi dat gia ¢é gilia cac coc.

2) Cac cong thuc (12), (13) chi tinh stc chju tai cda coc va nhém
coc, bo qua stic chiu tai ciia ving dat yéu xung quanh coc. RS rang |3,
sau khi gia ¢6, stic chiu tai ciia ving dat yéu xung quanh coc tang lén
déng ké nha stic khang cat clia dat yéu tang lén va khi do, tham gia
vao stic chiu tdi chung clia hé nén - coc, ngoai stic chiu tai clia coc, con
¢6 stc chju tai ctia vung dat yéu xung quanh coc. Diéu nay lam giam
hiéu qua kinh té clia coc cat bién-xi mang-tro bay.

4. KHA NANG SU DUNG CAT BIEN LAM VAT LIEU COC

4.1.Panh gia téng quan

Cét bién hiéu theo nghia thong thudng la cat nhiém man, gém cat
b& bién, cat xa b va cat dun. Cat b bién va cat xa bd ndm ngap hoan
toan trong nudc nén cé d6 man cao va it dugc st dung trong xay
dung vi cac ion clorua trong cat gay ra hién tugng an mon cét thép.
Ham lugng sunphat trong cat b& bién va cat xa b cling gy phan tng
véi mét s8 thanh phan clia xi mang lam gidn ng thé tich gay pha hay
két cdu bé téng. Cat dun nam sau phia bén trong ba bién, khéng chiu
tac ddng truc ti€p ctia nudc bién nén dé man thap. Tuy nhién, cat dun
€6 m6 dun d6 I6n Mk < 2 cling khong dugc tng dung nhiéu do kich
thudc hat nho, khi sir dung can tang lugng nudc tron va tang ham
lugng xi mang dé dat cing cudng dé. Tuy nhién, véi su phat trién cla
khoa hoc vat liéu, cat bién ngay cang dugc sir dung rong rai lam vat
liéu xay dung ché tao bé téng, san lap mat bang, dusng giao théng.
Cac nghién ctiu da chi ra mot s6 dac tinh ky thuat va dac tinh st dung
cla cat bién kha thuan Igi cho xay dung nhu: d6 bam dinh va lién két



v6i dung dich xi mang kha tét, c6 dé sach, tinh khiét kha cao, dé xt ly
dd man vdi chi phi thap.

Mét s6 nha khoa hoc Viét Nam da st dung cat nhiém man ché tao
bé tong dung trong dudng 6td va cong trinh phong hd ven bién
DBSCL dat cudng d6 35MPa (Tran Tuan Hiép, 2002) va xac dinh dugc
bé téng cat bién & mién Trung (Clia Lo, Lang C6) c6 cudng dd xap xi
V3i cudng do bé téng cat séng. Cat dun min dung dé ché tao bé téng
hat nhé lam mat dudng bé tong dam lan st dung tro bay thay thé xi
mang véi 35% cé cudng dd nén 28 ngay dat 32,21MPa. Cat dun Phu
Quéc ¢6 thé dung dé€ ché tao bé tong cudng do téi 40 Mpa phu hop
cho thi céng dudng bé téng xi mang trén dao dap Uing yéu cau ky
thuat va c6 gia thanh gidm tur 11% dén 16% so véi phuong an st dung
cat song (Hoang Minh Buc va Nguyén Kim Thinh, 2017)

Nhu vay, vé mat ki thuat, cat bién cé nhiéu uu thé dé thay thé cat
s6ng. V& mat kinh t&, néu st dung cét bién tai chd phuc vu xay dung
c6ng trinh viing ven bién thi ré hon nhiéu so véi cit séng. Trong béi
canh cat séng can dugc han ché khai thac thi cat bién la phuong an
thay thé phu hgp, theo cac hudéng:

- Tan dung cat bién thu dugc trong qua trinh nao vét day bién, dua
Ién b& khit man bang nuéc mua va dé kho tu nhién, sau d6 chi can
sang phan loai dén ¢& hat can thiét.

- Tan dung lugng cat khéng 16 thai ra tir qué trinh khai thac/ché
bién titan.

- T8 chuic thu héi thanh phan Si0; (cat) thudng chiém ty trong rét
cao trong tro xi thai ra ti cdc nha mdy nhiét dién chay than.

TU nghién cliu téng quan trén cho thay, cat bién c6 thé sir dung
lam vat lieu xay dung thi cling c6 thé lam vat liéu coc cat bién-xi
madng-tro bay.

4.2.Pénh gia bang thuc nghiém

DE lam r6 kha nang s dung cat bién lam vat liéu coc cat bién-xi
mang-tro bay, chiing t6i da ti€n hanh thi nghiém xac dinh cudng dé
khang nén clia coc sau khi dong cling & phong thi nghiém.

Mau thir dugc ché tao tir cat bién hit & viung ngap nudc tai Hai Phong;
xi mang PCB40 Nghi Son cé cac chi tiéu ky thuat thod man Tiéu chuan Viét
Nam TCVN 6260-2009; nudc thda man cac yéu cau ky thuat theo Tiéu
chuan Viét Nam TCVN 4056:2012 ddi véi nudc tron vita va bé tong.

Cét bién va xi mang dugc tron véi nhau theo cac cap phéi nhu
trong bang 1.

Bang 1. Cap phdi trén cat bién véi xi ming

Hén hgp cét bién-xi mang

Thanh phan 5%XM  [7%XM  [10%XM  [13%XM 15%XM
Xi mang (kg) 74 102 142 181 206
Cat bién (kg) 1478 | 1456 1424 1393 1373
Nuéc (kg) 360 360 360 360 360
Ty 1é X/C 0,05 0,07 0,1 0,13 0,15
Ty 1é N/X 4,86 3,53 2,53 1,99 1,75
Két qué xac dinh cudng dé khang nén clia mau cat bién-xi mang
dugc cho trong bang 2.

Bang 2. Cudng d6 khang nén clia cdc mau cat bién-xi mang theo
thdi gian

Cudng d6 khang nén cac mau cat bién-xi mang
(R, MPa)

NgaytuSi  |5%XM  [7%XM  [10%XM [13%XM  |15%XM
3 044 049 0,67 0,94 1,27

7 0,57 0,71 0,82 1,19 1,66

14 0,65 0,91 1,13 1,67 2,23

28 0,65 1,05 1,30 1,78 2,45

56 0,70 1,15 1,39 1,97 2,62

90 0,74 1,19 1,46 2,02 2,74

TU bang 2 cho thay, cudng dé clia coc cat bién-xi mang tang dan
theo ham lugng xi mang trong hén hop vét liéu va theo thdi gian bao
dudng. Viéc xac dinh ham lugng xi médng thich hgp lam vat liéu coc
phu thudc vao viéc thiét ké coc dé cai tao hay gia c6 nén dat yéu.

Tom lai, két qua nghién cliu téng quan va thuc nghiém da chi ra,
hoan toan c6 thé st dung cat bién lam vat liéu hén hgp coc cat bién-xi
mang-tro bay x Iy nén dat yéu.

5.KET LUAN

Tu két qua nghién ctiu c6 thé dua ra mot s6 két luan sau day:

- Cong nghé coc cat bién-xi mang-tro bay dugc phat trién trén co
s& cOng nghé coc cat va cong cdng nghé coc dat-xi mang véi viéc s
dung cat bién tai chd lam vat liéu coc rat phu hop dé xt ly nén dat yéu
phuc vu xay dung céng trinh viing ven bién Dong bang séng Cliu
Long.

- Co s& ly thuyét clia cdng nghé coc cat bién-xi mang-tro bay la tac
dung nang cao stic chiu tai va gidm dé ltn clia nén nhd cac qua trinh
nén chat cd hoc; gia tang cudng do coc, stic khang cat cda dat yéu
xung quanh coc va c6 két thoat nudc ctia dat nén.

- C6 thé tinh stc chiu ti va d6 lan cta hé nén-coc sau x{ ly theo
cac phuong phéap cla ly thuyét moéi trudng bién dang tuyén tinh
(trudng hgp cai tao nén) va cac phuong phap nhu déi véi coc dat-xi
mang (trudng hop gia c6 nén). Tuy nhién, can chu y trudng hop thi
c6ng nhanh va trudng hgp thi cdng cham ciing nhu dac diém cau trdc
nén dat yéu noi xdy dung cong trinh.

- Cat bién & Viét Nam c6 dac tinh ky thuat va dac tinh st dung tét
dé lam vat liéu xay dung ché tao bé téng. Khi trén cét bién Hai Phong
vGi xi mang Nghi Son theo ham lugng xi mang lan luct la 5%, 7%, 10%,
13%, 15% tao ra cudng d6 coc & thdi gian 28 ngay tudi la 0,65MPa,
1,05MPa, 1,30MPa, 1,78MPa, 2,45MPa, chiing t6 hoan toan c6 thé s
dung cét bién lam vat liéu coc cat bién-xi mang-tro bay thay thé ct
séng, phu hgp véi cong trinh xay dung viing ven bién. Tuy nhién, can
nghién ctiu lam sang té trit lugng va diéu kién khai thac cat bién.

- Dé cong nghé coc cat bién-xi mang-tro bay c6 thé ting dung vao
thuc té xt ly nén dat yéu can tiép tuc nghién ctu thuc nghiém & trong
phong va ngoai trdi dé lam sang té thém tac dung nén chat ca hoc, ¢8
két thoat nudc clia nén dat yéu cling nhu hiéu qua x ly nén ca vé ky
thuat va kinh té.
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Analysis of piled-raft foundation by winkler model method
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TGM TAT:

Bai bao nghién ciru ma hinh he sd nén Winkler dugc ap dung dé
phan tich sy 1am viéc cia be va coc trong mang be coc lam viec
dang theri duai tac dang cha tai trong cia cong trinh Cang thi Sau
tai tinh Kién Giang. Trong phurong phap tinh toan mang be coc chiu
udin ca xét dén ong x{r cia dat nén, dat nén dugc xem xét tuong
ddng vai mat hé va sd cac o xo dan hai tuyén tinh. Két qué cho
théy phén be chiu 16% va phén coc chiv 84% tdng tai trong cong
trinh truyén xuing mang. Tir ket qué nay cho thay khi tinh toan
theo mang be coc, sd lreng coc cd thé gidm so vai phuong phap
thang thuang.

Tir khda: Ma hinh Winkler; mang be coc; téi trong

ABSTRACT:

In this study, Winkler model was applied to analyze the
simultaneous working of raft and piles in the piled-raft
foundations under the impact of structural loads of Thu Sau
sluice-gate in Kien Giang province. In calculating the flexural pile-
raft foundation where the behavior of the soil was taken into
account, the soil was considered as an infinite system of linear
elastic springs. The results show that the total structural loads
were carried by raft and piled system, respectively. of 16% and
84%. From this result, it can be indicated that when the piled-raft
foundation method is analyzed, the number of piles would be
reduced compared to common methods.

Keywords: Winkler model; piled-raft foundations; loads.
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1. GIGI THIEU

Méng bé - coc la mét phuong an méng coc hay con goi la
mong bé trén nén coc, cho phép bé va coc phat huy dugc kha
nang chiu luc va tan dung dugc mot phan suic chiu tai ctia nén dat
dudi day be. Hién nay & Viét Nam chua c6 tiéu chuén thiét ké&
mong bé - coc. Phuong phap thiét ké méng hién nay don gian la
do coc chju hodc do bé chju. Cac phuong phap nay chua dung véi
diéu kién lam viéc thuc té clia cong trinh, chua tdn dung dugc hét
kha nang chiu luc ctia két cau cling nhu ctia dat nén.

Dé thay déi cac quan diém chua chinh xac vé méng beé - coc,
cac chuyén gia co dat tim cach dua ly thuyét tinh toan hé théng
mong nay, trong dé ndi bac la Poulos & Davis (1980), Fleming va
cac cong sy (1992), Randolph (1994), Burland (1995), Katzenbach
(1998) va nhimng nghién ctu gan day cta Poulos (1994, 2001a,
2001b). Ap dung phuong trinh Midlin cGia ban khéng gian dan héi
vao trong bai todn méng bé - coc va nhiing thir nghiém thuc té dé
phan tich bai toan, Poulos da dua ra mét mé hinh gan véi thuc té.
Mé hinh nay dugc sir dung réng rai dé xay dung nhiéu cong trinh
va tiép tuc dugc phat trién trén thé gidi. Vi du tinh toan dau tién vé
mong bé coc dung phuong phap phan ti hitu han dugc trinh bai
b&i Hooper (1973), v6i mé hinh d6i xting truc dung phén ti tdm
nut. Trong phuong phap nay, dé ciing cia nhém coc dugc udc
lugng mét cach gan dang. Nén dat dugc moé phong nhu mét vat
liéu d6ng nhat dan hoi tuyén tinh véi module tang tuyén tinh theo
dé sau. Hooper dung phuang phap nay dé€ phan tich moéng beé coc
dé phan tich cong trinh Hyde Park Barracks. Nam 1975, Ottaviani
tng dung phuong phap nay dé phan tich bé tuyét déi ciing dat
trén nhém coc trong mot khong gian déng nhat.

Chow va The (1991) dung phuang phap s6 phan tich tng x
clla mong bé coc tuyét dbi cing trén nén khong déng nhat. Be
dugc rdi rac hda thanh cac phan ti con hinh vuéng. Tac gia xem bé
ti€p xdc hoan toan vai dat nén va mat ti€p xudc gilta bé va nén
dugc tinh toan chinh xac théng qua cac vung dugc chia nho hinh
vuéng do6 (Chow, 1987a). Dat nén dugc mé phong la vat liéu tuyén
tinh dan héi ddng hudng va module Young ting tuyén tinh theo
d6 sau. Coc tiét dién hinh tron va dugc roi rac thanh hai phan ti
nut tai mat ti€p xuc gilra dat va coc (Chow, 1987b). Tuong tac gilia
bé, coc va dat nén duagc ké dén vao qua trinh tinh toan.



Katzenbach va Reul (1997) dung phuong phéap phan t& hiu
han dé mé t& (ing x chia dat thanh vat liéu dan déo. Coc dugc mo
hinh bang phan t khéi, con bé dugc mé phong bang phan ti tam.
Quan hé (ng suat bién dang cla dat dugc mo phdéng bang mé
hinh nén bao gém hai phan mat déo chinh: mat ap luc phu thudc
hoan toan vao pha hoai cdt déo va mat déo ndp chiu nén.
Katzenbach va cac cong su (2000) dung mé hinh tuong ty thuc
hién cac nghién ctu phan tich Ung x{r clia caéc méng bé coc tai dat
sét Frankfurt. Reul (1998) tinh chinh lai m6 hinh bang cach dung
phan tr vo cung tai bién dé mé hinh nén dat thanh ban khéng
gian dan hoi.

Prakoso and Kulhawy (2001) phan tich méng bé coc bang phan
t& hitu han bién dang phdng phi tuyén va dan héi tuyén tinh
théng qua mé phdng mong bé coc ba chiéu thanh méng bé hai
chiéu. Phan tich nay dua trén phan mém plaxis verson 6.1 va phan
tlr tam giac sau nat dugc dung d€ mé phdng méng beé coc va dat
nén.

Theo quan diém tinh todn moéng coc trong TCVN 10304:2014
thi tai trong cla cong trinh bén trén dugc bé ti€p nhan roi truyén
xubng cac coc. Cac nha nghién ctu trén thé gidi quan niém rang
tai trong cong trinh via phan phéi lén dat xung quanh be, vira
phén phdi lén cac coc. Quan diém nay da dugc nghién ctu va ap
dung ti lau nhung dén nay van chua dugc phé bién & nudc ta.
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Hinh 1: Hiéu (ng tuong téc gilta ddt va cdc cdu tric trong méng bé-coc theo
Katzenbach va céc cong sy, 2005

1. Tuong tdc gidia coc va coc;

2. Tuong tdc giiia coc va mdng bé;

3. Tugng tdc gidta ddt va mdng bé;

4,5. Tuong tdc gida ddt va coc.
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Hinh 2: M6 hinh phan tich méng bé coc theo Randolph, 1994
1. Phdn tir coc 1 chiéu;

2. Lién két 10 xo tai cdc nit ctia coc;

3. Phan tirbe 2 chiéu;

4. Lién két 10 xo tai cdc nit cia bé;

5. Tuong tdc gidia coc-ddt-coc;

6. Tuong tdc gidia be-ddt-bé;

7. Tuong tdc giira bé-ddt-coc.

Cac quan diém thiét ké méng bé coc

Quan diém thi nhat: G tai trong lam viéc coc chi chiu tai trong
tur 35 dén 50% surc chiu tai cuc han (hé s6 an toan suic chiu tai bang
2 dén 3), quan hé tai trong-dd lun cla coc van la tuyén tinh. Gan
nhu toan bé tai trong tac dung Ién méng do coc tiép nhan. Bé chi
ti€p nhan phan tai trong rat nhd, phan phoi lén nén dat ¢ day beé.

Quan diém th( hai: Bé dugc thiét ké ti€p nhan mét phan dang
ké tai trong lén moéng, phéan con lai do cac coc chiu. G tai trong lam
viéc suic chiu tai clia coc dugc huy dong tir 70 dén 100% (hé s6 an
toan suc chiu tai bang 1 dén 1,5), quan hé tai trong-do 1Gn cda cla
coc la quan hé phi tuyén do coc c6 chuyén dich tuong déi so vai
dat nén. Sé lugng coc dugc bé tri d nham gidam ap luc tiép xuc
thuc gilra bé va dat nén xuéng nhd han ap luc tién c6 két cla dat.
Coc dugc st dung véi muc dich lam giam dé Iun trung binh cda be.

Quan diém thi ba: Bé dugc thiét ké dé chiu phan 16n tai trong
Ién méng. Cac coc chi tiép nhan mét phan nho cla téng tai trong,
dugc bo tri hgp ly véi muc dich chinh la gidam d6 lan léch (cha
khéng phai d6 lun trung binh nhu & quan diém th hai).

SCT bé va coc

SCT coc

Tai trong

thiét ké * Példn cho phép

Do lan

Hinh 3. Biéu d6 quan hé tai trong - d Iin clla méng bé & nguyén Iy thiét ké khéc nhau
theo Poulos, 2000

SCT: Suc chiu tai

Puong cong 0: Bé chju tai hoan toan (d6 lun vugt qua dé Iun
cho phép).

Pudng cong 1: Nhém coc thiét ké chiu tai hoan toan.

Pudng cong 2: Bé va nhém coc dugc thiét ké véi bé chiu tai
mot phan.

Pudng cong 3: Bé va nhém coc dugc thiét ké véi coc chiu tai
trong t6i da

2. PHUONG PHAP NGHIEN CUU

Cac phuong phap sau dugc st dung trong nghién cuu: (i) Thu
thap tai liéu, s6 liéu va téng hap cac sé liéu; (i) XU 1 s6 liéu va lap
mé hinh tinh toén;

2.1 Thu thap tai liéu, sé liéu

Trong pham vi nghién cliu nay tac gid da ap dung tinh todn
nén moéng cho céng trinh C8ng thi Sdu thudc Tiéu du &n s6 09:
Pau tu xay dung co s& ha tdng phong chéng xéi 16 b bién va hé
trg nudi chong thay san & huyén An Minh, An Bién tinh Kién Giang
thudc du &an “Chéng chiu khi hau téng hgp va sinh ké bén viing
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Péng bang séng Cliu Long (MD-ICRSL)". Dia diém xay dung: xa

Nam Thai, huyén An Bién, tinh Kién Giang.

Hinh 4: Vitri cong trinh

Hinh 5: Phéi canh cong trinh c6ng thit Sau - Kién Giang

Bang 1 - Chi tiéu ca ly cta céc I6p dat nén

STT Cac thdéng sé Lép 1 | Lép 2¢ | Lép 2

1 Phan tich thanh phan hat

Sét % 47 6 44

Bui % 24 8 23

Cat % 29 26 33

Séi, san% 60

Cudi, ddm%
2 Céc chitiéu coly

Gidi han chay WL % 60,4 50,9

Gidi han lan % 32,8 26,7

Chi s6 déo 1,% 27,6 24,2
3 Do sétB 1,27 -0.05
4 | Do am tu nhién W % 67,8 25,5 25,6
5 Dung trong uét yw kN/m? 1,58 1,97 1,99
6 Dung trong kho ya kN/m? 0,94 1,57 1,58
7 Ty trong Gs 2,67 2,74 2,7
8 | Pokéhdn% 64,8 42,7 414
9 Ty 1é ké ha e, 1,842 0,746 0,706
10 Do bdo hoa Sr % 98,4 93,7 97,7
11 | Lucdinh két c kG/cm? 0,03 0,31
12 | GOc ndi ma sat @° 2°07 13°27
13 | Hé sé nén nun a cm¥kG 0,441 0,039
14 | Médun TBD E kG/cm? 25,8 176,0
15 | Hé s6 tham K cm/s 3,7x10°® 8,3x10°®

- Dién tich ddy moéng : 37,7 m?

- T6ng tai trong chuyén xuéng day moéng: 4880 T
- C6t day mong & do sau -4 m so véi mat dat ty nhién. Mat
bdng céng trinh kha réng, tai trong lai tuong ddi I6n nén sc bod
chon phuong an coc ép vai d = 0,3x0,3 m, chiéu dai coc dy kién 11

m, cam sau vao I6p cat pha s6 2 mot doan 4 m.
2.2 Xt li s6 liéu va 1ap mé hinh tinh toan

a) Stre chiu tdi ctia coc theo vt liéu
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- Suc chiu tai coc theo vat liéu.
Py = <I)[Rs x Ag + (Ab - As) X Rb]
= 2800 x 10,16 + (900 — 10,16 x 145
=157475kg =157,5T
Trong d6: @ = 1: hé s6 anh hudng dén d6 manh cua coc; Rs:
cuong do6 chiu nén clia thép (kG/cm?); Ry: cudng do chiu nén clia
bé tong (kG/cm?); As: dién tich cot thép chiu luc clia coc (cm?); Au:
dién tich coc (cm?).
- S6 coc dugc chon so bo theo céng thic:
4880

TP

n=GXT=1,5XF7'5=46CQC

Trong d6: B =1-1,5:hé s6 xét dén anh hudng luc ngang va
momen; ZP: téng luc diing tac dung Ién cong trinh (T); P: stic chiu
tai ctia coc (T).

b) Siic chiu tdi ctia coc theo chi tiéu co ly dét nén (theo d6 sét B)

Cocchiunén: P = 0,7 xm X (ay X oy X Y u; ;l; +
az X R; X F;)

Cocchiukéo: Pff = 0,4 x m X (0o X oy X Y u; 7;l;)

Trong d6: a1 = a2 = a3 = 1: hé s8 xét dén anh hudng phuong
phap ha coc, ma sat coc va dat, su md rdng mai coc; m = 1: hé s6
diéu kién lam viéc; u: chu vi tiét dién coc (m); li: chiéu dai ma sat
coc ndm trong I6p thit i (m); R: cudng dé khang mii ctia nén tai
mi coc (T/m?); F: dién tich tiét dién ngang tai mai coc (m?); ti: ap
luc ma sét trung binh chung quanh than coc I6p thd i (T/m?).

¢) Suic chiu tdi cta coc theo chi tiéu cuong dé dét nén (theo ¢, @)

Suic chiu tai clia coc cho phép:

Qs Qp
Ca= Fs, " FS,

Trong d6: Qs = u.Zfs.li: thanh phan ma sat bén (T); Qp = gp.Ap:
thanh phan chiu mi (T); u: chu vi tiét dién coc (m); fs: dp luc ma sat
quanh than coc (T/m?); Ii: chiéu dai ma sat coc trong I&p dat tha i
(m); FSs=1,6; FSp=2: hé s6 an toan; gp: cudng do cta dat dudi mai
coc (T/m?);

Luc ma sat xung quanh than coc:

fi = Ko.o'vitang + Ci

Trong d6: Ko = 1 - sing: hé s6 ap luc ngang; ¢: goc ma sat trong
I6p dat tht |; o'vi: ap luc hitu hiéu cla dat theo phuong thdng ding
(T/m?).

Cudng d6 ctia dat dudi mai coc.

dp = 7.dp.Ny + 6"vp.Ng + cNc

Trong d6: y la trong luong riéng cda dat dudi mai coc (T/m3);
dp: canh hodc dudng kinh canh (m); c: ap luc dinh cta dat dudi mai
coc (T/m?); 6'vp: ap luc dat tai cao trinh mai coc (T/m?);

Ny, Ng, Nc: hé s6 stic khang tai, theo gdc ma sat cta dat dudi
mui coc;

d) Mé hinh hé sé6 nén Winkler

Trong m6 hinh hé s6 nén Winkler, céc coc dugc mo phong la
cac goi 1o xo ¢6 dé cling hitu han. Khi sir dung mong coc dai thap,
coc chi chiu tai trong doc truc nén c6 thé gia thiét dé cing 1o xo
theo phuong ngang la vé cung |6n hodc gan goi theo hai phuong.

Phan tir 16 so
(d6 cing K) N < éng

Hinh 6: Mé hinh nén Winkler
Tinh toan suc chiu tai cda coc theo thi nghiém nén tinh la mét
phuong phap cho két qua cé do tin cay cao. Tuy nhién, doi hoi chi
phi thuc hién 1én va thudng dung hiéu chinh phuong an méng sau
khi thi cong cac coc thi nghiém. Vi vdy, nhém tac gia st dung gia tri



du bdo surc chiu tai cho phép cho viéc tinh todn do ciing 16 xo coc
khi mo6 hinh theo coéng thuc:
[P]

Kc =

Trong d6: [P] la Stic chiju tai cla coc; S* do Iun trung binh cla
méng, 1dy theo Tiéu chuan TCVN 10304:2014.

Phuong phép giai bang mo hinh hé sé nén tuy c6 nhiéu nhugc
diém nhung trong bai toan phan tich néi luc méng bé - coc, n6 van
cho két qua c6 dé chinh xac cao. Bén canh do, ta c6 thé st dung
dugc cac phan mém phan tir hiru han thong dung hién nay nhu
SAP hoac SAFE dé giai.
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Hinh 7: M hinh tinh trong phan mém SAP2000
Bang 2 - Bang tinh toan hé sé nén
120) Dl:e Lép k Cz
o | vien | s | SV Y govme [ Tim
(m?) ) 2
1 1669 42
2 3338 83
3 5007 125
1 3000
4 6676 167
5 8344 209
6 10013 | 250
0,25 0,56 1
7 46720 | 116
8
8 53405 123
1200 150
9 2 0 60080 2
10 66756 186
1 73432 | 183
6
Phan luc nén 23961 599

Bé dugc mo hinh bang phan ta tam, lién két véi cac 10 xo dac
trung cho coc va dat.

Coc dugc thay thé bang mot lién két 16 xo ¢ d6 cling phu
thudc vao chuyén vi coc dudi tac dung cla tai trong lam viéc.

Thay dat nén bang céc lién két |0 xo tai cac diém sao cho phu
hop véi su thay d6i clia dat nén va tinh chat lam viéc cda coc.

Mé hinh may tinh moé ta tac dung co hoc tuong hé trg giira coc
va nén dat bao quanh coc xem nhu méi trudng dan héi bién dang
tuyén tinh dac trung béi hé sé nén Cz tang dan theo chiéu sau.

kaZ

7 =

Ye
Trong dé: k la hé s6 ty I, phu thudc loai dat bao quanh coc
theo bang A.1 cla tiéu chudn TCVN 10304:2014. Z: Ia do sau tiét
dién tinh toan ctia hé s6 nén. a: Hé s6 chiét giém cGa nhom coc.

d -
a:yc.n#i{1——117+036 ‘r__ —015( _ )]}
1] ij

Ye: 1a hé s6 xét dén sy lam chat dat khi ha coc va lay nhu sau:
y=1 d6i véi coc dong tiét dién dac;

y=1 d8&i véi nhing loai coc con la;

d: la dudng kinh hay canh cua tiét dién ngang coc.

rj = J(Xi - X%+ (vi —yp?
xi, yila toa do tim coc thit “i” trén mat bang, luc ngang dat theo
huéng truc x;
xj, yjla toa d6 tim coc thu “j
hudéng truc x.
F la dién tich 6 lui duoc chia ra. & bién, F'=F/2, & goc dai, F’ =
F/4.

uzn

trén mat bang, luc ngang dat theo

So d6 bo tri coc trong dai

Hinh 8: So d6 bo tri dai méng

Két qua tinh toan trong phan mém SAP2000:

Hinh 9: Phén luc g6i twa 10 xo

Két qua phan luc gdi tya 1o xo coc:

+ Phan luc dau coc I6n nhat: Tai nat 567,

Pmax = 39,81 Tan.

+ Phan luc dau coc nhé nhat: Tai nat 135,

Pmin = 20,89 Tén

- K&t qua phan luc géi tua 16 xo dat: Gia tri phan lyc 16n nhat:
Tai nut 439, Rmax=1,226 T trén dién tich lusi 0,25 m2 Hay Ung suat
nén dat dudi day beé: om = 1,226/0,25 =4,9 T/m?

- Tai trong phan chia cho bé va coc:

+ Téng tai trong méng phai chiu: Q =4880 T

+ Téng tai trong bé chiu: Qs = 739 T, chiém 16% téng tai trong.

+ Téng tai trong coc chiu: Qc = 4141 T, chi€ém 84% t6ng tai trong.

S6 coc dugc chon so b theo cong thuc:n = B X =—= ZPQC =

1,5 X A3 _ 96 coc
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Trong d6: B = 1-1,5 : hé s6 xét dén anh hudng luc ngang va
momen;

2Qc: téng tai trong coc phai chiy;

P: stic chiu tai ctia 1 coc (T).

3.KET QUA VA THAO LUAN
Bang 3 - So sanh stic chiu tai clia coc
Vat Coly | Cuong Winkler
Phuong phap lidu dat | dodat | theohésd
; nén nén nén C;
Suic chiu tdiclacoc | 157,5 | 3043 36,44 43,13
S6 lugng coc 64 241 114 926

Kiém tra stic khang truot cla coc.

Bang 4 - Két qua tinh toan luc khang truot clia coc

Cung trugt nhat c6 Kat= 0,226 (ing vai ban kinh cung trugt R =
12,49 m di qua 6 hang coc nhu duéi hinh vé. Ta tinh toan suc lai
chiu tai cia coc.

I_/

7
&

Hinh 10: So d6 cung truot cat hé thdng coc

Hang coc hi (m) ta(m) t'z(m) P. (T/m?) Pp (T/m?) Ma (T.m) M (T.m) tz (m) Q(m
1 4.89 6.11 4.89 15.30 18.89 9.66 3.79 3.06 5.50

2 478 6.22 4.98 15.24 18.82 9.99 3.79 3.07 5.49

3 4.45 6.55 5.24 15.06 18.61 10.98 3.79 3.08 5.47

4 3.84 7.16 5.73 14.73 18.23 12.94 3.79 3.10 5.43

5 2.84 8.16 6.53 14.18 17.60 16.41 3.79 3.14 5.37

6 1.36 9.64 7.71 13.36 16.66 22.06 3.79 3.20 5.27
Téng 32.54

134

Téng stc khang trugt clia hé théng coc
Q=n.YQ=12.32,91=390,43 T

Hé s6 an toan cung trugt tron sau khi gia ¢6 nén bang coc BTCT

_ 2P.cosaj.tang; + ¥S;.¢;+Q 6,16 + 6,86 +390,43

B ~ 51,73+3,51

Kat
>P. sinoy + %
=73
= K=73>[K] = 1,2 (thda)
—> Céng trinh 8n dinh trén nén da gia c6 coc BTCT

4, KET LUAN

K&t qua tinh toan theo mo hinh hé sé nén Winkler cho két qua
can bé tri 96 coc d30x30 cm dai 11 m, tiét kiém hon so vai cach
tinh truyén théng 18 coc (96 coc so véi 114 coc) tuang duong vGi
17,8 m3 bé tong.

Khi tinh toan theo phuang phap chi tiéu cusng dé dat nén va
cac phuang phép truyén théng khac véi mé hinh nén Winkler déu
théa man suc chiu tai coc va nén dat dudi bé. Trong phuong phéap
theo chi tiéu cudng do dat nén va cac phuong phap truyén théng
khac, mé hinh tinh dugc xay dung tuong déi don gian, két qua
phan tich cho thdy tai trong cuc dai tac dung lén coc I6n hon mo
hinh hé s6 nén Winkler. Trong khi d6, mé hinh hé s6 nén mé ta chi
ti€t tuong tac coc va dat nén, cho két qua la tai trong tac dung lén
coc nho hon.

Tuy nhién chénh léch két qua trong hai truong hop la nhé.
Ca hai phuang phap déu cho phép tiét kiém vat liéu hon so véi
trudng hgp khong ké dén su lam viéc ctia bé. Trong mé hinh hé
s6 nén Winkler, ty & tai trong céng trinh truyén Ién bé I6n hon
chiing t6 d6 cling cla coc trong mo hinh hé s6 nén tang Ién so
vGi phuang phép truyén théng. Khi ké dén su lam viéc cla be,
tai trong cong trinh dugc phan chia cho be véi ty Ié tur 10-20%,
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ty 1& nay cé thé thay d6i tuy thudc vao nén dat dudi beé, chiéu
day bé va cach bé tri cac coc.

Khi khong xét dén su lam viéc cta bé, tai trong cuc dai tac
dung 1én coc Pmax tdng 16% so véi mé hinh ct. Néu huy dong thém
suc chiu tai cta dat dusi beé bang cach gidm sé lugng coc, mic do
tiét kiém con tang thém.
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Gidi phap chéng sat lé bo séng,
bién bang ke mém suf dung bao sinh thai

Solutions to prevent river and sea erosion by using soft embankment with the ecological bag
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TGM TAT:

Sat l&r br sdng, bir hd va bir bién xay ra thuimg xuyén, nhét |3
trong diéu kign bién ddi khi hau va nuec bién dang. Bang bng
sing Ciru Long (BBSCL) ca hé thing séng rach chang chit, day
déc; nhiéu dia phuong ca ha lén va ca duing ber bign dai. Hang
nim cac dia phuong nay mat nhiéu dat dai ven sang bién do sat lo
gy nén. Da ca nhiéu gidi phap phang ching sat 1o ber sang, bign,
tuy nhién céc gidi phap con chua bén viing, nhiéu giai phap khang
kha thi. Bao cao trinh bay nhirng nghién citu tng dung ke mém tir
bao sinh thai dé phang ching sat | bir sang, bién; dé cap céc du
an da tng dung gidi phap nay thanh cang, mang lai higu quéa kinh
té-xa hai.

Tir khéa: Sat |& bir séng - bién, ke mém; bao sinh thai; dia ky
thuat.

ABSTRACT:

River, lake, and coast erosion occur frequently, continuously with
increasing and complicated nature and scale, especially in the
context of climate change and sea-level rise. The Mekong River
Delta has a dense and intricate system of rivers and canals; Many
|ocalities have large lakes and long coastlines. Every year, these
ocalities lose a lot of land along the riverside due to landslides;
causing many difficulties in transportation, aquaculture, causing
many losses in houses and works. There have been many
measures to prevent river and sea erosion. However, the
solutions are not sustainable; many solutions are not feasible.
This report presents researches on the application of soft
embankments from ecological bags to prevent river and sea
erosion prevention; mentioned projects that have applied this
solution successfully, bringing about socio-economic efficiency.
Keywords: River and sea erosion; soft embankment; ecological
bag; Geotechnical.

1.DAT VAN BE

Tinh trang sat 16 bd séng, bs bién & vung DBSCL dang dién
bién ngay cang phtc tap doc theo cac tuyén séng Tién, song Hau,
song Vam Co6 Bong, Vam Co Tay, cdc nhanh séng chinh va cd bo
bién, gay nhiéu thiét hai (Hoang Van Huan va cong su, 2013;
Nguyén Xuan Man, 2013; Nguyén Duy Bac Viét, 2020;
https://dangcongsan.vn/xa-hoi/sat-lo-bo-song-bo-bien-tai-dong-
bang). Cac dia phuong trong vung DBSCL da phai ban bé tinh
trang khan cép sat 1& bd bién, bd séng trén dia ban. Méi nam cac
dia phuong & DBSCL mat tir 300+500 ha dat va hang chuc nghin
hé dan phai di doi khéi viing nguy hiém do sat 1. Théng ké dén
2018 & BBSCL 6 526 diém sat I3 véi téng chiéu chiéu dai gan 800
km. N3m 2010, toan vung xuat hién 99 diém sat 1§ thi dén nam
2019 s6 diém sat 1& tang |én gap 7 1an véi 681 diém. Hang chuc
ngan km dé bién & mét sé tinh viing ven bién DBSCL dang bi &nh
huéng do x6i 1& bd bién gay ra, rimg phong hd ven bién bi cudn

tréi. Tinh hinh sat 16 cu thé & cac dia phuong theo céc tac gia
(Nguyén Duy Bac Viét, 2020) dén nam 2020 nhu sau:

- Tai TP. Can Tho da xay ra 17 vu sat |& (tang gan gap déi so véi
cung ky nam 2019) véi téng chiéu dai hon 1.000 m, &nh hudng dén
37 can nha; trong dé c6 4 can bi sat hoan toan, thiét hai tai san hon
12 ti dong.

- Théng ké dén 2019 Bén Tre ¢ 112 diém sat 16 bd soéng, by
bién véi téng chiéu dai 138 km.

- Tai An Giang, ti ndm 1970 dén nam 2000, khu vuc thi xa Tan
Chau sat |6 da cudp di gan 60 ha dat, trén 30 ngudi chét va mat
tich; trong d06, tir cudi nam 2018 dén dau nam 2019, tinh An Giang
xuat hién 78 diém sat |& vai trén 91,2 km b séng.

- Tai Pong Thap xuat hién 52 diém sat I1& doc séng Tién, séng
Hau, vGi téng chiéu dai va dién tich sat 1613 28,5 km va 17,98 ha.

- Tai Ca Mau tinh huéng khan cap sat |& dé bién bd Tay nam &2
huyén U Minh va Tran Van Thoi. Huyén Tran Van Thai ¢6 3 doan
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can khac phuc sat 16 ngay, gom: Kénh Mgi - D4 Bac, Da Bac - Sao
Ludi, Bac Sao Ludi hudng vé Ba Tinh; huyén U Minh cé 2 doan la
Dong Cat - Ti€éu Dua va Bac - Nam vam Khanh Hoi.

- Tai Soc¢ Trang cac huyén bi sat 16 manh gdm huyén My Xuyén,
Long Phu, My T4, K& Sach. Trong cac khu vuc dugc céng b6, cé khu
vuc dic biét nguy hiém & doan bd séng Rach Vop khu vuc chg Cau
L6 thudc xa Thai An Hoi, huyén K& Sach va doan sat 16 bd séng
Hau, séng Saintard, rach Vop khu vuc thi tran Pai Ngai, xa Long
Buc va xa Song Phung, huyén Long Phu.

2. NHUNG NGUYEN NHAN CO BAN GAY SAT LG

Co rat nhiéu nguyén nhan sat |6 bd séng (Luong Phuong Hau
va cdng su, 2001; Nguyén Xuan Man, 2013). Cac nguyén nhan co
ban gém:

- Nguyén nhan do khai thac céat, nan dong, dao ao, dap dap;
tau bé di lai; gia tai bo;

- Nguyén nhan vé dic diém dia hinh-dia mao, dia ky thuat
céng trinh clia dat bo;

- Nguyén nhan lién quan dén khi tugng-thay van va dén dong
luc dong chay;

- Nguyén nhan lién quan dén long dan: dac diém hinh hoc, dac
diém bun cat day,...

Cac nguyén nhan trén c6 tac dong tuong hd nhau da lam cho
dac tinh va quy mo sat 16 rat da dang va phtc tap. Phan tich cac
nguyén nhan chi ra rang:

+ BG bi xéi 16 thuong khong cé tham thuc vat hodc c6 nhung
rat mong, khéng déu.

+ B ¢6 d6 déc 16n, cac doan cong, gép khucg, noi cé muc nudc
sau sé gay xoi |6 manh, sau, tao cac ham éch, x6i 16 ngam, xay ra
nhanh véi khéi lugng I6n. Tai cac doan séng cong hinh thanh cac
hé x6i 16 cuc bod sau dé sup d, nguy hiém cho ngudi va cong trinh
trén bd. Trén cac doan cong gdp c6 ban kinh cong tai dinh nhé
han 3 lan chiéu réng cta séng hinh thanh cac ngudng can co lach
sau so le nguy hiém, tao ra cac két cdu dong chay phuc tap. Tén tai
cac doan s6ng cong véi dong chul luu ap sat bd 16m véi su chia cat
dong tao nén cac xody cuc bg, gia tang luu toc lam sat 16 manh.

+ Tai khu vuc thugng ngudn cac nguyén nhan sé la: Dong chay
thugng nguén van téc 16n, duy tri lau dai, nhat la dong chay 1G ¢
van toc rat 16n sé lam cho dong bun cat cudn di, tao x6i bd, x6i sau
long séng,... va sinh ra sat 18.

- Thay déi thudng xuyén muc nudc séng lam thay d&i trong
lugng dat bg, tao dong tham; lam gidm suic chiu tai cat dat b, Mua
I6n lam gia tdng trong lugng dat bo, gay truong nd dat ba dé mat
8n dinh, tao dong thdm bat Igi, gidm suc chiu cit dat b, nudc
chay vao khe dat bo tao 4p luc tham.

3. TGNG QUAN VE CAC GIAI PHAP PHONG CHONG SAT L&
BO SONG

Kinh nghiém phong chéng sat 16 b& séng, bd bién cla cac
nudc trén thé gidi va nudc ta (Hoang Van Huan va cong su, 2013;
Luong Phuong Hau va céng sy, 2001; Nguyén Xuan Man, 2013;
Wisse and Birkenfeld, 1982) da chi ra rdng: chéng sat 16 bd séng,
b bién 1a cong viéc rat khé khan, phuc tap doi hdi phai dugc tién
hanh déng bo va toan dién tir tam vi mo dén vi mé; st dung cac
giai phap truc ti€p va gian ti€p; ap dung ca giai phap céng trinh va
gidi phap phi cong trinh. Khong ¢6 giai phap chung cho moi diéu
kién, moi dia hinh.

Hién nay thudng s dung hai nhdm giai phap chinh phong
chéng sat 16 bd s6ng bién:

- Cac giai phap phi cong trinh: Tuyén truyén, gido duc céng
déng; ban hanh quy chudn khai thac long séng; quy dinh hanh
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lang an toan déi bo séng; xay dung chién lugc quéc gia nham
ngan nglia va phong chéng tai bién sat I& bd trong téng thé chién
lugc qudc gia chung vé phong chéng thién tai va tai bién dia chat.

- Cac giai phap cong trinh: Theo céc tac gid (Hoang Van Huan
va cong sy, 2013; Luang Phuong Hau va cong su, 2001) c6 thé liét
ké mot s6 gidi phap sau:

+ Giai phap tam thai: Tréng cay ven séng; dong coc cl tram,
coc tre,..; nudi béo chdng séng va dap; gidm tac dong cla soéng
bang két cdu nang xép ven bd dé tieu hao va gidi phéng nang
lugng séng va dap;...

+ DUng tham FS bé tong: tui vai dét tur soi bén x&p ven bd ¢c6
dinh; bom viia bé téng vao tui; bé téng loai dong ran nhanh, chiju
mdi trudng nudc tai viing gia co.

+ Tham cat: dung tui nhua - vai téng hop; cho cat vao tui; xép
thanh mai bao vé.

+ Khoan phut vira chat két dinh bdo vé nhu via xi-cat; xi-cat-
voi; vifa polimer.

+ Cong nghé tudng chan; coc chén céc tdm chén.

Cho dén nay cac céng trinh ké chéng x6i 16 vai ky thuat truyén
théng bang cac két ciu ciing thudng toé ra kém thich hop véi diéu
kién dia chat cong trinh clia cac dia phuong BBSCL nén thudng
kém hiéu qua. Viéc nghién ctru xac dinh ré nguyén nhan va dé xuat
dugc giai phap phong chéng gidm nhe thiét hai do sat I1& bd s6ng,
bién dap ing dugc nhiing yéu cau vé kinh té& va ky thuat 1a hét suc
cap thiét.

Trén co s& phan tich tinh kha thi ctia cac két cau trong cac cong
nghé ké bg, lat mdi, déng coc, xay tudng,... bdo vé bd song trén
day cho thay:

- Cac giai phap chi thda man cho mot sé diéu kién dia ky thuat
nhat dinh;

- Cac phuong phap thi cong cé chi phi I6n, giad thanh cao; mét
s6 cong nghé con phai dung thiét bi, vat liéu clia nudc ngoai. Cong
trinh ¢6 tuéi tho khéng cao.

4, DE XUAT GIAI PHAP PHONG CHONG SAT LG BO SONG,
BIEN BANG KE MEM

TU nhiing trinh bay trén day, ching t6i da nghién clu dé xuat
cédng nghé chéng sat 16 bs séng bang cong nghé ké mém bang
viéc st dung bao sinh thai.

4.1. Dac diém bao sinh thai

Bao sinh thai (BST) dugc dét tir sgi Polypropylene (PP) phdi trén
vGi mét loat chat phu gia, dugc san xuat bang vai ky thuat khéng
dét hitu co, phan t cao theo cdng nghé ctia Cong hoa Lién bang
Duc (Nguyén Xuan Man, 2020). BST c6 tinh loc dat va tham nudc;
ngan chan kha nang ro ri ctia nhiing hat dat trong bao, cho nuéc
thdm qua bao thoat ra ngoai mét cach thuan lgi va cho mam c¢é
moc tif trong bao ra. Bao sinh thai san xuat khong phai bang ky
thuat dét tU cac sgi PP thong thudng cho nén khong bi rdch bung
do céc soi néi ti€p nhau bi tudt nhu tui dét khi c6 va dap; khong bi
bién tinh dudi tac déng clia moi trudng nudc man, kiém ciing nhu
acid dugc (Vién Khoa hoc Thuy Igi mién Nam, 2014). Bao khéng bi
thay déi cau tric khi bi kéo doc cling nhu kéo ngang; khéng bi pha
huy bdi tia t& ngoai (UV); khong bi bién tinh & nhiét dé cao va ca
vung nhiét d& am (Hinh 1). Cac théng s6 clia bao sinh thai cho
trong Bang 1

Thi nghiém cac chi tiéu ky thuat cta BST trong diéu kién binh
thudng: cuong dé chiu kéo theo doc/ngang bao: 8,9/9,3 kN/m;
cuong do chiu kéo giat theo doc/ngang bao: 236,7/233,3 N; do
gian dai khi dut theo chiéu doc/ngang: 62,55/51,85 %; cudng do
xuyén thang CBR: 1000,6 N; hé s6 tham: 0,18 cm/s; kich thudc 16:



0,16 mm; d6 6n dinh tia cuc tim theo chiéu doc/ngang sau 500 h:
73,09/83,00%. Nhu vay:

- BST ¢4 thé t6n tai 6n dinh trong cadc méi trudng xam thuc vai
thoi gian dai hang tram nam. Can cu vao két qua thi nghiém véi
diéu kién t = 25°C, ap luc 260 kPa, tudi tho cia BST vugt 120 nam
(Vién Khoa hoc Thuy lgi mién Nam, 2014).

- Nh& tinh mém, linh hoat nén céac BST cé thé chdng khit 1én
nhau va cung véi khép néi tao nén mét khéi mém mai, bén viing
khéng c6 khe h& dé nudc khéng thé tao thanh dong chay xuyén
qua b kg; trong trudng hgp bi lin thi qua trinh sé dién ra ma
khong kéo theo su nut v& cdu trdc nhu bo ke ciing.

- BST cho nudc thdm qua nhung khéng cho dat cét lot qua nhg
cac cdu trdc siéu 16. Chinh nhd cac cdu truc siéu 16 nay ma cac mam
cb ¢6 trong dat c6 thé moc xuyén qua tui tao thdm xanh va khi
tang thé tich n6 sé lam dan cac I8 chit khdng xé rach tui. Tinh chat
nay da dugc Ung dung rong rai dé tao thanh cac buc taluy hoa.
Don vi ké mém bang BST chi trén Hinh 1.

Bang 1. Céac thong s6 cha bao sinh thai (Nguyén Xuan Man,
2013; Vién Khoa hoc Thuy lgi mién Nam, 2014)

& nhiét Khéng I_T;gg?‘ Chiu tia
Cacthong sé do + Ca(OH)y, 0025 ! UV sau
40°C 2,5 mol/lit o 500 h
mol/lit
Cuong do
chiu kéo dut | 8,2/8,6 7,7/8,1 7,7/81 7,0/7,7
sgi theo chiéu kN/m kN/m kN/m kN/m
doc/ ngang
a‘iog'a”chéﬂ 5322/ | 50,72/ 50,72/ | 45,70/
42,97 % 40,87 % 42,87 % 40,95 %
doc/ ngang

T T g o " B¢ phi Kién lién ket
Két ciu hinh tm gide L

—12mB O4mH 02m

—
Bo ke dai 20 m
Hinh 1. Két cu don vi ke tir BST (Nguyén Duy Bac Viét, 2020)
4.2, Quy trinh thi cong
Hinh 2 la quy trinh thi cong bo ké tur BST.

Bign phip thi cong C¥ Tram bdo v Méng BS Ka

Dign tich déng coc 0,5x50m
Mgt d0 1m dai déng 20 coy
Béng ed—1,6m so v mit dubng

Hang ed trong cich mép dudngl,im
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Hinh 2. Bién phap thi cong bd ké (Nguyén Xuan Man, 2013; Nguyén Duy B
2020)

Quy trinh thi cdng bo ke tir BST gém 6 budc:

Budc 1: Binh vi mong bd ké bang thiét bi trdc dac.

Budc 2: Chuan bi mat béng, phat cay, lam bién bao va cac méc
danh dau cac vi tri dac biét nhu céng thoat nudc, dudng dién, ché
giao nhau cta dudng,...

Budc 3: Bong cur tram dung mat do s cay/m? dang kich thudc
va d0 sau; ding loai cay tram theo thiét ké.

Budc 4: Céng viéc van chuyén va cho cét vao BST tién hanh
song song vai cac cdng viéc & cac budc tur 1 dén 3. BST phai chia
day cat duoc gim chat dé cat khéng trao ra.

Budc 5: Xép cac BST day cat vao méng theo thiét ké. Cac bao
xép theo phuong vuéng géc can cho dau budc quay vao phia
trong b& s6ng; xép so le nhau. Cac bao lién két v6i nhau bang phu
kién lién két.

Budc 6: Xép ké theo d6 cao va mai déc. Khoang ha gilta bao va
b& song can chén dat, cat ngay sau khi xép bao.

4.3. Cac chi tiéu kinh té - ky thuat ctia b& ké bang bao sinh
thai

Cac chitiéu ky thuat ctia bo ke thi diém nhu sau:

- Bao ¢6 kich thudc: 120x40x20 cm; thé tich bao day catla V=
0,088 m3;

- B& ké cao 200 cm, bé rong day dudi 160 cm, bé rong day trén
50 cm.

- Cat cho vao BST la loai cat c6 Ma =
1,15 mm; Wi = 7%.

- CU tram ¢b dgsc = 5,5+7,0 €M; dngon = 4,5+5,5 cm; L = 4,0+4,5
m; mat d6 déng: 20 cay/m?

- Dat bo ¢6: Re = 40 kg/cm?, 04 < 0,5 kg/cm?, C=1,0 T/m2.

C

-

2,4, y» = 1320 kg/m3; dw =
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So sanh cac chi tiéu kinh té-ky thuat cta giai phap ké thong
thudng va ké mém ti BST cho trong cac Bang 2 va Bang 3.

Bang 2. So sanh tng hgp cac giai phap (Nguyén Xuan Man,
2013; Nguyén Duy Béc Viét, 2020)

Céc chi Gidi phap ke truyén thong Ké mém tir BST
tiéu so Bom Ro dé Ro dd Tuéng Sau thi Xanh
sanh bun i dat ong héa
Hinh —
ke R

Tudng RC bom bun st dung bé

. . 52 5" | vat liéu ST mém;
tong cho phép sut ltn véi muc gt ligu ST mem

Bac 1 45 nhe, khi dong dat dé bi ran | iU xam thuc,
diém e ix 4 . aee a. | ti@ UV, khong
5 | nut dan dén sat 1&; Ro d4, dat da . : .
cla bo | ., (s aNe epia s doc hai. Tao ke
R tan dung da va dat thién nhién, A R "
ke N b e 1E 1 x R * | mém than thién

ro bang sgi thép dé bj an mon, bi méi trusn

dut lam mat én dinh bo ke. 9
Moi 2
trudng | Lam mat canh quan; khéng thé T?o thamA‘ thu?
. « N N vat do mam cé
sinh tréng tham thuc vat
thai moc dugc

Pép Ung do cao
bat ky; gia thanh
khong cao; thiét
bi thi cong don
gian; tudi tho
cao; gia su dung
thap.

Gia thanh tdng nhanh khi chiéu
Gid cao ke, bé day, dién tich keé Ian.
thanh | Gia thanh cao, can thiét bj va vat
liéu lam tang gia thanh.

Bang 3. So sanh tinh nang ké sinh thai véi ké truyén théng
(Nguyén Xuan Man, 2013; Nguyén Duy Bac Viét, 2020)

Kemém | Kecing | Odat Tuong di Ro

BST BTCT T da

Thi cong, van chuyén

Khong
can ky X X X
thuat cao
Mat bang
chudn bi X
it

Xay lap
nhanh X
gon

Thi
cong
thuan
tién

Khéng
can thiét
bi dac
chling

Dutrd | Khong tu

hay

Chiém it
khong X
gian

Khéng
Bao can  bao X X X
dudng | dudng

van Van
hanh | chuyén X

thuan lgi

Nhu vay, gidi phap bd ké mém lam tir BST c6 cac uu diém
nhu sau:
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- B& ké mém bang BST cé gia thanh hgp ly, dé thi cong, s
dung dugc cac vat liéu dia phuong, than thién moi trudng sinh thai
clia viing ven sdng, ven bién.

- Bo ké bang BST la dang két cau mém, linh hoat, thich tng cho
vung cé triéu 1én xudng, c6 mua nhiéu; dat bd bién dang I6n,
khong déu vi dat yéu, thiéu c6 két.

5. NHUNG DU AN KE MEM BANG BAO SINH THAI DA THUC
HIEN THANH CONG

M6t s6 su an ké mém tir BST duoc cho trén Bang 4 va cac anh
tuong ting tit Hinh 3 dén Hinh 6.

Bang 4. Mot s6 du an ké mém BST da trién khai thanh céng
(Nguyén Duy Bac Viét, 2020)

Tén du an Chu dau tu Pia diém
Hac Canh Vién | Céngty CPTrung | Phudc Vinh Bong, Can
(H.3) Khué Giudc, Long An
Ke song Cai SG KHCN tinh Ca | Thitran U Minh, tinh Ca
Tau (H4) Mau Mau
Ké chéng sat Phong non . ¢ i g
& kénh !?/I)? nghiégp huygén Cai My Hanh Bac, Cdi Be, tinh

Hanh Béc (H.5) | Bé Tién Giang

Giacdéving | oo \\ya pTNT | Xa Vinh Tusng, huyén An

Il x& Vinh R . L .

Tudng (H.6) tinh An Giang Phu, tinh An Giang

Keé bién Clta N . , X

Dai (H.7) UBND TP.HGi An | Ho6i An, tinh Quang Nam
Ke dé bién Tay | Hat dé diéu Ca Huyén Tran Van Thai,
(H.8) Mau

tinh Ca Mau

oy

Hinh 3. Bo k& mém BST Hac Canh Vén Phudc Vinh Dong, Can Giudc, tinh Long An

s

Hinh 5. B ke mém BST Ke chdng sat 16 kénh My Hanh Bac, Cai Be, tin Tién Giaﬁg



Hinh 7. B& ke mém BST Hoi An, tinh Quéng Nam

4, KET LUAN

- Sat 1& bd séng, bién a hién tuong thudng xuyén xay ra trén
dia ban cac tinh DBSCL. Quy m6 va tinh chat céc vu sat |15 rat da
dang; gay thiét hai I6n vé tai san, mat quy dat canh tac, mat riing
phong hé ven bién, can trd giao thdng, mat nha,...

- Cac nguyén nhan gay sat I& kha nhiéu, cac nguyén nhan co
ban bao gém:

+ Diéu kién dia ky thuat cla vung; dac diém dat ven bd va
tham thyc vat.

+ Thdi tiét, khi hau theo mua va séng do gid, bao, triéu.

+ Cac hoat déng do con ngudi gay nén: ndn dong, ngan dong,
phé thdm thuc vat, van chuyén trén séng , chat tai trén bd, khai
thac cat,...

- Gii phap ké ciing khéng hiéu qua, c6 nhiéu nhugc diém.

- Giai phéap ké mém tu BST dugc st dung dé phong chéng sat
16 b séng bién c6 hang loat uu diém, thich hop vai diéu kién dat
b& bd séng bién vung BDBSCL ¢ nén dat yéu, dat thiéu cd két.

Kién nghi

- Can nghién cuu, diéu tra cac diéu kién dia chat, khi tugng, thay
van séng bién clia viing dé c6 ca s& Iua chon loai ke thich hop.

Hinh 8. B& ké mém BST Ke d bién Tay, Tran Van Thai, tinh Ca Mau

- Can ti€n hanh dong thai cac giai phap cong trinh két hgp vai
phi cong trinh.

- Thi cdng dai tra sau th& nghiém.

- Thi céng thi nghiém, danh gia va hoan thién giai phap dé
chon giai phap k& mém phu hgp véi diéu kién tu nhién va tac dong
clia con ngudi vung DBSCL.
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Nghién cuu quan hé tai trong va chuyén vi
ctia coc trong hé méng be coc bang mé hinh

ti lé nho

Research relationship load and displacement of pile on pile foundation by small-scale model

> VO VAN PAU', VO PHAN?, TRAN VAN TUAN?, TRUONG TRUNG HIEU" TRAN NHAT LAM', NGUYEN NGOC EM*
' B& mon Ky thuat Cong trinh Giao thong, Khoa Cong nghé, Trudng Dai hoc Can Tho

Email: vwvdau@ctu.edu.vn

2 Faculty of Civil Engineering, Ho Chi Minh City University of Technology (HCMUT)

Email: vphan54@yahoo.com

3 Bo moén Ky thuat Xay dung, Khoa Cong nghé, Trudng Dai hoc Can Tha

Email: tvtuan@ctu.edu.vn; Dién thoai: 0944164175

TGM TAT:

Bai bao tap trung nghién ciru mdi quan he giira tai trong va chuyén
vi cla coc trong mang be coc quy ma nha. Nhdm coc chiu nén
dung tAm va |am viéc trén nén dat cat dang nhat. Coc ca tiet dien
tran dugc thigt k&' bang nham, thang ding; be duoc thiet ke bang
thép ca dang hinh chir nhat co kich thuee 300x300 mm va
430x430mm. Mang bé coc trong thi nghiém mé hinh ca sd lrgng
coc la !, 4 va 9 coc, co khoéng céach coc gira céc coc trong nham
bign thign tir 2.00  2D. K&t qué chi ra mdi quan hé giira tai trong
va chuyén vi cla coc trong mang be coc nhdm dua ra nhitng phén
tich, danh gia va dé xudt nhimg ing dung cia ket qud thi
nghiém.Tir da dua ra nhitng lvya chon tai trong hep Iy trong qué
trinh thiét k& nén mang cho céng trinh.

Tir khda: Chuyén vi, mang be coc, ma hinh ti |8 nha.

ABSTRACT:

The paper focuses on relationship load and displacement of pile
on pile foundation by small-scale model based on the number of
piles, pile spacing, and different dimensions of the raft in the pile
raft foundation by a small-scale model. The cylindrical model pile
was d8mm in diameter, 1200mm long. and pile spacing was 2.5
and 4 times of pile diameter. The number of piles arranged in the
raft foundation were |, 4 and 9 piles. The square raft size was 300
and 430mm, respectively. The results show the relationship
between the load and the displacement of the piles in the pile raft
foundation in order to provide analysis, evaluation and
suggestions for the applications of the experimental results.
Thereby making reasonable load choices in the process of
designing the foundation for the project.

Keywords: displacement, pile raft, small-scale model.

1. GIGI THIEU

Méng coc la mét trong nhiing gidi phap mong sau dugc ap
dung nhiéu va rong réi trong céng trinh xay dung nhu: chung
CU cao tang, cao 8¢, van phong, cau vuct séng ... Méng bé coc
¢6 nhiing kha nang chiu tai trong I6n. Tuy nhién khi thiét ké
moéng coc ngudi ky su thudng tinh todn theo cac céng thuc
theo ly thuyét nén cho két qua chua dung véi thuc té. Phuong
phap thi nghiém téi trong tinh coc trong phong thi nghiém dé
tim ra m&i quan hé tai trong - chuyén vi clia coc lam cg s& cho
thiét k&. Nghién clru stc chiu tai cta coc don va nhém coc
trong hé moéng bé coc bang mé hinh vat ly trong phong thi
nghiém nham muc dich téng hgp, so sanh nguyén tic thiét ké
theo céac tiéu chudn nhdm dua ra nhing kién nghi vé lua chon
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hop ly stc chiu tai cha coc d6i véi nhiing cong trinh ¢ diéu
kién dia chat tuong tu.

M6t s6 nghién clru vé tiing xU cta coc khéng bé va cé bé trong
phong thi nghiém bang mé hinh vat ly véi cac trudng hop bé tri
coc G cac khoadng cach tir tdm coc nay dén tam coc kia khac nhau
(Sharafkhah va Shooshpasha 2017). Vat liéu trong mé hinh cla
Sharafkhah va Shooshpasha la cét, cat dugc dua va thung chua
theo tling 16p vdi chiéu cao téng la 80 cm va chiéu day méi 16p la
10 cm. Thung chira cat dugc lam bang két cau thép vai kich thudc
1.3x1.3x1.0 (m) dugc dat trén san bé tong cbt thép 2.2x2.2.2x3.0
(m). D6 1in cltia coc dugc xac dinh bang dong hé do bién dang dat
@ vi tri dau coc trén beé. Vat liéu trong nghién cttu ctia Sharafkhah
va Shooshpasha véi cac thong s6 vé chi tiéu co ly dugc thi nghiém



nhu dung trong, ty trong, chi s6 thanh phan hat, ¢& hat trung binh,
stic ch6ng cét don vi.

Nghién cttu mé hinh vat ly nham du doan d6 lun clia bé coc
trong thiét ké so bo (Bhartiya va c.s. 2020) v&i cac trudng hgp hinh
dang, kich thudc be, sé lugng coc cling nhu chiéu day cta bé khac
nhau dugc thiét 1ap trong mé hinh vat ly. Nghién ctu thuc hién
trén mo hinh bé - coc va bé khong coc nham xéac dinh su phan bé
suc chiu tai cla thanh phan bé va thanh phan coc.

Pé tai nghién culu trén ca sé ly thuyét, tim hiéu téng quan vé
ma&i quan hé gitra d6 1Gn va tai trong nham dua ra nhimng phan
tich, danh gia va dé xuat nhiing Ung dung ctia két qua thi nghiém.
Dé tai con thuc hién nhiing thi nghiém trong phong nham xac
dinh nhiing chi tiéu co ly ctia dat va thi nghiém xéc dinh stic chiu
tai va do lun clia coc, nhém coc trong hé moéng bé coc bang mé
hinh vat ly thi nghiém.

2. PHUONG PHAP NGHIEN CcUU

2.1 Thu thap tailiéu

Mét sé nghién cifu vé mé hinh

Jaymin D. Patil va cdng su (2015) (M6 hinh 1G)

Kich thudc bé: 850x850mm, sau 500mm

Be: Thép nhe, hinh vuéng cé kich thudc 160x160mm, day
10mm. Coc: Thép nhe, c6 dudng kinh 10mm, dugc gén thiét bi do
bién dang & dau coc, ngay dudi bé dé do tai trong truyén tur beé
xuéng coc. Bt nén: Cat sach

Javad Shamsi Sosahab va cong su (2018)

Bé: tdm thép hinh vudng c6 kich thudc 40 x 40 x 2 (cm). Coc:
lam bang thép, c6 chiéu cao 40 cm, c6 ty 1é dd manh khoéng déi
L/D = 20.

Khodng cach gilta cac coc dugc gitt khong déi & mic 10 cm
trong tat ca cac thi nghiém.

Tai dau coc sé dugc gan 1 bu léng c6 dudng kinh 1a 15mm va
dai 20mm dé két néi coc véi beé thédng qua hai dai 6c d€ dam bao
su ¢6 dinh gilta coc va bé. 4 LVDT ¢6 d6 chinh xac 0.01 mm duoc
dat & cac goc clia bé dugc st dung dé do d6 Iun thang ding trung
binh cua coc.

Kumar (2018) Thiuing thép va khung chinh: Kich thudc cta bé
dugc xac dinh la 1,50 m (chiéu dai), 1,50 m (chiéu réng) va 1,0 m
(chiéu sau). Cac thanh bén va day cla bé dugc lam bang thép tam
day 9 mm, dugc han vao khung co s& clia cac goc va tam thép. Tai
trong thdng ding dugc tac dung Ién chan mé hinh véi su trg giup
cuta kich thuay luc céng suat 250 kN. Coc mau dugc st dung trong
thi nghiém 1a loai coc thép nhe cé chiéu dai 200 dén 600 mm va
dudng kinh coc dao dong tur 10 dén 20 mm. Cac d6 dai nay dai
dién cho ty 16 L/ D lan lugt 1a 10, 20, 30 va 60. Mé dun dan héi va
hé s6 Poisson clia coc thép dugc gilt nguyén lan lugt 1a 2,1 x 108
kPa va 0,20. Bé dugc thiét ké véi hai tam thép vuéng kich thudc
300 x 300 x 25 mm dugc bat vit vdi chin cét c6 dudng kinh 16 mm
dugc dung lam mé hinh bé. Mé hinh coc va bé dugc lam véi cac 16
luén bén trong dé cac coc c6 thé duoc van & vi tri thdng dung véi
khodng cach can thiét. Trong nghién ctiu nay, cat dugc st dung la
cat séng cé sén tai dia phuong ldy tir Nasrala, ndm & Punjab, An
Dé. Cat dugc lam sach dé khéng bj dinh thuc vat nhu ré ¢é va céc
vat liéu htu co khac, sau d6 dugc dua vao 10 sdy trudc khi tha
nghiém.

Anh Tuan Vu (2017,2020) thiét ké mé hinh véi coc dugc lam
bang cac 6ng nhém kin cé téng chiéu dai 1a 285 mm, dudng kinh
ngoai 20 mm va d6 day thanh 1.1 mm. 30 mm phia trén cla coc
dugc gén vao be, chiéu dai hiéu dung la 255 mm. Khoang cach
gilta cac cog, s, la 80 mm gap 4 lan dudng kinh coc. Bé dugc lam

bang duralumin véi kich thudc lan lugt theo 2 trudng hgp la 80 x
240 mm va 160 x 240 mm. Cac be c6 d6é day chung la 30 mm va
dugc coi la cling. Dat dugc sir dung lam nén mé hinh trong nghién
clru nay la cat silica khé c6 cac dac tinh nhu d6 chat tuong déi Dr,
khoang 82% (pg = 1,533 t / m?) dugc chudn bj trong mét hop dat
¢6 kich thudc chiéu dai 800 mm, chiéu rdng 500 mm va chiéu sau
530 mm. K&t qua nghién ctu thuc nghiém vé sy lam viéc cua
méng bé coc trong nén cat chiu tai trong nén thing dung chi ra
rang: Méng bé coc co suc khang 16n han nhiéu so véi méng nhém
coc tuong Ung; Suc khang clia méng coc ¢d coc xién Ién hon stic
khang clia méng coc khéng cé coc xién tuong Ung; Bé coc khong
chitham gia dang ké vao chiu luc ma con 13 déng mét vai trd quan
trong trong tudng tac beé-dat-coc, su truyén tai trong tu be
xuéng nén dat giup tang suc khang clia coc trong moéng bé coc so
vGi méng nhém coc; Stic khang clia coc, bao gém  stic khang miii
va stic khang ma sat, thay d8i theo chuyén vi lun cia méng va phu
thudc vao loai moéng cling nhu vi tri cGia coc trong moéng.

2.2 Phuong phap xac dinh sic chiu tai bé coc

PG vai cac md hinh nén coc vdi cac trudng hop bé tri coc
trong bé khac nhau, phuong phép xac dinh suc chiu tai ctia bé coc
dudi tac déng clia tai trong. M6 hinh dugc dugc thuc hién trén vat
lidu cat, khung thép chi | dugc ap dung dé I1ap dat thung chia vat
liu va kich thay luc. Thung chira vat liéu dugc lam bang thép vai
vé day tam thép la 2.5 mm, kich thudc lap phuong 1.8x1.8x1.8 (m)
VGi cac sudn gia c6 va cac thanh thép hop bao quanh thung chia
vat liéu. Vai dia ky thuat dugc sir dung bao quanh long cda thung
chtra vat liéu trdnh thodt cat va nudc ra ngoai trong qua trinh thi
nghiém mé hinh vat ly.

B4t dau maéi thi nghiém a dé cat vao bé thép thanh tiing 16p.
Chiéu day 16p t6i da la 10 cm. Téng chiéu cao cla bé dugc chia
thanh cac khoang ti phia bén trong bang cach lam céac ky hiéu moi
chiéu cao 10 cm dé gitp dua mét trong lugng cu thé vao mot thé
tich cu thé dé c6 dugc mat dd cat can thiét bang cach nén chit.
Mét lugng cat da dugc gia trong truéc dugc dam bang dung cu
dam chuyén dung trong thiing thép, tiép tuc dam cho dén khi dat
dugc nén chat dén I6p 10 cm dau tién. Mot dam bang thép co hinh
tron dudng kinh 15 cm va day 0,8 cm dugc st dung dé dam. Qua
trinh nay dugc |3p lai cho dén khi dat dén chiéu cao clia bé thép.

- Thép chir I:
2 IvBxt.= 450%200x
.rQ._ ||hﬁh@ 450x200x9
1 &
[ | m e,
i X
=]
O 1800 400
s 2800 i
Hinh 1 M hinh khung thép

M6 hinh b6 tri thi nghiém véi tam nén c6 bé day 2 cm va
dudng kinh 35 cm dat [én nén cat va dudi tam nén nho hon cé bé
day 5 cm va dudng kinh 10 cm. Kich thudy luc véi kha nang tac
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dung luc doc truc la Pmax = 300 kN, kich thuy luc dugc 3p theo so
d6 (hinh 1). D6i véi xac dinh bién dang tuyét d6i cia mo hinh, hai
doéng ho do bién dang dugc lap déi xting hai bén tdm nén, vi tri dat
doéng hé do bién dang nén dugc ldp ngoai gan sat bién nham xac
dinh bién dang I6n nhat.

Hinh 2. M6 hinh thiét ké mdng be coc

Céc thi nghiém nén tinh méng be coc trong phong dugc thuc
hién trén hai nhom coc la 2x2 va 3x3 coc; T dudng kinh coc véi ty
1é gilra khodng cach va duong kinh coc trong nhom la: S/d=2.5 va
5d, ta dugc kich thudc be la 300x300 mm va 490x490 mm. Tu
nghién ctiu ctia Jaymin D Patil, Sandeep A Vasanwala, Chandresh H
Solanki [17] va Theo Horikoshi va Randolph (1997) [15], chiéu day
bé dugc chon cho thi nghiém la 25 mm.

Coc dugc thiét ké bang hop kim nhém, hinh try, c6 dudng kinh
D= 38 mm, dai 1.2 m, E = 24 Gpa, y = 27 kN/m?. Coc dugc gia cong
& dau va mii coc bang thép.

Hinh 4. M6 hinh gia cong coc thi nghiém

Vat liéu st dung la cat c6 dung trong y = 18.62 kN/m3. d6 chdt
tuong déi Dr = 82.7%. Dat st dung trong thi nghiém la loai cat
sach dugc ché bi dat theo phuong phap dam nén tai d6 am tu
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nhién, dua trén nguyén tic: Tai mét d6 4m xac dinh, mau dat khi
dam nén sé dat dugc dd chat nhat dinh. Ung véi méi d6 chat do
dugc dem xac dinh luc dinh ¢ va géc ma sat . Mau dat dugc xem
nhu ché bi xong khi ddm nén dat t6i trong lugng thé tich tuong
(g vGi do dm t8i thudn cda mau dat.

2.3 Quy trinh gia tai nén tinh coc

Trudc khi thi nghiém chinh thic, ti€n hanh gia tai trudc nham
kiém tra hoat dong cda thiét bi thi nghiém va tao ti€p xuc tét gida
thiét bi va dau coc. Gia tai trudc dugc tién hanh bang cach tac
dung lén dau coc khoang 5 % tai trong thiét ké sau dé giam tai vé
0, theo ddi hoat déng cua thiét bi thi nghiém. Thai gian gia tai va
thoi gian gilr tai & cap 0 khoang 10 min (TCVN 9393:2012).

Tai trong thi nghiém dugc gia tai ting cap, moéi cap tai tang,
giam tai tuong duong véi khoang 10% dén 15% tai trong thiét ké.
Thai gian git tai 8 mdi cap la 10 phat; Thai gian doc s6 liéu 1a 0 -
2.5-5phuat;

Diéu kién dling gia tai: tai trong tang tiing cap, dén khi chuyén
vi dau coc (d6i véi coc dan) va cuta dai coc (d6i véi nhom coc) tang
nhanh va dét ngét trong khi tai trong tac dung khéng tang, thi
ding va gilr tai.

Tai cap tai I6n nhat, tién hanh gil tai trong 10 phut, ghi két qua
sau méi 2.5 phut. Ti€p theo, thuc hién qua trinh gidm tai, & cap tai
bang khéng, quan sat chuyén vi trong 10 phut, ghi két qua sau méi
2.5 phat.

2.4 Thiét bi cho thi nghiém nén tinh coc trong phong

C4u tao thiét bj thi nghiém nén tinh cho mé hinh nhém coc ty
& nhd trong phong thi nghiém, bao gém cac bé phan chinh:
Khung d& thiét bi; thung chua dat; nhém coc va dai, hé théng gia
tai va hé théng do lusng bién dang, tai trong va chuyén vi;

Cac thi nghiém nén tinh coc c6 két hgp vai do bién dang, vi thé
€oc can co cac bién dang du I6n, do vay vat liéu va tiét dién coc la
yéu t6 quan trong.

2.5 Kich thuéc ctia thung chia dat thi nghiém

DE& mé phéng nén dat trong mé hinh vat ly ty 1& nhé can c6
mot thung chia dat. Cac nhém coc thi nghiém déu cé mat bang
dai xting, nén ta chon thung cé tiét dién vuéng.

B phan chinh cla thiét bi nén tinh coc la hé khung thép dugc
ché tao dé I3p dat cac cdu kién can thiét cta thi nghiém, nhu:
thung chda dat, hé théng kich thuy luc dé gia tai, hé théng cac
déng hé do chuyén vi va tai trong.

Hinh 5. M hinh coc dua vao thiing chia dét



Hé khung dugc tinh toén thiét ké bang thép dinh hinh va thép
tdm day 1.2 mm dé dam bao dd cling khi I3p dat thung chira dat va
clng chinh la hé phan luc khi gia tai nén tinh coc (hinh 5).

Hinh 6. H¢ gia tai
Cac théng s6 ky thuat cda kich, may bam thuy luc nhu sau: san
xuat bdi LARZEP, S.A. Stic nang I6n nhat: 10 tan; Hanh trinh t6i da:
205 mm;

Hinh 7. M6 hinh thiét bi nén tinh coc va thiét bi do dac

Tam dém dau coc va dau kich bang thép ban c6 da cudng do
va dé ciing dam bao phan bé tai trong dong déu cua kich bé co
thong s6 duong kinh D=125.4 mm; bé day h=50mm. Hé do dac
quan trac: déng hé do chuyén vi dugc san xudt tai Nhat véi do
chinh xac 0.01mm, hanh trinh t&i da la 50 mm (hinh 7).

3.KET QUA VA THAO LUAN
Hinh 3 1a biéu d6 quan hé tai trong va chuyén vi clia bé khéng
coc, ¢6 kich thudc 300x300 mm va be ¢o kich thudc 490x490 mm

Biéu dd quan hé tai trong va chuyén vj

Tai trong, kN

0.2 |
£ 04
0.6
08 |

Chuyén vi, m

1.2
1.4
16

—8—Bé 300x300 —b— B& 490x490

Hinh 8. Biéu d6 quan hé tai trong va chuyén vi cla be

Biéu d6 quan hé tai trong - chuyén vi

Tai trong, kN
0.00 5.00 10.00 15.00 20.00 25.00 30.00
(1]
0.2
g 04
E o6
-
Zo08
S
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U 12
14
16

—8—B& 300300, 1coc  —d—Bé 490x490, 1coc

Hinh 9. Biéu d6 quan hé tai trong va chuyén vi clia bé 300x300 mm va bé ¢6 kich
thudc 490x490 mm vdi 1 coc 6 tdm be.

& tuong Ung & cac cap tai trong, bé ¢6 kich thudc 16n hon thi
chuyén vi it hon. Cung cap tai trong, bé 300x300 mm chuyén vi
gap doi bé 490x490 mm (hinh 8). Tuong tu, bé 300x300-1 coc
chuyén vi 16n gap déi bé 490x490-1 coc (hinh 9),

Biéu d6 quan hé tai trong - chuyén vij

Tai trong, kN

0 5 10 15 20 25 30
0 B
02
£ 04
208
1
12

e

Chuy

14

16
——— & 300x300 Bé 300x300 +1 coc =M= Bé 490x490 +1 coc —k— B& 490x490

Hinh 10. Biéu d6 quan hé tai trong va chuyén vi cla ca be 300x300 mm va bé
490x490 mm khdng cocva 1 coc.
Biéu do quan hé tai trong - do luin
Tai trong, kN
000 500 1000 1500 2000 2500 3000 3500 4000 4500

0

05

0§ lan, mm

15

—&—Bé 3006300, 4coc, 5d  —@—Bé 300x300, 4 coc, 2.5d

Hinh 11. Bi€u d6 quan hé tai trong va chuyén vi cdia bé 300x300 mm, 4 coc ¢6 khoang
cdch coc 2.5d va 5d
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Biéu d6 quan hé tai trong - chuyén vi
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Hinh 12. Bi€u d6 quan hé tai trong va chuyén vi ctia bé 490x490 mm, 9 coc ¢6 khoang
cach coc2.5d va 5d

Biéu do quan hé tai trong - chuyén vi
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Hinh 13. Bi€u d6 quan hé tai trong va chuyén vi cia bé 490x490 mm, 4 coc va 9 coc ¢6
khoéng céch 5d

Biéu do quan hé tai trong - chuyén vj

chuyén vi, mm
w
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Hinh 14. Quan hé tai trong — chuyén vi cia bé 300x300 mm va vé 490x490 mm khi s6
Iugng va khodng cch coc thay ddi.
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Déi vai be 300x300 mm, 4 coc, khi khodng céch coc thay déi
2.5d dén 5d, chuyén vi iing véi tling cap tai trong khéng thay déi,
khi tai trong I6n hon 25 kN, bé coc 300x300 mm, 4 coc, 2.5d c6 xu
hudng chuyén vi nhiéu hon. Tuy nhién, déi v6i bé 490x490 mm- 9
€oc, 2.5d, hé moéng beé coc c6 su thay d6i chuyén vi tir ban dau khi
tdng tiing cdp tai trong va chuyén vi nhiéu hon khoang 30% déi
vGi chuyén vi ciia méng bé 490x490 mm, 9 coc, 5d (hinh 14)

4, KET LUAN

- M6 hinh thi nghiém vat ly xac dinh dugc anh huédng cua
tuong tac gilta cac coc va tuong tac gilla bé-coc va coc véi dat nén.
Anh hudng ctia khoang cach coc, s6 lugng coc dén cac dic tinh
tuong tac. Két qua thu dugc tir nghién cdu nay la xac dinh co ché
phan bé tai trong gilfa coc va bé véi do lun ctia méng bé - coc.

- Khi méng bé coc ¢6 cuing kich thudc bé, s6 luong coc tang thi
chuyén vi gidm va nguac lai.

- D&i v6i méng bé coc b kich thudc nho (300x300 mm), khi
khoang cach coc thay déi tir 2.5d dén 5d thi chuyén vi khong thay
déi Ign. Tuy nhién d8i véi méng beé coc c6 be 16n hon, thi chuyén vi
thay d6i tU cap tai dau tién, bé c6 khodng cach coc cang nhé thi
chuyén vi cang I6n.

L&i cam on

Nghién ctu nay dugc tai trg bai Trudng Dai hoc Can Tho trong
dé tai ma s6 TSV2021-36. Tac gia xin chan thanh cdm on quy Thay
¢6 Trudng Pai hoc Can Tho da ho trg trang thiét bi cho qua trinh
nghién ctu thyc nghiém nay.
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Kha nang cai tao dat than bun hoa abQ2?
phan bé tai khu vuc Kiéen Giang bang xi mang
két hop véi phu gia thuy tinh long

Research on improving soft clay soil distributed in Kien Giang province by cement with

sodium silicate additive
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Mai trang dia chat khu vee Kign Giang dugc hinh thanh tir céc
trdm tich tré gom nhiéu loai dat yéu khac nhau, trong da ca dat
than bun haa abl,®. Dat than ban hda véi ham lrgng hitu co cao,
kha nang cai tao bing xi mang thuang khang higu qué. Do da, dé
nang cao higu qué coa giai phap, cén them céc loai phu gia khac
nhau. Bai bao trinh bay ket qué nghign ciu céi tao dat bing xi
mang vai ham lvgng 350kg/m® ket hop vai phu gia thiy tinh lang
cd ham legng khac nhau (0; 0.5; 1.0; 1.5; 2.0% so vai xi mang). Ket
qué nghién ciru cho thay, cudng di khang nén nir hang cia dat gia
cd ket hop vai thiy tinh lang ca gia tri lén hon so vai dat gia cd
béng xi mang, dang thi, tinh bén coa hén hep gia cf duge cai
thien. Ham lrgng thiy tinh lang thich hop nhat dé cai tao dat than
ban haa 1a 0.5%. Day la tién dé dé cai tao dat than bun haa tai Kién
Giang bang xi mang ket hop phu gia thiy tinh lang.

Tir khda. D4t than bun haa; xi mang; thay tinh lang

ABSTRACT:

beological environment of Kien Giang province distributed many
young sediments consisting of different types of soft soil
including ab0:* organic soil. Organic soil with high organic content
which improves with cement is often ineffective. Therefore, it is
necessary to add additives. This paper presents the improvement
organic soil by cement of 350kg/m® with sodium silicate additives
(0 0.5; 1.0; 1.5; 2.0% compared to cement). The research results
show that the reinforced soil with cement and sodium silicate has
a higher unconfined compressive strength than that of reinforced
soil with cement. The suitable of sodium silicate to improve
organic soil with cement is 0.0%. This is the premise to improve
the organic soil in Kien Giang by cement with sodium silicate
additives.

Keywords. Jrganic soil, cement. sodium silicate

1. GIGI THIEU

Kién Giang la vung dat véi nhiéu tram tich tré, da phan la dat
yéu ¢6 tudi va nguédn gbc khac nhau. Mét trong nhiing loai dat gay
bat lgi nhat dén viéc xay dung la dat than bun hoéa. Dat than bun
héa la loai dat c6 ham lugng hiiu co I6n tir 10 dén 60%. Viéc cai tao
ching la hét stic khé khan. Khi cai tao dat bang xi mang, cac chat
hitu co trong méi trudng pH thap sé ngan can qua trinh thay hda
clia xi mdng. TU do, sé lam gidam hiéu qua cai tao. Chinh vi vay, phai
tién hanh cho vao cac phu gia khac nhau. Mot trong nhiing phu
gia c6 thé két hgp dé cai tao la thiy tinh 16ng. Khi cho vao trong
dat, c6 tac dung lam tang d6 pH clia méi trudng, thic ddy phan
ung thay hoéa cla xi mang, déng thai tac dung véi cac sén pham

cla dat gia c6. Tu d6, ting d6 bén va dé én dinh clia mau gia cé.
Chinh vi vay, viéc dua cac phu gia nay sé lam tang cudng doé va kha
nang chdng bién dang cta dat gia ¢8. TU d6, lam hén hop dat gia
¢6 bén ving véi méi trudng xung quanh.

Trén thé gisi, mot s6 tac gia da nghién clu co sG clia phuong
phap cdi tao bang thay tinh I6ng nhu Rjanhisuwn va nnk (Tran
Thanh Giam, 2008), Stamachi (1933), Hossein Moayedi (2012), Huie
Chen va Qing Wang (2006). Cac két qua nghién ctru cho thdy, viéc
dua thuy tinh 16ng lam cudng do khang nén cda dat tang 1én rat
cao so vai dat ban dau. Diéu nay cho thay, tinh uu viét ca phu gia
thay tinh ldng trong viéc cai tao dat yéu bang phuong phép tron xi
mang.
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Tai Viét Nam, viéc st dung thay tinh I6ng lam chéat phu gia dé
cai tao dat yéu hau nhu chua dugc nghién ctu. Chinh vi vay, néi
dung bai bao nay dé cap dén viéc si dung thay tinh 16ng véi cac
ham lugng khac nhau, dé cai tao dat than bun héa bang xi mang
va xac dinh cusng d6 khang nén ctia hén hop gia ¢é ti 7 ngay tudi
dén 180 ngay tudi. Tu d6, danh gia ban luan vé kha nang st dung
phu gia nay.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1.Vat liéu

Dé& nghién ctu anh hudng ctia phu gia thay tinh 16ng dén kha
nang cai tao dat than bun hoéa bang xi mang, ti€n hanh lya chon
mau dat than bun hoa abQ,? tai khu vuc huyén Go Quao, tinh Kién
Giang. Mau dat dugc lay vé va xac dinh thanh phan va cac dac
trung co ly cta dat, dugc trinh bay & Bang 1. Trong dat c6 ham
lugng hat sét nhé (khodng 18%), khoang vat sét phd bién nhat
trong dat la 14%. Qua két qua nghién ctu, dat than bun héa cé do
am, hé s6 réng, do réng, hé s6 nén lun rat I6n. Khéi luong thé tich,
stic khang cat rat nho. Day la cac loai dat yéu can phai xu ly va cai
tao.

Bang 1. Thanh phan va cac tinh chat ca ly cda dat than bun hoéa
asz3

Dat than bun hoa dugc 1ay tai cac hd khoan va lay 100% 16i
khoan, dugc bado quan dam bao tinh nguyén trang va van
chuyén vé phong thi nghiém. Sau d6, tién hanh lua chon ham
Iugng xi mang dé tron la 350kg/m3 va ham lugng thay tinh 16ng
13 0%, 0.5%,1.0%, 1.5%, 2.0% &€& tao cac hén hgp dat gia ¢ khac
nhau, 1an lugt dugc cac t6 hop mau la TTLO; TTLO.5; TTL1.0;
TTL1.5; TTL2.0 - hén hgp gia ¢6 trén 0%; 0.5%; 1.0%; 1.5%; va
2% thuy tinh l1d6ng. Ham lugng thuy tinh 1dng dugc tinh theo
trong lugng cla xi mang.

Dat dugc tron déu trong may tron va chia thanh cac phan
déu nhau. Cac phan dat nay dugc tron véi ham lugng xi mang
va thiy tinh 1dng khac nhau. Lya chon ty 1é Nudc/xi méng la
0.8. D€ ti€n hanh trén hén hgp dat + xi mang + thay tinh l6ng,
st dung may tron dé tron déu trong vong 5 phat. Sau d6, cho
hén hgp vao khuén cé dudng kinh 5cm, chiéu cao 10cm. Viéc
cho vao khuén theo phuong phap dam rung dam bao mau
déng nhat, khéng bi réng gitia, khéng cé tui khi trong mau.

Mau dat sau khi dic xong, dugc bdo dudng theo tiéu chuan
Viét Nam TCVN 9403:2012, & ngay trong khuon va cho vao ta
duéng ho trong vong 3 ngay & diéu kién nhiét dé 25°C va do
am 95%. Sau d6, mau dugc bo ra khoéi khudn va bdo dudng
trong diéu kién tiéu chudn dén cac ngay tudi 7, 14, 28, 56, 91 va

Xi mdng st dung trong nghién ctiu nay la xi mang PCB 40 Kién
Luong do nha may xi mang Ha Tién, Kién Giang san xuat.

Thay tinh 1éng c6 thanh phan la Na,SiOs c6 do pH bang 11,
ham lugng Na;SiOs bang 40.9%, mo6 dun M=2.5, ty trong la 1.45.

2.2. Phuong phap nghién ciu
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T Chitiéu ca ly Gia tri 180 ngay tudi. G mdi ty lé tron tién hanh dic 3 mau dé thi
. J 2-0.05mm 35.5 nghiém xac dinh cac gia tri trung binh, téng s6 lugng mau
1 Thanh pghan 0.05-0.005mm 463 nghién ctiu 1a 90 mau. Téng hgp s6 lugng mau dugc trinh bay &
hat, % <0.005mm 18.2 bang 2. Tai méi ngay tudi tién hanh thi nghiém nén mét truc ng
Montmorillonit 4 héng theo tiéu chudn ASTM D2166, nén trén may nén vdi téc
Wit 14 do 1.0mm/phut cho dén khi mau bi pha huay. Két qua xac dinh
Kaolinit 6 dugc cudng dé khang nén nd hong qu ctia hdn hop gia c6.
Clorit 2 Bang 2. Bang téng hgp hén hgp mau gia ¢6 xi mang + thay
Thach anh 2325 tinh long (TBH+3505 XM+TTL) :
5 Thanh phan Felspat 3-5 T Ki hlgu to 1Y 1 gia ¢ Ty .Ie r1u0c/ S6 Iuiqng
khoéng vat Gotit 14-16 mau xi mang mau
Amphibol it 1 TTLO TBH + 350 XM 0.8 18
Pyrit 46 TBH + 350
Pyrophylit 5 2| O3 1 wmeo.59 TTL 08 18
Thach cao 14
Khoang vat khac Gipxit 3 TTL1.0 Xl\-l;lil-: SQS%L 0.8 18
3 D6 dm tu nhién, w,% 270 -
4 | Khéiluong thé tich tu nhién, y, T/m? 1.12 4 TTL15 X'\TABF: Jsf 03519& 08 18
5 | Khéilugng thé tich kho, ye, T/m? 0.29 +1.o%
6 | Khéilugng riéng, A, T/m? 230 5 TTL2.0 TBH * 350 08 18
7 | D6 bao hoa, G (%) 94.9 XM+2% TTL
8 D6 réng, n (%) 87.3 . L. .
9 Hé s6 réng, eo 6.906 3. KET QUA VA THAO LUAN
10 Giéi han chay, W, (%) 220 Sau khi thi nghiém xac dinh cuong do khang nén n& héong qud
11 Gidi han déo, Wr %) 162 céc ngay tudi 7, 14, 28, 56, 91, 180, tién hanh tinh toan két qua va
12 | Chisd déo Ipr(%) 58 lay gia tri trung binh cla ba mau. Két qua nghién ctu dugc trinh
13 | PoeetB 212 bay & cac hinh 1 dén hinh 7.
14 | Stic khang cit khdng thoat nudc, S, kPa 10.2 £ . £ ”
15 | Hé s6 nén lun, cm?/kG 0.165 i | _ ‘
16 | Ham lugng hitu co,% 25-50 3 w . |
17 | Do pH 2.1 A e W |

Hinh 2. Két qud cudng do khéng nén né
hdng ctia cdc hon hgp gia c6 (TBH + XM+
TTL) & 14 ngay tudi

Hinh 1. Két qud cudng do khdng nén ng
hdng cta cac hdn hop gia c6 (TBH + XM+
TTL) 67 ngay tudi



Hinh 3. Két qud cutng do khang nén né
hdng cta cac hdn hgp gia ¢6 (TBH + XM+
TTL) 6 28 ngay tudi

Hinh 4. Két qud cung do khang nén né
hdng cta cac hdn hgp gia ¢6 (TBH + XM+
TTL) & 56 ngay tudi

Hinh 6. Két qua cudng do khang nén ng
hdng cta cac hon hop gia ¢6 (TBH + XM+
TTL) & 180 ngay tudi

Hinh 3. Két qud cuong do khdng nén né
hdng cta cac hdn hgp gia cd (TBH + XM+
TTL) & 28 ngay tudi

Hinh 5. Két qud cuding d khéng nén ng
hdng cla cac hdn hop gia c6 (TBH + XM+
TTL) 691 ngay tudi

L k- k i L
[]Lﬂil& ali

Hinh 7. Két qua cuding d khéng nén ng
hdng ctia cac hdn hgp gia c6 (TBH + XM+
TTL)

Tu két qua nghién ctu & cac hinh 1 dén hinh 7 cho thay, khi chi
cai tao dat thanh bun héda bang xi mang thi cudng dé cda hén hop
gia ¢6 tang. Theo ngay tudi, tU 7 dén 28 ngay, qu ting ti 66 dén
69kPa (tdng 6%), sau dé la gidam xudng khi bdo duéng & 56, 91 va
180 ngay tudi. G 180 ngay tudi thi cudng d6 chi con 49kPa (giam
28,9%) so véi qu & 28 ngay tudi. K&t qua nghién cliu nay cho thay,
hiéu qua cai tao dat than bun héa bang xi mang kém.

Khi cai tao bang xi mang két hop vai 0.5; 1.0; 1.5; 2.0% thay tinh
16ng cho thay, qu ctia hdn hgp TBH+XM+TTL déu tang so vdi cla
hén hgp TBH+XM & tat ca cac ngay tudi, va qu clia cdc hén hgp nay
cling tang theo thai gian bao dudng.

Khi thém 0.5% thay tinh 1dng vao thi qu & cac ngay tuéi 7, 14,
28, 56, 91,180 tang lan lugt la 338.5; 353; 356.5; 409.2; 598.1;
702.0% so vGi qu ctia hdn hgp TBH+XM.

Khi thém 1.0% thay tinh 1dng vao thi qu & cac ngay tuéi 7, 14,
28, 56, 91,180 tang lan luct la 198.5; 251.5; 256.5; 286.2; 430.8;
559.2% so VGi qu ctia hén hgp TBH+XM.

Khi thém 1.5% thuy tinh 1dng vao thi qu & cac ngay tuéi 7, 14,
28, 56, 91,180 tang lan luot la 190.8; 216.7; 211.6; 267.7; 419.2;
477.6% so véi qu clia hon hgp TBH+XM.

Khi thém 2.0% thuy tinh 1&dng vao thi qu & cac ngay tuéi 7, 14,
28, 56, 91,180 tang lan luot la 170.8; 201.5; 213; 256.9; 398.1; 446.9
% so vGi qu ctia hdn hgp TBH+XM.

Cac két qua nghién ctiu cing phu hgp véi cac nghién ctu ca
Cac tac gia trén thé gidi. Hossei Moayedi va nnk (2012) da st dung
thay tinh 16ng (Na2S0s) néng dé& 3mol/l trong 6n dinh hiu co va
cho két qua cuding d6 khang nén clia dat cai tao tang 220% so vGi
cudng do khang nén cla dat. Huie Che va Qing Wang (2006) ciing
nghién ctu khi cho thém phu gia thi cudng dé nén cliing déu tang
so vdi khi chua cé phu gia.

Su tdng cudng doé cla hén hgp gia c6 dat than bun héa véi xi
mang khi thém phu gia thly tinh 16ng vao cé thé 1a khi dua phu
gia thly tinh 16ng, & pH cla nudc da thay déi, @6 pH trd thanh
méi trudng kiém va sé thic ddy phéan (ing héa ly véi xi mang va céc
thanh phan cla dat. K&t qua nay thé hién rd khi thém thay tinh
I6ng (0.5; 1.0; 1.5;2.0%) vao nudc cd d6 pH=7 thi d6 pH tang Ién lan
lugtla 10.3;10.5; 10.6 a 10.6.

Cac két qua & cac hinh ti 1 dén 7 cing thé hién hién anh
huéng ctia ham lugng thuy tinh Idng téi cuong dé khdng nén ng
hong clia cac hén hgp gia c6. TU két qua nghién ctu cho thay, khi
ham lugng thuy tinh 1dng ting dén 0.5% thi qu & cac ngay tudi la
I6n nhat. Sau d6, ham lugng thay tinh l6ng tang 1én 1%; 1.5% va
2% thi qu cia hén hgp gidm dan. Tuy nhién, qu cGa cac hén hgp gia
¢6 nay van Ién hon nhiéu so véi qu ciia hon hgp gia ¢6 xi méang
khong cé thdy tinh 1dng. Su suy gidm cla cudng do theo thai gian
khi gia ¢8 dat than bun hoa bang xi mang cling dugc cai thién.
HOn hgp gia c6 ¢6 qu tang theo thoi gian. Ly gidi cho sy gidm
cudng d6 ctia hdn hop gia ¢6 khi thém vao 1.0; 1.5; 2.0% thay tinh
I6ng la do, trong moi trudng d6 pH thich hop cho cai tao dat bang
xi mang la 12.4 (Nguyen Duy Quang va nnk, 2012). Néu cu tiép tuc
tang thuy tinh 16ng, thi d6 pH lai ti€p tuc tang, c6 thé dat muc 13,
14, khéng thuan lgi cho qua trinh thly phan cla xi méng, do dé
cudng dé clia mau gia c6 giam.

4, KET LUAN

Tu két qué nghién cru thuc nghiém rat ra mot s6 nhan xét sau:

Dat than bun héa la loai dat c6 ham lugng hitu co 1én, 6 stic
chéng cét nhé va kha nang bién dang kém. Khi cai tao bang chat
két dinh xi mang thi hiéu qua cai tao thap, cudng d6 khang nén né
héng tang dén 28 ngay tudi, sau d6 lai c6 xu hudng gidm khi bao
dudng dén cac ngay tudi 56, 91 va 180.

Khi gia c6 dat than bun héa bang xi méang két hgp véi 0.5; 1;
1.5; 2.0% thay tinh 16ng thi cudng d6 nén nd hén cta hén hop gia
c6 tang tu 170.8 dén 702%.

Ham lugng thay tinh 16ng t6i uu dé gia cd dat than bun héa la
0.5%, qu ctia hén hgp gia ¢6 tang tir 338.5 dén 702.0% so vdi qu
cla hén hgp TBH +XM.

Két qué nghién ctu cho thdy tinh uu viét cGa phu gia thiy tinh
I6ng khi cai tao dat than bun héa, lam tdng cudng dé clia hdn hop
gia ¢6 va cai thién dugc tinh gidm cudng dé theo thdi gian cla dat
than bun hoa khi cai tao dat bang xi mang.
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Nghién cuu ung dung bé téng Geopolymer
cho két cau dam du ung luc cong trinh cau
huéng tdi phat trién bén ving

Research on the application of geopolymer concrete for prestressed girder structures of

bridges in coastal areas
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Nghién ctru nay giai thigu vé ing dung bé tong Geopolymer thigt ke
dém dur (ng lyc céng sau cho cang trinh céu. Bé tang Geopolymer
(Geopolymer Concrete - GPC) |a loai bé tang khang st dung chét
ket dinh xi mang pooc ling thang threng ma |a san phdm cia phan
img gita dung dich kiém va céc loai vat lieu ca chia ham lugng
|n hop chét silic va nham. Vigc sir dung bé tang Geopolymer cho
cong trinh cdu sé mang lai rat nhigu y nghia thigt thue cho nganh
cu duang ndi rieng, nganh xay dung nai chung & Viet Nam, gap
phan lam gidm mat lwgng rét len khi thai COZ va cac 6 nhiem mai
trudmng, tir da hudng tai sw phat trién bén vimg. Nghién cou nay
sir dung bé tong Geopolymer ché tao tai chd dé thigt ke dam | du
img lyc céng sau. Ty 1@ st dung tro bay chigm 15% khdi legng cdt
lieu. Két qua cuang do chiu nén 28 ngay tudi dat tir 45,8 MPa,
cuing di chiu khéo khi ép ché dat tir 412 MPa, ma dun dan hai
3aa00 GPa.

Tir khda: “Be tdng geopolymer”; "Dam du ing luc”; "Két céu cang
trinh cdu”; “Khu vuc ven bign”

ABSTRACT:

This study introduces the application of Geopolymer concrete to
design post-tensioned girder for bridge construction. Geopolymer
concrete (GPC) is a type of concrete that does not use
conventional Portl and cement binders. It is the product of the
reaction between an alkaline solution and materials containing
large amounts of silic and aluminum compounds, called alkaline
activated binders. The use of Geopolymer concrete for bridge
construction will bring a lot of practical meanings to the bridge
industry in particular, the construction industry in general in
Vietnam, contributing to reducing a huge amount of C02
emissions and environmental pollution, thereby towards
sustainable development. This study uses Geopolymer fabricated
in lab to design the post-tensioned |-girder. The fly ash uses for
[3% of the material volume. The compressive strength at 28 days
is 40.8 MPa, the tensile strength is 4.12 MPa, the elastic modulus
da,0 GPa.

Keywords: "Geopolymer concrete”; “Prestressed girder”;
“Bridges structure”; "Coastal areas”
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1.DAT VAN BE

Trong nhiing nam gan day, cac cong trinh xay dung néi chung
va cdéng trinh giao théng ndi riéng dugc xay dung va phat trién
ngay cang nhiéu nham dap Ung yéu cau céng nghiép hoa va hién
dai hoa dat nudc. Lién doan bé tong chau A (ACF) udc tinh hing
nam c6 khoang 35 ty tan bé tong dugc san xuat trén toan cau, diéu
nay c6 nghia c6 khoang 4,2 ty tan xi mang can dugc si dung. San
lugng xi mang toan cau tiép tuc tang trudng khoang trén 5% méi
nam va tap trung chi yéu vao cac nudc phat trién nhu Trung Qudc,
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An Do,...[1]. Theo sé liéu clia tap chi Global Cement, Viét Nam hién
dang xép thur 5 trén thé gidi vé nang luc san xudat xi mang chi sau
Trung Quéc, An Do, My va Nga. Trong vong mudi nam ké tir 2009,
nang lyc san xuat xi mang cda Viét Nam tang gan 3 lan ti 45 triéu
tan lén 120 triéu tan [2]. Tuy nhién nganh céng nghiép san xuat xi
mang dugc cho la gay 6 nhiém nghiém trong do muic dé phat thai
khi CO:2 va bui nhiéu, tiéu tén nhiéu nang lugng va cac nguén tai
nguyén thién nhién. San xudt mét tan xi mang phat thai khoang 1-
1,2 tdn CO; va nganh san xudt xi mang déng gop 5-7% lugng khi



thai CO; toan cau cling véi mét lugng khoi bui rat I6n va con s6 d6
hién nay tham chi con cao hon [3].

Trong qua trinh hién dai héa hién nay, nhu cau tiéu thu dién
nang tang mot cach rd rét, diéu dé dan tGi su phat trién cla cac
nha may nhiét dién. Tro bay la mét trong nhiing thai phdm cla cac
nha may nay. Hau hét tro bay khong dugc st dung mét cach hiéu
qua, phan l6n ctia n6 dugc xt ly trong cac bai chén lap. Tai Viét
Nam ty I& tan dung lai chua cao va tén hang tram hecta dé lam bai
chtra tro bay va anh huéng rat I6n dén méi trudng. DE tiing buédc
han ché st dung xi mang pooc lang déng thai tan dung cé hiéu
qua chat thai cong nghiép tro bay nhiét dién thi mét loai chat két
dinh méi dang dugc nghién clu va tiing budc Uing dung vao thuc
té xay dung. Chat két dinh d6 st dung tro bay nhiét dién két hgp
mot s6 hgp chét hdéa hoc thong thudng. Chat két dinh nay goi la
Geopolymer. Viéc st dung GPCcho céc céng trinh xdy dung noi
chung va céng trinh cau néi riéng sé c6 mét y nghia rat Ion trong
viéc han ché 6 nhiém moi trudng, hudng téi phat trién bén viing.

G My (ing dung chli yéu ctia chat két dinh geopolymer |a san
xudt xi mang geopolymer déng ran nhanh dugc tng dung trong
cac san bay quan sy tU nam 1985, dudong bang, san nha céng
nghiép, dudng cao téc. & Uc GPCAa va dang dudc ting dung trong
thuc tién nhu thanh ta vet duc sdn, dudng éng cdng va cac loai cau
kién bé téng duc sén vdi yéu cau la phai cho cudng d6 cao & tudi
s6m sau khi bdo dudng bang hoi nudc hodc nhiét. San bay
Brisbane West Wellcamp la san bay c6ng c6ng dau tién cda Uc
dugc xay dung st dung GPCvéi khéi lugng khoang 40.000m3
(100.000 tan) [4] (Hinh 1).

Hinh 1. San bay Wellcamp xdy dung bang bé tong GPC [4]

Trong nganh xay dung cau, hién tai da c6 nhiing dp dung cu
thé dua vao thuc té. Mét trong nhiing ting dung sém nhéat ctia GPC
trong linh vuc nay la cdu Murrarie Plant. Day la cay cdu composit
dugc ché tao tir dam cot sgi thay tinh dic san. Cau da dugc duc
san tai nha may WAGNER Toowoomba CFT véi su két hgp cla
GPCcudng d6 40 MPa va sdi thay tinh va dugc dua téi dia diém lap
dat trong nam 2009 (Hinh 2

i £

e —

Hinh 2. Ung dung bé tong GPC lam san cau tai Brisbane, Uc [4].

& Viét Nam, bé tong GPC cling da bat dau dugc nghién ctu
trong thoi gian gan day. Cac nghién ctu nay hién nay dang tap
trung chti yéu vé xac dinh cap phdi, thanh vat liéu ché tao GPC [5-

6]. Nghién ctru ing x& nut ca dam bé téng GPC [7], dinh bam gilra
bé tdong GPC va c6t thép [8].

Dua trén cac nghién ctiu trong va ngoai nudc vé bé tong GPC,
nghién cdu nay sé trinh bay cac néi dung nghién cdu Uing dung
GPC cho dam du ting luc ctia céng trinh cau. Viéc sit dung GPC cho
céng trinh cau sé mang lai rat nhiéu y nghia thiét thuc cho nganh
xay dung cau & Viét Nam: tranh dugc hién tugng nut do nhiét cta
bé téng khéi 16n khi thay hoa, bao vé moi trudng huéng tai phat
trién bén viing.

Noi dung dau tién cla nghién clu sé gidi thiéu vé cap phdi vat
liéu GPC va cac thi nghiém xac dinh cac tinh chat co ly co ban cua
GPC do nhém nghién ctu thyc hién. Phan tiép theo sé gidi thiéu
vé (ing dung bé tong GPC clia nhém nghién ctu thiét ké dam | du
Ung luc cdng sau c6 chiéu dai dién hinh 33m. Nghién ctu két thic
bang phan két luan va kién nghi.

2. THi NGHIEM XAC BINH TiNH CHAT CO LY CUA GPC

2.1 Thanh phan bé téng geopolymer

Vat liéu dugc sir dung dé ché tao GPC bao gém chat két dinh
(Tro bay), nudc, cét liéu thd, cét liéu min va dung dich kiém hoat
héa. Trong nghién ctiu nay, tro bay dugc st dung la tro bay loai F
dugc lay tr nha may nhiét dién Pha Lai c6 khoi lugng riéng 2,45
g/cm3. Tro bay cé dudng kinh hat trung binh khodng 28,47 um,
khoi lugng dién tich khoang 950 kg/m?3. Chi s6 hoat tinh cudng dé
& muc cao, dat cac chi tiéu chat lugng va phu hgp theo quy dinh
clia ASTM C618 [9].

Cot liéu 16n st dung la loai da dam loai D10 dugc lay ti mo da
Phu Ly - Ha Nam. K&t qua thi nghiém khoi lugng riéng cla hai loai
d4 tuong Ung la 2,710 kg/cm?, khéi luong thé tich dam chat tuong
ung la 1560 kg/m?3. C6t liéu nhé la cat vang Song Lo. Cat c6 khéi
lugng riéng 2630 kg/m? va mo6 dun d6 I6n Mk = 3,00. Phu gia siéu
déo la phu gia GPS-1000 phu hgp loai D clia tiéu chudn ASTM C494
[10].

Thanh phan ctia GPCdugc tinh toan theo ACI211.1 [11] cia bé
téng xi mang thong thudng cé xét dén cip phdi cét lieu dé dam
bao tinh dé dam bé tdng theo ACI 325.10R [12]. Phuong phap thiét
ké thanh phan tinh toan chat két dinh nhu bé tong théng thudng.

Phuong phap tinh toan thanh phan hén hgp cot liéu giéng
nhu phuong phap théng thudng. Ty 1é thanh phan cac loai cét liéu
I6n da D10, cat vang la 0,54 va 0,23. Ty lé cét lieu dugc lua chon
dugc so sanh dudng cap phdéi theo ACI 325.10R. K&t qua thiét ké
hén hgp cét liéu cho thdy hén hgp cét liéu phu hgp dé cé thé tron
& tram tron hién dai ngay nay.

Téng ham lugng chat két dinh st dung 1a 377,15kg/m?3. Tro bay
dugc sir dung dé thay thé xi mang. GPCduoc thiét k& thanh phan
trén nguyén tic ddm bdo do6 sut théng thudng va ké dén gidm do
sut van c6 thé thi cdng dam dugc binh thudng. D sut muc tiéu
duoc thiét ké cho hén hgp bé tong nay la 12+2 cm, dé sut dugc theo
doi theo thai gian. DE thi cdng dudng bang cong nghé dam rung
thong thudng vai d6 sut trén la phu hgp. Tro bay két hop véi dung
dich kiém hoat hoa trong thanh phan clia bé tdong GPC vira 6 vai tro
chat két dinh dong thai ¢ thém vai tro vi cét liéu cho bé téng GPC.

2.2. Thi nghiém xdc dinh tinh chét co ly bé téng GPC

Cac tinh chat co ly cla bé téng GPC dugc xac dinh trong
nghién ctu st dung trén mau hinh try tiéu chudn 150x300mm & 7
ngay tudi va 28 ngay tudi bao gébm: cudng dé chiu nén cta bé
tong dugc xac dinh theo TCVN 3118-1993 [13]; cudng d6 chiu kéo
khi ép ché dugc xac dinh theo TCVN 3119-1993 [14], m6 dun dan
héi xac dinh theo ASTM C496 [15]. Thanh phan cla cac hén hgp bé
tong GPC véi cudng d6 muc tiéu la 45MPa.

Hinh anh vé qua trinh trén GPC dugc gidi thiéu trong Hinh 3.

ISSN 2734-9888 | 10.2021 INEMNIBWINE 149



PHAT TRIEN XAY DUNG BEN VIING TRONG DIEU KIEN BIEN DI KHI HAU KHU VUC BANG BANG SONG COU LONG

K&t qua thi nghiém xac dinh cudng dé chiu nén clia bé téng
GPC & 7 ngay va 28 ngay dugc thé hién trong Bang 1. Gia tri
tinh toan dugc Iy trung binh cia 3 mau M1, M2, M3. Gia tri
cudng do chiu nén trung binh thu dugc & 7 ngay la 35,7 MPa,
va tang rat nhanh & 28 ngay la 45,8 MPa. Cudng d6 chiu kéo
trung binh khi ép ché ctia GPC & 7 ngay la 3,5 MPa va 28 ngay la
4,12 MPa (Bang 2).

Bang 1. K&t qua xac dinh cudng do chiu nén cla bé téng GPC &

7 ngay va 28 ngay
Tudi thi Cuong d0 chiu Cuong do chiu
Mau nghiém nén nén trung binh
e e et (ngay) (MPa) (MPa)
Hinh 3. Tron hdn hgp bé tong GPC M1 34,6
Sau khi tron xong hén hgp GPC, tién hanh cho vao khuén M2 7 36,5 35,7
(Hinh 4) @€ phuc vu cho cong tac thi nghiém. M3 35,9
M4 46
M5 28 45,3 45,8
M6 46,2

Bang 2. Két qua xac dinh cudng d6 chiu kéo khi ép ché cha bé
tong GPC G 7 ngay va 28 ngay

Tudithi | Cudngdéchiu | Cuongdochiu
x i . . kéo khi ép ché
Mau nghiém kéo khi ép ché L
(n é' ) (MPa) trung binh
92y (MPa)
M1 3,47
\ oo M M2 7 3,68 35
Hinh 4. Khudn mau sau khi do bé tong GPC M3 335
Thi nghiém xac dinh cudng dé chiu nén ctia bé tong GPC dugc d
thé hién trong Hinh 5, thi xac dinh cudng do chiu kéo thé hién M4 4,03
trong Hinh 6. Cac thi nghiém nay dugc nhém nghién cdu thuc hién M5 28 4,25 4,12
tai cac thai diém 7 ngay va 28 ngay. Mé6 4,07
« T | . ]

Médun dan héi trung binh xéac dinh ti t6 hgp mau thi nghiém
37 ngay va 28 ngay lan lugt la 32,4 GPa va 35,5 GPa (Bang 3).
Bang 3. K&t qua xac dinh médun dan héi ctia bé téng GPC & 7

[~ = -

ngay va 28 ngay
X Tudithi |\ oqundanhsi | MOdun danhoi

Mau nghiém (GPa) trung binh
(ngay) (GPa)

M1 32

M2 7 33 324

M3 32,1

M4 35,6

M5 28 34,8 35,5

M6 36,1

3. UNG DUNG GPC THIET KE DAM | DU UNG LUC CANG SAU

Tu céc gia tri tinh chat co ly clia bé tong GPC xac dinh bang
thuc nghiém, nghién ctu sé st dung cac gia tri nay dé thiét ké
dam | dy Uing luc cang sau cé chiéu dai 33m. Cac thong s6 dau
vao cla cau dugc gia thiét phu hgp véi cdng trinh cau thuc té &
Viét Nam.

3.1. Théng sé ddu vao

Thiét ké dam | du Ung luc cang sau st dung bé téng GPC. Tiéu
chuén thiét ké st dung: Tiéu chudn qudc gia TCVN 11823-10:2017
[16] véi hoat tai thiét ké 1a HL-93. Cac thong s6 ca ban cla cau thiét
ké& dugc thé hién trong Bang 4.

Hinh 6. Thi nghiém ép ché bé tong GPC
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Bang 4. Cac théng s6 co ban clia cau Bang 6. Kich thudc co ban cla dam tai vi tri dau dam va gitra

STT Théng sé tinh toan Ponvi | Giatri nhip
1 Chfu d:\:\! dam : : m 33 KAy Tén kich thuéc Paudam | Giira nhip
2 |Chiéu dai nhip tinh toan m 32.2 hiéu (m) (m)
3 Bg r?ng cau m 17.5 Chiéu réng
4 [Bérdnglan can m 0.5
5__[Chiéu rong phan xe chay m 165 bl | Chiéuréng day dém 0,650 0,650
6 [S6dam chu dam 7
7  |Khoang cach gilta cdc dam m 245 b2 | Chiéuday sudn dam 0,650 0,200
8 [S6lan xe lan 4
b3 Chiéu réng canh trén 0,850 0,850
Bé tc“)ng GPC dugc st dung cho dam du L'mg luc, trong khi do Chiéu rong phan trén ca
bé tong cét thép thudng st dung cho ban mét cau. Cap du tng luc b4 canh 0,650 0,650
s dﬁung loai co6 do chUnA,g thép tao 12’,7mr31 gc“SrD 7A‘sqi,‘the,o tiéAu Chiéu rong phan déc clia
chuan ASTM A416-96a cap 270 [17]. Cac théng s6 dau vao cla vat b5 déy dam 0,000 0,225
liu thiét ké gom: GPC, bé téng c6t thép thudng, cap du tng luc Chidu 1o han dac o
dugc thé hién trong Bang 5. b6 cér:i”t:g:g phan doc cta 0,100 0,325
Bang 5. Thong s6 vat liéu thiét ké Chiu rona ban canh hiu
Vat . . b7 | heureng 2,450 2,450
licu Thong so tinh toan Ponvi | Giatri hiéu
Cudng do nén quy dinh clia bé Chiéu cao
tong (28 ngay), f. MPa 458 A
Bé Lo h1 Chiéu cao canh dugi 0,250 0,250
. Cudng d6 nén culia bé tong luc
tong | 7 MPa 41.2 , o
GPC [cdng cép, f, h2 Chiéu cao nach dudi 0,000 0,200
cho [Cudng d6 chiu kéo khiudn, £, . .
da ng do ch . MPa 4.26 h3 | Chiéu cao sudn dam 1,166 0,890
am  Khéi lugng riéng, 7, kN/m3 24.5
Modun dan héi, £, GPa 355 h4 Chiéu cao nach trén 0,034 0,110
Be [Cuong d6 nén quy dinh cla be MPa | 30 h5 | Chiéu cao canh trén 0,120 0,120
tong  tong (28 ngay), £,
bavrl Cudng d6 chiu kéo khi uén, £, MPa 345 h6 Chiéu cao phan trén canh 0,080 0,080
ma - Y
cdu__Modun dan hoi, £, GPa | 28.11 h7 | Chiéu cao ban mit cau 0,200 0,200
Pudng kinh danh dinh 1 tao, D - -
9t : ’ mm__| 127 H_ | Chiéucaodam 1,650 1,650
Cap du Dién tich danh dinh 1 tao, 4, mm?2 98.7 Cap du ting luc
ing  [Cudng dé chiu kéo, f, MPa 1860 yl | Cdps61 1,340 0,450
U |Gigi han chay, y2 | Caps62 1,065 0,260
ohanchdy, Jn MPa | 1674 y3 | Caps63 0,790 0,110
Mbdun dan hoi, £, GPa 197 y4 | Caps64 0,515 0,110
y5 Cap s6 5 0,240 0,110
Mt cét ngang dam | dugc thé hién trong Hinh 7. Cac kich
thudc ca ban cla dam tai mat cit dau dam va gidia nhip dugc thé Dam st dung 5 bé cap du ung luc, mdi bo c6 gobm 12 tao
hién trong Bang 5. 12,7mm. So d6 bé tri cac bod cap du iing luc tai mat cat dau dam va

gilta nhip dugc thé hién trong Hinh 8. Toa dd cac bé cap du tng
luc theo phuang théng diing dugc thé hién trong Bang 5.
- H |

B Q 1

lr -

Hinh 8. BG tri cap du (ing luc tai mat cat gilta nhip va mat cit dau dam
3.2. Kiém todn dam theo cdc trang thdi giéi han

Hinh 7. Cdu tao mat cit ngang dam
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Dam | thiét ké dugc chia thanh 3 giai doan lam viéc. Giai doan
1: ché tao dam, giai doan nay chi cé tai trong la trong lugng ban
than dam chdi va 1 phan dam ngang. Giai doan 2: ldp ghép dam, tai
trong gém trong lugng bé tdng udt ban mat cau, trong lugng dam
ngang, trong lugng cda tam dan. Giai doan 3: giai doan khai thac,
tai trong gom trong lugng lan can, I6p pht va hoat tai xe HL-93.

Cac ndi dung kiém toan gém: Kiém toan theo trang thai gidi
han cudng dé | (TTGHCP), kiém toén theo trang thai giGi han si
dung | (TTGGSD).

Bi€u d6 so sanh gilta mémen tinh toan M, va stic khang uéng
cta ddm M, & TTGHCD dugc thé hién trong Hinh 9. K&t qua cho
thdy dam théa man diéu kién vé stc khang uén theo TTGHCD.

Tuong tu, dam GPC thiét ké cing théa man diéu kién vé stic
khang cat theo TTGHCD (Hinh 10).
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| E16000 - areT A SR
|Z

=
512000 ¢
['3 sooo
1

: 4000
g o

00 30 60 90 120 150 180 210 240 270 300 330
Khoang céach (m)
---Sifc khang udn

——Méamen tinh toan

Hinh 9. Bi€u do stic khang uén cla dam theo TTGHCD |
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Hinh 10. Bi€u d6 stic khang cat cla dam theo TTGHCD |

& TTGHSD, nghién ctiu da tién hanh kiém toan néi dung vé
Ung sudt trong dam trong qua trinh thi céng va khai thac. Cac tng
sudt & mép duéi, mép trén clia dam, mép trén cla ban dugc tinh
toan theo 3 giai doan lam viéc. Cac gia tri (ing sudt nay dugc so
sanh vai Uing suat kéo, nén cho phép ctia dam dugc tinh toan theo
Bang 8, Diéu 9.4.2.1, Phan 5 ctia TCVN 11823-10:2017.

K&t qua kiém toan (ing suét tinh toan theo TTGHSD tai cac giai
doan dugc thé hién trong Hinh 11, Hinh 12 va Hinh 13. Két qua
kiém toan cho thdy, Ung sudt & mép trén, mép dudi clia dam déu
nhé hon gid tri cho phép & cac giai doan.
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Hinh 11. Ki€m toan ting sudt & giai doan 1- TTGHSD
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----Ung suét kéo gi&i han cua ddm
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----Fng sudt nén gidi han cia ddm

Hinh 12. Kiém toan (ing sudt & giai doan 2 - TTGHSD
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Khoang cach (m)
#— Uing sust & mép trén clia bln mat coau
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===+ (g Sudt nén gicn han cia dam

—=— Uing sudt & mep trén cia dam
— - Ung sut nvén gidn han cda bén
===+ (Ing sudl kiso gii han ca ddm

Hinh 13. Kiém toan ting sudt & giai doan 3 — TTGHSD

4, KET LUAN VA KIEN NGHI

Nghién ctru da gidi thiéu vé qua trinh ché tao bé téng GPC va
Ung dung bé tong nay thiét ké dam | c6 chiéu dai 33m dy tng luc
cang sau. Ty lé st dung tro bay chiém 15% khéi lugng cot liéu GPC.
Két qua cudng do chiu nén 28 ngay tudi GPC dat 45,8 MPa, cudng
d6 chiu khéo khi ép ché dat tir 4,12 MPa, mé dun dan héi 35500
GPa. Két qua thiét ké va kiém toan & TTGHCP va TTGHSD dam |
cing sau st dung bé tong GPC cho thay, cac gia tri kiém toan déu
théa man yéu cau thiét ké dé ra. Cho thay rang viéc sit dung bé
téng GPC cho dam du ting luc trong céng trinh cau la rat kha thi va
dam bao cac diéu kién vé mat ky thuat.

Viéc nghién ctiu ché tao bé tdong GPC va Ung dung thiét ké
dam | du ting luc trong nghién ctu nay la mét budc di mai lam tién
dé cho viéc stir dung bé tong GPC cho céng trinh cau, nham giam
t6i da viéc st dung xi mang porland trong céng trinh, tir d6 giam
dugc 6 nhiém méi trudng va huéng t6i phat trién bén viing trong
nganh xay dung.
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Nghién cuu ung dung bé téng tro bay cat man
cho cong trinh ha tang ven bién hudng tdi

phat trién bén ving

Research and application of sea sand concrete with fly ash for coastal infrastructure works

towards sustainable development
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TGM TAT:

Bai bao nghién ciu gidi phép (ng dung bé tdng tro bay cat man
cho cong trinh ha tang ven bién huang tai phat trién bén vimg.
Trong bii canh ngay cang khan higm ngudn vét lidu truyén thing
nhu cét nuéc ngot ciing nhu nhu cu tigu thy lrgng tro bay phéat
thai tir nha méy nhigt dién doc dai ven bién, viec nghién cou sir
dung cat man va tro bay vao cang trinh ha tang |3 rét cén thist.
Bai bao da tdng quan dugc van dé ong dung céat mén va tro bay
dudi dang vat ligu dap va cac loai bé tang khac nhau nhu beé téng
geopolymer, bé tong dam lan, bé tang cuimg do siéu cao.... cho
théy kinh nghiem ket hop 2 loai vat ligu nay |3 con kha mai mé.
Tiép da, nham tac gia trinh bay ing dung theo hwdng két hop vai
cat man duge |8y tir vang bién Ha Tinh, tro bay duoc |dy tir nha
méy nhigt dién Nghi Son. Ham lugng tro bay st dung thay the chat
ket dinh xi mang trong nghién ciu [a 20%. Két qua coa nghién ciu
dd dupc img dung dé sita chita hw hang két céu cia mdt cong
trinh nha ven bién & Ha Tinh. K&t qué stra chita duoc danh gia rat
tdit va dép (ng céc yeu cdu vé mit ky thuat cho thay trién vong ép
dung loai bé téng tro bay cat man trong cong trinh xay dung.

TU KHOA: “Be tang tro bay cat man"; “Ha téng ven bign"; “Phat
trién bén vimg".

ABSTRACT:

This paper presents solutions for application of sea sand concrete with
fly ash for coastal infrastructure works towards sustainable
development. In the context of increasingly scarce sources of
traditional materials such as freshwater river sand as well as the need
to consume the amount of fly ash emitted from thermal power plants
along the coastal strip of Vietnam, the study of using sea sand and fly
ash in the infrastructure works is essential. The article has reviewed
the application of salt sand and fly ash as fill material and different
types of concrete such as geopolymer concrete, roller compacted
concrete, ultra high strength concrete, etc. The combination of these
two materials in Vietnamese conditions is still quite new. Next, the
authors present the research and experiment process in the direction
of combining with sea sand taken from Ha Tinh sea, fly ash taken from
Nghi Son thermal power plant. The content of fly ash used to replace
the cement binder in the study was 20%. The results of the study were
applied to repair structural damage of a coastal works in Ha Tinh. The
repair results are evaluated very well and satisfy the technical
requirements, showing the prospect of applying sea sand concrete with
fly ash in construction waorks.

KEYWORDS: “Sea sand concrete with fly ash” “Coastal

infrastructure”; "Sustainable development”.

1.DAT VAN DE

Viét Nam la mot quéc gia ndm trong s6 10 nudc trén thé gidi
€6 chi s8 cao nhat vé chiéu dai bs bién, m& ra 3 huéng Déng, Nam
va Tay; c6 vung bién va thém luc dia réng I6n, dién tich vuct qua
mot triéu km?, 16n gdp 3 lan dién tich dat lién; c6 hon 3000 hon
dao 16n, nho, gan b va xa bd, chay suét tir vinh Bac B t6i vinh
Thai Lan. Do d3c thu d6, cac cong trinh ha tdng ven bién & nudc ta
chiu tac dong rat nhiéu bai cac yéu t6 ti méi trudng bién nhu: an

mon cét thép, xam thuc man, bién déi khi hau nudc bién dang, sat
13,.... Trong khi d6, ngudn vat liéu truyén thong cho bé téng ngay
cang khan hiém nhu cét tu nhién, xi méang,.. dang la mét tré ngai
I6n cho viéc xdy dung, stfa chita cac céng trinh nay. Mét trong
nhimng hudng nghién cliu hudng tGi phat trién bén viing cho cong
trinh ha tang ven bién la st dung cac loai vat liéu méi nhu tro bay
nhiét dién nham gidm t6i da ti 1& chat két dinh xi mang cho bé
téng, két hgp vdi viéc thay thé cat nudc ngot truyén théng bang
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céc loai cat khac nhu cat man, cat nhan tao dé gidi quyét van dé
khan hi€ém ctia nguén vat liéu nay.

Mét trong cac hudng nghién ctru néi bat trong thai gian gan
day 1a sir dung phé thai tro bay nhiét dién dé thay moét phan chat
két dinh xi mang trong hdén hgp bé tong. Viéc st dung phé thai tro
bay nhiét dién trong cong nghiép xdy dung doéng vai tro quan
trong trong viéc gidm cac kho khan vé kinh té, ky thuat cho cac
nha may nhiét dién cling nhu lam gidm lugng phé thai ran sinh ra,
giam luong khi nha kinh, gép phan bao vé nguén nguyén vat liéu
tu nhién. Theo nghién clu cla tac gid Nguyén Cong Thang va cac
coéng su [1], xét vé mat ky thuat, tro bay cé thanh phan hoa hoc véi
téng ham lugng cac 6xyt (SiO+ AlOs+ Fex0s) I6n hon 70%. Cac
oxyt hoat tinh nay c6 kha nang phan (ing véi san phdm thuy hoa
cla xi mang (phan (ing pozolanic) tao ra cac sén phdm dang CSH
cb cudng dé cao, bén vaGi moi trudng han, dac biét tang kha nang
chéng @n mon cho bé tdng. Bén canh do, vai hinh dang dac trung
la cac hat hinh ciu, min (dudng kinh hat trung binh khoang 9-
15um) nén viéc st dung tro bay sé cai thién tinh cong tac ctia hén
hgp bé téng, Iam tang tinh déo cho hén hgp bé tong, giam lugng
nudc nhao tron, tang dé ddc cho bé tong, sé lam tang cudng do
cing nhu kha nédng chéng tham cuta bé téng. Ngoai ra, xét vé mat
kinh t€ - méi trudng, theo théng ké & Viét Nam, lugng tro xi thai
hang nam clia cac nha may dién cling tang lIén nhanh chéng, nam
2020 udc dat trén 25 triéu tdn va dén nam 2030 dat trén 38 triéu
tan. Pay la mét lugng phé thai cong nghiép khéng 16, néu ching
ta khong cé gidi phap tai st dung né thi sé gay ra anh hudng vo
cung nghiém trong t&i méi trudng, dac biét l1a méi trudng dat,
nudc va khong khi. Viéc nghién cdu st dung tro bay lam phu gia
khoéng st dung trong BTCLSC vira gép phan lam giadm gia thanh
cho san pham.

Dua vao cac uu diém do, tro bay da dugc dua vao trong nhiéu
coéng trinh nghién cltiu clia cac tac gia trong nudc va trén thé gidi.
Tro bay da dugc dua vao bé tong chat lugng cao (HPC) va bé téng
chat lugng siéu cao (UHPC) & nhiéu nghién ctru trén thé gidi [2]-[4]
va & Viét Nam [5]-[9]. Mét s6 nghién ciru khac trén thé gidi, tro bay
dua vao trong bé tong geopolymer [10]-[13]. § Viét Nam, bé téng
geopolymer st dung tro bay da dugc nghién ctu bai nhiéu nhom
tac gia [141-[16] [17], [18]. Cac nghién ctu hién nay dang theo
hudng sir dung dugc t6i da ham lugng tro bay thay thé chat két
dinh xi mdang ma bé téng van dat dugc chat lugng yéu cau. Cac
nghién ctru [19]1-[21] da st dung tro bay trong bé téng dam lan
lam I6p do dudng 6 t6. Nghién ciu [20] da chiing minh rdang ham
lugng tro bay st dung hgp ly cho bé tdng dam lan dung lam I6p do
duong la 30%. VGi ham lugng nay, cuong do chiu nén cda bé téng
dat t&i 35,7 MPa & 28 ngay tudi va lén t6i 43,7 MPa & 56 ngay.
Nghién ctiu clia cac tac gid Trudng DPai hoc Xay dung Ha No6i [1] si
dung tro bay cho bé téng UHPC thi két luan: lugng tro bay t6i uu
dé tao ra cudng dd nén I6n nhat 1a 20%. Khi d6 cudng doé chiu nén
cta UHPC & 28 ngay tudi trong diéu kién dudng hd nhiét am
(90+5°C, RH>95%) la 153 MPa. TU d6 c6 thé thay rang tuy vao muc
dich st dung clia bé tdng ma c6 thé lua chon ham lugng tro bay
t6i uu dé tao ra cudng d6 bé tdng mong muén.

Bén canh d6, nhu cau st dung vat liéu trong viéc xdy dung
c6ng trinh ha tang ven bién ngay cang I6n trong khi cac nguén vt
liéu truyén théng ngay cang can kiét, khan hiém, dat do. Viéc
nghién cdu ddy manh tng dung cac nguén vat liéu c6 tr lugng
I&n tai chd nhu cat bién trong xay dung cac coéng trinh ha tang ky
thuat la mot viéc lam can thiét. 3 nudc ta, viéc nghién cdu st dung
c&t ma3n, nudc bién trong bé tong la mét van dé tuong déi mai va
rat tiém nang. Viéet Nam c6 bd bién dai khodng hon 3200 km,
nguén cat nhiém man phan bé trai dai rat phong phu vai trir lugng
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rat 16n. Dac biét la & cac tinh duyén hai Mién Trung, chi riéng
Quang Binh ¢6 trt lugng cat nhiém man vao khodng 61 ty m’.
Theo két qua nghién clru clia tac gid Lé Viét Hung [22] thi ngudn
cét bién tai nudc ta, ngoai trif cdc mau cat bién khu vuc gan clia
séng (nhu Thai Binh, Nam Binh, Hai Phong), cdc mau cac bién khao
sat khac cé cac tinh chat vat ly nhu thanh phan hat, mé dun do
I6n, khéi lugng riéng, khéi lugng thé tich co ban dap (ing cac yéu
cAu trong tiéu chudn TCVN7570:2006 c6t liéu cho bé téng va viia.

Cac nghién ctu vé sir dung cat nhiém man cho bé téng da
dugc nhiéu tac gia trong nudc nghién ctu. THS. Lé Van Bach trong
dé tai nghién ctru sinh "Nghién ctiu st dung cét bién khu vuc Binh
Thuan va Ving Tau lam bé téng xi mang trong xay dung dudng 6
t6" [23] da thuc hién nghién cliu sir dung cét bién Ving Tau va
Binh thuan dé ché tao bé téng khong cét thép dung trong xay
dung dudng 6 té. K&t qua nghién cliu ciing chi ra hai loai cat bién
nghién ctru c6 mé dun dd nho thap han so véi cat séng, dé mudi
nhé (<0,01%). Cudng dd bé téng cat bién gidm con 90-92% so vdi
bé téng cat théng thudng. Nam 2003, TS Nguyén Hong Binh da
chu tri Du &n san xuat thir nghiém “Cong nghé cai tao dat, cat man,
NnuGc man tao thanh cot liéu cho vita va bé tong”. Mot trong cac
két qua ctia Du an la “xay dung doan ké dai 15 m, cao 1 m, bé mat
2 m, day 3 m dugc lam hoan toan bang cat, nudc bién tai Can Gid
phai trén xi mang va phu gia” [24] . Cac nghién ctu [25], [26] da si
dung cat man dé ché tao bé tong xi mang trong xay dung dudng &
té. Trudng Pai hoc Xay dung Ha Néi cling dang chd tri nhiéu
nhiém vu nghién ctdu lién quan dén viéc Ung dung bé téng cat
man cho cong trinh ha tang ven bién [27], [28]. Céc nghién clu
clng chi ra mét dnh hudng cla cat man dén bé téng nhu giam
thoi gian déng két clia xi mang, lam ting tén that do sut cha hén
hap bé tédng, tinh chéng tham giam.

Viéc nghién ctru két hgp gitta cat man va tro bay cho bé tong
phuc vu thi cong ha tang ven bién la mét hudng nghién clru tiém
nang. Nghién clu sé dap Uing dugc cac tiéu chi: sir dung nguodn vat
liéu tai chd trong diéu kién vat liéu cat tu nhién truyén théng ngay
cang khan hiém, vira dam bao dugc tiéu chi sir dung tro bay la phé
thai cong nghiép dé giai quyét bai toan méi trudng & nudc ta. Noi
dung cda bai bdo nay sé gidi thiéu vé qua trinh nghién ctru ché tao
cap phoi bé téng két hgp tro bay cat man cho cong trinh ha tang
ven bién hudng téi phat trién bén viing. K&t qua nghién ctu dugc
ap dung sita chta mét cdng trinh ven bién thudc tinh Ha Tinh.

2. NHU CAU sU DUNG BE TONG TRO BAY CAT MAN CHO
CONG TRINH HA TANG VEN BIEN HA TiNH

2.1 Tinh cdp thiét

Ha Tinh la mét tinh thudc ving Bac Trung B clia nudc ta, ¢
toa dé trai dai tir 17°54’ dén 18°37’ vi Bac va ti 106°30’ dén 105°07"
kinh Dong, phia Bac giap tinh Nghé An, phia Nam giap tinh Quang
Binh, phia Tay gidp hai tinh Borikhamxay va Khammuane cta Lao,
phia Pong giap Bién Dong (Vinh Bac Bo) [29]. Do c6 chiéu ngang
hep, dién tich vung ven bién 16n, nén cac céng trinh xay dung & Ha
Tinh chia anh hudng rat nhiéu bai yéu t6 xam thuc man, dan dén
an mon cbt thép, hu hong két cau va can dugc stia chira (Hinh 1,
Hinh 2). Tuy nhién, trong vai nam tr& lai nay, tinh hinh vat liéu xay
dung & Ha Tinh rat khan hiém, gid ca dat do, dac biét la cat xay
dung. Tinh trang cét xay dung khan hiém, gia cat tang cao, tién do
xay dung, sifa chira céng trinh bi anh hudng, nhiéu céng trinh dap
chiéu cho vat liéu da va dang thanh ndi lo cla nhiéu nha thau va
ngudi dan trén dia ban Ha Tinh [30]. C4t & Ha Tinh chu yéu dugc
cung cap tir cac mé cat & doc cac song Ngan Sau, Ngan Phé va
Séng La. Tuy nhién nhiéu mé & day khéng dugc khai thac do
phuong an khai thac khéng ddm bdo, mat khac lugng cat & cdc mo



cling ngay cang giam di trong khi nhu cau xay dung thi ngay mét
tang, cau vugt qua cung. Nam 2019, S& Xay dung Ha Tinh cling da
ban hanh van ban s6 527/SXD-KT&VLXD hudng dan diéu chinh
hgp déng do bién doéng gia cat xay dung nham bao dam lgi ich,
quyén Igi chinh dang cho cac doanh nghiép. Do @6, viéc nghién
cUu st dung cat man cho xady dung céng trinh & Ha Tinh c6 y nghia
rat thiét thuc va cap thiét.

nghién cfu khao sat

LA F— |
Hinh 2. Mt s6 hinh anh hu héng va xudng cdp cong trinh ven bién Ha Tinh do nhém
nghién ctiu khdo sat

2.2. Nguén cdt mdn & Ha Tinh

Dia hinh Ha Tinh chia lam 4 loai: vung nui cao, vung trung du
va ban san dia, viing déng béng va vung ven bién. Trong d6 vung
ven bién c6 chiéu dai 137 km trai dai tu huyén Nghi Xuan dén
huyén Ky Anh c6 dia hinh dugc tao bdi nhiing dun cat va cac bai
cat dai vao sau trong dat lién hang km (Hinh 3). Nhém nghién ctu
da khao sat doc theo bd bién Ha Tinh (Hinh 4) va thdy rang hién
nay & tinh nay ngudn cat man ty nhién la rat phong phu, dién tich
cat man nay hau nhu hoang héa khéng dugc st dung dén, day co
thé dugc xem la ngudn vt liéu thay thé cho cat xay dung hién nay.
Trong nghién clu nay, nhém da st dung cat man Ha Tinh dé
nghién ctru thiét ké va ché tao cap phdi cho bé téng. Qua trinh
thiét ké va thi nghiém trong phong la co s& khoa hoc d€ (ing dung
loai bé tdng nay cho cac céng trinh ngoai thuc té€ & dia phuong.

Hinh 4. Khéo sat hién trudng nguon ct man Ha Tinh ctia nhom ngién cliu

3. THIET KE CAP PHOI BE TONG TRO BAY CAT MAN

3.1 Vatliéu sirdung

Vat liéu dugc dung trong nghién ctiu gém:

- C6t lieu nhé: cat bién dugc 13y ti vung bién Ha Tinh ¢6 cdp
phéi dugc thé hién trong Bang 1.

- Cét liéu lon (da dam): da dam Ha Tinh Dmax = 10mm

- Xi mang: PCB Nghi Son

- Tro bay: ldy tir nha may nhiét dién Nghi Son dat cac chi tiéu
chat lugng va phu hop theo quy dinh ctia ASTM C618 [31]. Cac tinh
chét cao ly va thanh phan héa hoc cla tro bay st dung dugc thé
hién lan lugt trong Bang 2 va Bang 3.
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- Phu gia hoéa hoc: Phu gia siéu déo (PGSD) SK3000 phu hgp
tiéu chudn ASTM C494 [32]

- Nudc: st dung nuéc nhiém man Ha Tinh.,
Bang 1. Cap phéi tu nhién cat bién Ha Tinh

Cd'sang Trong Trén Tich luy Lot sang
lugng trén sang trén sang
sang
mm g % % %
9,5 0 0 0 100
4,75 0 0 0 100
2 42,5 1,94 1,94 98,06
0,425 215 9,82 11,77 88,23
0,075 1905,5 87,09 98,86 1,14
<0,075 25 1,14 100 0
Bang 2. Cac tinh chat co ly clia tro bay st dung
1T Cac chi tiéu Pon vi Két qua
1 Khéi lugng riéng g/cm? 2,40
2 Khéilugng thé tich x8p Kg/m? 1320
3 Chi s6 hoat tinh véi xi mang % 65,9
4 Kich thudc trung binh um 19,5
5 Ham lugng trén sang 45 um % 26,1
Bang 3. Thanh phan héa hoc cuia tro bay st dung
1T Chi tiéu thi nghiém Pon vi do Két qua
1 SiO2 % 45,42
2 Fe,O3 % 6,38
3 Al,Os3 % 20,71
4 Ca0o % 1,96
5 MgO % 1,85
6 Na.O % 0,03
7 K20 % 2,75

3.2 Thiét ké cdp phéi

Dua vao cac nghién ctu tham khao, déng thai dé dap ung
dugc diéu kién cudng do st dung cho cac cong trinh ha tang ven
bién, nghién ctru nay st dung ham lugng tro bay thay thé chat két
dinh 1a 20%, cudng d6 thiét ké la 30 MPa. Céc vat liéu st dung thiét
ké dugc can xac dinh khoi lugng chinh xac theo tinh toan ly thuyét
(Hinh 5).

Sau khi xac dinh xong thanh phan cap phéi ly thuyét, cac vat
lieu dugc cho vao may dé trén. Qua trinh tron bé téng, kiém tra do
sut, ché tao mau thi nghiém nén dugc thé hién & Hinh 6 va Hinh 7.
Mau tiéu chuan dugc st dung cé kich thudc 150x150x150 mm.

Hinh 5. Xac dinh khdi lugng vét liéu thiét ké cap phdi
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Hinh 7. Ché tao mau thi nghiém
K&t qua nghién cutu xac dinh cap phoi bé tong tro bay cat man
dugc thé hién trong Bang 4.

Bang 4. Cap phoi bé tdng tro bay cat man nghién ctiu

Xi Catman ba . Phu gia

mang  °PY  atinh 510 NY9C skso00
Kg Kg Kg Kg Kg Kg
468 83 603 9243 215 33

3.3. Thi nghiém xdc dinh cuong dé chiu nén

Cudng d6 chiu nén dugc thi nghiém trén mau tiéu chuan
150x150x150 mm & 3 ngay, 7 ngay va 28 ngay tudi. Thi nghiém nay
duac thuc hién tuan theo TCVN 3118-1993 [33]. & mdi ngay tudi
sé nén t6 hop 3 mau dé xac dinh cudng dé chiu nén trung binh.
Cudng d6 mau tiéu chudn trung binh & 3 ngay, 7 ngay va 28 ngay
lan luot la 33,2 MPa, 41,4 MPa va 49,2 MPa (Bang 5). C6 thé thay
rang vGi cdp phéi nghién ctu, ham lugng tro bay thay thé 20%
chat két dinh xi mang, bé tdng tro bay cat man hinh thanh cudng
d6 kha nhanh & 3 ngay (33,2 MPa) va c6 thé dat Ién t&i 49,2 MPa &
28 ngay (Hinh 9). Vi cudng do thu dugc, bé tong nay hoan toan
6 tiém nang dé ap dung cho céng trinh ha tang ven bién.




Bang 5. Két qua xac dinh cudng dé chiu nén trung binh ctia bé binh thu dugc tai cac vi tri ban 1 va 2 lan luot la 34,5 MPa va 33,2

tong & 3, 7 va 28 ngay MPa. Céc gia tri nay dam bdo yéu cau vé cudng do bé téng thiét ké
Tuithi | Cudngdd chiu | Cudng dé chiunén (30MPa)._
Mau nghiém nén trung binh '
(ngay) (MPa) (MPa)
M1 33,8
M2 3 33,2 33,2
M3 32,6
M4 41,3
M5 7 41,4 41,4
M6 41,6
M7 48,9
M8 28 49,1 49,2
M9 49,6
60
49,2
z 50 41,4
S 40 332
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Hinh 11. Bé mat két cu sa;J khi thi cong gia cudng bé tong tro bay ct man

0 3 6 9 12 15 18 21 24 27 30
Ngay

Hinh 9. Bi€u d6 phat trién cung do nén theo thai gian

4. UNG DUNG BE TONG TRO BAY CAT MAN NGHIEN CUU
CHO CONG TRINH HA TANG VEN BIEN HA TiNH

VGi cudng do thuc té dat dugc la 49,2 MPa sau 28 ngay, bé
téng tro bay cat man nghién ctru hoan toan c6 thé dugc ting dung
& rat nhiéu linh vuc cho cong trinh ha tang ven bién, cac cong trinh
cau dudng, dan dung. Ngoai ra, day cling la loai bé tong rat t6t dé
gia c6, sta chita cac vét nut két cau cho cac cong trinh ven bién,
nai c6 ngudn cat man phong phu.

Rt ] (G 1503408 crml

Nhém nghién cliu da st dung bé téng nay dé siia chia, ting
cudng két cdu dé tang kha nang chiu luc cho mét cong trinh nha &
ven bién Ha Tinh. Qua trinh tron bé téng dugc thuc hién thi cong .
tai hién trudng. Luong bé téng nay duoc sit dung dé ting cudng Hinh 12. Vi tri kiém tra cudng do bé tong bang stng bat ndy
chiéu day chiu luc cho két cau. Bang 6. Két qua xac dinh cudng d6 bé téng hién trudng 28
Mét s6 hinh anh vé cong tac bé téng va sifa chita két cdu dugc ngay bdng sung bat nay
gidi thiéu & Hinh 10 va Hinh 11. Qua qua trinh thi cong va theo doi Tri s6 sting bat nay
sau khi hoép théph, nh’ém r}ghiérlw ctru da thhé'y rz‘?\ng h(in hqp bMé cot1 cot2 cot3 cota Trung binh
tong sau khi thi cong dong ran kha nhanh, khong xuat hién cac vét
nut trén bé mat. Két cau sau khi gia cudng dam bao dugc yéu cau 32 30 32 34
vé mat chiu luc, my quan. 32 32 34 31 37
Cudng do cta bé tdng tro bay cat mdn sau khi thi cong 28 ngay 31 33 32 31
dugc xac dinh bang phuong phéap khéng pha huay st dung sing 32 33 34 33
bat ndy SCHMIDT loai N ctia hang Proceq, Thuy Sy. Thi nghiém | LA Vi tri
dugc ti€n hanh tai 2 vi tri trén bé mat san. Tai mai vi tri thi nghiém, Cung d9 bé tong (MPa) ban 1

ti€n hanh bén tai 16 diém trong vuing c6 kich thudc 20 cm x 20 cm. cot1 Cot2 | Cot3 | Cota Trung binh

Ludi chia toa d6 thi nghiém dugc thé hién trong Hinh 12. Tiéu

chudn TCVN 9334:2012 [34] dugc st dung d€ xac dinh cudng d6 340 30,7 34.0 37,5

hién trudng cda bé téng bing phuong phap sung bat nay. 34,0 34,0 37,5 323
Két qua xac dinh cudng dd bé téng cat man hién trudng & 28 32,3 35,7 34,0 32,3

ngay bang phuong phap khéng pha hay st dung sing bat ndy

dugc thé hién trong Bang 6. Cudng do bé tdng hién trudng trung

34,5

34,0 35,7 37,5 35,7
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Tri s6 sting bat nay
Cot 1 Cot2 Cot3 Cot4 Trung binh
30 30 33 33
33 31 32 32 32
30 32 31 31
33 32 31 30 o
Vi tri
Cuong do bé tong (MPa) bin 2
Cot 1 Cot2 Cot3 Cot4 Trung binh
30,7 30,7 35,7 35,7
35,7 32,3 34,0 34,0 332
30,7 34,0 323 323
35,7 34,0 32,3 30,7
5. KET LUAN VA KIEN NGHI

Nghién c(ru nay gidi thiéu vé viéc sir dung bé téng tro bay cat
man phuc vu thi cdng cong trinh ha tang ven bién. Viéc st dung
loai bé tdng nay sé dap ting dugc cac tiéu chi: tan dung ngudn vat
liéu tai cho trong diéu kién vat liéu cat ty nhién truyén thong ngay
cang khan hiém, vira dam bao dugc tiéu chi st dung tro bay la phé
thai cong nghiép dé giai quyét bai toan méi trudng hudéng téi phat
trién bén viing.

Nghién ctu da thiét ké cap phdi va ché tao bé téng tro bay cét
man st dung cat man & Ha Tinh. Két qua thi nghiém nén mau bé
tong & 28 ngay la 49,2 MPa. VéGi cuong dé dat dugc, bé tong nay
hoan c6 thé dugc ing dung & rat nhiéu linh vuc cho céng trinh ha
tang ven bién, nhu céng trinh cdu dudng, cong trinh ha tang, dan
dung trong viéc xay dung mdi cing nhu gia c6, sita chita cac vét
nut két cau. K&t qua nghién ctru da dugc tng dung vao céng viéc
sifa chita cac hu hdng & céng trinh ven bién tinh Ha Tinh. Két qua
cla cbng viéc sira chlta dugc danh gia rat tot va dap lng cac yéu
cau vé mat két cdu va my quan. Nghién ctu nay la cg s6 dé c6 cac
nghién ctu chuyén sau hon trong viéc ing dung bé tdng tro bay
cat man cho céc cong trinh ha tang ven bién, tir d6 sé gép phan
vao su phat trién bén viing ctia nganh xay dung.
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M TAT:

Nghign ciu bé tong sigu tinh ndng (Ultra High Performance
Concrete- UHPC) tng dung cho két céu xay dung |a linh vire nghién
ciru duge nhigu sy quan tAm trén thé gigi ciing nhu & Vigt Nam.
UHPC |3 cong nghé mai, cho phép ché tao ddm céu vai kich thude
mang, nhe, khang &n man, tudi tho cao, han ché mic tdi da bao tr
va cho phep ddy nhanh tién da thi cang. Bai viét trinh bay nhimg
nghién ciru vé UHPC va dé xut dang mat cét dam Double Tee nhip
t&i trong 0,45 HLA3 tng dung cho céu giao thang néng than tai khu
virc Dang bang sang Ciru Lang (DBSCL).

Tir khaa: UHPC, da déo dai; drémg cong (ng suét bign dang; dam
UHPC; dam Double Tee

ABSTRACT:

Research on Ultra High Performance Concrete (UHPC) applied to
building structures is a research field of great interest in the
world and Vietnam. UHPC is a new technology that allows the
manufacturing of bridge girders with thin, light dimensions,
corrosion resistance, long life, minimum maintenance, and
accelerates the construction progress. This paper presents the
researches on UHPC and proposes a cross-section of the Double
Tee girder loaded of 0.4 HLA3 to be applied to rural traffic
bridges in the Mekong Delta region.

Keywords: UHPC; toughness; stress and deformation relationship
curve; UHPC beam; Double Tee beam

1.DAT VAN DE
Trong khoang 30 ndm gan day, cac nudc tié

hoi, d6 déo dai va kha nang chéng an mon. Theo nghién ctru clia
Kim Jee-sang va céng su (2014), chat lugng cling nhu cdu tric cla
UHPC la v6 cung dac chac. Két qua nghién clu chi ra rang néu mét

khéng c6 su lan truyén an mon sa

Cac thi nghiém vé muc dé tham Clo da dugc thuc hién trong
cac loai bé téng thudng (NC), bé téng chat lugng cao (HPC) va bé
téng tinh nang siéu cao bai cac nha nghién ctu trén thé gidi (Shah
2005, Voort 2008), két qua c6 thé nhan thdy UHPC c6 muiic d6 tham

lan so véi bé téng thudng. Hay ndi cach khac la kha nang bao vé
c6t thép trong bé tdong UHPC cao hon rat nhiéu so véi bé téng
thudng. Diéu d6 c6 nghia la néu so véi bé téng thudng tudi tho
cla bé tong UHPC tang lén nhiéu lan. Va véi cudng dé trén 150
MPa tudi tho clia két cdu UHPC trong méi trudng bién, véi chiéu

Tham sé so viri bé tdng thwang
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Hinh 1. Khd nang chdng an mon Clo clia UHPC so vdi NC va HPC (Voort 2008)
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2000 2 3.1.1 Anh huéng ctia ham lugng sgi thép dén tinh céng tac
1800 cuia hon hop UHPC
o ® Bang 1. Anh hudng ctia hdm luong sgi thép dén do chay xoe
= e o Cap Phéi (% Soi thép) Db chay xoe (mm)
g 1000 § CPO 256
i@ 800 | 0%
500 - B CP 0.5 258
400 5
0o L CP1.0 261
. MNC 35 HPC 100 UHPC 200 CP 1 '5 255
Hinh 2. S0 sanh mitc 4o tham Clo cia UHPC so vGi NC va HPC (Shah 2005) P20 250
DBSCL, v&i viing anh hudng cua triéu, la vung ¢6 nguy ¢ moi CP3.0 206
trudng nudc nhiém man va nhiém phén. Clng véi dé la nhu cau CP 4.0-4.0% 180
xay dung ha tang giao thong néng thdn rat In, vi vdy Ngan hang —
Thé gidi - véi vién trg ODA 3 bén qua WB cla chinh phd Nhat Ban, 0
thong qua chuong trinh tai trg LRAMP- hé théng cau Noéng thén § s | e———
cho céc tinh ctia Viét Nam, da chon Cau T O tinh Tra Vinh dé hé B g _‘\-__,.
trg xay cau theo cong nghé UHPC, théng qua dé danh gia kha E,’-‘L‘
nang thiét ké, ché tao, xdy dung, si dung, bdo tri cdu sl dung £ 1L
UHPC. =

L i K 1 i ¥

4 S thip

Bai viét trinh bay két qua nghién ctu tng dung UHPC trong
xay dung cau giao théng néng thon tai DBSCL. K&t qua nghién ciu
la co s& nhan réng moé hinh co6 hiéu qua kinh té ky thuat, cho cac
du an tai trg tiép theo clia WB, khong chi cho Viét Nam, ma con
cho céc nudc trong khu vuc.

2. VAT LIEU CHE TAO UHPC

Xi mang: 40 MPa/50MPa phu hgp véi TCVN 2682: 2009.
chusn ASTM C1240.
Quazt: 5i02> 92%

cuong do nén theo thai gian.
Bang 2. Anh hudng ctia ham lugng sci thép dén phat trién
cudng dd nén theo thai gian, mau D10xH20cm

Hinh 3. C4t quazt Cam Ranh Cip ohéi t;gl 1 3naa 7naa 14 28 60
Quazt nghién: SiO: > 92% PP %p’ ngay i | ngay | ngay | ngay
Sai thép: Co d6 bén kéo> 2400MPa. Ty & hudng sgi la 65-125
s , cpo 0 | 733 | 886 | 1057 | 1265 | 1454 | 1466
1 1 93,6 1243 138,7 148,3 151,4 154,3
» (P2 2 103,5 136,9 148,3 159,6 164,7 165,7
(P3 3 104,6 138,9 156,7 162,6 170,0 1735
(P4 4 110,6 145,6 159,5 168,5 173,5 175,4
2000
- 1800
e ;._ 160,0 - PO
Hinh 4. Sgi thép (2400-2850MPa) 2 1405 ——CP1
Phu gia siéu déo: theo ASTM C494 loai F, ham lugng chét rén> e —oCP2
45%. Kha ndng giam nudc 40%. © a0 cr3
Nuéc: phi hop TCVN: 4506: 2012 500 e CP4
Ngay médi

3. CAC KET QUA NGHIEN cUU

3.1 Cac két qua nghién citu vé bé téng UHPC:56 03 Hinh 7. Anh hugng cla ham lugng soi thép dén cudng do nén theo thoi gian - mau

D10xH20cm
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3.1.3. Anh huéng ctia ham lugng sgi thép dén phat trién cudng Modul dan héi, GPa

60 —

Bang 3. Anh huéng clia ham lugng sgi thép dén phét trién cudng 50

dd uén, mau 10x10x 40 cm theo thai gian /

Cap phoi thép, % Tngay | 3ngay | 7ngay | 14ngay | 28ngay | 60ngay o -
(PO 0 4,9 10,2 10,3 11,9 13,1 13,5 0 -
(P1 1 10,2 12,3 14,8 17,9 18 18,9
(P2 2 18,6 214 26,3 27,9 30,1 32,8 2"
(P3 3 19,1 27,9 28,7 31,2 33,8 36,1 o L
(P4 4 20,3 26,4 31,6 33,5 36,8 37,6
\ \ \ \

, 2,1 2,97, 5 .
0 1 1 Soi thép,%

Hinh 10. Anh hudng ham lugng soi dén modul dan héi

3.1.7 Anh huéng ctia ham luong soi thép dén kha nang
chéng mai mon ciia bé téng

Cac két qua thir nghién cttu d6 mai mon clia bé tong UHPC véi
cac ham lugng sgi thép khéc nhau dugc trinh bay trong bang 6
(méi cap phdi thir 3 mau, két qua cho trong Bang 6 la két qua trung

binh).
Bang 6. Anh hudng clia ham lugng sgi thép dén dd mai mon
SOTT Tén mau Ham lugng sgi thép,(%) | D6 mai mon (g/ cm?)
1 UHPC-0 0 0.17
Su dung khudn c6 kich thudc kéo 5x10x50 cm, két qua dugc 2 UHPC-2 2 0.13
thé hién qua bang va bi€u d6 sau. 3 UHPC3 3 0.11
Bang 4. Anh hudng clia ham Iugng sgi thép dén cuong do kéo UHPC khi cho thém sgi thép tir 2 dén 3%, kha ndng chéng mai
tai‘,‘t,;h;eo,th,c‘iigikan mon ting Ién tir 18% dén 23%. Con néu so vdéi bé téng thudng do
CéB. §qi 1\ 3‘ 7ngay | 14ngay | 28ngay 69 mai mon khoang 0.4 g/cm?, thi kha ndng chéng mai mon tang
phoi | thép,% | ngay | ngay ngay khoang 300% dén 350%.
(P0 0 19 34 37 4.2 44 45 3.1.8 Kha niang chéng tham ctia UHPC
P 1 20 38 538 2 6,9 1 Bang 7. K&t qua xac dinh kha nang chéng thdm ctia UHPC
(P2 2 51 63 74 8.2 94 9,6 Ap lucthi Két qua quan st hién tugng thim trén timg mau
® | 3 57 | 69 82 89 12 | 116 nghiém - - - - - )
P4 4 81 96 103 15 136 14,2 MPa Mau1 Mau 2 Mau3 Mau 4 Mau5 Mau 6
1 Khéng Khdng Khong Khong Khdng Khong
16 tham tham tham tham tham tham
~ 14 _p—= —e—CP0 18 Khong | Khong Khong | Khéng | Khéng | Khong
;‘ 12 — o—CP1 thdm thdm thdm thdm thim thdm
= 12 A cp2 2 Khong Khong Khong Khong Khong Khong
a0 thdm thdm thdm thdm thim | thdm
g
o]

//__._. oF Két qua trong Bang 7 thé hién UHPC c6 thé chiu dugc trén
—o—CP4 20MPa. Cdp chdng tham dat dugc >20 MPa, cho thdy bé téng

_ . i i PC ¢ the chon g
T3 7 14 28 60 ek chéng &n mon clo rat cao.

3.2 P& xuat mat cat dang Double Tee UHPC ap dung cho
= : ) cau néng thén tai PBSCL
Hinh 9. Anh hudng ham lugng sei thép dén phat trién cuong do chiu kéo 3.2.1 Tiéu chuén ap dung

3.1.5. Anh huéng ctia ham lugng soi thép dén modul dan héi NF P 18- 470: 2017 Concrete-Ultra-high performance fibre-
Bé tong sgi c& mod dul dan hoi thé hién khd nang bién dang

oM PO

reinforced concrete - Specifications, performance, production and

dudi tai trong khéc biét I6n so véi bé téng thuong. conformity.
Bang 5. Anh huéng ctia ham lugng sgi dén m6 dul dan héi NF P 18- 710: 2016 National addition to Eurocode 2-Design of
Modul dan héi (K-UHPC) concrete structures: specific rules for Ultra-High Performance
Tén mau thif (PO (P1 P2 (P3 (P4 Fibre-Reinforced Concrete (UHPFRC).
(ung dd nén (MPa) 108 110 130 136 136 NF P18-451: 2018 Concrete - Execution of concrete structures -
e1(mm/mm) 0.00005 | 0.00005 | 0.00005 0.00005 0.00005 Specific rules for UHPRFC
€2(mm/mm) 0.00103 | 0.00104 | 0.00104 | 0.001041 | 0.001041 TCVN 11823-3:2017: Thiét ké cau dudng bd.
S1(MPa) 1.98 2.41 2.55 2.55 261 3.2.2 Phuong phap thiét ké
S2 (MPa) 43.16 4432 52.28 54.52 59.08 Theo Co quan Quan ly Budng cao toc Lién bang (FHWA), tai
Modul GPa 42.02 433 50.13 5244 56.98 béo cdo FHWA-HRT-14-028, da nghién ciru phat trién mot ho dam

Pi bang UHPC (tuang tu Double Tee), nhung cho phép bd tri cap
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tap trung va tiét kiém vat liéu hon, dung cho tai trong Ién HL 93,

nhé hon hodc bang 0,65HL93 va nhip <24m. Cu thé 1a 2 cau thiét
ké 2x 16m, va 1 cau 3x20m da dugc thiét ké va xay dung trong ndm
2018 tai 3 tinh la Thai Nguyén, Nghé An va Tra Vinh( DBSCL).

Span [m)
3 6 9 32 35 38 a1

Cross Sections.
A —_— 1185
15 28 Section
L
£ a3 P— 1093 E
% 15 20 Section 5
1] B
2 &
X4 12_:; = 4 a9 g
- ection
o = [ (o]
35 | — 4 ass
13 16 EEL:IUH
M= Number of 0.6 in. {15, 2mm) strands per builb

75 BS 95 105 115 135 135

Hinh 11. Ho dam UHPC mét cdt chi Pi, nhip tir 20-41, téi HL93 ( FHWA-Cuc quan ly
dudng cao tdc lién bang Hoa Ky).

Dé thiét ké & trang thai gidi han SLS va ULS, NF P18-710 cho
phép st dung méi quan hé (ng suat-bién dang ctia UHPC khi nén
nhu trong Hinh 12.

/
/e . /E
—R = —5 e *
‘\ﬁ__./',“ e R

Design law at 5LS

Hinh 13. Duding cong ting sudt-bién dang khi kéo theo Tiéu chuan NF P18-710

Design law at ULS

b Swess(MPa)

Egom €u1% Euoa &
D f
Hinh 14. Biéu d6 ting suat bién dang khi nén- kéo ddi vai UHPC (soft strain) NF P18- 710
3.23. M 3 S h dam UHPC ¢

nong thon

Hinh 15. Mat cat cia dam cau UHPC clia du dn LRAM
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Hinh 16. BA tri cap va thép clia dam Double Tee UHPC

= =

Hinh 17. M6i ndi doc gitia hai dam Double Tee tai hién truong bang UHPC dap ng
FHWA- Hoa Ky.

4, KET LUAN

Da nghién ctu ché tao mét ho UHPC véi cudng chiu nén
120+150 MPa va cudng dé chiu kéo tir 7 MPa dén 11 MPa.

Da danh gia anh hudng ctia ham lugng sgi thép dén cac tinh nang
ctia UHPC. Két qua thé hién UHPC c6 thé st dung ham lugng sgi thép
1én dén 4% va cho két qua cao nhat so véi cac ham lugng khac.

Kha nang chéng tham ciia UHPC dugc xac dinh vai két qua
trén 20MPa. Qua d6 c6 thé khdng dinh, UHPC dap Uing cac yéu cau
thiét ké két cadu va dé bén lau, chéng chiu an mon trong méi
trudng nudc phén, nuée bién & khu vuc BBSCL.

Nghién ctu da dé xuat dang mat cdt dam Double Tee st dung
UHPC nhip 16m va nhip 20m (ng suat trudc, don gian trong ché
tao, van chuyén, rat ngén thoi gian trong ciu I3p va thi cong méi
néi UHPC tai hién trudng.

Loi cdm on: Tac gia Ngé Van Thuic dugc tai trg bsi Nha tai tro
thudc Tap doan Vingroup va hé trg bai chuong trinh hoc béng dao
tao thac si, tién si trong nuéc clia Quy DSi mdi séng tao Vingroup
(VINIF), Vién Nghién ctu DU liéu 16n (VinBigdata), ma s6
VINIF.2020.75.86.
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Nghién cuu st dung hén hop dat va xi than deé
lam nén duong giao théng

Research on the use of soil-coal slag mixture for road-bed transport construction
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ABSTRACT:

In recent years, coal slag are effectively used in construction in many
countries around the world. The objective of the paper is to use coal
slag, through experiment, to study the relationship between the
material content in the soil-coal slag mixture with the mechanical and
physical properties of the material mixture such as: grain
composition, compression resistance strength, shear strength (C, ¢
Su), permeability coefficient, CBR, standard compaction. Then, the
grain composition are compared with group AI-AS in AASHTO M43
standard to determine the mixing ratio of soil-coal slag that meets
the standard in making road-bed and leveling. In addition, Plaxis
software are also used to simulate and evaluate the stability of road-
bed with soil-coal slag material for high and coastal embankment.
Keywords: soil-coal slag mixture; road-bed: mechanical and
physical properties; AASHTO standard.

M TAT:

Hién nay, nhiéu nuec trén the gidi thi xi than duge siv dung rét
hiéu qua trong nganh xay dung. Muc tigu cia bai bao |3 st dung xi
than dé nghién ciru mdi quan he giita cac ham lugng vat ligu trang
héin hgp dé&t-xi than thong qua thuc nghiém vai céc chi tigu co i
ciia hén hop vat lidu nhu: thanh phan hat, cuing da khang nén, sirc
ching cét (C. ¢, Su). he sd tham, CBR, dam nén tiéu chudn. Sau
da. cac thanh phan hat duec so sanh vai nham Al- A3 theo tigu
chuén AASHTO MI45 dé xac dinh ty |2 phdi tran cia hén hop dat-xi
than dat yéu cdu dé lam nén dudmg va san |&p mat bang. Dang
thiri, bai viét ciing sir dung phan mém Plaxis dé ma phang va danh
gia da dn dinh coa nén duang dép bang vat ligu dat-xi than cho
trramg hop nén dép cao va nén dép ven bar,

Tir khada: héin hop dét-xi than; nén duang; chi tigu co |i; tigu chudn

AASHTD.

1.GIGI THIEU

Tro bay va xi than [a mét phé& phdm céng nghiép, c6 nguén
g6c tur qua trinh dot than trong cac nha may nhiét dién. N6 la
mot trong nhitng vat liéu phic tap nhat do con ngudi gay ra, va
viéc xt li khéng dung cach da trd thanh méi quan tam vé moi
trudng va dan dén lang phi cac nguén tai nguyén cé thé phuc
héi dugc. Do d6 nhu ciu cap bach va lién tuc la phat trién cac
phuong phap téi ché tro bay va xi than mai. Chinh vi vay, danh
gia hién tai trudc tién dé mo ta qua trinh tao ra, dic tinh héa li
va méi nguy hiém cla tro bay va xi than & cp do6 toan cau. Sau
do tap trung vao cac ung dung hién tai va tiém nang cda né,
bao gém st dung trong céng nghiép cai tao dat, cong nghiép
xay dung, cong nghiép gém su... Cudi cung, nhirng uu diém va
nhugc diém clia cac ung dung nay, phuong thic sir dung tro

bay trén toan thé giéi va hudng nghién ctu trong tuong lai
dugc xem xét.

& mot s6 quéc gia cé nén kinh té phat trién hay c6 muc do
phat thai tro xi nhiét dién I&n thi tro xi nhiét dién duogc tai st dung
réng rai trong nhiéu linh vuc d€ tan thu tai nguyén nhu lam phu
gia cho xi mang, bé tong, lam vat liéu cho gach, vira xay khéng
nung, cai tao dat ndbng nghiép va phan Ién phuc vu lam vat liéu xu
ly nén, san Iap cong trinh hodc hoan nguyén mo... Theo sé liéu tir
hoi thao tro than thé giGi nam 2013 cho rang déi vdi linh vuc san
I&p muic d6 st dung & miic kha nhu & chau Au véi 18,98 %, 3 An Po
véi 6,4 % cho dap dudng giao théng va 12,6 % cho san nén. § Hoa
Ky chi hon 11% dugc st dung dé san 13p va thap nhat la Nhat Ban
véi 5,6 % (World of Coal Ash, 2013). Thém vao d4, & Nga da nghién
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clu sy phic hgp clia cac dac tinh ky thuat dé danh gia viéc su
dung n6 nhu mét vat liéu dat dé xay dung k&, nén dudng 6 té va
hoat dong san lap mdt bang (Sirotyuk et al., 2017). Ngoai ra, déi véi
My thi khoang 21 triéu tan xi cdng nghiép thép dugc san xuat moi
nam & Hoa Ky, va nhiéu céng dung thuong mai hiéu qua cta xi da
dugc phat trién lam dudng, vat liéu dap (Proctor et al., 2000).

Tai Viét Nam hién nay, nghién ctu tng dung xi than con chua
nhiéu do nhiéu nghién ctu tap trung chl yéu vao st dung tro lam
phu gia xi mang, vat liéu gia c6 nén, vat liéu san lap, lam gach ngoi
khéng nung, gach bé tong nhe, gach bé téng chung ap... Lugng
chat thai xi day 16 ti cac nha may nhiét dién va 1o hoi cong nghiép
mdi chi dugc bat ddu quan tdm nghién ctu trong nhiing nam gan
day. Chang han Chau Trudng Linh, 2018 da st dung hén hop xi
than - tro bay chua qua xU li t&r Nha may Nhiét dién gia ¢6 xi mang
dé lam vat liéu dap nén va mong két cau do dudng trong xay dung
cong trinh giao thong hodc Iam than dé, dap céng trinh thay loi tai
tinh Tra Vinh. Két qua do mo-dun dan héi khi thi cong thir nghiém
hién trudng cho két qua kha tuong dong vdi thir nghiém trong
phong. Song song dé viéc thic day tiéu thu va xt ly tro xi da dugc
dat ra Dinh Qudéc Dan va cong sy, 2019 da nghién ctiu st dung tro
xi nhiét dién trong san lap trén ca s& nghién ctu xac dinh cac dac
trung co ly cla tro xi d€ danh gia kha nang st dung loai tro xi nhiét
dién trong san lap, danh gia do bén cta hén hop tro xi va xi mang
V@i cac ty & xi mang khac nhau trén cac mau tro xi, mau tro, mau xi
dugc lay tai nha may nhiét dién tai Viét Nam.

Viéc xt ly tan dung cac ngudn vat liéu tai dia phuang dé xay
dung nén méng coéng trinh ndi chung va xay dung nén moéng
dudng 6 to ndi riéng da dat cho cac nha khoa hoc. § thai diém
hién nay, do tinh trang xam thuc x6i mon ven séng nén cam khai
thac céc loai vat liéu dé xay dung do vay viéc nghién clu dé tan
dung phé phdm xi than vao lam vét liéu nén dudng va san lap mat
bang la van dé dung dan va cap thiét.

2. PHUONG PHAP NGHIEN cUU

2.1 S0 d6 qui hoach va ké hoach thuc nghiém

Dé tién hanh thuc nghiém thi nghién cliu dua ra so d6 thuc
nghiém hinh 1 va ké hoach thuc nghiém bang 1 dé chon ra giai
phép t6i uu theo tiéu chudn AASHTO.

Bang 1. K& hoach thuc nghiém

TANG % Xi

LAY WA DAT TAI 5 BAI CHUA
K2; K3; K4; K5; K9

THANH PHAN HAT
5 BAl CHUA VA XI

DUA VAO AASHTO M145

S0 SANH THANH PHAN HAT
VGI NHOM A1- A3 CUA AASHTO M145

W et 2

CHUA DAT 1 TRONG CAC CHI TIEU

Hinh 1. S¢ do thuc nghiém

(Mdc 701 THIEU - GAN CAN TREN)

50 SANH THANH PHAN HaT
HON HOP VOl A1 - A3

THi NGHIEM CAC CHI TIEU cO LY
Su; Rn; CBR; K.... WI; Wp; IP

50 SANH YEU CAU CUA MASHTO
TCUN: 5747-1993; TCUN: 4447- 2012

CHON T¥ LE HON HOP DAT VAO MO PHONG
DANH GIA GN BINH NEN BUDNG

DAT

164

S6 lugng mau Dién giai
) Tiéu . Khéi Khoi lugng cét liéu 1 mau (g) Tong khdiliong
T Thi nghiém - Thinghiém &ngaytudi | Iuong 1 @)
chuan .
mau
7 | 14| 28 | 56 (9) b4t | Datkhd | Xithan Dat Xithan
Bam chat D4t K2 gia c6 5% xi ) i i i i i ) i i i
tiéu chuin than
Dung trong B4t K3 gia c6 5% xi ) i i i i i ) i i i
tot nhat than 22TCN
: DatK4giac645%x | 3332006 | | | | _ ] ] ] ] ] ]
than (Phuong
Do am tét P4t K5 gia c6 40% xi phapliD) | i ) ) i ) ) i ) )
nhat than
D4t K9 gia ¢6 5% xi ) i i i i i ) i i i
than
< —
o Patk2giaco 5% 33| 3| 3| 380 |7258 | 3629 | 191 8709 | 2292
Cudng do than
chiunén DatK3 gia c6 5% xi TCVN
2 (D=152mm, than 94032012 3 3 3 3 3.820 7.258 3.629 191 87.096 2.292
— A i3 cO 45% i
H=117mm) | Datk4 %Eaio 45%x 3| 3] 3| 3| 380 |4202]| 2101 | 1719 | 50424 | 20628
10.2021 | ISSN 2734-9888




DatK59t:a‘;° 40%x 3 3820 | 4584 | 2292 1528 | 55008 | 18336
e
batk9 g:z ;0 5%x 3 3820 | 7258 | 3629 | 191 | 8709 | 2292
 ——
Dathg:ZEOMX' 3 16 | 220 | 110 6 661 17
—
Dat@?r';ﬁowx' 3 16 | 220 | 110 6 661 17
Cat truc tiép PRV PR TCVN
3| (D=64mm; DatK“:Ea%oA'S ox 1 4199- 3 116 | 128 | 64 52 383 157
H=2cm) B8tKs gia o6 60% i 2012
9t'han oxX 3 116 139 70 46 18 139
—
PaKOgia co5%x 3 16 | 220 | 110 6 661 17
—
DatKZg:er]OSAm 3 116 220 110 6 661 17
e
Bohess DatK?’g';ﬁoMx' 3 16 | 220 | 110 6 661 17
thim [ Bakagacsaed | TN
4| Dot o 4199- 3 16 | 128 | 64 52 383 | 157
=oimmy; , , 2012
H=2 §tK5 gia €6 60%Xi
cm) Dat“%ﬁa‘;o 60%xi 3 16 | 139 | 70 46 418 | 139
e ——
bat Kgaizrio””" 3 16 | 220 | 110 6 661 17
—
Dathg';?MX' 3 16 | 220 | 110 6 661 17
e
DatKBgErioSAm 3 116 220 110 6 661 17
Nén Nhanh ~ R TCYN
5 | (D=64mm; Datmgiﬁa‘;od's X 4199 3 116 | 128 | 64 52 383 157
H=2cm) = —— ~ 2012
Dat“%';acnow%x' 3 116 139 70 46 418 139
—
Pafoga cosiex 3 16 | 20 | 110 6 661 17
e
Datk2 ?r:\ rC]° 5% 3 3820 | 7258 | 3629 191 8709 | 2292
e
batk3 g:z ;0 %X 3 3820 | 7258 | 3629 | 191 | 8709 | 2292
CBR(D=152 —p o
6 | mmp=117 | P& K4?c:?a(;1045A) X 232;3%:' 3 3820 | 4202 | 2101 | 1719 | 50424 | 20628
mm) DAtK5 gia c6 60%x1
BHIG gia co60% 3 3820 | 4584 | 2292 | 1528 | 55008 | 18336
g,
Patko g‘; ﬁo >%xi 3 3820 | 7258 | 3629 | 191 | 8709 | 2292
Téng Cong - - - - - 741792 | 92.724

2.2 Khdo sdt dia chdt va phdn tich thanh phdn vat liéu
M&u hén hgp vat liéu nghién ctu dugc chia thanh 5 loai

hanh phan tich thanh phan vat liéu ta c6 két qua bang 2 va
bang 3.

dat tuong tng vai ki hiéu la K2, K3, K4, K5, K9. Sau do6 tién
Bang 2. Ty lé (%) trung binh thanh phan céc loai vat liéu theo c& hat chia trong dat K2, K3, K4, K5, K9

- Thanh phén Ty 1é (%) trung binh
K2 K3 K3 K4 K5
1 San séi 0,031 0,031 0 0 0
2 Hat céat 40,867 40,867 404 339 24,23
3 Hat bui 29,136 29,136 27,6 31,1 36,12
4 Hat sét 29,966 29,966 32,0 35,0 39,65
TONG 100,0 100,0 100,0 100,0 100,0
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Bang 3. Téng hgp bé day cac I6p dat K2, K3, K4, K5, K9

Téngchiéuday | Tyle | Téngchiéuday | Tyle | Téngchiéuday | Tyle | Téngchiéuday | Tyle | Téngchiéuday | Tyle
T | Loaidat khoan qua (m) (%) khoan qua (m) (%) khoan qua (m) (%) khoan qua (m) (%) khoan qua (m) (%)
' K2 K3 Ka Ks K9

1 | Datloaicat 47 50 47 50 52 127 66 581 13 21
2 | Détcitpha 52 56 52 56 71 173 88 775 09 15
3 | Détsétpha 365 390 365 390 43 105 239 21,06 146 235
4 Dét sét 471 504 471 504 244 595 742 65,37 452 729
Tong cong 93,5 100 93,5 100 41,0 100 1135 100 62,0 100

2.3.Ddnh gid chi tiéu co Ii ddt
2.3.1 Thi nghiém phan tich thanh phan c& hat

Bang 4. Thanh phan hat nguyén trang (K2, K3, K4, K5, K9)

Dat chu yéu la dat sét pha c6 mau vang nau, xam nau trang thai
nla clng. Thi nghiém thanh phan hat ctia dat theo TCVN 4198:2014,
dat co6 thanh phan hat bui va sét chiém da s6.

Dmm) Cat Bui Sét
2-1 1-05 0,5-0,25 0,25-0,1 0,1- 0,05 0,05-0,01 0,01 - 0,005 < 0,005
K2 0 0 0 26,3 12,8 24,8 259 10,2
K3 0 0 0 11,5 44 15,7 16,2 12,5
K4 0 0 0 9,8 16 154 43,5 153
K5 0 0 0 15,8 16,1 12,7 32 235
K9 0 0 0 29,5 21,3 14,5 21,8 12,9
Theo két qua thi nghiém thanh phan hat dat K2 c6 gidi han 2.3.2 Stic khang cat

chdy Wi=44,69 va chi s6 déo 1p=22,14. Theo TCVN 5747:1993 va
bang 3-6 phan chia hat va nhém hat theo hé théng AASHTO. Nén
dat K2 dat thudéc nhédm A-2-7 1a loai dat sét it déo (CL), trang thai
nia cliing c6 tinh nén tu thap dén trung binh. Theo két qua thi
nghiém thanh phan hat dat K3 c6 gisi han chay W.=45,03 va chi s6
déo Ip=21. Theo TCVN 5747:1993 va bang 3-6 phan chia hat va
nhém hat theo hé thdng AASHTO. Nén dat K3 dat thudéc nhém A-
2-7 la loai dat sét it déo (CL), trang thai nlfa cling cé tinh nén tu
thap dén trung binh. Theo két qua thi nghiém thanh phan hat dat
K4 cé gidi han chady Wi=45.53 va chi s6 déo 1p=19.18. Theo TCVN
5747:1993 va bang 3-6 phan chia hat va nhom hat theo hé théng
AASHTO. Nén dat K4 dat thudc nhom A-2-7 la loai dat sét it déo
(CL), trang thai nlra cling c6 tinh nén tr thap dén trung binh. Theo
két qua thi nghiém thanh phan hat dat K5 c6 gigi han chay W.=47
va chi s6 déo Ip=21. Theo TCVN 5747:1993 va bang 3-6 phan chia
hat va nhém hat theo hé théng AASHTO. Nén dat K5 dat thudc
nhom A-2-7 1a loai dat sét it déo (CL), trang thai nra ciing c6 tinh
nén tur thap dén trung binh. Theo két qua thi nghiém thanh phan
hat dat K9 c6 gidi han chady Wi=44,36 va chi sé déo 1,.=20,70. Theo
TCVN 5747:1993 va bang 3-6 phan chia hat va nhém hat theo hé
théng AASHTO. Nén dat K9 dat thuéc nhom A-2-7 |a loai dat sét it
déo (CL), trang thai nita cling c6 tinh nén tir thap dén trung binh.
Béng 5. Suic khdng nén khéng né héng

Thi nghiém cat truc ti€p mau dat theo tiéu chudn TCVN
4199:2012 cla 5 loai dat K2, K3, K4, K5, K9 c6 két quéa do bén khang
cat tuong duong nhau nhu hinh 2.

K2 @ =17°28" ¢=022

K3 g 10709
KA @ = 10706
KS @m18912" oo

MO @ o= 174 = 0,236 daN fom2

oo o a4 o as ta L2 1.4

Hinh 2. Bi€u d6 stic khang cat ca dat

Tu hinh 2 cho thdy gia tri nhd nhat ¢=17°28’; gia tri I6n nhat
@=18°12' va gia tri nhd nhat C=0,222 daN/cm?; gia tri I6n nhat C=
0,253daN/cm?. Nhin chung stic chéng cat cta 5 hon hgp co thay
déi ma khéng dang ké va gan nhu tuang déng nhau.

2.3.3 Stic khang nén khéng né hong

Két qua ctia thi nghiém nén c6 két dugc thé hién & bang 5.

Loai mau K2 K3 K4 K5 K9
Dung trong trudc thi nghiém 7, 1,7 1,72 1,71 1,75 1,74
D6 &m trudc thi nghiém Wo 26,96 26,22 29,74 28,03 27,52
Ty trong 2,68 2,7 2,56 2,7 2,6
Hé s6 réng trudc thi nghiém eo 1,001 0,981 0,942 0,975 0,964
D6 bao hoa nudc trudce thi nghiém Go 0,7 0,72 0,81 0,78 0,76
Dung trong sau thi nghiém 7, 1,34 1,36 1,32 137 1,36
Hé s6 rbng & cap ap luc cudi cung 0,801 0,673 0,841 0,804 0,809
Hé s6 nén Iiin a (cm?/daN) 0,037 0,021 0,021 0,012 0,024
M6 dun dan héi E (daN/cm?) 52,7 83,6 91,7 154,3 79,3
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Hinh 3. Dat, xi than va mau phai tron

Bang 6. Thanh phan héa hoc ctia xi than

Thanh phén hoa hoc Si02 | AlOs Fe:0; Ca0 Na.0O K20 SOs MgO Loss on Ignition (LOI) Téng

Ham lugng (%) 40,4 18,8 6,42 0,91 0,49 3,49 1,48 1,33 26,6 100

2.4 Bdnh gid chi tiéu co li xi than Bang 9. Cac chi tiéu dung trong, d6 8m mau phdi trén

Mau than xi trong nghién ctiu nay la tro day dugc lay tir Nha i
may Nhiét dién dé lam c6t liéu rdi thay thé cat do d6 chi quan tam Loai mau K2 K3 K4 K5 K9
déi véi viéc xac dinh cac dac tinh co hoc clia nd, bao gém ca nén
chat, tAham, é{o l:zen, (3‘0 C}Ing va daoé !(hanAg nén,... ThanA,h pljan hoa Du.nAg trong t3u 168 172 153 167 1,68
hoc trén ca s& két qua thi nghiém cia Cong ty CP tu van Xay dung nhién (g/cm?3)
va Moi trudng Duy Thanh (LAS 817); thanh phan héa hoc cta xi ]
than nhubang 6 va 7. Do am (%) 17,53 15,06 18,40 16,41 17,71

Bang 7. Thanh phan hat cua xi than

y TU bang 9 cho thay gia tri dung trong khé 16n nhat va dé 8m
FG t6i uu trong dam chit tiéu chuin cé gia tri gan nhu xap xi nhau,
sang | 25| 19 | 125 | 95 475 “ 0425 | 0,075 dac biét 1a @6 &m. Dung trong khé 16n nhat bién déi tur 1,53 g/cm?
(mr’n) dén 1,72 g/cm3.
Xi - Thi nghiém nén don truc (qu) TCVN 9403:2012
t?;;’ 0| 0| 100 | 98075 77825 | 27,05 | 4075 0 Do cudng dé ciia mau du kién kha nho, nén cac thi nghiém dugc
0,

thuc hién tai phong thi nghiém. Xac dinh sutc khang nén don truc
cUa vat liéu phdi tron trén may nén nd héng tu do, ap luc tang dan
tuong duong 8mm/phut dén khi mau pha hoai. Mau vat liéu hén
hgp thi nghiém la loai mau 152x117 qua thdi gian duéng ho.

Bang 10. Két qua nén dan truc mau phdi tron

Cudng dé chiu nén (MPa)

2.5 Xdc dinh ty Ié phéi trén

D& tai tao dat véi muc dich st dung lam dat dap nén dudng thi
mot trong nhiing chi tiéu quan trong can phai quan tam tdéi la
thanh phan hat ctia hén hgp. Ta 4p dung theo tiéu chuadn AASHTO
M145, va TCVN 9436:2012 thi ta chon ngudng thanh phan hat ti
A1-A3 theo phan loai cia AASHTO. Muc tiéu clia nghién ctu la tan

TT | Ky hiéu mau

dung t6i da dat sdn c6 tai dia phuong nén ta sé chon ty |é phoi 7ngdy | 14ngay | 28ngay |56ngay
trén cha hén hop dé ty 1é dat |a I16n nhat nhung thanh hat van thoéa
theo phan loai dat clia AASHTO. Tir d6, tac gid dé xuat mot ti lé xi 1 K2 0,191 0,203 0,221 0,219
than thém yéo dat dé hc’)n hgp c6 thanh phan hat vira du théa man 5 K3 0,087 0,092 0,092 0,088
yéu cau vé thanh phan hat theo AASHTO. Sau dé tién hanh thi
nghiém cac chi tiéu co li khac. Néu co truong hgp nao khong dat 3 K4 0,127 0,128 0,142 0,141
quay vévthay (Ek“ii ti I& xi than ph&i tron bang 7 (thudng theo xu 4 K5 0,237 0,283 0,293 0338
huéng tang thém xi than).
Bang 8. Ty |é phai tron dat va xi than 5 K9 0,206 0,231 0,246 0,259
Tén ho Ti lé ph6i trén (%) Bang 10 cho thay ti lé xi than cang ting thi cudng d6 nén cang
hop K2 K3 K4 K5 K9 tang nhung c6 1 sé trudng hgp dat biét thi ti 1& phdi trén cao
Xi than 5 5 45 40 5 nhung c6 cudng dé thap hon so vdi ti 1& phé tron, cudng dé chiu
- nén cla vat liéu dang hat khong cé chat lién két vo co nén rat nho
bat 95 ) >3 60 95 nén khong xét dén.
Hén 100 100 100 100 100 - Thi nghiém cét truc tiép va nén nhanh TCVN 4199:2012
hap Stic chéng cat cta dat la luc chéng trugt I6n nhat trén mét don
vi dién tich tai mat truot, khi khéi dat nay trugt 1én khéi dat kia
3.KET QUA VA THAO LUAN dudi tac dung clia tai trong ngoai, no la yéu té cha yéu quyét dinh
3.1Bdnh gid cdc chitiéu coli cia hén hop. déi v6i su 6n dinh clia nén va an toan cla cong trinh. Dua theo tiéu
- Thi nghiém dam chét tiéu chudn TCVN 4201:2012 chudn TCVN 4199:2012 xac dinh stic ch6ng cat ctia hén hgp viéu
Sau khi ché tao 5 mau theo ti I& phéi trén nhu bang 8, tién liéu tir d6 suy ra dugc lyc dinh c va goc ma sat trong ¢ Vi s6 lugng
hanh thi nghiém cta hén hop ta c6 két qua thi nghiém nhu mau ché tao gém 5 t6 mau xac dinh & tudi 28 ngay thi nghiém ta
bang 9. c6 két qua thé hién hinh 4.
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Hinh 4 cho thay c6 su tang r6 rét cac chi tiéu stic chdng cét cla
hén hop dat va xi than so véi dat K2, ¢ tang tir 17 °28’ [én 27°42’
tang 58,68%, luc dinh C tdng tur 0,222 KG/cm? 1én 2,521 KG/cm?
tang 1035,59% tuong ty vai cac hdn hop phdi tron so vai dat
tuong Uing dugc téng hgp & bang 11.

- Thinghiém hé s6 tham TCVN 8723:2012
Pé& thi nghiém hé sé tham (k) cta vat liéu hén hgp theo phuong
phap cot nudc khong déi cho 3 cap ap luc 1a 100 kPa; 200 kPa va
300 kPa. Mau do tham c6 kich thudc ®55x60 lugng mau ché tao la
5 t6 mau (xac dinh & tudi 28 ngay). Hé s6 tham dao dong khong
I6n khi so sanh trong cung &p luc va thai gian duéng ho, & cap ap
luc nén 100 kPa tu 2,15x108cm/s (K2); 5,63x108cm/s (K3); 2,31x10°
8cm/s (K4); 2,06x10%cm/s (K5); 1,49x10%cm/s (K9); K&t qua thi
nghiém dugc dung mé phong khi 16p vat liéu dang lam 16p dép
nén, dac biét trén nén dat yéu; c6 anh hudng clia nuéc ngam.

Vi tat cd cac mau, hé s6 tham nho nhat & 28 ngay la 1,49 x10°
8cm/s. Tinh thdm cla cac hdn hop sau khi dat cudng do rat nho,
nhoé hon nhiéu so véi hé s6 tham clia dat sét. Diéu nay cho thay
hiéu qua clia kha nang chéng thdm cda hén hop vat liéu bat ké ti
I& phéi tron nao.

- Thi nghiém CBR (Dua theo tiéu chudn 22TCN332:06)

CBR la ty s6 (%) gilra ap luc nén (do dau nén gay ra trén mau thi
nghiém va 4p luc nén trén mau tiéu chuin, ing vdi cing mot do
ép lan 1a 2,54cm hodc 5,08cm. CBR cda vat liéu 1a mot chi tiéu dé
danh gia chat luong vat liéu st dung lam nén, méng dudng va
dung dé thiét k& két cau mat dudng theo tiéu chudn AASHTO. Véi
s8 lugng mau cac thanh phan 1a 5 t6 mau tudi 28 ngay va ngam
trong nudc 4 ngay dém.

Bang 12 cho thay két qua clia 5 mau phdi tron, mau c6 CBR
nho nhat K4=20,35 va |6n nhat mau K2= 24,63. Qua két qua thi
nghiém trén tat cd cac mau c6 CBR>8 nén du diéu kién 4p dung
cho dat dap nén dudng.

Kl g= 2742 = 2521 KG/em2 K5 @ m 50°56 ¢ w0592 KGfom2

K¥: =523 ¢=0065K6/omd K% g = 55°66" =006 KG/om2

Ké: pm 52°0F = 047 KGfom2

Hinh 4. Biéu d6 quan hé (ing sudt ct va phap khi it truc tiép mau phéi tron

Burding quan hé gida dé doc thiy luc va vin téc thim

4] 50 100 150 =0 250 300 350
P (kPa

Hinh 5. Biéu d6 tham theo cap ap luc nén

3.2 Dé xuat ti [& phéi tron hop li cia hén hop

Qua danh gia trir lugng dat, phan tich cac chi tiéu co li ctia dat,
xi than va két qua thuc nghiém ty 1& phoi tron. Sau khi so sanh vai
TCVN 5747:1993; TCVN 4447:2012 va AASHTO nhom tac gia dé
xuat ty & phdi trén nhu bang 8 lam vat liéu dap nén dudng giao
théng khi d6 ta c6 bang téng hgp cac két qua thuc nghiém nhu
bang 13.

Bang 11.Bang t6ng hop gia tri tdng gidm c va @ sau ctia hén hgp so véi cac dat tuong tng

Chi tiéu thi nghiém K2 K3 K4 K5 K9
G6c n6i ma sat 5;?6n8%b 1;;23% 12:;.?8% 1;:.83% 21T ;gg%
Lucdinh ¢ 1022?5%% 73??% 102?.28% 13T3a.gg% 73?23%
Bang 12. K&t qua suic chju tai CBR mau hon hgp vat liéu
o . Ky hiéu mau
i Chi tiéu thi nghiém Tudimau (ngay) K2 K3 Ka K5 K9
1 Dung trong khé (g/cm>) 28 2,190 2,115 2,041 2,008 1,933
2 CBR (%) 28 24,63 22,49 20,35 21,96 24,10
Bang 13. Bang téng hop cac qua thuc nghiém ty 1& phdi trén clia miu
Thong sé thuc nghiém K2 K3 K4 K5 K9
Dung trong tu nhién (g/cm?) 1,68 1,72 1,53 1,67 1,68
Do déc thuy luc 330,579 333,333 307,692 333,333 333,333
Van téc tham (m/s) 8,27911E-06 1,354E-05 1,23E-05 1,473E-05 1,442E-06
% CBR 24,63 22,49 20,35 21,96 241
Luc dinh C (kG/cm?) 2,521 0,065 0,47 0,592 0,06
G6c ndi ma st (@) 27°42' 52023' 52°03' 50°56' 55°56'
Do truong né (%) 0,15 0,13 0,11 0,12 0,12
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Hinh 7. Két qua tinh doan dau cdu tinh toan trudng hop nén dap cao 5m theo trudng hop 1 (vat lidu K2)
a. K&t qué tinh toan chuyén vi tong thé; b. K&t qua tinh d6 ltin nén dutng S=44,14mm); c. K&t qua tinh hé 5§ 6n dinh (Kmin=1,731)

Qua thi nghiém céc chi tiéu co li ctia xi than va dat, ta thay
CBR I6n dao dong tu khodng 20,43+24,63, gbc ma sat trong I6n
tlr 27° dén 55°, d6 truang nd tir 0,11%+0,15% va dung trong tu
nhién tu 1,53+1,72g/cm? tuong Ung tung trudng hop K2, K3,
K4, K5 va K9. K&t qué nay ta c6 thé thdy la hén hgp xi than va
dat c6 thé dung thay thé cat hién nay dé lam nén dudng va san
I14p mat bang.

3.3 Bdnh gid 6n dinh nén dudng khi st dung hén hop ddt-xi than

Dua vao cac dac trung vat liéu hén hgp dat va xi than, tac gia
sé& mo6 phong bang phan mém Plaxis (Brinkgreve et al., 2007) danh
gia én dinh nén dudng va dé xuat giai phap hop li. Trusng hop
tinh toan dugc chia ra 5 trudng hop cu thé nhu sau: TH1 (thay thé
vat liéu dap bang hén hgp dat K2 phéi trén xi than), TH2 (thay thé
vat liéu dap bang hén hgp dat K3 phéi trén xi than), TH3 (thay thé
vat liéu dap bang hén hgp dat K4 phéi trén xi than), TH4 (thay thé
vat liéu dap bang hén hop dat K5 phéi trén xi than), TH5 (thay thé
vat liéu ddp bang hon hop dat K9 phdi tron xi than).

3.3.1 Pudng dau cau

Muc tiéu thay thé vat liéu dap ton cao nén bang hon hgp dat phoi
trén xi than (K2, K3, K4, K5 va K9). Két qua tinh toan bang phan mém
Plaxis 1a co s& d€ lua chon vat liéu thay thé phu hop (hinh 6, 7), khi 6
ta c6 két qua tinh toan thé hién trong bang 14 va 15.

Bang 14. Két qua tinh hé s6 8n dinh cho bai toan dudng dau cau
Hé s6 6n dinh SF

Mat cat ngang (K]
TH1 TH2 TH3 TH4 TH5

Nénddpcao5m | 1,731 | 1,721 | 1,808 | 1,829 | 1,824 | 14

Nénddpcao6m | 1,542 | 1,530 | 1,612 | 1,630 | 1,624 | 1,4

Nénddpcao7m | 1,369 | 1,363 | 1,431 | 1,448 | 1,451 | 14

Bang 15. K&t qua tinh do lun nén dudng cho bai toan dudng
dau cau

D6 1un nén dudng (mm)
Mat cat ngang [S]
TH1 TH2 TH3 TH4 TH5

Nénddpcao5m | 44,14 | 43,20 | 40,32 | 38,87 | 36,47 | 400
Nénddpcao6m | 59,47 | 57,98 | 54,39 | 42,24 | 49,18 | 400
Néndapcao7m | 78,01 | 76,12 | 71,67 | 68,68 | 64,07 | 400

TU bang 14 va 15 trén ta thay két qua tinh 1an nén dudng doi
VGi cac trudng hop tinh khac nhau déu dam bao dé lun cho phép.
Ngugc lai, két qud tinh 6n dinh cho bai toan dudng dau cau nhu
sau:

- D6i v6i mét cit doan dau cau cao 5m: hé sé 6n dinh kha cao
K=1,711+1,829, do vay c6 thé st dung tat ca cac hén hgp dat phdi
tron xi than (K2, K3, K4, K5 va K9) khi nén dap dudng dau cau cao
5m.

- PGi véi mat cat doan dau cdu cao 6m: hé s 6n dinh
K=1,530+1,630 déu I6n han hé s 6n dinh cho phép [K]=1,4, do vay
c6 thé st dung tat ca cac hén hgp dat phéi tron xi than (K2, K3, K4,
K5 va K9) khi nén ddp dudng dau cau cao 6m.

- P6i véi mat cdt doan dau cdu cao 7m: hé s6 8n dinh
K=1,363+1,451. Do vay, d6i vGi mat cat doan dau cau cao 7m chi
nén s dung hén hgp dat phoi trén xi than (K4, K5 va K9) khi nén
dap dudng dau cau cao 7m.

3.3.2 budng - dé - ke két hgp

T6ng hop két qua tinh cho cac trudng hgp khac nhau dugc
trinh bay & bang 16 va bang 17.

ISSN 2734-9888 | 10.2021 NEWRWINE 169



PHAT TRIEN XAY DING BEN VOING TRONG DIEU KIEN BIEN DI KH HAU KHU VT BANG BANG SONG CITU LONG

170

Bang 16. K&t qua tinh hé s &n dinh cho bai toan dudng - dé -
ke két hgp

Hé s6 6n dinh SF K
TH1 TH2 TH3 TH4 TH5
1,239 1,242 1,247 1,249 1,252 1,20

Bang 17. Két qua tinh do 1Gn nén dudng cho bai toan dudng -
dé - ké két hgp

Do 14n nén dudng (mm) i)
TH1 TH2 TH3 TH4 TH5
40,40 39,94 39,36 39,13 38,60 300

K&t qua tinh &n dinh cho bai toan dudng - dé - k& két hgp
V@i cac truong hop tinh khac nhau déu dam bao do Iin cho
phép. Do vay, c6 thé sir dung tat cd cac hén hgp dat phdi tron
xi than (K2, K3, K4, K5 va K9) khi thay thé vat liéu ddp nén
dudng - dé - ké két hop.

3.3.3 Budng do thi quy hoach

K&t qua tinh lun tuong ung la S1 = 30,68 mm; S2 = 30,59 mm;
S3 = 24,28 mm; S4 = 21,63 mm; Ss = 16,23 mm. Két qua tinh lin
nén dudng ddi véi cac trudng hgp tinh khac nhau d6 lun tinh
toédn [S]=16,23+30,68mm déu nhoé hon va tuang duang véi do
lin cho phép [S] = 300mm. Do d6 ta cé thé sir dung tat ca cac
hon hgp dat phéi tron xi than (K2, K3, K4, K5 va K9) thay thé két
cdu nén dudng (I6p cat dap).

Qua két qua tinh toan hén hop xi than - dat (K2; K3; K4; K5;
K9) thi d6 Iin tinh toan nhé hon nhiéu so véi d6 lun cho phép.
Hé s6 6n dinh luén 16n hé s6 &n dinh cho phép nén du diéu
kién dung vat liéu hén hgp dap nén dudng tai vi tri dau cau,
dudng doé thi, duong - dé - keé két hgp (tri trudng hgp khi dap
tai vi tri dau cau > 6m thi c6 K2, K3 khéng dat hé s6 én dinh).
Thay thé dat nén dudng cho thay tinh thdm cao, CBR I6n hon
cho phép, d6 bén viing céng trinh hiéu qua st dung xi than, gia
c6 dat nén dudng trong nudc va thé gidi, dat biét cho thay trién
vong cla viéc st dung x@ Ii xi than phdi tron dat d& lam vay liéu
xay dung giao thong.

4. KET LUAN

- Da danh gia trit lugng dat, phan tich cac chi tiéu co li cta
dat, xi than. Tién hanh ph&i tron sau do6 két qua thuc nghiém ty
I& phéi tron ta c6 dung trong tu nhién I6n tur 1,53 dén 1,72
g/cm?, g6c ma sat trong I6n tir 27° dén 55° va xi than c6 kich ¢&
da dang, c& hat I6n nhat 1a 12,5mm va nhé nhat 1a 0,425mm.
Céc didc trung cd li cha hdn hop dat va xi than chua qua xur li c6
thé st dung dé thay thé cat.

- H6n hop dé xudt gém vat liéu xi than-dat c6 CBR>8 dam
bdo c6 thé sir dung dé dap nén dudng thay cho cac 16p cap
phéi thién nhién dé lam vat liéu ddp nén trén nén dat yéu
nhung tinh tham rat nho, kha nang cach nudc rat cao.

- Dua vao cac dac trung vat liéu hén hgp dat-xi than dugc thi
nghiém, nghién cGu da da mé phong va danh gia én dinh céc
dang nén dudng, sit dung vat liéu nghién ctu dé dé xust su
dung loai hén hgp, ti 1& phdi trén phu hgp véi ting chiéu cao
dap, tiung loai mat cat ngang (nén dap cao dau cau, dudng co
nguy ¢ ngap nudc, nén dudng dap théong thudng va san lap
mat bang).

- K&t qua nghién ctu nay gitp cho nha quan Ii, nha thiét ké
dé c6 ké hoach sir dung trong tucng lai cho dap nén dudng va
san lap mat bang trong diéu kién khang hiém cat hién nay.
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M TAT:

Re tong xi mang la vat ligu xay dung phd bign hign nay do co
nhiéu vu diém. Tuy nhién, vat ligu nay ca nhiéu tac dong dén
mai trirang: thai GOz dang k& trong qué trinh sén xuft xi mang,
tiu thy nhiu tai nguyén thien nhien. D& giam tiéu thy tai
nguyén, viéc tai ché cdt ligu tir nhing cong trinh cii |3 mat lya
chon dé duoc st dung @ mat sd qudc gia trong vai thap ky qua.
V@ vén dé khi thai carbon ciia bé tang, nghién ciru chat ket dinh
it tac dong dén mai trudng hon xi mang da degc thec hign va
geopolymer dugc coi la mat giai phap tiém nang. Trong nghién
ctru trinh bay & day, be tdng st dung cdt ligu tai ché va chét
ket dinh la geopolymer d& dugc thir nghigm va danh gia. Chat
ket dinh duge tdng hop tir tro bay (FA, mat sén pham phy céang
nghigp). dung dich natri silicat, dung dich natri hydroxit, cat
sdng va cdt ligu tha tai ché duge goi |3 beé tong geopolymer cdt
ligu tai ché (GRAC). Cac dac tinh khac nhau coa vat ligu nay da
dugc nghién ciu: cudng da chiu nén, cuing dj bam dinh va kha
nang chiu nhigt.

Tir khda: bé tong geopolymer cét ligu tai ché: tro bay; cuang do
chiu nén; cuing da bam dinh; khé nang chiu nhigt.

ABSTRACT:

Ordinary cement concrete is a popular material having numerous
advantages; however, this material is also criticized due to its
environmental impacts: significant G0z emission during the cement
manufacture, high consumption of natural resources. To reduce the
resource consumption, the recycling of the aggregates from the
destruction sites is an option which have been used in several
countries since several decades. To reduce the carbon footprint of
concrete, alternative binders having less environmental impacts than
cement have been investigate, and geopolymer has been considered
as a promising solution. In the present study, a non-conventional
concrete using recycled aggregates and geopolymer was developed
and investigated. The material was made from low calcium fly ash (FA,
an industrial by-product), sodium silicate solution, sodium hydroxide
solution, river sand and recycled coarse aggregate, called
geopalymer recycled aggregate concrete (GRAC). Different aspects
on this material were investigated: compressive strength, bonding
strength and high temperature resistance.

Keywords: geopolymer recycled aggregate concrete; fly ash:
compressive strength; bond strength; high temperature resistance.

1.DAT VAN PE

Viéc tiéu thu bé téng trong linh vuc xdy dung ngay cang tang dan
dén sy gia tang san xudt xi mang va khai thac tai nguyén thién nhién. Su
can kiét tai nguyén thién nhién va phat thai COz trong san xudt xi mang
1a nhiing van dé can dugc x{ ly nham phat trién bén viig. Nganh céng
nghiép xi mang la mot trong cac nganh chinh thai ra CO,, viéc san xuat
mét tan xi mang Portland phét thai khodng mét tan CO, vao khi quyén;
chiém 7% lugng phat thai CO; toan cau (Braymand et al., 2018). Do do,
diéu quan trong la phai tim chat két dinh thay thé c6 lugng khi thai CO;
thap hon xi mang. Viéc thay thé toan b xi mang bang cach st dung

geopolymer nhu mét chat két dinh da dugc dé xuat st dung (Pacheco,
2013). Thuat ngir “geopolymer” n6i dén hé cau tric vé cd ba chiéu vé
dinh hinh dugc tao ra bang phan Ung cla tién chat alumino-silicat véi
dung dich kiém hoat héa. Nguén aluminum va silica c6 thé la
metakaolin hodc cac phé& pham cong nghiép (vi du tro bay, xi). Cac chat
hoat héa thudng 1a NaOH va Na;SiOs, nhung cling 6 thé st dung cac
dung dich kiém khac. S dung nhiét dé cao trong qua trinh bao dudng
¢6 thé thuc ddy qua trinh geopolymer héa (Hardijito, 2005) nhung viéc
gia nhiét lam tang muc tiéu thu nang lugng va phét thai CO,. DE gidm
khai thac tai nguyén thién nhién, tai ché la mét chién lugc dugc khuyén
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khich nham phét trién nén kinh t&€ tuan hoan. Viéc tai ché trong xay
dung cong trinh da dugc bat dau tir vai thap ky trudc nhung van chua
phé bién, vi khi cét liéu tu nhién van con dd dé cung (ing, viéc st dung
bé téng cét liéu tai ché (RAC) van chua c6 lgi thé kinh t& dang ké (De
Larrard va Colina, 2018). Do d6, dén nay, bé tdng phé d& thudng dugc st
dung dé xay dung dudng giao théng. Tuy nhién, & cac nudc phat trién
va dang phat trién, viéc xay dung méi dudng giao thoéng cé xu huéng
giam, do d6 viéc st dung c6t liéu tai ché cho dudng cling sé giam, déng
thdi chat thai bé téng tur viéc pha dé cac céng trinh ¢l sé tang lén theo
thdi gian (De Larrard va Colina, 2018). Cac vat liéu hodc chat thai khac co
chat luong t6t nhu ¢t liéu bé téng tai ché nén dugc st dung cho két
cdu bé tong. Do do, viéc tai ché bé tong cl ¢ thé lam gidm viéc khai
théc c6t liéu tho tu nhién (NCA) va gidm dién tich cac bai chiia chat thai
vén trg thanh van dé vé mai trudng, kinh té€ va xa hoi (Braymand et al,,
2018). Mét nhugc diém cia RAC khi so sanh véi bé téng xi mang la cac
dac tinh co ly gidm khi ty 1& cét liéu tai ché tang Ién. Trén thyc té, cét liéu
tai ché gébm c6t liéu tu nhién cd viia xi mang ¢l bam lén. Via ci lam
tang d6 xop clia cot liéu bé tdng tai ché dan dén cac dac tinh co hoc clia
RAC bi gidm. Trong RAC, 6 hai loai viing chuyén tiép cét liéu (IT2): gitta
vira cl va NCA ban dau, va gilta c6t liéu tai ché va vita mdi. ITZ gilia vira
<0l va vita méi lam gidm cac dac tinh clia RAC. D€ cai thién ITZ ctia RAC,
geopolymer da dugc dé xuat dé thay thé xi mang Portland tuy nhién s§
luong nghién ctiu vé GRAC van con han ché (Le va Bui, 2020). Nhimng
nghién ctiu nay chl yéu tap trung vao viéc t6i uu hoa thanh phan GRAC
dé dat dugc cudng do chiu nén t6t nhat. Bai bao nay trinh bay nghién
ctu lién quan dén cudng do bam dinh véi cét thép va kha nang chéng
chay clla GRAC.

2. V[\T LIEU VA PHUONG PHAP THi NGHIEM

2.1.Cét lidu

Trong nghién ctu nay, c6t liéu thé tu nhién dugc thay thé
hoan toan bang bé téng tai ché.
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Hinh 1. Sy phan b kich thudc hat ctia 6t liéu

Cot liéu tho téi ché c6 dugc bang cach nghién bé tong phé thai
tur nha dan dung va sang qua ray c6 kich thudc tir 5 - 30 mm. C6t
liéu min dugc s dung la cat song cé mé dun do6 I16n 1.8. Thanh
phan hat cta cét liéu thé tai ché va cat dugc xac dinh theo TCVN
7572-2:2006 0 va trinh bay & Hinh 1.

2.2.Tro bay (FA)

FA dugc st dung trong nghién ctiu nay c6 ngudn géc tir Nha
may Dién Duyén Hai 3 tinh Tra Vinh. Cac phan tich kich thudc hat
bang kinh hién vi dién t& quét cho thay FA dugc st dung cé dang
hinh cau (Hinh 2) véi kich thudc thay déi ti 0.6 dén 250 um, nhung
tap trung trong khodng 10 pm (Hinh 3).
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Hinh 3. Thanh phan hat cGa tro bay

Thanh phan hoa hoc clia FA dugc xac dinh theo tiéu chuén
ASTM 618 (ASTM, 2019); két qua kiém tra dugc thé hién trong Bang
1. Theo tiéu chudn ASTM C618, FA trong nghién ctu nay thudc loai
F it canxi.

Bang 1. Thanh phan héa hoc cua tro bay

Thanh phan % khoi lugng

Luu huynh trioxit (SOs) 1,0
Nhom oxit (Al20s) 26,1
Sat oxit (Fe,0s) 11,3
Natri oxit (Na20) 1,35
Silic dioxit (SiO2) 51,1
Kali oxit (K20) 1,29
Canxi oxit (Ca0O) 4,7
Magié oxit (MgO) 1,7
D6 &m 0,1

Mat khi nung 0,7

2.3. Dung dich kiém kich hoat

Pé kich hoat FA, su két hgp cta dung dich natri hydroxit
(NaOH) va dung dich natri silicat (Na2SiOs) da dugc chon lam dung
dich hoat hoa kiém (AAS). Dung dich NaOH dugc pha ché bang
cach cho NaOH dang vay khé vao nudc dé€ dat dugc néng d6 mol
theo yéu cau. Khéi lugng ctia NaOH rdn trong dung dich thay déi
tuy theo ndng dé mol (M) clia dung dich. Cac nghién ctiu trudc day
chira rang néng dé mol dung dich NaOH cao hon sé cho cudng do
nén cla bé tong geopolymer cao hon (Hardjito et al., 2005). Sau
khi cho NaOH khé vao thing chira nudc, dung daa thay tinh khuay
dé tao thanh dung dich NaOH. Sau d6 trén dung dich NaOH va
dung dich NazSiOs (c6 thanh phan gém 11,8% Na20; 29,5% SiO: va
58,7% nudc) theo ty 1é da dinh trudc. Dung dich NazSiOs va NaOH
khi pha ché sé sinh nhiét do d6 nén dugc chudn bi mot ngay truéc
khi st dung d€ dam bao cac phan Ung da xay ra.

2.4. Thanh phan cap phéi va phuong phap dic mau

Déi voi bé tdng geopolymer tro bay, ty 1&é Na.SiOs/NaOH la
2,5 theo khuyén nghi (Hardjito et al., 2005). Chon NaOH 12M, ti
s6 AAS/FA doi véi bé tdng geopolymer cho NCA nam trong
khoang tur 0,3 dén 0,45 (theo khéi lugng) (Hardjito, 2005). Do
cbt liéu tai ché c6 dé hap thu nudc cao hon NCA vi 6 |6p viia
cl bdm bén ngoai cét liéu, dé duy tri khd ning lam viéc tuong
ty nhu bé tong geopolymer NCA nghién cliu nay da thu
nghiém ty 1é AAS/FA & muc 0,4, 0,45 va 0,5. Ty |é tron cGia GRAC
dugc thé hién trong Bang 2.

Bang 2. Thanh phan cdp phéi ctia GRAC (kg/m?)

AASFA | FA | NaSios | NaOH | car | COtliéu
tai ché
04 428 123 49 | 540 | 1260
0.45 414 133 53 540 1260
0.5 400 143 57 540 1260




Dé& san xudt mau GRAC, d4u tién FA va AAS dugc tron trong 5
phut dé tao geopolymer. Sau d6, cét liéu bé téng tai ché va cat
dugc thém vao va tron trong 5 phat dén khi nhan thdy hon hop
dong déu. Sau khi dic, cac mau dugc bao dudng trong diéu kién
moi trudng xung quanh (28 °C va 65% RH) cho dén 28 ngay va
mang di thuc hién cac thi nghiém. Do sut thu dugc cta hén hop
GRAC la 18 cm dap tng kha nang lam viéc thudng dugc yéu cau
dai véi bé tdng geopolymer (Hardjito, 2005).

3. QUY TRINH THi NGHIEM

3.1. Thi nghiém cuéng d6 chju nén

Pé xac dinh cudng doé chiu nén cia GRAC, cac thi nghiém nén
mot truc da dugc thuc hién theo tiéu chuan Viét Nam (TCVN
3318:1993) (Hinh 4). Cac mau la hinh khéi c6 kinh thudc 15 cm x 15
cm x15 cm. Két qua thu dugc la gia tri trung binh cta ba mau thi
nghiém. .

Hinh 4. Thi nghiém xac dinh cudng d6 nén

3.2. Thi nghiém xac dinh cuéng d6 bam dinh

Cudng do bam dinh giira c6t thép va bé téng la thong sé quan
trong quyét dinh chiéu dai neo clia c6t thép. Mot trong nhiing yéu
té quan trong anh hudng dén cudng dé bam dinh gilra ¢t thép va
bé téng la chat lugng cta bé téng, dudng kinh cét thép, dac tinh
bé mat c6t thép (Chana, 1990). D€ khao sat cudng dd bam dinh
giia c6t thép va bé téng, thudng ap dung tht nghiém kéo tuét.
Trong nghién cdu nay, cac thi nghiém kéo tudt cling dugc ap dung
cho GRAC theo tiéu chudn (BS EN 10080:2005). Nguyén téc cla thi
nghiém la kéo mot thanh thép dugc dat trong moét khéi bé téng co
chiéu dai xac dinh (Hinh 5a). Hinh 5b thé hién ciu tao ctia mau
trudc khi kéo. Luc kéo ra dugc tang Ién cho dén khi thanh thép bi
tudt khoi mau bé tong hodc mau bi pha hoai.

o]

(a) (b)

Hinh 5. (a) M6 ta thi nghiém; (b) Mau sau khi Iap dat vao khung.

1. Phéin c6t thép d€ do chuyén vi cia cdt thép; 2. Chiéu dai bdm dinh; 3.
Chiéu dai khéng bam dinh trong bé tong; 4. Doan thép tir mép bé téng dén
diém ngam kéo; 5. (6t thep; 6. Mdu bé tong; 7. Nt chen; 8. Ong nhua ngdn
bdm dinh; 9. Ngam kep dé kéo c6t thép.

Cac mau bé téng cho cac thir nghiém lién két ¢ kich thudc 20
cm x 20 cm x 20 c¢m theo tiéu chudn 0. Chiéu dai lién két cla c6t
thép tiép xic véi bé tong la 5d (trong d6 d la dudng kinh cét thép,
tinh bang mm).

Bang 3. Thong s6 kich thudc gan thép

Kich thudc gan thép DBudng kinh thanh thép (mm)
(mm) 12 14 16 20
Chiéu cao 0.78 0.91 1.04 1.3
Chiéu rong trén 1.02 1.08 1.15 1.31
Chiéu rong dudi 2.85 3.19 | 3.58 451
Khodng cach gan 85 9.8 11 13
Goc nghiéng (°) 63.5 635 | 635 63.5

Phan con lai ctia thanh thép khong tiép xuc véi bé tong duoc
bao boc bgi 6ng nhya PVC c6 dudng kinh trong 16n hon dudng
kinh thanh thép khodng 1 mm nhdm dam bao thanh thép c6 thé
trugt dé dang khi bi kéo. Cac thanh c6t thép c6 dudng kinh khac
nhau da dugc tht nghiém lan lugt: 8, 10, 12, 16 va 20 mm. Trong s6
cac loai c6t thép nay, dudng kinh 8 va 10 mm tuong Ung vGi c6t
thép tron, cac dudng kinh khac tuong tng vdi cac loai ¢6t thép co
gan. Bén canh d6, dé so sanh cudng dé bam dinh ctia GRAC vai
cudng d6 bam dinh cla bé tong xi mang thong thuang (OPC), thi
nghiém cing thuc hién kéo tudt thép trén mau OPC c6 cudng dé
chiu nén 30,8 MPa véi thép tran c6 dudng kinh 8 mm va thép gan
¢6 dudng kinh 14 mm. Dac diém cla cac gan c6t thép dugc trinh
bay trong Bang 3.

3.3 Thi nghiém chiu Ira

Khi bé téng théng thudng tiép xdc véi nhiét dé cao, nhiéu hién
tugng xudt hién nhu gian nd c6t liéu, co ngét hé xi mang, tang ap
sudt hoi bén trong, nit hodc bong troc (Phan et al., 2001). Mac du
sO lugng nghién cttu khéo sat kha nang chiu Ira cia RAC con han
ché nhung cling cho thdy rang tinh chat co hoc ctia RAC bi suy
giam tuang tu nhu bé téng théng thudng khi ti€p xuc véi nhiét do
cao (De Larrard va Colina, 2018). Cac tht nghiém hién tai vé dac
tinh co nhiét ctia GRAC dugc trinh bay trong tiéu chudn (1SO 834-
1). Nhiét dé thay déi theo thdi gian theo tiéu chuén 1SO 834 dugc
minh hoa trong Hinh 6.

Wi 8 ()

Ehisl glan jpbdt]

Hinh 6. Su thay ddi nhiét do theo thoi gian

Mét 10 nung ¢ nhiét dé dén 1000 °C dugc chudn bi dé thuc
hién thi nghiém chiu Ifa ctia GRAC (Hinh 7). Trong nghién cttu nay,
su thay d&i clia cudng d6 nén theo su thay d6i cla nhiét d6 da
dugc khdo sat. Cac mau dugc nung sau khi dat 28 ngay tudi. Ba
méau dugc thdr nghiém doi véi méi trudng hop nhiét d6 gém nhiét
dd moi trudng xung quanh (28 °C), sau khi dugc dat trong 10 nung
G 200, 400, 600 va 800 °C.

Hinh 7. Mau thi nghiém trong 10 nung
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Cac mau sau khi nung dugc lam ngudi tu nhién con 50 °C va
sau d6 dugc chuyén qua thi nghiém nén mot truc. D€ danh gia su
that thoat nudc, khéi lugng clia céc mau cling dugc xac dinh trudc
va sau khi nung.

4, KET QUA VA THAO LUAN

4.1. Cudng d6 chiu nén

Két qua thu dugc tir thir nghiém nén mot truc duge minh hoa
trong Hinh 8. Bi€u d6 cho thay su phat trién chung cta cudng do
nén theo thai gian. Cudng do chiu nén cda GRAC & 3 ngay tudi
bang 50% cudng do nén 28 ngay, két qua nay tuong tu nhu su
phat trién cudng d6 cla bé téng xi mang théng thudng .

OAASFA=0F [AASFA=015 BAASTFA«1

i o ED
i S i

Cierng d4) chim nen (WPa)

[P 2

My biaa

Hinh 8. Cutng dd chiu nén cda GRAC theo ngay tudi

C6 thé thay su chénh léch vé cudng do chiu nén véi ba ty 1&
AAS/FA khac nhau chi & muc dudi 6% cho tat ca cac trudng hop.
Trong s6 ba ty 1& AAS/FA dugc thir nghiém, ty I t6i uu nhat nén la
0,4 vi ty & nay cung cap cudng d6 nén cao nhat, va ty Ié nay la kinh
té€ nhat do viéc st dung khéi lugng AAS la thap nhat. Doi véi
trudng hop AAS/FA = 0,4, cudng ddé nén tai 28 ngay thu duoc
khodng 30-31 MPa. Cudng d6 nén trung binh 28 ngay nay tuong
duong vai bé tdng C20 theo Eurocode 2, cé nghia la GRAC dugc
khdo sat c6 thé dap (ng tiéu chi vé cudng dd nén cho cac Ung
dung thuc té.

4.2, Cudng dé bam dinh véi cot thép

V6i mbi loai dudng kinh thép, 3 1an thit nghiém dugc 13p lai sau
do lay gia tri trung binh. Ngoai trir mau GRAC c6 dudng kinh thép
20 mm bj tach déi khi kéo (Hinh 9); & cAc mau con lai, thanh thép
chi bi trugt ma khéng ghi nhan bat ki hién tugng nao trén bé mat
mau bé téng. C6 thé vai kich thudc gan 16n clia thép 20 mm da gay
ra hién tugng pha hay mau

Hinh 9. Su pha hoai mau GRAC vdi thép 20 mm
Vi chiéu dai bam dinh st dung trong thi nghiém ngén (5d) nén
Ung suat bam dinh dugc gia dinh la phan bé déng déu doc theo
bé mat bam dinh cta c6t thép 0. Cudng d6 bam dinh f, dugc tinh
bang cach chia luc kéo tudt I6n nhat Pmax cho dién tich bam dinh
cla thép vai bé tong:
fy =t (1

T rxdx A
Trong d6 I, 1a chiéu dai bam dinh, d la dudng kinh thép. Két
qua vé cudng dé bam dinh trung binh dugc trinh bay trong Bang
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4, trong dé cac mau tht dugc dat tén la loai bé tong, sau do la
dudng kinh cét thép; vi du, GRAC-10 thé hién mau GRAC vaéi thép
c6 dudng kinh 10 mm.

Bang 4. Két qua thi nghiém cudng d6 bam dinh

Loai fo, thuc nghiem fo, trung binh fo,gan/ fo, | fo,crac/ o,

(MPa) (MPa) tron 0PC

GRAC-8 5,89

GRAC-10 5,92 >91 ' 233

GRAC-12 13,66

GRAC-16 12,94 13,11 2,22 2,35

GRAC-20 12,74

OPC-8 2,54 2,54 - -

OPC-14 5,57 5,57 2,20 -

K&t qua tir Badng 4 c6 thé thdy cudng dd bam dinh clia GRAC
déi vai cét thép tran va thép gan lan lugt la 5,91 va 13,11 MPa. Gia
tri cudng d6 bam dinh vai thép c6 gan trong thi nghiém nay cé két
qua tuong duang nghién cdu cla Sarker (Sarker, 2011), trong dé
cuong do bam dinh la 13-15 MPa Ung véi cudng do chiu nén cua
bé tong geopolymer c6t liéu tu nhién tir 30-35 MPa.

Ty s6 gilta cudng do bam dinh clia thép gan (fs, gan) trén cudng
dé bam dinh cta thép tron (f, von) 1a 2,22. Ty 1& nay cling gan véi ty
lé dugc dé xuat theo Eurocode 2 la 2,25 cho bé tong xi mang
thong thudng. K&t qua nay cho thay ty 1& fs, gan/ fo, ron = 2,25 cling ¢
thé duoc 4p dung cho GRAC.

Bang 4 cling cho thay ty Ié gitta cudng d6 bam dinh ctia GRAC
(fs, GRAC) vGi cuong dé bam dinh ctia OPC (f,, OPC) c6 gia tri trung
binh 14 2,34. Gia tri nay cho thdy cudng d6 bam dinh ctia GRAC cao
hon dang ké so vdi OPC. Két qua nay c6 y nghia tich cuc d8i vai
Ung dung thuc té trong xay dung vi chiéu dai neo thép vao GRAC
c6 thé giam dang ké.

4.3. Ung xir véi nhiét do

Cac két qua vé su sut gidm cudng doé chiu nén va khéi lugng
clia cdc mau GRAC & 28 ngay tudi dugc trinh bay trong Hinh 10.
Hinh 11 va Hinh 12 so sanh két qua clia nghién ctru hién tai véi cac
nghién ctu khéac. T Hinh 10, dé nhan thay rang khéi lugng gidm di
cla cdc mau GRAC ti 1é thuan vai su gia tang nhiét do. Su sut giam
nay chd yéu lién quan dén nudc bay hai tir mau bé téng. Két qua
khoi lugng mau gidm di tuong tu nhu cac nghién cdu trudc day vé
RAC (Varona et al., 2020) va dugc thé hién trong Hinh 11. Viéc mat
nudc nhanh chéng la mot trong nhiing ly do chinh gay suy gidm
cudng d6 cla ca bé téng thudng va RAC. Tuy nhién, khéi lugng
mat di ciia GRAC thap hon so véi OPC vi bé tdng geopolymer tir FA
c6 ham lugng nudc trong thanh phan cap phoi thap hon OPC..
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Hinh 10. CuGng d0 chiu nén va khéi lugng mat di cia GRAC sau khi chiu nhiét do cao.
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Hinh 11. Bién d6i khoi lugng cac méau sau khi chiu nhiét dd cao.
Su thay d8i cudng dé nén clia GRAC dugc trinh bay trong Hinh
12 ¢6 su khac biét khi so sanh vai bé téng géc xi mang. Trong khi
cudng do nén cla bé tong xi mang gidam khi nhiét d6 tang thi
cudng d6 nén GRAC lai tang |én khi nhiét d6 tang tU ldc chua nung
dén 600 °C; sau d6, cudng dd nén bat dau giam khi nhiét dé cao
hon 600 °C. Su thay d&i nay dugc cho la khi nhiét do tang cao sé
lam tang qua trinh tao gel gitta FA va AAS 0. Hinh 12 cilng trinh
bay két qua nghién ctu truéc day vé cudng dé chiu nén con lai sau
khi nung cia RAC. Trong d6, truc tung ctia hinh nay biéu dién ty s6
gita cudng do6 nén con lai fc (T) sau khi tiép xdc véi nhiét do T voi
cudng dé nén ban dau fc (méi trudng xung quanh - 20 °C). Cac
dudng cong tu Eurocode 2 Error! Reference source not found.
dugc dé xuat cho bé téng xi mang thong thudng vdi cot liéu da voi
va c6t liéu silicat cling dugc thé hién trén biéu d6. C6 thé thay rang
moét s6 nghién clu trudc day da thu dugc xu hudng téng thé
tuong tu vai cac dudng cong thuc nghiém do Eurocode 2 dé xuat
(“Robert va cong su”, “Salahuddin va céng su”, “Varona va céng
su”); trong khi “Sarhat & Sherwood” va “Xiao va cong su” nhan thay
mot ing xU khac: cudng dé nén gidm nhe (10-15%) khi mau tiép
xuc véi 200-300 ° C, nhung tur 200-500 ° C, cudng d6 nén tang lén
gan bang cudng dd nén ban dau . Sau dé, sau 500 ° C, cudng do
nén gidm khi nhiét dé tang. Tir 600-700 ° C, két qua thi nghiém
tuong tu nhu theo gia tri thuc nghiém Eurocode 2.
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Hinh 12. Cung dd chiu nén clia bé tong sau khi tiép xtic véi nhiét dd so vdi liic chua nung
Cac nghién cuu trude day cho rang cét liéu tai ché co6 dé xép cao
hon déan dén hai nudc thoat ra khoi cau tric vi mé clia RAC. Do do,
RAC c6 tinh nang chéng chay tét hon bé tdng thudng (De Larrard va
Colina, 2018). Trong thi nghiém nay, diém dac biét la GRAC s& hiu
nhiing uu diém clia ca bé tdng geopolymer dua trén RAC va FA.

5. KET LUAN VA KIEN NGHI

Bai bado trinh bay nghién ctu thuc nghiém vé bé téng
geopolymer cét liéu tai ché (GRAC). Cap phéi dugc chon la AAS/FA
= 0,4; Na;SiOs/NaOH = 2.5 (theo khdi lugng) tng véi cudng doé chiu
nén la 30,4 MPa dé thuc hién cac thi nghiém vé cudng d6 bam
dinh va kha nang chiu nhiét. Cudng dé bam dinh cét thép dugc
xac dinh bang cac thi nghiém kéo tudt. Két qua trén cac mau OPC
cho thdy muc dé phu hop clia cac két qua thu dugc. Cudng do
bam dinh ctia GRAC v&i c6t thép c6 gan cao han c6t thép tron 2,22
Ian; ty 1é nay tuong tu nhu dugc dé xuat trong Eurocode 2 cho bé
téng xi mang. Cudng dé bam dinh clia GRAC cao hon dang ké so
vGi OPC, day la mot dac tinh ndi bat cia GRAC. Kha nang chéng
chdy clia GRAC dugc danh gia bang cach nghién ctu sy thay déi
cla cudng dd nén theo su thay ddi clia nhiét do. Két qua cho thay
cuong d6 nén GRAC gia tang khi nhiét d6 nung tang tu nhiét do
moi trudng 1én 600 °C. Cudng dé nén bat dau giam khi hon 600 °C
nhung van tuang duong véi cudng do nén ban dau khi & nhiét do
800 °C. Bac tinh nay ctia GRAC la do dd x6p cua cét liéu tai ché, dé
x6p nano cta gel geopolymer tro bay, cac phan (ing va chuyén dai
giai doan cla gel geopolymer trong qua trinh gia nhiét.

Nghién ctu vé cudng do bam dinh va tinh nang chéng chéy
clia GRAC cho thdy mot sé uu diém cla GRAC va tiém nang cho
cac Ung dung thuc té. Cac dac tinh khac can dugc nghién ctu vé
vat liéu nay nhu: dé bén theo thai gian, d6 co ngdt, tir bién, cac thi
nghiém trén két cau.
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Giai phap thuc day s dung tro, xi nha may

nhiét dién than lam vat liéu xay dung trong
xu thé nén kinh té tuan hoan tai Viét Nam

Solutions to promote the use of ash and slag from coal-fired power plants as construction
materials in the trend of circular economy in Vietnam

> LE VAN TUAN, NGUYEN QUOC TOAN*

Khoa Kinh t& va Quan ly xay dung, Trudng Dai hoc Xay dung Ha Noi

*Email: toanng@nuce.edu.vn

TOM TAT

Phat trién bén viing trir thanh xu the bao tram trén the giai, kinh
t€ tudin hoan, tang trudng xanh dang |a ma hinh phat trign dugc
nhiéu qudc gia lya chon. Tai Viet Nam khuyen khich phat trién ma
hinh kinh t& tuén hoan dé st dung tdng hop va hiéu qua ddu ra cia
qué trinh sén xudt |a mat trong nhirng dinh huang phat trién dat

nuac giai doan 2021-2030. Hién nay, cung vai sy phét trién kinh t&

coa dat nuac, nhu cdu tieu thy dign ngady mat ting dan dén khi
|wgng tro, xi tao ra tir tai cac nha may nhigt dién dang ngay mat
tang them, gy sirc ép len dén mai trudng. Viec sir dung cd ich tro,
xi [am vat lieu trong x&y dyng mang lai nhiéu higu qué to l&n, bao
vé mai truang, tigt kiem dién tich d&t lam bai chira, giam sir dung
tai nguyen khoéng sén dé san xuét vat lidu xay dung, dam bao phat
trién bén virng. Sir dung phuong phap nghién ciru Iy thuygt va thuc
tién, nhom tac gid da nghién citu céc van dé trong tam, tir do dé
xuit mat sd giai phap nhdm thic ddy st dung tro, xi nha méay nhigt
dién than lam vat lidu xay dung tai Viet Nam dudi goc da quan ly
nha nudc, gap phan phat trign ma hinh Kinh t& tudn hoan trong
nganh xay dung ndi riéng va tai Viet Nam ndi chung.

Tir khod: Tro; xi; vat ligu xay dung ; kinh t& tuan hoan

ABSTRACT

Sustainable development has become a worldwide trend, circular
economy and green growth are the development models chosen by
many countries. In Vietnam, along with the country's economic
development, the increasing demand for electricity has led to an
increase in the volume of ash and slag generated from thermal power
plants, putting great pressure on the environment. environment.
Therefore, encouraging the development of a circular economy model
to effectively and efficiently use the output of the production process
is one of the country's development orientations for the period 2021
2030. The useful use of ash and slag as materials in construction
brings great efficiency, environmental protection, saving land area
for storage, reducing the use of mineral resources for the production
of building materials. ensure sustainable development. Using
theoretical and practical research methods, the authors have studied
the key issues, thereby proposing some solutions to promote the use
of ash and slag from coal-fired power plants as construction
materials in Vietnam from the perspective of state management,
contributing to the development of a circular economy model in the
construction industry in particular and in Vietnam in general.
Keywards: ash, slag, construction materials, circular economy

1. GIGI THIEU

DE cong nghiép hda va hién dai héa dat nudc can c6 nhiéu nang
lugng dién. Khi nhu cau nang lugng va ty 1& dién khi hoa tang 1én, than
van sé la ngudn nhién liéu héa thach dugc tiéu thu nhiéu nhat dé san
xuat dién. Nhiéu nha may nhiét dién than da dugc xay dung va van
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va xay dung trong nén kinh té tuan hoan. Viéc st dung tro, xi clia cac
nha may nhiét dién than (NMNDT) da va dang duogc day manh nghién
cltu va Uing dung rdng rai trén pham vi toan cau.

& Viét Nam, hang nam cac nha may nhiét dién than thai ra
hang chuc triéu tan tro, xi. Xu huéng nay con tiép dién lau dai
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tdn/nam [2]. Tinh dé&n dau ndm 2020, t8ng khéi lugng tro, xi luu gitt
tai bai chia clia cdc nha may khoang 47,65 triéu tan [2]. Lugng tro,
xi van khéng nging tang Ién. Theo phap luat Viét Nam thi tro, xi
phai dugc phan dinh, phan loai; trudng hgp khong phai la chat thai
nguy hai va dap Ung cac tiéu chuan, quy chudn ky thuat, huéng
dan ky thuat do co quan c6 thdm quyén ban hanh thi dugc st
dung lam nguyén liéu san xuat vat liéu xay dung (VLXD), san lap
mat bdng, st dung trong cac cong trinh xay dung va dugc quan ly
nhu d6i vai san phdm hang héa vat liéu xay dung [1].

Nhiéu nghién ctu trong va ngoai nudc cho thay tro, xi NMNDT
can dugc coi la nguén nguyén liéu, can dugc khai thac, s dung dé
nang cao hiéu qua kinh té&, via han ché tac dong xau dén moi
truding. Kha nang s dung tro, xi nha may nhiét dién than la rat I6n,
can dugc khuyén khich, thic ddy. Phuong phap truyén théng dé
tiéu thu mot lugng 16n tro, xi d6 la st dung chiing trong linh vuc
xay dung. Trong linh vuc xay dung, vat liéu xay dung la tro, xi dugc
st dung s6 lugng 16n ma khdng yéu cau qua trinh tién xdr ly phic
tap nhu véi mét s6 nganh cong nghiép khac, vi du nhu tro, xi dugc
st dung dé thay thé cho vat liéu truyén théng (dat, cat...) trong
dap dé, san lap két cdu, thi cong dudng sa, bé téng va cac san
pham xi mang khac.

Vi chién lugc phat trién mo hinh kinh té€ tuan hoan va muc
tiéu dén nam 2030 ty Ié chat thai nguy hai dugc tiéu hay, xi ly dat
98% [4], vai trd clia quan ly nha nudc sé vo cung quan trong. Nhiéu
gidi phap sé phai dugc dé xuat va trién khai thuc hién. Tai Viét Nam
hién nay con thiéu cac nghién ctu khoa hoc dusi géc d6 quan ly
nha nudc vé van dé thuc day sir dung tro, xi lam vat liéu xay dung
gén véi phat trién mé hinh kinh t& tuan hoan, béi hau hét cac cong
trinh nghién ctu khoa hoc déu danh phan 16n cho phan ky thuat
Xt ly, st dung tro, xi va mét phan noéi vé cac van dé gay hai méi
trudng do 6 nhiém, tac hai ddi vdi stc khde cong déng. Chinh vi
vay, nghién cuu giai phap thuc ddy st dung tro, xi NMNDT lam vat
liéu xay dung la hudng nghién ctru dang dan va cap thiét hién nay
nhdm goép phan phat trién mé hinh “kinh té tuan hoan” trong
nganh xay dung ndi riéng va cad nudc néi chung

2. SO LUGC KINH TE TUAN HOAN TAI VIET NAM

Tai Viét Nam, thuat ngir Kinh té€ tuan hoan (KTTH) chua dugc chinh
thuic sir dung trong phép luat, chinh sach cda Nha nuéc. Tuy nhién, tai
Pai hoi Xlll ctia Dang ndm 2021, KTTH da dugc thé hién trong Nghi
quyét clia Dang. Nhiing nam trudc day, nhiéu yéu t6 clia KTTH da
dugc dé cap (hinh 1). Viét Nam cling da c6 mét s6 dién hinh thanh

c6ng, nhu mé hinh Vudn-Ao-Chuéng va cac bién thé nhu Riing-Vusn-
Ao-Chuéng, hé thdng tréng cay-nudi ca két hgp (Aquaponics) (gitp
thu héi khi thai hodc tan dung thiic an, dinh duéng).

Hoat dong kinh té tir trudc dén nay van chi yéu dua trén cach ti€p
can kinh té tuyén tinh. Day cling la nguyén nhan co ban dan dén tinh
trang thiéu hut cac nguén tai nguyén thién nhién va dac biét la gay 6
nhiém méi trudng nghiém trong. D& thuc hién phat trién nhanh, bén
ving, giai quyét hai hoa méi quan hé gilia tang trudng kinh té va bao
vé moi trudng, chuyén déi sang kinh t€ tuan hoan la hudng di thich
hop. Hién nay, & Viét Nam chua c6 nhiing mé hinh kinh té tuan hoan
day da dang nghia va viéc hoc tap kinh nghiém clia cac quéc gia di
tién phong trong linh vuc nay la rat quan trong [7].

Thuc day phat trién kinh t& tudn hoan cho Viét Nam dugc xem
nhu 13 mét tat yéu clia qua trinh phat trién. D& thuc hién dugc dinh
hudng nay déi héi phai c6 su nd luc cia moi thanh phan trong xa
héi, ddc biét doanh nghiép la ddng luc trung tam, nha nuéc déng
vai tro kién tao, dan dit va cong déng tham gia thuc hién dé thay
d8i ca vé nhan thic va hanh vi clia toan xa héi [5]. Mot s6 bai hoc
quan trong vdi Viét Nam nhu sau [7]:

Thr nhdt, can phai c6 mét hanh lang phap Iy ré rang cho hinh
thanh, phat trién kinh té tuan hoan.

Thur hai, can ap dung cach ti€p can c6 hé théng nham tao ra su
phoi hop gitta cac muc tiéu chinh sach va tao dung su lién két gilra
cac bén lién quan nhu chinh phu, cac doanh nghiép khai thac va
nguyén liéu tho, cac nha ché bién, san xuat, phan phéi, ngudi tiéu
duing, don vi thu gom phé thai...

Thirba, can phai phat trién moét hé théng luat, chinh sach va quy dinh
toan dién vé quan ly chat thai va dam bao tinh tuan hoan ctia vat liéu.

Thu tu, can c6 nhiing chinh sach dau tu vao khoa hoc céng
nghé dé phat trién nhimng cdng nghé mai trong viéc xt ly rac thai
va nang cao hiéu qua st dung nguén nguyén liéu, can c6 cac chinh
sach cu thé khuyén khich cac doanh nghiép tang cudng ap dung
céng nghé vao cac quy trinh san xuat.

Thu ndm, can xay dung bé chi s6 & cap dé vi mo, nganh, doanh
nghiép va san pham dé do ludng va danh gid qua trinh chuyén
sang nén kinh té& tuan hoan. Bé chi s6 nay phai dugc phét trién phu
hgp vé6i nhau chir khéng nén dugc phat trién moét cach doc lap dé
khuyén khich sy tham gia ctia cac bén lién quan.

3. MOT SO NOI DUNG PUC RUT TU CAC NGHIEN cUU
NGOAI NUGC VE SU DUNG TRO, Xi NHA MAY NHIET DIEN THAN

- Ung dung clia tro, xi trong xay dung dan dung la mét trong
nhitng cach t6t nhat gidm thiéu cac van dé vé mai trudng va xa hoi
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lién quan téi viéc thai bé tro, xi. C6 ba yéu té chinh anh hudng dén
khé nang ung dung la: yéu cau qua trinh tién x( ly (diéu nay cé thé
lam tang chi phi cho qua trinh st dung); tiém nang gay 6 nhiém
moi trudng va han ché vé ky thuat dé thay thé vat liéu xay dung
théng thudng vai s6 lugng 16n [11].

- V& mét s6 lugng, viéc tiéu thu tro, xi ¢ thé dugc thuc hién
moét cach hiéu qua nhat théng qua xay dung dia ky thuat. Tuy
nhién, trong trudng hgp nay sé cd nguy cd gdy 6 nhiém moi
trudng. Viéc thay thé hoan toan dat théng thudng bang tro, xi can
dugc can nhic ky luéng, tuan tha tiéu chuan lién quan [11].

- Theo quan diém méi trudng, ing dung tro, xi trong cac san
phdm téng hgp gdc xi mang va géc nhua dudng nén dugc nhan
rong. Cac ngudn cot liéu ty nhién dang gidm dan, do dé viéc su
dung cac phu pham hay cét liéu tai ché thay thé cho cac c6t liéu tu
nhién dugc khuyén khich, dac biét la khi viéc khai pha cac mo
quang mdi c6 thé dan téi pha hay méi trudng. Thay thé cac cot
lieu théng thudng bang tro, xi mang lai Igi ich la bao tén tai
nguyén thién nhién. TU quan diém ky thuat, nhiéu nghién ctu
khuyén cao rang nén thay thé mot phan tro, xi cho vira va bé tong
théng thudng, ngoai trir cac Ung dung vét liéu téng hop véi muc
dich dic biet [11].

- Can ¢6 cac nghién ctiu sau hon trong tuong lai cling véi cac
(ing dung nang cao cua tro, xi @€ ddy nhanh viéc ting dung tro, xi
vao nhiéu ca s& ha tdng khac nhau dé c6 thé tan dung dugc hon
nta cac dac tinh cua tro, xi.

- Can ¢6 su hd trg tu chinh sach dé thac ddy loi ich cha viéc su
dung tro, xi. Viéc thanh 1ap hé théng tin dung hodc cac té chiic nghé
nghiép hé trg cho viéc tai st dung tro, xi hodc ching chi xanh/bén
viing clia vét liéu xay dung cé thanh phan t tro, xi cling c6 thé kich
thich viéc st dung tro, xi. Vi du hé théng chiing chi théng thusng nhu
LEED (Leadership in Energy & Environmental Design), ‘Green Globes’,
BREEAM (Building Research Establishment Environmental Assessment
Method), va CfSH (Code for Sustainable Homes) [11].

- Do déc tinh co ly hoa cda tro, xi la khac nhau vi thé viéc quan
ly tro, xi ciing phai khac nhau. D€ sir dung hiéu qua nguén nguyén
lieu thd nay va giam thiéu tac dong tiéu cuc dén moi trudng,
khong chi cac co quan khoa hoc can tién hanh nghién ctu ma ca
cac cong ty nhiét dién than cling phai c6 trach nhiém phat trién
linh vuc nay [10].

- Viéc tang cudng st dung tro, xi c6 thé dat dugc bang nhiéu
cach. C6 thé st dung céc bién phap khuyén khich vé kinh té. Su
phat trién clia cadc cdng nghé cho phép tao ra dugc cac nguyén
lieu véi thong sé ky thuat tuong duong, va doi khi con tét hon so
vGi nguyén liéu truyén théng, la yéu t8 chinh dé khuyén khich cac
cong ty st dung tro, xi trong qua trinh san xuat ca minh. Ap luc
méi trudng 1& mét ndi dung quan trong. Khi cac té chiic khéng x{
ly tro, xi clia ho va chi phi cho viéc luu bai (hodc chén lap) tang lén,
ho sé phai tim cach dé tai ché ching & muic d6 cao hon trudc [10].
Tai ché tro, xi 1a mot vi du vé hiéu qua kinh té& tuan hoan, gitp dat
dugc muc tiéu kép vé moi trudng va kinh té.

Cac gidi duc rut néu trén la bai hoc quy, c6 y nghia thuc tién cho
Viét Nam trong viéc quan ly va st dung tro, xi lam vat liéu xay dung.

4. THUC TRANG SU DUNG TRO, Xi NHA MAY NHIET DIEN
THAN LAM VAT LIEU XAY DUNG TAI VIET NAM VA DU BAO
LUQNG PHAT THAI TRO, Xi CUA CAC NHA MAY NHIET DIEN THAN

4.1. Thu'c trang phadt thai tro, xi nha mdy nhiét dién than

Nam 2020, Viét Nam c6 25 NMNDT dang hoat dong, phét thai
ra téng lugng tro, xi khoang hon 13 triéu tdn/nam (trong do, tro
bay chiém tir 80% dén 85%). Lugng phat thai tap trung chl yéu &
khu vuc mién Bac - chiém 65%, mién Trung chi€m 23% va mién
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Nam chiém 12% téng lugng thai [2].
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Hinh 2. Biéu d6 ton trit tro, xi qua cac ndm tir 2016-2020

Lugng tro, xi phat thai tir 4 nhom chl dau tu nhu sau: 13 nha may
nhiét dién ctia EVN la hon 8,66 triéu tan chiém 64% téng lugng phat
thai clia ca nuSc; 6 nha may ctia TKV khoang 3,02 triéu tan, chiém 15%
téng lugng phat thai clia cd nudc; 1 nha mdy ctia PVN 1a 0,784 triéu tan
chiém khodng 6% téng lugng phét thai clia cd nudc; 5 nha mdy con lai
(BOT va céc chii dau tu khac) phat thai khoang 2,0 triéu tan, chiém
15% téng lugng phat thai clia cd nuéc [2].

Lugng tro, xi ton trr 6 xu hudng tang dan, nam sau cao hon
nam trudc tir ndm 2016 tdi nay (xem Hinh 2). Lugng tén trit ¢ sy
tang manh gilra nam 2016 va 2018, diéu nay nguyén nhan chu yéu
la do dén ndm 2018 c6 nhiéu NMNDT di vao hoat déng én dinh.
Tuy nhién ciing theo s6 liéu diéu tra thuc té va cac don vi bao cao,
téng lugng tro, xi da dugc tiéu thu khong 1én so véi téng lugng
dugc thai ra hang nam va khong phan bé déu déi véi ting nha
may. Co nhiing nha may da ban hau hét lugng xi, tro bay thai ra,
trong khi d6 c6 nhitng nha may phai thai toan bo tro, xi ra bai chita
hodc tro, xi tai bai chtta khéng dugc cac don vi xt ly, s& dung thu
mua. Hién nay nha may co lugng phat thai tro, xi (theo thiét ké) I6n
nhat la nha may Nhiét dién BOT Vinh Tan | (1,6 triéu tdn/nam) tai
tinh Binh Thudan. Bia phuong cé lugng phat thai tro, xi nhiét dién
I6n nhat 1a tinh Quang Ninh khodng 6,7 triéu tan/ndm chiém
khoang 35% téng lugng phat thai clia ca nudc [2].

4.2. Tinh hinh sit dung tro, xi nha mdy nhiét dién than lam vat
liéu xay dung

Dén dau nam 2020, t8ng lugng tro, xi nhiét dién da tiéu thu trén ca
nudc khodng khodng 34,5 triéu tan tuong duong véi 42% téng lugng
phat thai qua cac nam. Trong d6: EVN tiéu thu dugc khoang gan 23
triéu tan; TKV tiéu thu dugc khoang haon 6 triéu tan; PVN tiéu thu duoc
khoang gan 1,5 triéu tan; Cac nha may con lai (BOT va cac cha dau tu
khac) tiéu thu dugc khoang 4 triéu tan [2].
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Hinh 3. Biéu d6 st dung tro, xi trong cac finh vurc khéc nhau (ngudn [2], don vi: triéu tén)

Tro, xi dugc st dung nhiéu nhat la linh vyc lam phu gia khoang
cho xi méang udc khoang 24 triéu tan; san xudt gach dat sét nung va
gach khéng nung udc khoang 4 triéu tan; lam phu gia cho san xuét bé
tong tuai, bé tdng cho cac céng trinh thuy lgi, cdng trinh giao théng
(dudng bé tdng xi mang vling néng thon) va céng trinh xay dung dan
dung (két cdu mong khéi 16n it tda nhiét) udc khoang 3 triéu tan va
lam vat liéu san lap, dap dudng giao théng cac loai khoang 3,5 triéu
tan [2]. Cac s6 liéu vé tiéu thu va tng dung tro, xi NMNDT tai Viét Nam
duogc mé ta bang so do tai Hinh 2 va Hinh 3.



B [am phu gia khoang cho xi ming
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Hinh 4. Ty trong ting dung ca tro, xi dugc st dung lam VLXD (ngudn [2])

4.3. Du' bdo lu'ong phat thdi tro, xi nha mdy nhiét dién than tur
ndm 2021 dén ndm 2030

Viéc dy bao lugng phat thai tro, xi NMNDT sé dugc thuc hién
tinh toan trén cd sd nhu cau st dung than cho cac nha may va dy
bdo vé quy mé nguén dién than trong cac nam tiép theo. Viéc tinh
toan sé dugc don gidn hoa va cé thé thay d8i theo nhiéu yéu t8
khéng dugc xem xét & day. Téng lugng phat thai tro, xi trong giai
doan duy bdo c6 thé bi anh hudng, nhu c6 cac céng nghé méi, nhu
cau nang lugng dét bién hay nhiing thay déi kho ludng khac trén
thi trudng nang lugng trong nudc va thé gidi.

Lua chon sé liéu tinh todn:

- S6 ligu vé nhu cau st dung than va quy mé nguén dién than

dugc xem xét trén Quy hoach phat trién dién luc dugc Thu tudng
Chinh pht phé duyét nam 2016 theo Quyét dinh s6 428/Qb-TTg ngay
18/3/2016 (thudng goi la Quy hoach dién VII), cu thé: dén nim 2020
téng cong suat dién la 26.000MW, san xuat khoang 131 ty kWh dién,
chiém khoadng 49,3% dién san xudt, tiéu thu khodng 63 triéu tan than;
dén nam 2025 t8ng cong suat khoang 47.600MW, san xuit khodng
220 ty kWh dién, chiém khodng 55% dién san xuat, tiéu thu khoang 95
triéu tan than; d&n ndm 2030, téng céng suat khoang 55.300MW, san
xudt khoang 304 ty kWh, chiém khoang 53,2% dién san xuat, tiéu thu
khoang 129 triéu tan than [8].

Tuy nhién, dén ndm 2020 sau 4 nam ké tUr quy hoach diéu
chinh dugc phé duyét, da c6 nhiéu bién dong Ién trong phat trién
dién luc. Trong d6 c6 su cham tré va khé khan trong viéc xay dung
c4c nha may nhiét dién, tdng cong suat Iap d&t nguodn dién than 1a
gan 18.000MW [2] dat 79% so v&i quy hoach. Trong co cau cong
suat nguon dién toan quéc nam 2020, nhiét dién than chiém
khoang 30% [9], con s6 nay giam nhiéu so vai quy hoach la 49,3%.
Do d6 néu du béo lugng phat thai tro, xi theo lugng tiéu thu than
tai Quy hoach dién VIl sé khong sét véi tinh hinh hién tai.

- Nguon than cdp cho cac nha may nhiét dién duoc lay tu
nguén trong nudc va nhap khau. San lugng tiéu thu than cho san
xuét dién trong nhitng ndm qua dugc thé hién tai Bang 1. Cac loai
than dang st dung trong cdc NMND dugc thé hién tai Bang 2.

Bdng 1. Sén lugng than tiéu thu cho sdn xudt dién giai doan 2010-2019 (triéu tdn)

Nam 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Than trong nudc 8,27 10,78 10,85 11,55 15,98 24,22 28,68 26,63 33,06 35,06
Than nhép khau 1,70 4,06 7,24 17,24

Téng céng 8,27 10,78 10,85 11,55 15,98 24,22 30,38 30,69 40,30 52,30

(Nguén: Téng két van hanh hang ndm ciia PPQG)

Bdng 2. Cdc loai than dang sir dung trong NMND tai Viét Nam
UL LD Don vi Than 5a.1 Than 6a.1 Than antraxit Uc bl Ll
co ban cia than ’ ) ) Nam Phi Sub-bitum

Nhiét tri toan phan Kcal/kg 5600 4800 5044-5843 5204 4797
Do tro % 29 37,5 26,51-29,41 22,94-23,39 9,8
D6 &m toan phan % 8,5 8,5 9,09-10,46 10,81-11,27 30
Luu huynh % 0,65 0,65 0,66 0,59-0,65 0,85
Chat béc kho % 6,5 6,5 13,36-16,12 5,67-12 25-50

(Nguén: Tap doan dién luc Viét Nam)
Bdng 4. Du bdo nhu cdu than cho sdn xudt dién (Kich ban phu
tdi cao) Don vi: triéu tdn/ndm. Nguén [9]

Dai véi than trong nudc: tdng san lugng than cé thé cap cho
dién nam 2020 khoang 35 triéu tan, nam 2025 khoang 36,3 triéu

tan, ndm 2030 khoang 39,8 triéu tan, nam 2035 khoang 39,5 triéu Nim 2020 | 2025 | 2030 | 2035 | 2040 | 2045
tan. Theo du kién khai thac than cho giai doan sau nam 2035, quy Than trong nuc 35,0 36,3 39,8 39,5 39,5 39,5
mo cung cdp than trong nuéc cho dién chi téi da & muc 39,5 triéu Than nhap khau 12,4 296 51,6 75,5 90,2 96,1
tdn/nam cho giai doan 2035-2045. DSi véi ngudn nhap khau, Viét Téng cong 474 | 659 | 91,4 | 1150 | 1297 | 135,6

Nam c6 thé& nhap than tir cdc nudc Indonesia, Australia, Nam Phi va
Nga. Nhu cau than sé dugc tinh toan theo 2 kich ban vé phu tai la
Kich ban phu tai cc s& va Kich ban phu tai cao [9]. Bdng téng hop
s8 liéu nhu cau than cho 2 kich ban dugc thé hién tai Bang 3 va

Tinh todn du béo lugng phat thai tro, xi nhu sau:

- C6 2 kich ban @& du bao khéi lugng phat thai tro, xi theo kich
ban tiéu thu than cho cdc NMND.

- Lugng tro, xi sinh ra dugc tinh theo D6 tro trung binh (tinh trung

Bang 4 ] . s Lo i binh cong lay tir Bang 2) clia tiing loai than st dung cho cac NMNDT.
_ Bang 3. Du bdo nhu cau than cho san xudt dién (Kich bdnphu  Theo Bang 2 thi d6 tro trung binh cia than trong nudc I 33,3%, clia
tdi co'sé) o A than nhap khau la 25,6%. K&t qua tinh toan dugc thé hién tai Bang 5.
Don vi: triéu tan/ndm. Ngudn [9] Bdng 5. Du bdo Iugng phdt thdi tro, xi NMINDT tai Viét Nam
Nam 2020 | 2025 | 2030 | 2035 | 2040 | 2045 Don vi: trigu tdn
. Nam 2025 2030 2035 | 2040 | 2045
Than trong nuidc 35,0 36,3 39,8 39,5 39,5 39,5 Kich ban phu i co 5 193 25,1 294 32,0 323
Than nhdp khéu 124 | 283 | 466 | 637 74,0 74,8 Kich ban phu tdi cao 19,6 26,4 324 | 362 | 377
Téng cong 474 | 646 | 86,4 | 1032 | 1135 | 1143 - Lugng phat thai tro, xi cdng don (néu khéng dugc sir dung)

nhu sau (Bang 3.7 va Hinh 3.3): Nam 2025 = 49.613 (t6n ch{r nam
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2020 - Bang 3.1) + 13 triéu tan [2]*4+19,3 (Bang 5). Cach tinh tuong
tu cho cac méc 2030-2035-2040-2045.
Bdng 6. Du bdo Iuong phdt thai tro, xi cdng dén cia cdc
NMNDT tai Viét Nam
Don vi: triéu tdn

Nam 2025 2030 2035 2040 | 2045
Kich ban phu tai co's& 713 173,7 303,7 4534 | 6138
Kich ban phu tai cao 71,6 176,6 314,7 4806 | 663,1

Nhu vay trong vong 10 ndm t&i, mdc du lugng phat thai tro, xi
gilta cac kich ban c6 su chénh léch khéng nhiéu, nhung lugng tro,
xi cong don néu khong dugc st dung (cé ich) 1a 16n, tir d6 sé gay
ap lyc rat Ién dén moi trudng - xa hoi, dac biét la tai cac ving c6
NMNDT.

4.4. Rao can véi viéc sir dung tro, xi nha mdy nhiét dién than
lam vat liéu xdy dung 6 Viét Nam

Thuc trang vé tinh hinh st dung tro, xi lam vat liéu xay dung tai
Viét Nam cho thdy, cé 2 rao can co ban la Ky thuat va Kinh té. Rao
can thd nhat vé mat ky thuat la van dé lam ré hon van dé chat doc
hai c6 trong tro, xi &nh hudng thé nao dén con ngudi va méi
trudng; chat lugng cla vat liéu xay dung lam tu tro, xi (co su so
sanh vdi cac vat liéu truyén théng), thiét ké chat thai trong qua
trinh dét than clia cac NMNDT... Rao can thi hai la vé kinh té, d6 la
lgi ich kinh té clia viéc st dung tro, xi dnh hudng dén ngudi truc
ti€p st dung; gia vat liéu tu tro, xi ¢ thuc su uu thé hon cac vat
liéu truyén théng. Cu thé nhu sau:

(1) Céng nghé dét chua hoan thién triét dé, van tén tai mét s6 vdn
deé veé chdt lugng tro, xi

D6 v6i cac nha may st dung cédng nghé 16 hoi tang s6i tuan hoan
(CFB), thach cao va da voi du luén luén dugc thai ra lan 16n cling véi
tro bay. Viéc thai 1an tro bay va thach cao cling véi lugng da voi du cla
cac nha may dung céng nghé CFB dan dén kho phan tach thach cao,
x{r ly da voi du ra khai tro bay dan téi kho khan trong qua trinh st
dung lam nguyén liéu san xuat vat liéu xay dung.

Céc nha may dién & Viét Nam dang s dung mét trong 3 cong
nghé xt ly khi sulfur: X ly bang nudc bién; x ly bang bét da voi
sau khi dot; xt ly bang bot da véi dét kém than. Hién Viét Nam cé
09/25 nha may dot da voi kém than dan dén tro bay c6 lan bot da
voi nén khé lam nguyén liéu san xuat vat liéu xay dung [2].

(2) Cdc chi phi gidn tiép cao

Mac du da c6 tiéu chuan va hudng dan ky thuat trong viéc st
dung tro, xi nhiét dién lam vat liéu san lap; tuy nhién viéc st dung
tro, xi lam vét liéu san lap van chua canh tranh dugc vé gia thanh
5o véi cac loai vat liéu san lap truyén thong; trong khi dé mét sé
don vi xa thai con ban tro, xi thay vi c6 co ché hé trg, khuyén khich
cac don vi tiéu thu nén dan dén tiéu thu cham. Bong thdi, gia ban
tro, xi khoang 5.000d6ng/m?, rat thap va clng chi du chi phi sra
chita dudng phuc vu cho xe vao lay tro, xi.

Mot s6 nha may c6 bai chira tro, xi nam cach xa noi tiéu thy
(cac nha mdy san xuat xi mang va cac loai vat liéu xay dung khac,
céac coéng trinh xay dung 16n) nén chi phi van chuyén cao, viéc st
dung tro, xi chua hap dan vé kinh té - ky thuat nén khé tiéu thu (trir
cac trudng hgp viéc st dung tro bay lam phu gia khodng cho bé
tong la yéu cau bat budc déi vi mot s6 du an thuy dién cé hang
muc dap trong luc khéi 6n).

Viéc van chuyén tro, xi thai ra, cadc don vi van chuyén dang s
dung phuadng tién van chuyén la xe 6 té trén cac dudng quéc 16,
bat budc phai chay dung tai trong cho phép, dam bao an toan méi
trudng dan dén téng chi phi van chuyén tang va khéng hap dan
céac don vj van chuyén.

(3) Cdc nha mdy nhiét dién van gii tu duy tro, xi la chdt thai rdn
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can chén ldp, chua coi d6 la nguén tai nguyén cé gid tri

Hién nay d6i véi cac nha may c6 thuan Igi trong viéc tiéu thu
tro, xi thi da s6 mai chi tap trung vao viéc tiéu thu vé mat sé lugng
dai vai lugng tro, xi thai ra chi chua y thic dén viéc cac don vi thu
mua, x{r ly, st dung c6 ddm bao dugc cac tiéu chudn vé vé sinh moi
trudng, cac tiéu chuan, quy chudn hién hanh dé san xuat vat liéu
xay dung hay khéng.

Mét s6 chii nguén thai chua thuc su cht dong, tich cuc va ban
hanh céc chinh sach dé thu hat cac don vi xt ly, s&t dung tiéu thu
tro, xi.

(4) Cdc quy dinh phdp ly chua ddy di va déng bé

- Van ban hudéng dan déng xur ly tro, xi va huéng dan st dung
tro, xi d€ hoan nguyén mé chua dugc ban hanh.

- Viéc yéu cau cac chti o s@ phat thai c6 trach nhiém phan loai,
x( ly tro, xi, thach cao dam béao tiéu chuan, quy chuan ky thuat lam
nguyén liéu san xuat vat liéu xay dung va sir dung trong cong trinh
xay dung. Truong hgp khong di kha nang tu phan loai, x{ ly tro, xi
thi phai thué don vi c6 du nang luc dé thuc hién viéc phan loai, xu
ly tro, xi dat tiéu chudn, quy chudn ky thuat lam vat liéu xay dung
[3]: day la quy dinh dlng dan va can dugc thuc thi, tuy nhién chua
¢6 16 trinh ap dung, gdy kho khan cho cac chd phat thai, thém vao
d6 1a chua c6 chinh sach vé mat kinh t&€ dé hé trg doanh nghiép
thuc hién (do viéc phan loai va x{ ly tro, xi dat chuan lam vat liéu
xay dung hién khong dugc dua vao hach toan gia dién) va chua cé
ché tai cu thé.

- Van dé vé xt phat hanh chinh cling can phai xem xét diéu
chinh:

Céc hanh vi vi pham hanh chinh (VPHC) lién quan dén x{ ly tro, xi
dugc quy dinh tai khoan 5, khoan 6, Diéu 39 Nghi dinh 139/2017/Nb-
CP ngay 27/11/2017 cda Chinh pht "quy dinh xu phat vi pham hanh
chinh trong hoat dong dau tu xdy dung; khai thdc, ché bién, kinh doanh
khodng san lam vat liéu xdy dung, sén xudt kinh doanh vdt liéu xdy dung;
quan ly céng trinh ha tdng ky thudt; kinh doanh bdt déng sén, phdt trién
nha & quan ly s&tdung nha & va céng sé™:

Tro, xi khéng dugc xi ly c6 chiia cac thong s6 nguy hai moi
trudng sé lam 6 nhiém dat, nudc, khéng khi. Sy 6 nhiém nay sé gay
nguy hai cho con ngudi, cho dong, thuc vat. Vi vay, véi cac hanh vi
VPHC cé gay thiét hai thuc té thi ngoai viéc xr phat ngudi vi pham
bang hinh thic xr phat thi con can phai ap dung cac bién phap
cén thiét dé€ khac phuc hau qué do VPHC gay ra thi méi thuc su loai
trir dugc tinh chat nguy hiém cho xa héi cdia hanh vi vi pham. Néu
hau qua cuta vi pham hanh chinh khéng dugc khac phuc téi da thi
hau qua d6 c6 thé anh hudng rat lau dai.

Tai khoan 8, Biéu 39 Nghi dinh 139/2017/ND-CP chi yéu cau
bién phap khac phuc hau qua “budc thuc hién bién phap khac
phuc tinh trang & nhiém moi trudng (néu cd) déi véi hanh vi quy
dinh” 1a chua day g va cé tinh ran de.

Mat khac, muc x phat phai tuong xting v6i muc dé nguy hiém
cho xa hoi ctia hanh vi vi pham. Tai khoan b, muc 5, Diéu 39, Nghi
dinh 139/2017/ND-CP quy dinh xt phat VPHC: Phat tién ti
70.000.000 déng dén 80.000.000 dong déi véi co s& nhiét dién
“Khéng phan loai, so ché hodc phan loai, so ché tro, xi, thach cao
khéng dam béo tiéu chuan, quy chudn ky thuat lam nguyén liéu
san xuat vat liéu xay dung theo quy dinh”. Nhu vay, du lugng tro, xi
¢4 nhiéu dén muc nao thi déu xur phat giéng nhau.

5. GIAI PHAP NHAM THUC PAY SU DUNG TRO, Xi NHA MAY
NHIET DIEN THAN LAM VAT LIEU XAY DUNG TAI VIET NAM

5.1. Ung dung ly thuyét kinh té€ tudn hoan trong phan tich, sir
dung tro, xi nha mdy nhiét dién than lam vat liéu xdy dung

Piém dac trung clia kinh té tuan hoan cho thdy la viéc su dung



chat thai clia qua trinh trudc la nguyén liéu cho qua trinh sau. Nhu
vay viéc st dung c6 ich tro, xi (trong d6 c6 lam vat liéu xay dung) la
mot mat xich khong thé thi€u trong mé hinh kinh té€ tuan hoan.
M6 hinh @é xuat trong st dung tro, xi lam vat liéu xay dung gém
cac ndi dung nhu sau (Hinh 4):

(1) Khai thac than nguyén liéu - (2) Ché bién than dat chudn -
(3) Pua vao lam nguyén liéu d6t cho NMNDT - (4) Thu gom tro, xi
(c6 thé tai bai chita ctia NMNDT hodc ctia don vi thu mua, don vi
quan ly) - (5) Thiét ké/tim ki€ém/Iya chon tng dung - (6) San xuat -
(7) Van chuyén - (8) St dung, tai sir dung - (9) Thu gom - (10) Tai
ché.

AN

LO BOT NHA MAY
NHIET DIEN

:‘3‘\
CHE BIEN THAN
DAT CHUAN

& b

THU GOM TRO. Xi  THIET KE. TIM KIEM
LUA CHON UNG DUNG

KHAI THAC THAN,
NHIEN LIEU

VAN CHUYEN

SU DUNG,
TAI SU DUNG

Hinh 5. M hinh tuan hoan st dung tro, xi lam vt liéu xdy dung

Theo m6 hinh nay thi 8 méi budc (tur budc tha 5 tré di) déu
c6 thé xdy ra viéc tén du tro, xi khéng st dung hét. Khi d6
lugng tén du nay lai quay vé bai chira @& chuan bi cho cac buéc
tiép theo. Viéc tai st dung tro, xi lam vat liéu xay dung da kéo
theo rat nhiéu nganh/céng viéc lién quan phat trién, nhu: van
tai, may xay dung, nghién ctu khoa hoc céng nghé lién quan...
tao ra nhiéu viéc lam cho xa hoi.

Dua trén cac bai hoc dugc duc rat, @& mé hinh trén dugc
hoat déng t6t, cac nodi dung bé trg can thuc hién:

Th nhdt, can phai c6 mét hanh lang phép ly ré rang cho
phat trién kinh té€ tuan hoan trén pham vi ca nudc, tu d6 sé tao
diéu kién tao nén vong kinh té tuan hoan nho trong s dung
tro, xi NMNDT dugc hoat déng tron tru.

Tha hai, can tao ra su phéi hgp gilra cdc muc tiéu chinh sach
(chinh sach vé quan ly chat thai ran, chinh sach vé khuyén
khich st dung tro, xi, chién lugc vé phat trién vat lieu xay dung,
chinh sach vé st dung tai nguyén thién nhién nhu cat, séi...) va
tao dung su lién két gita cac bén lién quan nhu chinh phu, cac
doanh nghiép khai thac/cung cdp than, tuyén than, phan phéi,
nha khoa hoc trong viéc thiét ké cac ing dung, ngudi tiéu
dung, don vi thu gom phé thai...

Thi ba, can cé nhing chinh sach dau tu vao khoa hoc céng
nghé dé phat trién nhiing céng nghé mdi trong viéc st ly tro, xi
va nang cao hiéu qua s dung ngudn nguyén liéu than. Nha
nudc ciing can c6 cac chinh sach cu thé khuyén khich céac
doanh nghiép tang cudng ap dung céng nghé vao cac quy
trinh san xuat.

Thi tu, can xay dung bd chi s6 & cap d6 vi mé, nganh,
doanh nghiép va sdn pham dé do ludng va danh gia qua trinh
chuyén sang nén kinh té tuan hoan. B6 chi s8 nay phai dugc
phat trién phu hgp véi nhau dé€ khuyén khich su tham gia cla
cac bén lién quan.

5.2. B6 sung, hoan thién mét sé chinh sdch

Pham vi clia chinh sdch hudng dén Ia thac day viéc st dung
tro, xi vao cac du &n, cong trinh st dung von dau tu céng. Déi
tugng dugc tap trung dén la cac san pham xi mang, bé téng,
vat liéu san lap, vat liéu lam nén dudng va gach khéng nung.

Cu thé nhu sau:

(1) Chinh sdch vé tdng cudng st dung tro bay trong xi médng,
bé téng thuong phdm

Can cu’ cac s6 liéu vé san lugng, tiéu thu va du bao san
lugng clia nganh xi mang, dua trén cac tiéu chudn hién hanh tai
Viét Nam thi ré rang nganh xi mang la nai tiéu thu tro, xi tiém
nang va kha thi cao. Nhiéu nha may xi mang tai Viét Nam hién
nay da va dang st dung tro bay lam thanh phan pha tron. Tuy
nhién chua cé quy dinh cu thé ndo mang tinh bat buéc cho viéc
st dung nay. Tu do, tac gia dé nghi co quan quan ly yéu cau
nganh xi mang phai st dung tro bay trong xi mdng véi ty 1é la
tUr 9-11%. Khi d0, lugng tiéu thu tro bay hang nam cho dén nam
2030 t&i thiéu dat dugc tir 9,0 - 11,0 triéu tdn/nam.

Theo théng ké cta Bé Xay dung, trong nam 2019, Viét Nam
st dung khoang 140 triéu tan m3 bé tong, trong d6 50% dugc
san xudt tai cac cd s san xuat bé téng thuong phadm va 50%
dugc san xuat thu céng. Du bao san lugng bé tong theo chién
lugc phét trién vat liéu xay dung Viét Nam thi d&n ndm 2030
san lugng bé téng & muc 250 - 270 triéu m3. V&i cong nghé
trong nudc hién nay da cho phép st dung tro, xi nhu mot thanh
phan trong cap phdi ctia bé tong. G nhiéu nudc trén thé gidi,
viéc st dung tro, xi trong bé tdng thuong phdm da trd thanh
bat budc, vi du nhu & Canada hau nhu tat ca bé tong déu chua
tir 10 dén 25% tro bay. Do d6, can phai c6 quy dinh cu thé vé su
dung tro, xi trong bé tong thuong pham phu hgp vdi tung dia
phuang, khu vuc c6 dat NMNDT.

(2) B6 sung chinh sdch hé trg va uu déi cho viéc sir dung tro, xi
lam vat liéu xay dung

- Tao 1ap cac chinh sach uu dai vé thué dé thuc ddy st dung
tro, xi lam vat liéu xay dung nhu: Mién thué giai tri gia ting
trong mét s& sdn phdm xay dung lam tu tro, xi; Gidm thué thu
nhap doanh nghiép cho cac doanh nghiép truc tiép san xuat
vat liéu xay dung tu tro, xi.

- B8 sung thém trudng hop dugc uu dai trong dau thiu
theo quy dinh cla phép luat ddu thau: Ap dung cho cac nha
thau c6 st dung tro, xi hodc cac sadn pham tu tro, xi ddm béo
yéu cau ky thuat vao cac du an dau tu xdy dung cong trinh.

- Chinh séch hé trg st dung tro, xi:

+ Nghién ctru quy dinh: chi phi van chuyén tro, xi 1&én trong
khoang cach 100 km tir nha may dién phai do don vi san xuat
chiu trach nhiém. Chi phi van chuyén tu 100 dén 300 km sé
dugc chia sé gitra bén san xuat dién va ngudi tiéu dung. Khuyén
khich cdc nha méy nhiét dién van chuyén tro, xi dén ngudi tiéu
dung mién phi.

+ Thanh lap hé théng tin dung hodc cac t8 chuc nghé
nghiép hdé trg cho viéc tai s dung tro, xi hodc chung chi
xanh/bén virng cda vat liéu xay dung co6 thanh phan tu tro, xi
dé kich thich viéc st dung tro, xi.

+ Yéu cau cac dy an dau tu xay dung céng trinh, sir dung
von Nha nudc phai st dung tro, xi hodc cac san pham vat liéu
xdy dung co tro, xi néu vat liéu, san phdm nay dam bao hiéu
qua kinh té - ky thuat.

(3) Ra sodt, stra d8i, hoan thién mét s6 quy dinh phdp luat

- D6i vai vi pham hanh chinh theo quy dinh tai Diéu 39,
Nghi dinh 139/2017/ND-CP can nghién clu b8 sung bién phap
khdc phuc hau qua:

+ Buéc thuc hién b8 sung thiét k&, xay dung day chuyén,
thiét bi x{t ly tro, xi theo quy dinh.

+ PE 6 tinh ran de cao hon c6 thé phai dung téi bién phéap
nhu tam diing hoat dong cdia nha may, tham chi déng clfa nha
may khi chua khac phuc hoan toan.
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Bdng 7. Khuyén nghi phdt trién thi truong tro, xi

Khé khan cta cac bén lién

quan

Nguyén nhan

Khuyén nghi cho nha nuéc

Han ché déi véi don vi phat
thai tro, xi, bao gém viéc
thi€u nhu cau déi véi cac san
pham ti tro, xi

Con thiéu cac quy dinh phap
luat, van ban huéng dan vé
viéc st dung tro, xi

Cac tiéu chi dat ra véi tro, xi, & khu vuc cé céng trinh xdy dung, nén dugc
ap dung ngay & giai doan thiét ké co s&;

HO trg, bao gém cac khoan thué uu dai cho cac cong ty xu ly tro, xi, ap
dung cac cong nghé dé ma rong viéc st dung tro, xi, khuyén khich su
dung tro, xi trong san xuat VLXD, céng trinh dan dung va xay dung
dudng bé.

Bat tién déi vai cac Ngudi st
dung san pham tro, xi

Ngudi
tudng vao cac san pham tro,

st dung chua tin

xi

Thuc hién cac chuong trinh tuyén truyén cho ngudi dan va nhing khach

hang tiém nang cla tro, xi

Rai ro dén tu cac hgp dong
lau dai

Uu dai d6i véi cac san pham tro, xi;
Céc khoan cho vay uu dai.

RUi ro cho nha mdy nhiét
dién trong viéc gidam lugng
khi thai hodc tang chat
lugng cua tro, xi trong tuong
lai

Tro, xi van bi coi la chat thai
nguy hai

Phat trién cac loai ching chi tro, xi nhdm muc dich dua chdng vao luu
thong kinh té sau nay

Chi phi cho nha may nhiét
dién cao

Tao cac khoan vay uu dai cho cac du an dau tu cai thién hé théng xt ly
tro, xi;
Kha ndng xem xét chi phi x{ ly, tro vao hach toén gia dién;

Uu dai cho hé théng van tai dudng sat danh cho tro, xi.
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+ D& dam bdo xu phat vi pham hanh chinh ding véi tinh
chat, muic d6, hdu qua cda vi pham thi can cé nhiing khung tién
phat trén cc s& c6 dinh lugng cu thé d6i véi hanh vi va bién dé
gilta muc nguy hiém nhat va it nguy hiém nhat cta hanh vi.

- Xem xét xac dinh 10 trinh cho viéc thuc hién quy dinh tai
khoan 1, diéu 9 Nghi dinh s6 09/2021/ND-CP ngay 09/2/2021 vé
quan ly vat liéu xay dung phu hgp véi thuc trang cac NMNDT dang
hoat dong.

5.3. Khuyén nghi khdc cho Nha nuéc dé phdt trién thj truong
tro, xi 6n dinh

Cac khuyén nghi sau day cé thé gidm thiéu khé khan cho céc
nha kinh doanh, kich thich thi trudng cho cac nha san xuat va tiéu
thu chat thai tro, xi va mang lai Igi ich cho chinh nha nudc véi tu
cach la bén lién quan chinh trong qua trinh tai ché tro, xi.

6. KET LUAN

Bai viét néu Ién thuc trang phat thai tro, xi & cac nha may nhiét
dién than trén lanh thé Viét Nam, dua ra cac s6 liéu téng quat vé
viéc da sir dung va ton tai tro, xi tai cdc nha may. Qua d6 dé thay
dugc tinh cap thiét can phai xt ly lugng tro, xi ton dong chua dugc
st dung, nguy co phai gia tdng dién tich bai thai lam anh hudng
dén diéu kién tu nhién, xa héi ngi dat nha may. Qua nghién cdu
thuc trang phat thai tro, xi, trong di€u kién Viét Nam hién tai, tac
gia dé xuat cac gidi phap thuc ddy st dung tro, xi nha may nhiét
dién than lam vat liéu xay dung tai Viét Nam, gép phan phét trién
mo hinh “kinh té tuan hoan” trong nganh xay dung néi riéng va ca
nudc noi chung.
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Nghién cuu su dung két hap tro bay nhiét dien
voi xi lo cao dé ché tao bé tong chat luong
cao hat min khéng xi mang

Research on combination of fly ash and blast furnace slag to make high-performance fine-

grained concrete without cement
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TGM TAT:

Trong bai vigt nay, nham tac giad da sir dung tro bay két hop vai xi
|0 can dé ché tao beé tang chét lreng cao hat min khang sir dung xi
mang. Trong da, tro bay va xi |o cao duge st dung nhu 13 vat ligu
alumino-silicat, dung dich NaOH va NazSi0s duge sir dung nhir dung
dich kiém kich hoat. Tinh cong tac coa hén hop bé tang duoc xéc
dinh bang da chay xae trong can hinh ndn cut, cudng da cia be
ting duge xac dinh trén méu ca kich thuae 40x40xI60mm. Muc
tieu cia nghién ciru 13 ché tao hén hgp bé tang hat min ca tinh
cing tac tot va cuang da nén & tudi 28 ngay dat trén GBOMPa.
Ngoai ra, ty |8 giira dung dich kiém kich hoat vai vat ligu alumino-
silicat dugc khao sat 1a 0.40. Nhing két qué thu duge cho théy
trién vong tai st dung céc chat thai ran cong nghigp dé ché tao be
tang chét lugng cao vai thanh phan khang chira xi méng.

Tir khéa: Be tang chét lrgng cao hat min; dung dich kiém hoat;
tro bay. xi |6 cao, cuing dé nén.

ABSTRACT:

In this article, fly ash in thermal power plants combined with blast
furnace slag is used to make high-performance fine-grained concrete
without using cement. In which, fly ash and blast furnace slag are
used as alumino-silicate materials, NalH and NapSill; solutions are
used as the alkali-activator solution. The workability of the concrete
mixture is determined by a flow of a truncated cone with size
[00x70x60mm, the strength of the concrete is determined on the
sample size 70.7x70.7x70.7mm. The objectives of the research are to
make a fine-grained concrete mix with good workability and
compressive strength at the age of 28 days reaching over G0MPa.
Further, the ratin between the alkali-activator solution and the
alumino-silicate material is 0.40. The obtained results show that the
prospect of reusing industrial solid wastes to produce high-
performance fine-grained concrete with cement-free compasition.
Keywords: High-performance fine-grained concret; , Alkali-activator;
fly ash; granulated blast furnace slag; compression strength.

1.DAT VAN BE

Tro bay nhiét dién va xi luyén kim Ia hai trong sé nhiing vat liéu
nhan tao phuc tap va phong phd nhat hién nay trén thé gisi. Tro
bay la bui khi thai dusi dang hat min thu dugc tir qua trinh dét
chdy nhién liéu than da trong cdc nha may nhiét dién chay than, la
phé thai thoat ra tir buéng d6t qua éng khéi nha may (Efficiency,
2007; Hardjito et al., 2008; Worrell et al., 2001). Tro bay dugc tan

thu tir 6ng khéi qua hé théng néi hai tinh luyén dé€ loai bé bét cac
thanh phan tap chat hiru co chua chay hét. Thanh phan cla tro bay
thudng chia nhiéu pha tinh thé nhu cac silic oxit, nhém oxit, canxi
oxit, sit oxit, magie oxit va luu huynh oxit, ngoai ra c6 thé chia
moét lugng than chua chay hét. Xi 1o cao la phé thai cta nganh
c6ng nghiép luyén gang thép, thai phdm & dang hat c6 dudng
kinh tir 10-200 mm (Kiéu et al., 2020; Lam et al., 2018; Tran et al.,
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2017). Pay la san phdm phu cGa qua trinh nhiét luyén quang sat
thanh gang.

Hién nay, cing véi qua trinh cong nghiép hoda, hién dai hda dang
phat trién vugt bac & Viét Nam, nhu cau sir dung nang luong dién dét
than va gang, thép, hgp kim ngay cang cao. Diéu nay dan téi luong
phat thai tro bay va xi 16 cao ngay cang I6n, lugng phé thai ran nay
dang ton chua tai cac bai thai ngay cang nhiéu (Nguyén et al,, 2019;
Van et al., 2018 ). Néu khéng dugc xtr ly ding céch, né cé thé gay 6
nhiém nudc va dat, pha vé cac chu ky sinh thai va gay nguy hiém cho
moi trudng (Nguyén et al., 2021; Tanr et al,, 2021).

Viéc nghién ctu xu ly, tai ché tro xi mét cach triét dé khong chi
la mét van dé cap thiét doi voi nudc ta ma con trén toan thé gidi vi
diéu nay mang dén nhimng lgi ich kép: (i) - mét mat giadi quyét dugc
van dé chiém dat do phai lam cac bai xi thai va van dé 6 nhiém méi
trudng, (i) - mat khac tan dung dugc cac vat liéu thai va do do, tiét
kiém c6 hiéu qua nguén nguyén liéu thién nhién khéng tai tao
dugc (Abdulmatin et al., 2018; Abbil et al., 2020). Nhiéu né luc tich
cuyc da dugc thuc hién trong viéc xtr ly tro xi, vi du nhu st dung lam
phu gia khoang trong xi mang (Nguyén et al., 2018); thay thé€ moét
phéan dat sét dé€ san xuat Clanhke xi mang (Argiz et al., 2018; Bui,
2010); dung trong san xuat gach khéng nung (Tuyan et al.,, 2018;
Kiéu et al., 2020); lam vat liéu san |ap mat bang céng trinh, hoan
nguyén mé, lam dudng giao théng; cai thién dat nong nghiép
(Pham et al.,, 2007)... Tuy nhién, nhiing Ung dung nay khéng du dé
st dung triét d€ cac nguén tro xi dugc thai ra, phan con cac chat
thai van dugc ton chira trong cac bai thai tro xi clla cdc nha may
(Tang va VG, 2020). Trong tuong lai, khi cac han ché x{t ly nghiém
ngat hon, thu hep khong gian bai xi thai va chi phi x{ ly leo thang
la diéu khong thé tranh khoi, do d6 bat budc phai phat trién thém
cac ky thuat tai ché va tan thu méi cho tro, xi.

Geopolymer la mét loai chat két dinh mdi dugc phat trién bai nha
hoa hoc ngudi Phap Joseph Davidovits ti nhimg nam 70 nham thay
thé cho cac loai xi mang truyén théng (Davidovits, 1999; Ferdous et al,,
2013). Vat liéu Geopolymer dugc téng hap ti cac vat liéu Alumino-
silicate nhu tro bay, metakaolin, xi luyén kim trong dung dich alkaline
hydroxide (NaOH, KOH) va/hodc dung dich alkali silicate (Na:SiOs) &
nhiét do phong (Fernandez-Jiménez et al., 2006; Hanjitsuwan et al.,
2014). Ba c6 nhiéu nghién ctu trén thé gidi da cho thay geopolymer
€6 nhiéu uu diém so véi xi mang Portland truyén théng, nhu cudng do
cao, ¢6 khd ndng chiu dugc nhiét d6 cao va ddc biét la c6 khd ndng
chiu an mon axit va sulfate cao hon nhiéu so véi xi mang Portland
truyén théng, do d6 co thé ing dung trong két cdu bé téng va bé téng
6t thép tai cac cong trinh béo vé bd bién hoac cac dusng éng dan
chat thai céng nghiép (Hardjito et al, 2005; Palomo et al, 1999;
Rangan, 2008). Pay c6 thé coi la mot loai vat liéu “than thién véi moi
truding” do c6 thé ché tao bang cach tan dung vat liéu thai nhu tro
bay, xi 16 cao... Mac du ¢é nhiéu uu diém néi trdi va c6 kha nang tiém
tang dé thay thé€ cho bé téng xi mang truyén théng nhung cho téi
hién tai, & Viét Nam, cac nghién ctiu vé bé tdng geopolymer cudng do
cao, bé téng geopolymer chat lugng cao con rat han ché va chua dugc
quan tdm nhiéu.

Céac nghién cdu trong va ngoai nudc (Lloyd va Rangan, 2010;
Wallah va Rangan, 2006; Nguyén et al., 2019; Nguyén et al., 2020;
TaHr et al., 2021) da khdng dinh c6 thé khai thac st dung cac thai
pham clia cac nha may nhiét dién dét than va cong nghiép luyén
kim |a tro bay va xi 16 cao dé ché tao cac loai bé tdng mai khéng s
dung xi mang truyén théng, gép phan bao vé méi trudng va tan
dung triét d€ hon cac loai thai phdm céng nghiép. Tuy nhién, song
song vai nhing két qué da dat dugc, van con ton tai nhiéu van dé
khoa hoc chua dugc gidi quyét dé c6 thé ddy manh (ing dung loai
vat liéu “xanh” nay vao thuc té.
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Nhiéu nghién ctu (Xie et al, 2015, Nguyén et al, 2019;
Rattanasak va Chindaprasirt, 2009) da cho thay nhugc diém chinh
cla bé téng st dung chat két dinh khéng xi mang tir hén hgp tro
bay nhiét dién két hgp véi dung dich kiém hoat héa la kha néng
déng rn va phat trién cudng d6 rat cham & nhiét do6 phong. Con
nhugc diém chinh cla bé tong st dung chat két dinh khéng xi
mang ti hén hgp xi 16 cao két hgp vai dung dich kiém hoat héa la
c6 hién tugng co khé 16n khi déng ciing va rdn chac (Kumar et al.,
2010; Kiéu et al., 2020; Nguyén et al., 2020). Su két hgp gitia xi 1o
cao va tro bay cé thé gidi quyét van dé nay, vai ty lé tro bay/xi 16
cao bang 25/75 dén 75/25, mau thi nghiém phat trién cudng do
t6t & nhiét do méi truong (Huang et al., 2020; Nguyén et al., 2021).

Do dé, muc dich cda nghién ctiu la st dung tro bay nhiét dién
Pha Lai két hgp vai xi 10 cao Hoa Phat dé ché tao bé tong chat
lugng cao hat min khong st dung xi mang Portland. Trong do, tro
bay va xi 10 cao dugc s&t dung nhu la vat liéu alumino-silicat, dung
dich 14M NaOH va Na,SiOs véi modun Silica Ms; = 2,5 dugc st dung
nhu dung dich kiém kich hoat. Nghién ctu nay da khao sat ty s6
gilta xi 16 cao va tro bay dao déng tur 30/70 dén 70/30.

Muc tiéu ctia nghién ctu la ché tao hén hop bé téng hat min c6
tinh cong tac t6t va cudng dd nén & tudi 28 ngay dat trén 60MPa.
Ngoai ra, ty lé gitta dung dich kiém kich hoat vai vat liéu alumino-silicat
dugc khdo st tai gia tri 13 0,40. Nhing két qua thu dugc cho thay trién
vong tai st dung cac chat thai rdn cong nghiép dé ché tao bé téng
chét lugng cao vai thanh phan khéng chita xi mang.

2. VAT LIEU SU DUNG VA PHUOGNG PHAP NGHIEN CUU

2.1.Vat liéu sit dung

2.1.1. Nguyén vat liéu Alumino-silicate (ALS) gém tro bay nhiét
dién Pha Lai va xi luyén kim Hoa Phdt (Hinh 1)

(i). Tro bay (TB) loai F cila nha mdy nhiét dién "Pha Lai" théa
man cac yéu cau ctiia TCVN 10302:2014 va ASTM C618-03;

(ii). Xi luyén kim hoat héa nghién min (Xi) dugc lay truc ti€p tur
khu lién hgp gang thép "Hoa Phat" thoa man theo TCVN
11586:2016. Thanh phan hoa hoc va cac tinh chat vat ly ca ban cla
tro bay Pha Lai va xi luyén kim Hoa Phat dugc thé hién trong Bang
1vaBang 2.

(a) (b)
Hinh 1 - Tro bay nhiét dién Pha Lai (a) va xi luyén kim Hoa Pht (b)
Bang 1- Thanh phan hoa hoc cta Tro bay nhiét dién Pha Lai va
xi luyén kim Hoa Phat

Lugng
Loai vat liéu | SiOz | Al20s | Fex0s | SOs | K20 | Na;O | MgO | Ca0 | P,0s | mat khi
nung
Tro bay 5421233 98 [25(14| 11 |06 (12|14 ]| 45
Xiluyénkim 363] 126 | 34 |57|04| 03 401 - 1.2

Bang 2- Cac tinh chat vat ly cGia Tro bay nhiét dién Pha Lai va xi
luyén kim Hoa Phat

Loai Ty dién bé mat | Khdi lugng riéng | Khai lugng thé tich | Lugng nudc yéu
vatliéu riéng (m?/g) (g/cm?) khd (kg/m?) cau (%)
Tro bay 5,82 2,35 1575 101

Xiluyén kim 0,92 292 1550 145




Bén canh do, si dung phuong phap nhiéu xa tia X (XRD) trén
thiét bi "D8 Advance-Bruker" dé nghién ctu thanh phan pha,
thanh phan khoang va cau truc tinh thé cla tro bay nhiét dién Pha
Lai va xi luyén kim Hoa phat.

Giadn d6 XRD cuia clia vat liéu Alumino-silicat da dugc thé hién
trén Hinh 2 va Hinh 3.

XA, 08 ADVANCE Bnker - Tro bay Vung Ang™

s

Hinﬁé - Glah donFueuanRD c-ﬁe-a tro bay nhiét dién Pha Lai

KRD. D8 ASVANCE-Baker - i hiyert km "o Prar”

Hinh 3 - Gian d6 nhiéu xa XRD cia xi luyén kim Hoa Phat

Quan sat gian d6 XRD clia mau tro bay Pha Lai (Hinh 2) va xi 10
cao Hoa Phat (Hinh 3) c6 thé thdy thanh phan pha chl yéu cla
mau tro bay va xi 16 cao la & dang v6 dinh hinh va mét phan pha
tinh thé, cu thé la:

(i) - Thanh phan pha vé dinh hinh (SiO, va AlLOs hoat tinh)
trong mau vat liéu dé dang bi hoa tan trong qua trinh hoat hoa vat
liéu nén tro bay va xi |0 cao la vat liéu giau silic va nhom, c6 tiém
nang dé tao vat liéu khéng nung tu déng ran trong moi trudng
dung dich kiém manh.

(i) - Thanh phan pha tinh thé dac trung nhat ctia mau tro bay
la quatz va mullite, day la pha kho bi hoa tan trong dung dich kiém
hoat hoa. B6i v6i mau xi 16 cao, hau nhu khong ton tai bat ky pha
tinh thé nao, nén xi 16 cao dé dang bi hoa tan béi dung dich kiém
hoat hoa. Do dé ty lé tro bay/xi |6 cao &nh hudng truc ti€p dén céc
tinh chat clia bé téng sir dung chat két dinh khéng xi mang.

2.1.2. Dung dich kiém kich hogt

H6n hop dung dich kiém kich hoat c6 vai tro la chat hoat hoéa,
thlc ddy qua trinh geopolymer héa, khit nguyén tir Al, Si trong vat
liéu alumino-silicate va dong thoi tdng muc d6 hoa tan (@n mon bé
mat) cac hat tro bay va xi trong nguyén vat liéu alumino-silicate da
st dung trong thanh phan cép phéi ctia hén hgp bé tong.

Dung dich hoat héa trong nghién ctu nay st dung la hén hop
Natri hydroxit — NaOH (dang ran) va dung dich Natri silicat — NaSiOs.

(a). Natri hidroxit dang rdn
Hinh 4 - Dung dich kiém hoat héa

(b). Dung dich Natri silicat

(a). Natri hydroxyt

Natri hydroxyt (NaOH) st dung & dang ran (dang vay kho) cé
tén la "Caustic Soda Flake 99%" dugc dat mua tai cong ty hoa chat
Viét Nhat. Natri hydroxyt cé mau trdng duc va dé tinh khiét 99%.
Natri hydroxit théa man cac yéu cau ky thuat ca TCVN 3794: 2009
va TCVN 3793:1983. Dung dich Natri hydroxyt thu dugc bang cach
pha NaOH dang rdn vao nudc dé€ dat dugc néng do mol theo yéu
cdu. Qua trinh chudn d6 dung dich nay nhdm muc dich tao ra dung
dich NaOH véi néng d6 mol/lit [a 14M. Thanh phan phan tram theo
khéi lugng ctia NaOH rdn va nudc nhao tron da dugc xac dinh va
trinh bay trong Bang 3.

Bang 3- Khoi lugng clia NaOH ran, nudc va néng do mol/lit
tuang Ung
Néng d6 mol dung dich|{Ham lugng chat ran

NaOH (mol/lit) NaOH (%)

Ham lugng nudc
nhao trén (%)

14M 40.4

(b). Dung dich Natri silicat - NazSiOs

Dung dich Natri silicat (Na,SiOs) dugc dat mua cé nguén géc tir
nha may héa chat Viét Nhat co6 modun silic SiO2/Na20 = 2,5. Dung
dich Natri silicat théa man cac yéu cau ky thuat ctia 64TCN 38:1986.

2.1.3. Cét liéu nhé

Cot liéu nho st dung trong thi nghiém nay la cat vang séng L6
(Q), loai hat tho, chat lugng t6t, thda man yéu cau cla tiéu chudn
TCVN 7570:2006 va GOST 8736-2014, dugc sir dung lam cét liéu
nho trong hén hgp chat két dinh. Cac tinh chat vat ly cta cét liéu
nhé st dung da dugc thé hién trong Bang 4.

Bang 4- Tinh chat vat ly clia cat vang song L6

59.6

Stt Chi tiéu Bonvi | Kétqua thi
tinh nghiém

1 Kich thuéc hat mm 0,14 +5
2 Khéi lugng riéng g/cm? 2,65

3 Khai lugng thé tich dam chat kg/m3 1660
4 Khéi lugng thé tich x8p kg/m? 1550
5 Do réng % 39,1

6 D6 am % 35

7 Ham lugng bui, bun, sét % 0,9

8 M6 dun do 16n (My) - 3,1

9 Tap chat hiiu co - Dat

2.1.4. Phu gia siéu déo giam nudc

Phu gia siéu déo SR 5000F «SilkRoad» (SR5000) c6 khoi lugng
riéng 1,12 g/m3 & nhiét d6 25 + 5°C. Bay la loai phu gia gidm nudc
tam cao, thé hé 3, c6 thanh phan dua trén goc Polycarboxylate.
Phu gia siéu déo SR 5000F thdéa man cac yéu cau ky thuat cua
TCVN 8826:2011.

2.1.5. Nuéc

Nudc sach (N) dugc st dung lam dung méi dé chuan d6 dung
dich kiém hoat héa, déng thdi dugc dung dé bao duéng mau sau
khi thi nghiém, théa man tiéu chudn TCVN 4506:2012.

2.2. Phuong phap nghién ctu

Trong nghién ctu nay s dung cac phuong phéap nghién ctu
sau:

1 - Si dung phuong phéap nhiéu xa tia X (X-ray diffraction -
XRD) d€ xéac dinh thanh phan pha clia tro bay nhiét dién va xi luyén
kim.

2 - Thanh phan hat cta cat dugc xac dinh trén bd sang tiéu
chudn c6 kich thudc mét sang lan luct 1a: 0,14 mm; 0,315 mm; 0,63
mm; 1,25 mm; 2,5 mm; 5 mm theo TCVN 7572-2:2006.

3 - Thanh phan hén hop bé téng khéng xi mang dugc tinh
toan, xac dinh theo phuang phap thé tich tuyét déi va két hap véi
diéu chinh bang thuc nghiém.
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4 - Tinh cong tac cta hon hop via thi nghiém dugc xac dinh
bang dé xode cla con tiéu chudn mini kich thudc 100x70x60 mm
theo phuong phap xac dinh d6 luu dong cda via tudi, phu hop véi
TCVN 3121-3:2003.

5 - Khéi lugng thé tich clia hén hop bé tong duoc xac dinh
bang phuong phap can khéi lugng va do thé tich trong thing
dong tiéu chuin (thung dong c6 thé tich 1 lit), phu hgp véi TCVN
3108:1993 va TCVN 3105:1993. Bén canh d6, khéi lugng thé tich
clia mau thi nghiém sau khi da cing ran dugc xac dinh bang
phuong phap can mau va do thé tich truc tiép trén mau thi
nghiém, phu hop véi TCVN 3115: 1993.

6 - Cudng d6 nén clia bé tong chat lugng cao khong xi mang
dugc xac dinh trén mau tiéu chuan hinh lang tru kich thudc
40x40x160 mm, phu hgp véi TCVN 6016: 2011.

7 - St dung phuong phap kinh hién vi dién tir quét (Scanning
Electron Microscope -SEM) dé xac dinh vi cau trdc clia mau bé téng
thi nghiém.

(a) (b)

Hinh 5 - (a) Cdc mau thi nghiém va (b) méy trdn hén hgp bé tong hat min

2.3. Xac dinh cap phéi nghién citu cia hén hgp bé téng
khong xi mang

2.3.1. Cdc yéu cdu d6i véi hén bé téng chdt lugng cao khéng xi
mdng

(i). H6n hgp bé téng khdng chira xi mang co tinh céng tac tot
vGi d6 xoe 20 + 25 cm, dugc xac dinh trén thiét bi con thir d6 chay
hinh néi cut véi kich thudc 100x70x60 mm (Hinh 6). H6n hop bé
téng nay duogc su dung trong thi cong toan khoi theo phuong
phap bé tong bom, phuong phap vita dang hodc phuong phap
duc rét trong xay dung cac céng trinh cao tang hién nay & Viét
Nam.

(ii). Muc tiéu vé tinh chat co hoc cla loai bé tong nay la c6
cudng dd nén thiét két & tudi 28 ngay dat trén 60 MPa, dugc xac
dinh trén cac vién mau hinh lang try kich thudc 40x40x160mm.

2.3.2. Ly thuyét ctia phuong phdp thé tich tuyét déi

Bé tdng chat lugng cao khong sir dung xi mang la mét chiing
loai bé tong "xanh", da dugc nhiéu nudc tién tién trén thé gidi
quan tam va nghién ctu. Tuy nhién, do thanh phan c6 chia 100%
phé thai ran cong nghiép, do dé hién nay chua cé phuong phap
thiét ké tiéu chudn. Mat khac, gidi han nghién ctu nay da khong si
dung c6t liéu I16n trong thanh phan cdp phéi ctia bé téng (Wallah &
Rangan, 2006; Rangan, 2008; Ferdous et al., 2013).

Bén canh d6, phucng phap thé tich tuyét déi Ia mét phuong
phap nén tang, dua trén téng thé tich dic cda cac loai vat liéu
thanh phan, da dugc 4p dung trong nhiéu nghién cuiu vé bé téng
hat min, bé tdng bét min hoat tinh, bé téng chat lugng siéu cao,
vlia xay dung & Viét Nam (TaHr et al., 2021; Nguyén et al,, 2019;
Nguyén et al., 2020) cling nhu trén thé gi¢i (Davidovit et al., 1999;
Kumar et al, 2010). Do d6, trong nghién cdu nay da ap dung
phuong phap thé tich tuyét déi dé tinh toan so bd thanh phan cdp
phoi ctia hén hgp bé téng.

Theo phuong phap thé tich tuyét déi, téng thé tich cla 1m3
hén hop bé tong da dugc lén chat coi nhu la tdng thé tich cha
nudc, vat liéu Alumino-silicate, cét liéu, dung dich kém hoat hoa,
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phu gia siéu déo va thé tich khéng khi cudn vao trong qua trinh
nhao tron.

Do d6, phuang trinh biéu dién phuang phép nay dugc dua ra
trong cong thic sau (1):

N TB Xi C NaOH NaSiO, SRS000

T Y Yx Ye

Trong dé:

+ N, TB, Xi, C, NaOH, NazSiOs, SR5000: la khéi lugng nudc, tro
bay, xi luyén kim, cat, Natri hydroxit, Natri silicat va phu gia siéu
déo SR5000F (g).

+ YN, YT8, YXir YC, YNaOH, YNa2sio3, Ysksooo, 1 Khéi lugng riéng clia nudc,
tro bay, xi luyén kim, cat, Natri hydroxit, Natri silicat va phu gia siéu
déo SR5000F (g/cmd).

+ A: 1a thé tich réng do khoéng khi cudn vao trong hén hgp vat
liéu thi nghiém, theo tai liéu (Wallah & Rangan, 2006; TaHr et al.,
2021), thé tich khéong khi cuén vao 1a A = 3%.

Gia tri khéi lugng riéng trung binh cla loai vat liéu st dung da
dugc xac dinh theo tiéu chudn Viét Nam hién hanh.

2.3.3. Xdc dinh va lua chon cdc ty Ié ctia nguyén vat liéu s dung

Céc ty Ié nguyén vat liéu co sG trong nghién ctiu nay da dugc
Iua chon dua trén két qua cla cac nghién ctu vé bé tdng hat min
chat lugng cao (khéng cé cét liéu thd) & nhiéu nudc trén thé gidi
(Davidovit et al., 1999; Kumar et al., 2010; Chen et al., 2016; Ferdous
et al,, 2013) va & Viét Nam (TaHr et al,, 2021; Nguyén et al., 2019;
Nguyén et al.,, 2021, Pham, 2007).

(@a). Vé ham lugng vat liéu Alumino-silicat (ALS), trong
nghién ctu nay da lya chon ty Ié tro bay/xi 10 cao (TB/Xi) dao dong
trong khoang tir 70/30 dén 30/70, dua trén két qua nghién ctu cla
cac nghién ctu da thuc hién (Huang et al.,, 2019; Nguyén et al.,
2019; Nguyén et al., 2020; Nguyén et al., 2021).

(b). V& ham lugng cét liéu, trong nghién ctiu nay da lua chon
ty 1é cat/(tro bay + xi 106 cao) (C/(TB+Xi) la 1,3 theo két qua nghién
clu clia cac nghién ctu da thuc hién (Bui, 2010; Tang et al., 2018a;
Tang et al.,, 2018b).

(). V& dung dich kiém kich hoat, ham lugng dung dich kiém
kich hoat (DDKH) hgp ly la mét van dé rat quan trong, sé giam bét
dugc lugng NaOH con du lai trong cdu tric san pham sau khi tao
hinh. Mat khac, néu ham lugng ctia dung dich kiém hoat hoa nho
sé anh hudng dén qua trinh tao thanh cac ion [SIO(OH)s]" va
[AI(OH)4],, cling nhu &nh hudng dén qua trinh hoa tan bé mat cta
cac hat tro bay va xi 16 cao (Chindaprasirt, 2009; Hwang et al.,
2015). Trong nghién ctu nay da khao sat ty 1&é DDHH/ALS khéng
déi va bang 0,4.

(d). V& ty & Na.SiOs/NaOH, theo nhiéu két qua nghién ctiu vé
bé tdng khong xi mang trén nén tdng Geopolymer da cho thay, ty
I& Na2SiOs/NaOH trong thanh phan cla bé tédng kiém hoat hoa dao
dong trong pham vi kha rong tir 0,4 dén 2,5 (Davidovit et al., 1999;
Kumar et al., 2010; Chen et al., 2016; Ferdous et al., 2013). Trong
gidi han cta nghién cdu ty 16 NaOH/NaSiOs dugc gitt c6 dinh va
bang 2,5. Ty 1& Na2SiOs/NaOH = 2,5 con dugc bién giadi mot phan la
do chi phi ctia dung dich Natri silicat ré hon dang ké so véi cla
dung dich Natri hydroxit.

(e). V& lugng nuéc nhao trdén, do hén hgp bé tong khéng
chta xi mang Portland, nén lugng nudc st dung chi la phan nudc
dung dé pha ché NaOH (dang ran) thanh dung dich kiém véi néng
do mol/lit la 14M. K&t qua pha ché tur thuc nghiém cho thay, thanh
phan cta dung dich NaOH 14M gém c6 40,6% NaOH dang ran va
59,4% H:0. Ngoai ra, lugng nudc con dugc tinh toan thém vao 5%
dé tham uét bé mat cla c6t liéu nho (cat vang).

A =1000 M

VNaoH ¥ Na,si0, Vsrs000



(f). V& phu gia siéu déo, nghién cttiu nay da chon ham lugng
phu gia gidm nudc tdm cao SR5000F c6 dinh va bang 1% téng ham
lugng cda ALS (Van et al,, 2018, Tang et al., 2018a).

TU nhiing co s& trén két hop vdi cac két qua khdo sat thuc
nghiém so b, nghién clu nay da chon gdéc cac hé so ty lé vat liéu
nhu trong Bang 5.

Bang 5- Cac ty |é vat liéu st dung

Tyle | C B SRS000 | DDHH | NaOH |
vatliéu | ALS Xi ALS ALS | Na,SiO,
Giatri | 1,3 |70/30+30/70 | 1% 0,40 25 | 3%

Trong do, ty lé tro bay nhiét dién/xi luyén kim:E = 70/30;
Xi

60/40; 50/50; 40/60; 30/70.

2.3.4. Cdp phéi bé téng chdt lugng cao khéng st dung xi mdng
Portland

Tinh toan theo phuang phap thé tich tuyét d6i dua trén cac gia
tri ty lé vat liéu lya chon (trong Bang 5), hiéu chinh cap phéi phu
hagp véi cac tinh chat clia vat liéu st dung, da thu dugc 05 cap phoi
cta hdén hgp bé téng chat lugng cao cé thanh phan nhu trong
Bang 6.

Bang 6- Cap phdi sa bd clia hdn hap bé tdng chat lugng cao khéng xi mang

i B Cap phdi cla h6[r)1 hoodl?éﬁc“)no (ka/m3) S
Mau TN —  |ASL (k : ung dic atran . NudGc/Réan
Xi e | x| e | sRs00or e T aon | Naior | e
ID-01 70/30 834 584 250 1084 8.3 95 238 39 98 197 0.203
ID-02 60/40 840 504 336 1092 8.4 96 240 39 99 198 0.203
ID-03 50/50 846 423 423 1100 8.5 97 242 39 100 199 0.203
ID-04 40/60 852 341 511 1108 8.5 97 243 39 101 201 0.203
ID-05 30/70 858 258 601 1116 8.6 98 245 40 101 202 0.203

2.3.5. Tgo hinh vién mau

H6n hop bé téng sau khi nhao trén va xac dinh tinh cong tac,
dugc chuyén dén budc tao hinh vién mau thi nghiém cudng d6
nén. Mau thi nghiém hinh lang tru c6 kich thudc 1a 40x40x160 mm.
Méi tudi thi nghiém gém mét t8 03 vién mau theo quy dinh cla
tiéu chuan Viét Nam.

2.3.6. Bao duéng mdu

Trong nghién clru nay, tat ca cac mau thi nghiém bé téng chat
lugng cao khong xi mang dugc tinh dinh sau 24 gig trong khuon
duc. Sau dé cadc mau thir duge dua di bao dudng trong moi trudng
nuéc & nhiét dd phong thi nghiém (& 25 + 2)°C cho dén tudi thi
nghiém yéu cau.

3.KET QUA VA THAO LUAN

3.1. Xac dinh c3p phdi ctia bé téng chat lugng cao hat min
khéng st dung xi mang

Thuc nghiém trong diéu kién phong thi nghiém da xac dinh
khéi lugng thé tich va dé chay xoe ctia hén hgp bé téng khéng xi
mang, két qua thu dugc da thé hién trong Bang 7.

T két qua thuc nghiém trong Bang 7 cho thdy, khi thay déi ty lé
TB/Xi ti 70/30 dén 30/70 thi tinh cong tac ciia hén hgp bé tong cé su
thay d&i khong 16n. Do xde ngay sau khi nhao tron clia hén hgp bé
téng dao déng tir 22 cm dén 24 cm. Hén hop thu dugc c6 dé déo cao
hon bé tong xi mang truyén thong mac du ty [é Nudc/ran = 0,203.
Diéu nay dugc giai thich mét phan do tac déng tuong hé cla phu gia
siéu déo SR 5000F, hén hgp bé téng khéng cé ot liéu 16n, nén hén
hop sau khi nhao tron van c6 tinh céng tac rat tét, do déo cao, do
ddéng nhat t6t, khong o hién tugng phan tang tach I6p gilta cac thanh
phan trong bé téng sau khi nhao tron.

Bang 7- Khéi lugng thé tich va d6 chdy xoe ctia hén hgp bé
tong khong xi mang

Msu | B | AsL Khé'iA’IL{qng 12J5) ch.éy xoe (cr:n) .

™ | % | ko) thé tich Nga}/ sauAkhl 30 ph‘ut sau khi
(kg/m?3) nhao tron nhao tron

ID-01{70/30| 834 2185 24 21

ID-02 |60/40| 840 2196 23 21

ID-03 |50/50| 846 2212 22.5 20

ID-04 |40/60| 852 2276 22 20

ID-05|30/70| 858 2310 22 19

M3t khac, trong nghién cliu nay da xac dinh dugc tén that do
xoe cta hdn hgp bé tong khéng xi mang duoc xac dinh sau 30
phut nhao trén xong hén hop vat liéu.

TU két qua trén Bang 7 cho thdy, sau 30 phut sau khi nhao trén
xong, tinh céng tac ctia hén hap bé téng da tén that khoadng tur 10 -
15%. Tinh céng tac gidm sau 30 phut 1a mot chi s6 quan trong dé danh
gia kha nang van chuyén hén hgp bé téng di xa va thi cong hén hgp
bé téng khéng xi mang trong diéu kién kho khan, mét bang chat hep.
Véi tinh cong tac dugc xac dinh sau 30 phit nhao trén cho thay, c6 thé
st dung hén hop thu dugc sau khi nhao tron 30 phut trong thi cong
hén hop bé tong bang phuang phap bom trong nha cao tang.

Hon niia, khi lugng tro bay gidm va lugng xi luyén kim tang, da kéo
theo lugng nudc tinh toan duoc trong hén hgp tang nhe, dong thdi
téng ham lugng vét liéu Alumino-silicat tang theo. Viéc nay da lam
tang lugng bt min ¢6 ty dién bé mat va lugng can nudc I6n. Do la
nguyén nhan tac déng dén tinh céng tac clia hén hgp bé téng sau khi
nhao trén da gidm xudng khodng 10%. Déng thdi, qua trinh hoa tan
Cation Ca** ti CaO trong xi luyén kim cling la mét nguyén nhan dan
dén lugng nudc du thira gidm, két qua la gidm dan dé xoe cla hén

hop bé tong sau nhao trén (Kumar et al., 2009).
i, i :

Hinh 6. Xac dinh d0 xoe clia hdn hgp bé tong chét lugng cao hat min trong con hinh
nén cut

Bén canh d6, khéi lugng thé tich ctia hén hgp bé tong khéng xi
mang dugc xac dinh theo phuong phap tiéu chuan trong thung
dong tiéu chudn co thé tich 1 lit. Gia tri khéi lugng thé tich trung
binh cta 05 cap phdi bé tdng nay vao khoang 2,24 tdn/m?, gia tri
nay nhé hon nhiéu so véi gi tri khéi lugng thé tich clia hén hop
bé tong xi mang truyén théng. Diéu nay dugc gidi thich la do trong
thanh phan khéng c6 c6t liéu 16n va khéi lugng riéng cda thanh
phan vat liéu Alumino-silicat trong hén hgp bé tong nay déu nho
han khéi lugng riéng clia xi mang.
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3.2. Tinh chat co ly cta bé tdng chat lugng cao sau khi rén
chic

Trong gidi han clia nghién ctiu nay, cac tinh chat co ly cia mau
bé tong chat lugng cao hat min dugc khao sat gém co:

(a)- Khéi lugng thé tich cta bé téng chat lugng cao dugc xac
dinh & tudi 28 ngay theo TCVN 3115: 1993. Mau dugc vét ra khoi
bé dudng ho, lau khd bé mat bang vai kho, sau d6 can ngay dé xac
dinh khai lugng clia mau & trang thai bao hoa nudc nhung bé mat
khé. Sau d6 thé tich ctia miu dugc xac dinh béng phuong phap do
kich thuéc trén ba canh khac nhau cta vién mau.

(b)- Cudng d6 nén clia mau dugc xac dinh & cac tudi 3, 7, 14,
28, 56, 90 ngay trén hé thong may nén uén ty déng Advantest 9
(Controls - Italia). T6c d0 gia tai trong trudng hgp nay la 5000 N/S.
Céc vién mau via tiéu chudn hinh lang try kich thugc 40x40x160
mm dugc ché tao va bado duéng trong diéu kién tiéu chuin cho
dén céac tudi thi nghiém. Két qua thuc nghiém vé khéi luong thé
tich va cuong do nén cla bé tdng chat lugng cao khong xi méng
da dugc trinh bay trén Bang 8.

Bang 8- Tinh chat co ly ctia mau bé téng khéng xi mang sau khi
ran chac

Khéi Cudng do nén trung binh clia mau
5 TB |lugngthé (MPa) & c4c tudi

MauTN| 5o | hich 3 7 [14]28]56] 9
(kg/m3) | ngay | ngay | ngay | ngay | ngay | ngay

ID-01 |70/30 2098 241 | 444|565 | 614 | 71 | 75.6
ID-02 |60/40 2110 252|485 |58.7 | 638 | 74 |77.9
ID-03 | 50/50 2195 278 | 538 | 64.1 | 699 | 76.8 | 829
ID-04 |40/60 2208 29.5 | 56.1 | 65.8 | 72,5 | 80.5 | 86.1
ID-05 |30/70 2287 31.1 | 59.1 | 686 | 76.2 | 84.1 | 89.4
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T két qua thuc nghiém da thdy rang, khi thay déi ty 1é TB/Xi ti
70/30 dén 30/70 thi cac mau thi nghiém phat trién cudng do tot &
nhiét dé6 méi trudng va cudng dé nén clia cdc mau thi nghiém &
cung mét tudi thi nghiém da tang ti 3% dén 30% so vGi mau ID-
01. Dong thdi, cad 05 cdp phdi bé téng chat lugng cao hat min
khong chia xi mang Portland déu cé gia tri cudng dd nén trung
binh dat trén 61 MPa & tudi 28 ngay, dat cudng dé nén thiét ké ban
dau dat ra. Phan ting hoat hoa, phan ting thay luc cla xi 16 cao va
phan tng polymer hoa cla tro bay dugc dién ra doc lap hoac dong
thoi véi nhau. Theo mot s6 nghién ciru (Kumar et al., 2009, Nguyén,
2013; Nguyén et al., 2021) cho thdy, qua trinh phan ting cla xi 16
cao kich hoat tro bay, cho phép né phdn tng & nhiét dé phong.
Dong thai, qua trinh polyme hoa cla tro bay lap day cac 16 rong
xuat hién trong san pham phan tng cda xi 1o cao, va do dé gidm
hién tuong co khé va vi nut trong vira xi 16 cao, tao ra ciu truc vat
liéu ddc chac hon véi cac tinh chat co hoc tét hon.

Tu Bang 8 da chi ra t6c dd phét trién cudng do cda mau bé
téng chat lugng cao st dung chat két dinh tro xi va dung dich kiém
€6 téc dd phat trién cudng dé kha tuong déng véi bé téng xi mang
Portland truyén théng (Ferdous et al., 2013). Cudng dé nén trung
binh & tudi 3, 7 va 14 ngay tudi lan lugt dat trén 39%, 70% va 90%
so0 vdi cudng do & tudi 28 ngay.

Mat khac, khéi lugng thé tich trung binh cGa 05 mau thi nghiém
sau khi ran chac 28 ngay dugc xac dinh & trang thai bao hoa nudc kho
mat 13 2,18 t&n/m?3. T gi tri khéi lugng thé tich nay c6 thé khang dinh
loai bé tdng chét lugng cao hat min dung chat két dinh khong xi mang
dugc xép vao loai bé tdng tuong do6i nang. Tuy nhién, gia tri nay da
gidm dugc khoang 10% so véi khéi lugng thé tich cda bé tdng xi mang
truyén théng dugc quy dinh trong TCVN 2737:2020.

Hon nira, hiéu qua cla su két hop tro bay va xi 1o cao trong
thanh phan cap phdi bé tong chat lugng cao dugc thé hién bang
cac hiéu Ung sau:
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(i)- Tro bay nhiét dién va xi 10 cao déng vai tro chinh la vat liéu
Alumino-silicat, vat liéu giau nhém va silic, cung cdp nguyén ti Si
va Al cho qua trinh polyme héa va tao thanh tao thanh cdc khoang
[SiO(OH)s7 va [Al(OH)4] trong qua trinh polymer héa, két qua cla
qua trinh nay la hinh thanh cac gel Geopolymer c6 dang C-A-S-H
va N-A-S-H, lién két cac thanh phan hat c6t liéu rdi rac lai véi nhau
(Kumar et al., 2013; Kiéu et al., 2020; Nguyén et al., 2020).

(ii)- Xi 16 cao c6 chia mot phan cac khoang vat & dang canxi-
silicat (Ca0.xSi02) cé khd ndng phan tng thiy hod véi nudc ngay
trong diéu kién thudng. Dac tinh nay dugc goi la hiéu tng thay luc
cla xi luyén kim trong qua trinh nhao trén véi nudc. Véi phan tng
thay luc hién c6 nay, xi |6 cao da tao thanh ho khodng c6 tinh két
dinh dudi dang hidro-silicat- canxi (xCaO.ySiO2.zH,O - CSH) vua
tang téc do ran chac ctia hon hgp bé tong & nhiét do thudng, vira
tao thanh cau trac dac sit, giam 16 réng, do dé da tang dé bén co
hoc va cudng do6 ctia sdn phdm sau khi ché tao (Nguyén, 2013).

(iii) = Khi thanh phan xi luyén kim I6n, ham lugng CaO hoa tan
trong dung dich kiém hoat hoa tang, canxi (trong xi 16 cao) hoa tan
dong vai tro dau méi lién két gilta cac I6p geopolymer véi cac hat
xi 10 cao tao thanh céc gel Ca-O-Si; Ca-O-Al; C-S-H hodc C-A-S-H.
Cac gel nay c6 mét vai trdo quan trong la két dinh cac hat c6t liéu
cling nhu cac hat tro xi lai véi nhau dé€ tao thanh mét khéi théng
nhat. Nhan dinh nay kha tuong déng vai cac két qua trong nhiéu
nghién cdu trudc day (Kumar et al, 2013; Venu, et al, 2020;
Nguyén, 2013).

Anh hudng cla ty 1& tro bay nhiét dién/xi luyén kim dén cudng
dd nén ctia mau bé téng chat lugng cao khéng xi méang theo thoi
gian dugc thé hién trén Hinh 7.
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Ty 1& Tro bay nhiét dién/XI luyén kim

Hinh 7. Anh huing cia tj I& tro bay nhiét dién/xi luyén kim dén cuting d nén clia
mau bé tong chdt lugng cao khong xi mang

TU Hinh 7 cho thdy ham lugng xi luyén kim tang tir 30% lén
70% thi cudng d6 nén clia cdc mau thi nghiém & cac tuéi 3, 7, 14,
28, 56 va 90 ngay déu tang lén tuong Ung. Hiéu (ing tang tinh chat
co hoc khi ham lugng xi luyén kim tdng trong bé tong chat lugng
cao s dung chat két dinh kiém hoat héa da dugc bién giai bai
nhiéu nguyén nhan nhu sau:

- Trong qua trinh geopolymer hod cla bé téng, 6xit canxi trong
xi luyén kim bi hoa tan tao thanh ion Ca?*, Cation nay c6 vai trd ho
trg qua trinh hoa tan SiOz va Al;Os cda vat liéu Alumino-silicat. Su
khac biét co ban gilta vai trd ctia Na* va Ca?* thé hién muc d6 gay
“thiét hai” cho vi cau truc vat liéu, cu thé la Cation Ca?* lam phé v&
cau truc manh hon so véi Na* (Duxson va Provis, 2008). Nhiéu tac
gid (Wallah & Rangan, 2006; Rangan, 2008; Ferdous et al., 2013;
Tran et al, 2017) cho rang, & d6 pH gan bang 14, qua trinh
geopolymer hoa nhiéu thanh phan trong dung dich kiém hoat héa
da xay ra s6m hon so véi phan Ung clia geopolymer hoéa chi s
dung tro bay. Két qua thuc nghiém cling da cho thay viéc két hop



xi |6 cao va tro bay nhiét dién cho phép chat két dinh kiém hoat
hoa trong bé tdng nghién clu déng rén va phat trién cusng d6 tot
& nhiét do phong.

- Bé téng chat lugng cao st dung chat két dinh gém hén hgp
tro bay va xi 10 cao sau khi hoat héa bdi dung dich NaOH va
NazSiOs sé& cho san pham goém ca poly-sialates gel (geopolymer gel
- s&n pham chinh ctia phan Ung kiém hoat héa tro bay) va C-(A)-S-
H gel vai ty 1& Ca/Si thap va cé cau trac khéng gian véi mat dé cao
(sén phdm chinh ctia phén (ing kiém hoat héa xi 16 cao) (Duxson va
Provis, 2008; Wallah & Rangan, 2006; Ferdous et al., 2013; Tran et
al.,, 2017). Mat khac, qua trinh polyme hoa cla tro bay lap day cac
16 réng xuat hién trong sdn pham phan tng clia xi 16 cao, va do d6
gidm hién tuong co khé va vi nut trong via xi 106 cao. Pong thdi,
qua trinh phan tng cla xi 16 cao kich hoat tro bay, cho phép né
phan Ung & nhiét d6 phong. Nhan xét nay phu hop véi két qua
nghién ctu ctia Wardhono va cac céng su (Wardhono et al., 2015).

Vi cdu tric clia bé tong chat lugng cao hat min khéng xi mang
da duoc xic dinh

b

it
4
LA

A

u bé tong nghién (u Vd tylé
tro bay/Xi=60/40

tro bay/Xi = 40/60

(e) — Mau bé tong nghién ciu véi ty Ié tro
bay/Xi = 30/70

Hinh 8. Vi cu tric clia bé tong chat lugng cao khong xi mang véi ty |é tro bay nhiét
dién/xi luyén kim khéc nhau tai tudi 28 ngay

Vi cdu tric ctla mau bé téng chat lugng cao khong xi méang
dugc xac dinh bang kinh hién vi dién t&r quét (Scanning Electron
Microscope - SEM) tai phong thi nghiém Vién céng nghé cao -
Trudng Dai hoc M6 - Dia chat. K&t qua anh vi ciu truc clia cac mau
tur ID-01 (TB/Xi = 70/30) dén mau ID-05 (TB/Xi = 30/70) da dugc thé
hién trén Hinh 8. Quan sat hinh &nh SEM bé mat méau tu kinh hién
vi dién ti quét cho thay khong cac mau bé tong nghién ctiu khéng
¢6 vét nut trong vi cdu tric va bé mat mau nhdn nhung da co su
thay d&i vé dd rong khi ty 1& tro bay/xi luyén kim khac nhau. Khi
ham lugng xi luyén kim tang, quan sat bai anh SEM, da thay dugc
trong vi cdu trac vat liéu cac pha vé dinh hinh lién tuc va sit dac
han. Theo Zang va cong su (Zhang et al., 2010) cho rdng chi cé pha
v6 dinh hinh (SiO, Al,Os vé dinh hinh) trong vat liéu Alumino-
silicat (tro bay, xi luyén kim...) méi tham gia qua trinh geopolymer

héa, con cac pha tinh thé nhu Quatz, mullite ... hdu nhu khéng
phan ting geopolymer hda ti nguyén vat liéu ban dau. Vi anh vi
cu trdc & tudi 28 ngay cling da cho thay, khi ham lugng xi luyén
kim 1&n, mau bé tong chat lugng cao thu dugc c6 cau tric dac sit
va bé mat min hon nha lugng gel geopolymer cé dang Ca-O-Si, Ca-
O-Al, C-A-S-H da dién day vao trong cdu trdc cla vat liéu. Vi vay,
chinh nh& cdu tric vé dinh hinh lién tuc va dac sit nay la nguyén
nhan lam cho mau bé téng nghién ctiu cé cudng d6 nén cao han
(Nguyén, 2013).

4, KET LUAN

Trén co s& nguén vat liéu, thai phdm hién cé trong nudc va tu
két qua thuc nghiém trong pham vi ciia phong thi nghiém da rat
ra dugc moét s6 két luan nhu sau:

- Nhugc diém chinh clia bé tong st dung chat két dinh tu tro
bay dung dich kiém hoat héa la khd nang déng rdn va phat trién
cudng dé rat chdm & nhiét d6 phong. Con nhugc diém chinh cda
bé téng sir dung chat két dinh tir hén hgp xi 16 cao va dung dich
kiém hoat hoa la hién tugng co kho khi déng ciing va ran chac. Su
két hgp gilta tro bay va xi 16 cao c6 thé gidi quyét van dé nay. Két
qua thuc nghiém da cho thay, vdi ty & tro bay nhiét dién/xi 16 cao
dao déng tu 70/30 dén 30/70, mau bé téng thi nghiém phat trién
cudng doé tét & nhiét dd méi truong.

- T anh XRD cho thdy, mau tro bay va xi 16 cao la vat liéu
giau nhom va silic c6 thanh phan pha chd yéu & dang vo dinh
hinh va mét phan & dang tinh thé. Trong tro bay ton tai mét
phan pha tinh thé & dang khodng chat quartz va mullite... khé
bi hoa tan trong dung dich kém hon xi 16 cao, do dé ty Ié tro
bay/xi 16 cao dnh hudng truc ti€p tdi tinh chat cia mau bé téng
nghién cdu.

- Khi ham lugng xi nhiét dién tang tit 30% dén 70% trong
thanh phan bé téng thi d6 xoe clia hon hgp gidam tur 24cm xudng
22cm va khéi lugng thé tich cla hén hgp bé téng tang tu
2185kg/m? dén 2310kg/m3. Bong thaoi, sau 30 phut khi nhao tron
hén hop phdi liéu xong thi tinh céng tac cta hén hop bé téng da
gidm khoang tur 10 - 15%.

- Trong pham vi nghién ctu va tuir két qua thuc nghiém cho
thdy, khéi luong thé tich trung binh cla hén hgp bé téng hat min
la 2,24 tan/m? va khéi lugng thé tich mau bé téng chat lugng cao
sau khi ran chac 28 ngay khoang 2,18 tan/m3. Tir d6 cho thdy mau
bé tong chat lugng cao khong xi mang nhe hon mau bé téng xi
mang truyén thong khoang 10%.

- VGi két qua thuc nghiém thu dugc da cho thay, xi 16 cao cé vai
trd quan trong gilp ting cudng d6 clia mau vat liéu & cac tudi
khac nhau. Khi tang ham lugng xi 16 cao, pha tinh thé dé hoa tan
hon trong dung dich kiém, lugng gel co tinh két dinh tang lén.
Diéu nay giup mau bé téng cd cau truc dac sit, lién tuc va tang
cuong do chiu nén clia bé tong.

- T6c d6 phat trién cudng d6 nén clia mau bé téng chat lugng
cao s dung chat két dinh tir hén hgp tro xi va dung dich kiém c6
téc d6 phét trién cudng dé kha tuong déng véi bé téng xi mang
Portland truyén théng. Cudng d6 nén trung binh & tudi 3, 7 va 14
ngay tudi lan lugt dat trén 39%, 70% va 90% so véi cudng do & tudi
28 ngay.

- Tu két qua SEM ctia mau thi nghiém cho thay, khi thanh phan
xi luyén kim I6n, ham lugng éxit CaO hoa tan trong dung dich kiém
hoat hoa tang, cation Ca;* hoa tan dong vai trd dau mai lién két
gilta cac I6p geopolymer véi cac hat xi 16 cao tao thanh cac gel Ca-
O-Si; Ca-0-Al; C-S-H hodc C-A-S-H. Cac gel nay cé mét vai tro quan
trong 1a két dinh cac hat cét liéu cling nhu cac hat tro xi lai véi
nhau dé tao thanh mot khéi théng nhat.
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- Sau khi ché tao va bao dudng trong moi trudng khéng khi,
mau thi nghiém c¢é hién tugng bi réu, méc, "moc 16ng"... trén bé
mat do hién tugng dung dich kiém hoat héa con du thira va ton
dong trén bé mat va trong thanh phan clia mau thi nghiém. Do d6
can tiép tuc nghién ctu vé ham lugng t6i uu dung dich kiém kich
hoat st dung trong thanh phan cap phéi bé téng chat luong cao
hat min khéng st dung xi mang.

L&i cdm on

N6i dung cla bai bao la mét phan két qua nghién clu cta dé
tai cap B6 nam 2021, ma sé 2021-MDA “Nghién ctu ché tao bé
téng cudng d6 cao st dung chat két dinh khong xi mang dung
trong xay dung céng trinh chiu tdc déng dn mon cla nudc bién”.
Tac giad xin chan thanh cdm on B6 Gido duc va Pao tao da tai trg
kinh phi dé€ thuc hién dé tai nay.
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M TAT:

Ma hinh thang tin cang trinh (BIM) dang |3 xu huéng phat trién cia
nganh xay dung trén toan thé gioi. Den nay, BIM dang dugc ap
dung vai nhiéu mic da khac nhau & céc nedc tay thudc vao dic
diém cu thé coa dy an ciing nhr muc tigu cia céc bén tham gia
trong dir an. Tuy nhign, BIM & Vigt Nam van con kha mai mé va cac
bén lién quan gap nhiéu kha khin trong qué trinh trién khai. Diéu
nay |a do su khéc bigt vé pham vi va yéu céu dic bigt cia ting du
an. Trudc thyc trang cép bach, dé dng pha, gidm thigu tac dang
ciia bign ddi khi hau (BDKH) dén cac cang trinh xay dung & khu vuc
Dang béng song Ciru Long (DBSCL), cén ca nhitng giai phép cu the,
higu qua. Trong bai viét nay, tac gia tap trung lam rd tinh kha thi
cia viec ap dung BIM dé phat trién xay dung bén vitng va ng pha
viri BDKH cho cac du an xay dung & DBSCL.

Tir khaa: Ma hinh thang tin cong trinh; bign ddi khi hau; Bang bang
soing Ciru Long

ABSTRACT:

Building Information Modeling (BIM) is a development trend of the
global construction industry. Nowadays, BIM is being applied in many
countries  with  different levels depending on the specific
characteristics of the project as well as the target of the parties
involved in the project. In Vietnam, however, BIM is still relatively new,
and the involved parties are facing many difficulties in the
implementation process due to the difference in scope and special
requirements of each project. Facing the urgent situation of
responding and minimizing the impacts of climate change on
construction works in the Mekong Delta region, it is necessary to
have specific and effective solutions. In this article. the author
focuses on clarifying the feasibility of applying BIM to develop
sustainable construction and responding to climate change for
construction projects in the Mekong Delta.

Keywords: Building Information Modeling; climate change; Mekong Delta

1. DAT VAN BE

BDKH la van dé toan cau quan tadm, n6 da va dang anh hudng
sau rong dén toan bo nén kinh té xa héi cac nudc trén thé gidi. Cac
téc dong do BDKH gay ra nhu nuéc bién dang, bao 1a, thién tai, khi
hau dang thach thic nhan loai phai c6 nhing thay ddi dé ing pho
nhdm han ché thiét hai va nguy cc thdm hoa c6 thé xay ra trong
tuong lai. Viét Nam ciing khéng nam ngoai chubi tac déng cda
BDKH va ching ta dang thay ré nhiing thiét hai do BDKH gay ra &
céc tinh DBSCL. Rat nhiéu van dé BDKH tac dong dén cac tinh
DBSCL dugc nghién ciu, danh gia nhdm muc dich dua ra giadi phap
gidm thiéu tac déng cing nhu Ung phd, thich (ng véi BDKH.
Nganh Xay dung véi nhiing dac thu cdia minh cling dang dat ra cac
gidi phap dé theo kip su gia tang tac dong ctia BDKH. Bén canh do,

xu thé s6 hoéa nganh Xay dung dang dugc thic day véi nhiing
budc tién manh mé trong nhan thic va dugc cu thé héa béng co
ché& chinh sach ctia Chinh phu, trong d6 cé viéc phat trién Mé hinh
théng tin céng trinh (BIM) cho céc du an xay dung tai Viét Nam,
dac biét tr nam 2021. Liéu rang BIM clia nganh Xay dung c6 dong
g6p dugc cho st ménh phat trién xay dung bén viing va tng pho
BDKH tai céc tinh BBSCL dugc hay khéng? Dua trén nhiing co s&
d liéu, cdc cong nghé hién cé, bai bdo nay tac gid sé tap trung
phan tich d€ nham lam r6 van dé trén.

2. TONG QUAN

Nam 2016, Bo Tai Nguyén va Moéi trudng da cong bé Kich ban
BDKH & cac giai doan khac nhau clia thé ky 21 [2] bao gém nhiing s6
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liéu du bao cho khu vuc BBSCL. Theo kich ban RCP4.5, khu vuc Nam
bé nhiét d6 binh quan ndm cé xu thé tang so vdi trung binh thai ky co
s& (1986-2005), tang & gilia thé ky véi mic phé bién 1,3+1,40C, dén
cudi thé ky muc tang nay la 1,7+1,90C; luong mua cling dugc du béao
tang tir 5-15% & gilra thé ky va cé thé & muic 20% & cudi thé ky; bao va
ap thap nhiét déi & mudc manh dén rat manh dugc du bao tang, dong
thdi tang s6 ngay ndng néng cé nhiét dé cao >350C; muc nudc bién
dang trung binh cho toan dai ven bién dén nam 2050 la 22 cm, dén
nam 2100 Ia 53 cm va véi muc nudc bién dang 100 cm thi 38% dién
tich BBSCL c6 nguy co ngdp nhu Hinh 1.

BDKH dang gay ra nhiing tac déng truc tiép dén cac cong trinh
xay dung hién hitu cling nhu qua trinh t6 chuc thi cong tai cong
trudng. Nhiing tac dong lam gidm tudi tho cong trinh, thay déi
diéu kién vi khi hau lam gia tdng nhu cau tiéu thu ning lugng
trong cac tdéa nha va xuat hién cac rui ro tai cong trudng. Muc do
tdng manh cda BDKH lam thay d6i cac diéu kién tu nhién gay ra
nhing tac ddng manh mé Ién cac cong trinh xay dung. Can co
nhiing danh gia tadc dong, lugng hoda cac rdi ro ma BBKH gay ra cho
cac cobng trinh, déng thoi can nghién cliu ap dung nhiing cach
thuc trién khai xay dung céng trinh hudng tdi viéc giam thiéu tac
dong cta BBKH.

BIM c6 thé hiéu 1a cach thic quéan ly du 4n méi bang mé hinh
théng tin cong trinh. Cac nuSc phat trién trén thé gii nhu Buc, Anh
dang thuc day ap dung BIM mét cach manh mé, cu thé héa bang cac
ca ché, chinh séch ctia minh theo timg giai doan véi cac muc d6 khac
nhau. G Viét Nam, Chinh ph( d ban hanh céc chl truong, chinh séch
cling nhu van ban hudng dan viéc ap dung BIM cho cac du an xay
dung [3]. Tuy nhién, viéc dp dung BIM can phai dugc xem xét mot cach
cu thé tuy thudc vao muc dich, nhu cu khac nhau clia cac dy an. Da
¢6 rat nhiéu cong trinh nghién ciu khoa hoc xem xét cac khia canh
clia BIM tir goc do phép ly, cai tién phuong thiic quan ly muc tiéu du
an clng nhu rao can déi vai viéc ap dung BIM tai Viét Nam. Cac rao
can, thach thic va nhiing lgi ich khi trién khai 4p dung BIM tai Viét
Nam cling nhu cac van dé vé phap ly, hé théng tiéu chuan da duoc cac
nhém tac gid nghién ctu [10, 14, 16, 18, 21, 27]; Nang cao hiéu qua
quan ly cdc du an xay dung thdng qua viéc dp dung BIM dugc xem xét
& cac khia canh nhu quan ly chi phi [29], quan ly an toan, tién d6 thi
coéng xay dung cong trinh [7, 23], quan ly khéi luong [20, 22]; BIM hé
trg giai doan thiét k€ [19, 30, 32]. Tuy nhién, hau hét cac nghién ctu
chua xem xét dén kha nang ap dung BIM nham ting pho véi nhiing
thach thuc clia BDKH dang dién ra tai cac tinh khu vuc BDBSCL. BIM
chtia dung nhiing thong tin hinh hoc va phi hinh hoc ctia cong trinh,
khai thac BIM la mét qua trinh phuc tap nhung hida hen sé mang lai
nhiéu lgi ich cho viéc kiém soat chat lugng cong trinh, danh gia cac tac
déng cling nhu lugng hda chi phi chua tinh hét déi vai céng trinh.

10.2021 | ISSN 2734-9888

3. POI TUGNG, PHAM VI VA PHUONG PHAP NGHIEN CUU

3.1. D&itugng, pham vi nghién cuu

DGi tugng nghién ctu: Tinh kha thi cta viéc sit dung BIM cho
cac cong trinh xay dung dé€ (ng phé véi nhitng anh huéng cda
BDKH dang va sé dién ra tai khu vuc DBSCL.

Pham vi nghién ctiu: Cac cong trinh xay dung khu vuc vuc DBSCL.

3.2. Phuong phap nghién cttu

Téc gid st dung phuang phap phan tich téng hop dua trén dir
liéu thu thap dugc ti cdc cong trinh nghién ctu khoa hoc, bao cdo
téng hgp lién quan dén &nh hudng clia BDKH va tng dung cula
BIM di vai cong trinh xay dung. Bang cach téng hgp dir liéu danh
gia tac dong gilra BDKH va cac cong trinh xay dung nham lam ré
nhimng yéu t6 anh hudng chinh ctia BDKH dgi véi cong trinh xay
dung clng nhu tdc nhan lam gia tdng BDKH gay ra bdi cac cong
trinh xay dung. TU két qua téng hop cac tdc dong qua lai, tac gia
xem xét vai tro tich cuc ctia BIM cho muc tiéu gidi quyét gidm thiéu
cac tac dong do dua trén nhiing nghién ctiu Ung dung cda BIM
trong su lién két ctia cac cong nghé mdi & linh vuc xay dung, nang
lugng va céng trinh xanh.

4. TACDONG QUA LAI GIUA BDKH VA CONG TRINH XAY DUNG

4.1. Tac ddng ctia BDKH dén cac cdng trinh xay dung

Nhiét dé trung binh ting nhanh, nang néng vao mua kho, lugng
mua va cudng dé mua I6n, gia tang |G lut, muc nudc bién ting cao dan
dén xam nhap man, x6i 16, bdo la nhimg hién tugng dang dién ra véi
cudng do cao doi vai cac tinh DBSCL. Theo mét s6 bao cao du bao,
nhiing thay d&i nay sé tang nhanh tir 2030 gay anh hudng rat I6n dén
dai song ngudi dan va két cau ha tang. Bao cao nghién cliu vé cac tac
déng ctia BDKH d6i vai cac cong trinh nha & ctia M. Camilleri [4] da
phan tich anh hudng ctia BPKH déi vai cac cong trinh xay dung theo
nhiéu yéu t6 nhu nhiét do, lugng mua, muc nudc bién dang, buic xa
UV, cudng d6 bao, I gia tang va téc do gio, hudng gio. Nhiing yéu té
nay tac dong lén cong trinh xay dung theo muic d6 khac nhau va gay
ra thiét hai nhiéu mat déi vdi cong trinh xay dung, c6 thé téng hop cac
anh huéng tai Bang 1 dudi day.

Bang 1. Tom tat mot s6 anh hudng clia BDKH t6i cac cong trinh
xay dung [4]

TT | Yéuté Anh huéng
- Gidm tudi tho clia mot s6 vat liéu.
- Gia tdng nguy co mat an toan lao déng
Nhiét | trong qua trinh thi cong dudi diéu kién thoi
1 | détiang | ti€t ndng nong.
cao - Tang nhiét toa nha, tich nhiét & cac cong
trinh lam gia tdng nhu cau st dung nang
lugng trong toa nha.
- Tang tich tu nudc, d6 dm ddy nhanh qua
trinh bj dn mon cla cac vat liéu.
Lugng < - N -
5 mua - .:I:angﬁngij co.fﬂmat ar? .toa‘r? trong thi cong do
ting dlgu kién lam viéc ngoai trai. ]
- Anh hudng dén tién do thi cong va chat
lugng cong trinh.
Muc . s . . (oA N
nuse | Gia tang x6f mon nén méng cac c\ongvtrlnh.
3 bién - Anh' htrong dén nguon nudc va lam tang chi
dang phi thi cong.
Blcxa | Lam ’gién’ﬁ chét luong mc}t s6 loai vat liéu,
4 UV * | ndi that ti€p xuc truc tiép véi dnh sdang mat
trai.




TT | Yéuté Anh huéng
To\fédg - Anh hudng dén diéu kién té chuc thi cong
5 huéng cOng trudng.
gid - Tinh todn luu théng khéng khi toa nha.
- Gidm tudi tho céng trinh.
Ting - Gian doan thi cong.
tAn - \Hu hdng nha clfa, x6i mon cac cong trinh ha
Sust tang ky thuat. )
6 - - Chi phi bao hiém céng trinh tang hodc tu
cuong Wila L2
dobao, | hoibaohiem. .
“la "1 - Céc Nh‘a thau tu chéi thi céng do rii ro I6n
nhung gan nhu khéng dugc udc tinh trong chi
phi dugc huéng.
4.2, Caccong trinh xay dung gia tang BDKH

Theo Béo cdo Hién trang toan cau vé Toa nha va Xay dung nam
2020 do Co quan Nang lugng Quéc té (IEA) [9] chi ra rang hoat dong
xay dung va van hanh tda nha chiém ty trong 16n nhat trong téng
nang lugng tiéu thu trén toan cau (35%) nhu Hinh 2 va phat thai CO.
lién quan dén néang lugng (38%) nhu Hinh 3 vao nam 2019.

Giao Nha thuong
thong mai, dich vu
28% \ / 8%
Nha &
NANG 22%
Khac LUONG
.
Nganh khac Xay dung
329% cong trinh
5%

Hinh 2. Ty trong st dung ndng lugng linh vuc xdy dung va van hanh toa nha [9]

Nha thuong mai,
dich vu (truc ti€p)
3%
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8%
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’ PHAT THAI Nha &
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7%
Xay dung
cong trinh
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32%

Hinh 3. Ty trong phét thdi C0, linh vyc xay dung va van hanh toa nha [9]

Nghién cttu hién trang quan ly phé thai xay dung va pha d& &
Viét Nam c@ia nhém téc gid Tuan, N.K. va céng su [31] néu ra lugng
phé thai xay dung chiém tir 10-12% téng lugng chat thai rdn do6
thi, trong dé c6 4 thanh phan chu yéu ctia phé thai xay dung gém
bé téng, gach xay, dat, soi, cat dugc mé ta & Hinh 4. Bado cao hién
trang méi trudng Quéc gia nam 2019 ctia BO Tai nguyén va Moi
trudng [1] chi ra rang lugng chat thai ran khu vuc dé thi cac tinh

DBSCL ndm 2019 1a 1.305.488 tdn/ndm. Nhu vy c6 thé thdy lugng
chat thai xay dung hang nam rat I6n, qua trinh x{ ly loai chat thai
xay dung cling gap nhiéu kho khan va dang dan anh hudng dén
BDKH cling nhu nhiing gidi phédp thodat G tai khu vuc DBSCL.

Dét, Séi, Bé téng
cat 2309
36%
Gachva
Kim loai, khéi xay
nhua 31%
10%

Hinh 4. Cac thanh phan phé thai xay dung dién hinh & Viét Nam [31]

Qua trinh xay dung, van hanh khai thac céng trinh da tao ra rat
nhiéu nhiing yéu té lam gia ting BDKH toan cau, c6 thé liét ké mot
s0 anh hudng trong Bang 2 nhu sau:

Bang 2. Cac yéu t6 clia cdng trinh xay dung lam gia tdng BDKH [4]

T Yéu té

Anh huéng

- Khong tinh todn hiéu tng nha kinh.
- Khong tinh toan gidi phap tiét kiém

1 Thiét ké nang lugng, tai nguyén.
- Khong tinh toan théng gio, chiéu séng
ty nhién.
. .. | - Khéng tinh todn udc lugng rac thai xay
2 Rac thai xay dung trong qud trinh thi cong.

dung ~ Lang phi vat liu va khong tai ché.

- Vi tri cong trinh xay dung thi€u quy
hoach, ngan can cac giai phap thoat I
nhanh, han ché thiét hai.

- Thiéu c6ng cu do ludng, kiém soat dé
gidm tac dong mai trudng

- SU dung cac loai vat liéu phat thai

3 Quy hoach

4 Coéng nghé

lugng I6n CO»
hai thac |  Lamdunghé théng diéu hoa qua mc
5 . R - Thiéu trang thiét bj tiét kiém nang
cong trinh .
lugng, nuéc,...

Cing theo bao cao clia IEA, dé dat duoc muc tiéu khéng phat thai
khi nha kinh vao nam 2050, IEA udc tinh rang lugng phat thai CO; truc
ti€p tur tda nha sé can gidm 50% va lugng khi thai t linh vuc xay dung
gian tiép gidm thong qua viéc gidm 60% lugng khi thai vao nam 2030.
Nhimg nd luc nay sé can chiing kién lugng phat thai cda linh vuc xay
dung gidm khoang 6% mdi nam tir nam 2020 dén nam 2030. [12]

Trudc nhiing tac ddng qua lai gitta BDKH va cac cong trinh xay
dung, can c6 nhing giadi phap cu thé dé ap dung déi vdi cac cong
trinh xay dung nham gidm thiéu BDKH trong dai han.

5. BIM CHO CAC CONG TRINH XAY DUNG TRONG DIEU KIEN
BPKH KHU VUC PBSCL

5.1. BIM - GIS mé phdng va danh gia thiét hai do Ii lut déi
V@i cac cong trinh

GIS (Geographic information system) la mét nén tang dé€ quan
ly va trinh bay théng tin dugc tham chiéu trong khong gian. Diém
manh chinh cla GIS, trai ngugc véi BIM, lién quan dén hiéu qua
cla no trong viéc moé hinh hoa cac déi tugng dia ly ngoai trai voi
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quy mo 16n cling nhu kha ndng phan tich khéng gian ctia né [26].
Trong khi @6, BIM chti yéu st dung IFC lam dinh dang trao déi tiéu
chuan dé thiét 1ap khad nang tuong tac trong nganh xay dung.
Trong khuén khé IFC, mét cong trinh véi cac thanh phan két cau,
kién truc, MEP, cac mdi quan hé lién két va vat liéu st dung dugc
mo ta trong mot mé hinh thong tin duy nhat cho phép quan ly
nhling théng tin d6 trong sudt vong ddi cong trinh. Viéc két hgp
BIM-GIS dugc danh gia la s& mang lai nhiéu lgi ich, tuy nhién tich
hgp BIM-GIS rét phuc tap va nhiéu thach thdc. Diéu nay cha yéu la
do su khac biét vé quy mo khong gian, mic dé chi tiét, phuong
phép biéu dién hinh hoc, phucng phap luu trir va truy cap cing
nhu su khéng phu hgp ngl nghia gilra cdc nguén théng tin.

Trong nghién ctu tich hgp cdng cu BIM-GIS nhdm hé trg danh gia
thiét hai 10 d6i véi tda nha clia nhom tac gia S. Amirebrahimi va cong
su [26] da c6 géng lién két 2 nguén dir liéu BIM-GIS véi nhau dé danh
gia tac dong cua la lut cling nhu udc tinh cac chi phi stra chira théng
qua phuong phéap nay. Nhdm nghién ctru da xay dung mo hinh cong
trinh v&i muc d6 LOD400 trén nén tang Revit sau dé xuat sang dinh
dang IFC, st dung Mike21 d€ mé phdng qua trinh 10, mét qua trinh xd
ly dit liéu gitta cac dinh dang khéac nhau dugc thuc hién. Cac théng s6
IG lut va cac thanh phan trong mé hinh sau dé dugc sit dung dé dién
hoa tdc dong bén ngoai va bén trong toa nha nhu mo ta & Hinh 5.
Théng tin nay sau d6 dugc st dung dé danh gia ché do va mic do
thiét hai d6i vai cac bd phan riéng 1é clia né nhu hinh 6.

o
4"-" ;

Hinh 6. Md phéng cac ton thét cia hé théng két cau, dién, kién tric [26]

Trong nghién ctiu [26] nhom tac gid da nd luc lién két cac di liéu
théng tin nhu mét qua trinh ban tu dong di kém tén that mét s6
thong tin khi chuyén déi dit liéu ctia BIM va GIS. Mét danh gia dugc
nhém tac gid dua ra la viéc chuyén déi dinh dang tir BIM-GIS rat phuic
tap va phai chinh sta kha nhiéu dt liéu hinh hoc khi chuyén déi dit
liéu. K&t qua nghién cliu nay ciing chi ra rang c6 thé tinh toan dugc cac
thiét hai clia cong trinh khi chiu anh hudng clia cac cap doé 10 khac
nhau. Mac du can phai ¢ thém cac nghién ctiu khac dé xem xét qua
trinh lién két dir liéu gitta BIM-GIS, tuy nhién viéc danh gia nhing tac
dong cua I lut cho cac cong trinh xay dung va udc tinh chi phi sifa
chiia dya trén BIM-GIS a kha thi va c6 thé nghién ctu dé ing dung déi
véi cac cong trinh xay dung khu vuc BBSCL.

5.2. BIM giap xdy dung mo hinh tinh toan nang luong,
anh sang, thong gi6 - cong trinh xanh

Céng trinh xanh dang dugc xem la mét xu hudng phat trién doi
véi nganh xay dung, nhiing tiéu chi 4p dung khi danh gia céng trinh
xanh sé phu hop dé dat ra cho cac cong trinh xay dung & khu vuc
DBSCL vai muc tiéu tiét kiém nang luong, tai nguyén, gidm khi thai va
gidi quyét bai toan rac thai xay dung.
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S6 liéu thong ké hién nay Viét Nam c6 khoang 165 céng trinh
xanh dugc danh gia, chiing nhan bédi cac hé théng, tiéu chuan
LOTUS, EDGE, LEED, GREEN MARK [28], theo d6 cac cong trinh dat
chiing chi xanh phan 16n tai cac thanh phé nhu Ha Noi, H6 Chi
Minh. Bao cao vé xu hudng cong trinh xanh nam 2018 cta Dodge
Data & Analytics cong b6 dua trén khao sat toan cau ctia hon 2.000
t6 chuc/cac nhan tir 87 quéc gia/khu vuc [34] cho thdy s6 lugng
cac codng trinh xanh & Viét Nam con rat it, s6 liéu khao sat déi voi
Viét nam chi c6 13% trong t6ng s6 ngudi dugc hdi la doanh nghiép
ca ho thuc hién hon 60% céng trinh xanh. Déng thadi, bao cédo
cing néu mét s6 rao can doi vdi viéc tang nhanh xay dung xanh &
Viét Nam la thi€u su hé trg chinh sach, lo ngai vé chi phi ban dau
cao va thiéu nhan thiic céng dong.

Tu d6 cho thay, dé c6 thé ap dung duoc tiéu chudn céng trinh
xanh & Viét Nam noi chung va dac biét la DBSCL thi cac bén can phai
trang bi day du su hiéu biét vé cong trinh xanh cing nhu can c6
nhiing udc tinh ngay tir dau vé cac chi phi, hiéu qua nang lugng lam
€d s& d liéu cho ngudi quyét dinh dau tu. Mot cong trinh dugce cap
chuing chi céng trinh xanh sé phai dap tng nhiing tiéu chi ma cac hé
théng ching chi dat ra nhu mo ta tai Bang 3 tdm tat mot so tiéu chi
chung ctia 3 B6 chiing nhan cong trinh xanh hién nay.

Bang 3. Tom tat mét s6 ndi dung danh gia ching chi cong
trinh xanh LOTUS, LEED, EDGE
TC Tiéu chi

- Hiéu qua str dung nang lugng.

- Hiéu qua str dung nudc.

- Hiéu qua st dung vat liéu.

- Chéat lugng khéng khi trong nha.
- Tién nghi st dung.

- Dia diém va giao théng.

- Tac dong tiéu cuc dén khu dat.
[24] - Quan ly rac tbéi va 6 nhiém.

- Quy trinh trién khai va sdng tao.

Hang muc
danh gia

- Dap Ung tat cad 09 diéu kién tién
quyét ctia LOTUS.
- Té&i thiéu phai dat 40/108 diém dénh gia.

bat yéu
cau

- Hiéu qua st dung nang luong.
- Hiéu qua st dung nudc.
- Hiéu qua st dung vat liéu.
Hang muc |~ C.Plé't Iu’qr)g,kh()ng khi trong nha.
g | danngs |1 Tennhisiidung
é % - Dia diém va giao thqng. ,
= - Tac doéng tiéu cyc dén khu dat.
LEED - Quan ly rac thai va 6 nhiém.
[15] - Quy trinh trién khai va séng tao.
- Dap ung tat cd 12 diéu kién tién
quyét theo tiéu chuan cta LEED.
- T&ithiéu phai dat 40/110 diém danh gia
- Hiéu qua str dung nang lugng.
- Hiéu qua str dung nudc.
- Hiéu qua st dung vat liéu.

Pat yéu
cau

Hang muc

Egige
} danh gia

EDGE
(33]

Céc bd tiéu chudn danh gia cong trinh xanh phé bién tai Viét Nam
nhu EDGE, LOTUS déu dua trén viéc do ludng cac tiéu chi nang lugng,
tiéu thu nudc, vat liéu, chat lugng khong khi, rac thai ngay tir giai doan
thiét k&, thi cong va hoan thanh céng trinh nhu mé ta cac giai doan
danh gia & Hinh 7,8. Nhu vay tir giai doan thiét ké viéc danh gia, do lugng
muc tiéu thu nang lugng, hiéu qua st dung vat liéu, tai nguyén phai

Pat yéu
cau

Phai dat 20% hiéu qua & tiing hang muc




duoc thuc hién. BIM dugc danh gia la kha thi khi st dung d& hé trg trong
qua trinh chiing nhan theo tiéu chi clia céc chiing chixanh [25].

M 1zm1 wyoe W

o D e————— ]
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Hinh 8. Quy trinh chiing nhdn LOTUS [24]

Bang mé hinh théng tin cong trinh dugc thiét lap ngay tu giai
doan thiét ké cé thé gilp danh gia nang lugng céng trinh, cac yéu té
anh sang, thong gid, nang lugng mat trdi va rac thai cong trinh xay
dung. Viéc sir dung mé hinh thong tin thiét Iap ngay tir dau bang Revit
c6 thé két hgp véi cac cong cu md phdng nang luong, anh séng, gié
nhu Autodeck Insight, Green building studio. Theo nghién ctru phan
tich tinh bén vimng ctia cong trinh dya trén mo hinh thong tin BIM cta
Ahmed Khan Dr. Anil N. Ghadge [13] mé hinh céng trinh dugc nhém
tac gia thiét 1ap trén hé théng Autodesk Revit 2019 vai yéu cau thiét
lap & miic d6 LOD300, qua trinh trao ddi dir liéu mé hinh dugc trich
xudt dudi dinh dang file gbXML. Cac budc cta qua trinh phan tich va
t6i uu nang lugng dugc mo ta tai Hinh 9.

Xay dung Nhap dirliéu Tao mo6 hinh
mé hinh toa nang luong nang lugng

nha (BIM) toa nha (BEM)

M6 hinh Phan tich,
cong trinh T6i uu hoa danh gia
hoan thién hiéu suat

Hinh 9. Tom tt quy trinh phan tich nang lugng toa nha giai doan thiét ké [13]

Sau khi hoan thanh mé hinh, toan b cac dir liéu dia phuong
vé khi hau, thdi tiét, chi phi tién ich, mui gio sé dugc cap nhat trong
cac céng cu Autodesk Green building va Autodesk Insight nhu
Hinh 10,11. K&t qua phan tich tir Autodesk Green building sé cho
phép kiém tra dugc muic dé tiéu thu nang lugng clia cong trinh.

Hinh 10. Phan tich nang lugng trén Autodesk Green building [8]

Ngoai ra dua trén phan tich cla Autodesk insight c6 thé xac
dinh dugc cac vi tri hiéu qua lap dat pin nang lugng mat trdi cung
cap cho tda nha. S6 liéu cling cung cap d6 che ndng bé mat cong
trinh, diéu nay giup cho don vi thiét ké lua chon cac vi tri dat cla,
thiét ké chi€u sang t6i uu st dung &nh sang tu nhién dé tiét kiém
nang lugng toa nha. Ngoai ra, d6i véi nhiing trang thiét bi ndi that
chiu tac ddng xau ti anh sang mat troi, tu van thiét ké c6 thé dua
trén moé hinh chiéu sang dé bé tri vi tri dat ndi that phu hop cing
nhu lua chon nhiing vat liéu cho cac vi tri chiu tac dong truc ti€p
clia 4nh sang mat trai. TU nhitng phan tich nay cé thé gidp cho
céng trinh tiét kiém nang lugng cling nhu lua chon dugc céc giai
phap V‘?‘E Ijéu bé‘r} yfrng cho céng trinh.

SIE 0 ) FABE

Hinh 11. M6 phéng phén tich dnh sang mat troi [11]

DOGi vai cac cong trinh quy mod 16n hién nay, st dung nang
lugng phuc vu diéu hoa khéng khi trong mét toa nha rat quan
trong, thiét ké cong trinh dam bao ludng khéng khi bén trong va
bén ngoai tda nha thuc day diéu kién méi trudng lanh manh va
cung cap muc do thodi mai cao hon cho ngudi &. Dua trén dir liéu
gid, @6 am khu vuc c6 thé nhan biét dugc kiéu gié thinh hanh cho
mot vi tri, tr d6 dua ra cac quyét dinh vé viéc dp dung cac chién
lugc théng gioé tu nhién. Vi tri clia clia s6 va quat théng gié co thé
dugc quyét dinh dé c6 dugc luéng khéng khi trong lanh lién tuc
trong tda nha cling nhu t6i uu st dung diéu hoa.

5.3. BIM gép phan gidm rac thai ran, phat hién xung dét
va han ché mat an toan trong thi céng

Rac thai ran trong xay dung néu khéng dugc quan ly, danh gia
dung sé co6 tac déng lau dai gay ra BDKH. Mét s6 nguyén nhan cé
thé ly gidi cho khdéi lugng chat thai xay dung I6n 13 thiét ké khéng
phu hgp; du thura va quan ly khong tot vat liéu dan dén khé su
dung vao cong trinh khac; sir dung vat liéu hao hut I6n tao ra chat
thai; thay déi thiét k& dot ngot . Viéc tim kiém phuong an gidm
thiéu chat thai rén trong xay dung cé thé cho phép han ché gia
tdng BPKH trong tuong lai. Dé c6 thé gidm thiéu chat thai xay
dung, theo nhém tac gia Jack C.P. Cheng va cong su [6] si dung
BIM c6 thé& lam gidm thiét ké khéng phu hop, du thua lugng
nguyén liéu thé vao nhiing thay d6i khéng mong muén trong
thiét ké toa nha va cai thién viéc mua sam vat liéu.

Mot diém dé nhan thdy khi thi cong xay dung céng trinh la viéc
sap xép cac cong viéc gilta nha thau chinh, nha thau phu chua phu
hagp, c6 nhiing xung d6t trong qua trinh thi céng dan dén phai dap
bd; ngoai ra qua trinh thiét ké cé su tham gia ctia nhiéu bé moén két
hop tur két cdu, kién trdc, dién, nudc, co khi cé thé xay ra cac xung
dot thiét ké, lang phi thiét k&, nhing 16i nay thudng xuat hién véi
dy an st dung cac ban vé 2D.

M6t mé hinh cong trinh BIM dugc thiét lap trén cac cong cu
nhu Revit hay (ing dung khac c6 thé gilp cac bén dé dang phat
hién cac xung dot trong thiét ké cing nhu xdy dung dugc bién
phép t8 chuc thi cong hgp ly bang viéc st dung Navisworks dé mo
phong qua trinh thi cdng nhu Hinh 11, diéu nay gitp han ché dugc
céc lang phi trong thi cdng va gidm thiéu rac thai trong xay dung.
Mét quy trinh thi cdng dugc xay dung chi tiét cé thé giup cho Nha
thau udc tinh chinh xac lugng vat tu can thiét dé cung cap tdi cong
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truong, diéu nay sé lam gidm kha nang lang phi do qua trinh mua
sam khéng chinh xac ctia nha thau

TR

Hinh 12. M phdng thi cong bang Navisworks [17]

M6 hinh théng tin cdng trinh con chia dung cac théng tin phi
hinh hoc, nhiing théng tin nay c6 thé cung cdp moét ké hoach thi
céng an toan hon, nhan dién cac rai ro khu vuc thi cong mat an
toan, nhiing khu vuc cé thé chiu tdc dong cla thoi tiét dot ngot.
Nghién ctu cach thuc BIM c6 thé hé trg quan ly thi cong an toan
cla Isabelle Y S Chan va cong su [5] dé xuat xay dung Mé hinh
théng tin an toan (SIM) trong dé bao gém cac dir liéu danh gia,
kiém soat cac méi nguy, bé sung cac yéu cau an toan cho tiing doi
tugng trong BIM. Cach thiic nay cé thé cai thién céng tac quan ly
an toan céng trinh véi su ho trg cGa BIM.

TU nhiing phan tich danh gia bai viét & trén, c6 thé thay dugc BIM
v&i nhiing phuong thuc thiét lap, trao déi théng tin trong mé hinh sé
doéng gép cho nhiém vu Uing phé véi BDKH cda nganh Xay dung tai
khu vuc DBSCL. TU viéc (i) két hgp véi GIS dé danh gia tac dong va du
tinh t&n that do IG lut gay ra; (ii) v6i khd ndng phan tich mé hinh ning
lugng, mé phong anh sang nham xay dung phuong an thiét ké téi uu
dua trén bd tiéu chi cong trinh xanh hudng tdi tiét kiém nang lugng,
tai nguyén va giam tac dong cda diéu kién khi hau dén céng trinh; (iii)
BIM hé trg nha thau thi cdng tranh du thifa, lang phi gay ra rac thai xay
dung, mé phdng va kiém soét an toan trong thi cong gitp canh bao
nguy co rli ro mat an toan, dic biét trong nhiing diéu kién thay déi
that thudng clia ty nhién dudi tac déng clia BDKH.

6. KET LUAN

BDKH tai khu vuc DBSCL dang la mét thach thic cho tat ca cac
nganh, linh vuc va nganh Xay dung c6 thé trién khai 4p dung BIM mot
cach déng bo sé gop phan vao qua trinh xay dung bén viing chéng
BDKH. Con nhiéu thach thic trong qua trinh ap dung cling nhu can c6
thém thuc nghiém dé danh gia mét cach chinh xéac hiéu qua cda viéc
ap dung BIM tai cac céng trinh khu vuc DBSCL nham déng gép cho su
ménh chéng BDKH. Tuy nhién, qua trinh xay dung cac céng trinh tai
khu vuc BDBSCL can dugc khuyén khich dp dung BIM cling véi nhiing
tiéu chuan céng trinh xanh, day sé la nén tang phat huy hiéu qué cta
BIM cho xay dung bén viing va chong BDKH.
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Xay dung khung ly thuyét dé trién khai
quan ly gia tri dua trén nén tang BIM
trong du an dau tu xay dung tai Viet Nam

Developing a theoretical framework for BIM-based value management in construction

investment projects in Vietnam

> TH.S NGUYEN HAI LOC', PGS.TS NGUYEN THE QUAN?
T Kiém toan Nha nudc

2Trudng Dai hoc Xay dung Ha Noi, Email: quannt@nuce.edu.vn

TGM TAT

Phuong phap quan Iy gia tri (VM) da duge gidi thigu tir [au va gén
déy ciing dd dan duge thuc hign trong céc du an dau tr xay dung
& nuac ta. Cung vai viec Ma hinh thang tin cang trinh (BIM) ngay
cang dugc phd bign rang réi va duge Gng dung trong nhiu du &n
ddu twr xay dung, viec trién khai quan Iy gia tri dua trén nén tang
BIM trong di &n déu tw xay dyng tai Viet Nam tré thanh nhu céu
tat yeu. Bai bao trinh bay ket qua nghién ciu, 13 buac di dau tien
trong vigc dé ra giai phap cu thé dé trién khai quén Iy gia trj dua
trén nén tang BIM trong du &n dau tu xay dung tai Viet Nam. Khung
|y thuyét dugc xay dung bao gdm hai phéan chinh 1a phén khung

tdng quat va phan khung chi tiét, dd xem xét dén céc tng dung BIM,

déc bigt |a mirc d@ chi tigt coa thang tin trong mé hinh BIM va céc
hoat ddng xay dung trong vang divi du an ddu tu xay dung theo quy
dinh hign hanh tai Viet Nam.

Tir khaa: Quan Iy gia trj (VM); ky thuat gia tri (VE): quan Iy du an
ddu tu xay dung; gia tri du &n; BIM

ABSTRACT:

Value management (VM) has been introduced since a long time ago
and has also been implemented in selected construction investment
projects in Vietnam. With the emergence of Building Information
Modeling (BIM) and its recent application in many construction
investment  projects, the implementation of BIM-based value
management in construction investment projects in Vietnam becomes
an indispensable need. This paper presents the initial outcomes of a
research project into implementing BIM-based value management in
construction investment projects in Vietnam. The proposed
theoretical framework consists of two main parts, a general
framework and a detailed framework, considering BIM applications,
especially the level of detail of the information integrated in the BIM
models. The framework also addresses the key construction activities
in the life cycle of a construction investment project according to
current requlations in Vietnam.

Keywords: Value Management (VM); Value engineering (VE);
project management; project value; BIM

1.DAT VAN BE

Viéc nang cao gia tri dy an nhung khong lam thay déi ngéan
sach ban dau hodc ddm bao du an hoan thanh véi day du céng
nang da xac dinh véi muc dau tu thap nhat ludn la ky vong cua
moi cha dau tu. Phuong phéap quan ly gia tri (Value Management -
viét tat la VM) dugc dé xuat da giai quyét dugc van dé nay & mot s6
nudc trén thé gidi véi nhiing du an xay dung nhat dinh [17]. Thong
qua viéc huy dong tri thic tir ch dau tu, cac bén hiru quan ctia du
an va cac chuyén gia khac, VM dugc thuc hién dé nghién ctu dua
ra cac giai phap thay thé cho dy an phu hgp véi cac muc tiéu dugc
xac dinh va da dugc ching minh la mang lai hiéu qua dang ké véi
muc tiét kiém chi phi tir 5-10% [17]. M& rong hon, quan ly gia tri la
mét cdng cu c6 thé giup du an danh gia tat ca cac phuong an phu

hop cho viéc thiét ké va xay dung mét du an dé giup du an dat
dugc “gia tri t0t nhat” cho khach hang [10]. Cong cu nay tap trung
vao gia tri nhiéu han la vao chi phi va gidp dy én dat dugc su can
bang t6i uu gilta cac yéu té: thoi gian, chi phi va chat lugng [6], chi
khéng phai la viéc gidm chi phi cho du an [10]. Quén ly gid tri la
mot dich vu gidp téi da héa gia tri cdng nang clia mot du an bang
cach quan ly du an tu giai doan y tudng dén giai doan st dung nh&
viéc danh gia tat ca cac quyét dinh dua trén mét hé théng gia tri
da dugc khach hang xac dinh r6 [6].

Phuong phép nay bat dau dugc st dung ti nam 1947 tai My
[24] va da dugc dua vao ap dung trong cac du an dau tu xay dung
tU nhitng ndm 1980. T nhitng nam 1990s, n6 dugc cac nudc Chau
Au, Uc va Héng Kéng, mét s6 nuéc chau A khac nhu Nhat Ban, Han
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Quéc, Malaysia va Indonesia ting dung réng rai trong hoat déng
quan ly du an dau tu xay dung [5, 9, 25]. § Viét Nam, phuong phap
nay cling da dugc nghién ctu &p dung ti kha lau, véi mot s6
nghién cttu vé chi dé nay dugc céng b vao dau nhiing nam 2010
[12, 15] va cac Ung dung thuc tién ciing da dugc trién khai trong
thuc té€ [11]. Gan day, cung vai su xudt hién cta BIM (M6 hinh
thong tin cong trinh - Building Information Modelling), ngudi ta
bt dau chu trong dén viéc sir dung cong cu nay dé tao diéu kién
thuan lgi va nang cao hiéu qua viéc thuc hién quan ly gia tri cho du
an [20]. Mét s6 nghién clu & nudc ngoai da dé xuat viéc st dung
Mé hinh BIM Ia ngan hang luu trir y tudng dé€ phuc vu viéc phat
trién cac gidi phap thay thé cho du an [12], bao gém c3 dé xuit mé
réng khai niém gia tri cda du &n dudi géc dé hiéu qud st dung
nang lugng [27, 28], st dung Mé hinh BIM da chiéu véi chiéu bé
sung la chiéu chi phi dé tich hgp viéc tinh toan hiéu qua cda giai
phap thay thé [23] va kiém soét chi phi du an [7], hay thiét ké mot
quy trinh dé€ ap dung BIM trong cac du én dau tu xay dung [1]. Tuy
nhién, cac nghién ctiu nay déu chi chd trong dén viéc trién khai
phién lam viéc ma chua dé cap dén quy trinh téng quat két néi BIM
véi hoat dong quan ly gia tri dy an.

& Viet Nam, cac du an thuc hién quan ly gia tri chua st dung
BIM, mét phan la do BIM con kha mai mé trong nganh xay dung
[14], nhat la trong cac du an st dung vén nha nudc [3]. Tuy nhién,
viéc sir dung mé hinh BIM trong cac hoat ddng thiét ké cling dan
dugc phé bién, bao gém ca cac iing dung BIM clng gép phan tao
ra gia tri cho du an qua hoat déng phan tich chiic nang [2] hodc do
tim va x ly xung dot gitta cac hé théng ky thuat [13]. V6i hiéu qua
tiém nang ma BIM c6 thé mang lai, viéc phat trién mot cach ti€p
can st dung BIM trong diéu kién cac du an dau tu xay dung Viét
Nam, nhat la cac dy an cé von dau tu céng, la can thiét. Bai bao nay
trinh bay mét nghién cdu vé trién khai quan ly gia tri dua trén nén
tang BIM trong du an dau tu xay dung tai Viét Nam théng qua viéc
xay dung mot khung ly thuyét, sé la budc di dau tién dé tién hanh
cac nghién ctu chuyén sau va chi tiét vé chu dé nay.

Phat

Nhén . ; x
ol | e | | ] | Bl | B |
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2. TGNG QUAN VE QUAN LY GIA TRI TRONG DU AN PAU TU
XAY DUNG

Gia tri (value), hi€u theo nghia chung nhat, la Igi ich du an
mang lai cho chl dau tu. Nhung trong mét du an, luén luén tén tai
cac rang budc vé thai gian, chi phi va chét lugng. Vi thé, cac bén
hitu quan ctia mét du én thudng mong mudn cé dugc Igi ich - gia
tri gia tdng - I6n nhat ti du &4n ma van dam bao sy can bang gila
cac yéu té thai gian, chi phi va chat lugng. Do d6, gia tri c6 thé
duoc hiéu la viec dam béo cé dugc cac quyét dinh va lua chon
duang dan cho du an trong viéc téi da hoa lgi ich vai cac diéu kién
cla du an vé thai gian, chi phi va chat lugng [4]. Viéc dam bao dat
dugc gia tri du an da xac dinh, bao gém ca viéc tim ra va tan dung
cac ¢d hoi nang cao gid tri cho du an chinh la nhiém vu clia hoat
dong quan ly gia tri.

Kelly va Male, hai nha khoa hoc c6 céng I6n trong viéc phd
bién phuong phap quan ly gia tri trong nganh xay dung & Vuong
qudc Anh, da chi ra rang quan ly gia tri bao gobm ba bé phan chinh:
mot hé théng gia tri, mot qua trinh hoat ddng nhém va viéc phan
tich chic nang [6]. D€ thuc hién quan ly gia tri cho mét du an, can
phan chia du an thanh cac giai doan khac nhau dé xéac dinh cac
diém co hoi quan ly gid tri (cac thoi diém c6 thé &p dung hiéu qua
cac phién ky thuat gia tri - Value Engineering, viét tat la VE), sau dé
tién hanh cac phién VE tai cac thdi diém d6. Phién ky thuat gia tri,
dich theo nghia g6c cla tir va rdt gon tur “phién lam viéc ky thuat
gia tri”, tUr nay vé sau goi tat la Phién VE, thuc chat la mét cudc hoi
thao chuyén sau (workshop), c6 su tham gia clia nhiéu chuyén gia
dugc mai, c6 chuyén mén phu hgp dé€ dé xuit va danh gia dugc
cac phuong an thiét ké khac nhau dinh hudng dam bao hodc nang
cao gia tri cho du an [6]. Cu thé, trong diéu kién Vuong quéc Anh,
moét du én xay dung cé thé dugc chia thanh 5 giai doan I6n: tién
chi dan, hudng dan ban dau, thiét ké y tudng, thiét ké chi tiét va
cac hoat déng lién quan dén céng trudng xay dung (Hinh 1). Can
tién hanh 5 phién VE khac nhau tai 5 thai diém tuong dng (danh s6
tur 1-5 trén Hinh 1). Ngoai ra, can tién hanh thém mot Héi thao
thiét ké (C) ngay trudc khi thuc hién thiét ké y tudng.

Cac
Toeg ||| Tmhs | BEu/ ) Liple | bot B} oo N pots
tin s3n tién chon hoach dong hant in
xuat hrong thiu dw an cdng e
taong
Thiét ké chi tit Cac hoat déng lién quan dén céng

trivdng

o

Hinh 1. Cdc co hgi quan ly gid tri theo quy trinh thyc hién dy &n cia RIBA [8]

Tai tung ca hoi quan ly gid tri, mét hodc mot vai phién VE
can dugc trién khai theo mot quy trinh cu thé. Cé nhiéu quy
trinh dugc dé xuat va trién khai trén thé gisi. § Vuong quéc
Anh, mét phién lam viéc quan ly gia tri (VM workshop, thuat
ng( tuong ducng vai phién VE) dugc trién khai theo 8 budc:
Truéc hoi thado, Théng tin, Sang tao, Panh gi4, Phat trién,
Hoach dinh hanh ddng, Bao cao két qua va Thuc hién [8], nhu
thé hién trong Bang 1.

Tuy nhién, cac nghién cliu sau nay vé VM da tach viéc trién
khai mét phién VE thanh ba giai doan chinh: giai doan chuén bi,
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giai doan nghién ctu va giai doan thuc hién, nhu Ké hoach lam
viéc tiéu chuan cla SAVE International [26]. Cac pha (budc) trong
giai doan nghién clu cling dugc sdp x€p lai, cu thé, phan tich
chic ndng dugc tach khdi pha théng tin thanh mét pha riéng.
Viéc sap xép lai nay cho phép chu trong hon vao giai doan tha
hai, la giai doan can c6 cac chuyén gia bén ngoai. Cac giai doan
con lai do doi dy an tu thuc hién nén sé chd dong dugc hon.
CAch ti€p can cla SAVE International sé dugc van dung dé xay
dung khung ly thuyét cho viéc quan ly gia tri dua trén nén tang
BIM trong cac dy an dau tu xay dung & Viét Nam.



Bang 1. Trién khai phién lam viéc (workshop) [8]

STT Cac budc Hoat dong trong cac buéc

1 Trudc héi thao Thu thap théng tin; Téng hop théng tin; Lap lich trinh

5 Théng tin Trinh bay va lap doi; Thu thap thong tin; Téng hgp théng tin; Lap s6 d6 chiic nang; Phan tich

chuic nang; Phan tich qua trinh; Muc tiéu héa chuic nang.

3 Sang tao Nao cong

4 DPanh gia S3p x€p 1an 1; S&p x&p chi ti€t hon; Lua chon y tudng dé phat trién.

5 Phat trién Phat trién y tudng

) X . Trinh bay véi nha tai trg va cac nha quan ly cdp cao; Lap ké hoach thuc hién; Chuan bi cac ké

6 Hoach dinh hanh dong hoach hc):at déng; Giai thé déingl q yep P . - '

7 Bao cdo két qua Chuén bi bao cao; Phat hanh béo cao.

8 Thuc hién Hai thao rat kinh nghiém; Chudn bi k€ hoach hoat déng cudi cung; Gidi thé déi ng.

GIAI POAN NGHIEN CUU
d Giai doan théng tin
- Xem xeét pham vi, tién do, chi phi. hiéu qua, chét lwong va mii ro

GIAIDOAN clia d6i frgng nghién crru. TTGIAT

CHUAN BI - Sit dung cic k¥ thuat mé hinh héa khac nhau dwgc ap dung dé POAN
- Xhc dinh hiéu 13 thong tin vé d6i frong nghién ciru néu trén. THYC
dbi tu’o-rng Giai doan phin tich chitc nang ) H[EN .
nghién dm - Xac dinh cic chitc nang cia dir an. i Cép‘ co tham
VM oae - Xem xét. phan tich cac chitc ning bang cach st dung cac ky quyén danh
i I[ll-l " thuat: . ‘ . gién Xét l_cét
dicki ) Xac dinh chire nang ngau nhién; so 46 FAST; phan b6 tai nguyén qua nghién
% T chon chiic néng vé"déc ta hiéu qua chirc nang de xac dinh céc chic c1'rurVM .Vfi
uhiit i nang: phan bo hiéu qua va tai nguyeén cting nhw chon cac chirc q?yét _ dinh
diam gié nang de cai thién gia tri. dé xuat lua
VM. Giai doan sang tao - ) chon phuong

. - Str dung cac k¥ thuit sang tao dé xuat cac y tuong nham tao ra an thay thé

- Lap ke cac chirc nang cua déi frong nghién cir. nao dé thuc
hoach  trién Giai doan danh gia hién.
khai nghién Xem xét, danh gia dé chon ra nhimng ¥ twong mang lai tiém nang Ké  hoach

Ccuu.

cai thién gia tri 16n nhat trong khi van dép tmg day di cac chirc
ning cua dv 4n, dua trén cac yeu to rang budc: Hiéu suat. hiéu qua

- Thu thap i :

thong tin, dit stt dung. chat luong. tién do, chi phi va riiro.

lidu cin Giai doan phat trién

thiét. Hoan thién cac ¥ twong da chon thanh cac dé xuat VM véi du tai
- Chukn B liéu dé cho phép nhitng nguoi ra quyét dinh xac dinh xem chiing

co sO  wvat
chat.

g 4

c6 nén duge thue hién hay khong.

Giai doan trinh bay

Tong hop béo cdo va / hodc ban trinh bay tai liéu va chuyén tai cac
két luan va két qua ciia nghién ctru VM

Hinh 2. K& hoach trién khai mét phién ky thudt gia tri cGa SAVE International [26]

thue hién
phuong éan
dwoc lap va
trien  khai
thuc hién dé
cii tién gia
tri.

\—/:

3. PHUONG PHAP NGHIEN CcUU

Quan ly gia tri va BIM déu la cac cha dé nghién ctu rat duoc
quan tam gan day. Viéc khao sat so bd cac nguodn co sé dit liéu
¢6 chia cac céng b6 quéc té vé cac chi dé nay nhu Scopus,
Google Scholar cho thay, c6 mét sé khung trién khai da duoc
dé xuat va iing dung trong thuc té& dé trién khai hodc hoat dong
quan ly gia tri (VM), hodc viéc ung dung BIM trong cac du an
dau tu xay dung. Gan day cling da c6 moét sé nghién ciu vé chi
dé trién khai quan ly gié tri trong cac dy an ap dung BIM cua
mot s6 tac gid nudc ngoai. Tuy nhién, do viéc trién khai cac du

an phu thuéc rat nhiéu vao diéu kién mébi quéc gia, ving lanh
thé, tham chi diéu kién ca tiing dy an, nén cac mé hinh trién
khai & nudc ngoai thudng khong sir dung dugc truc tiép & Viét
Nam, nhat la trong cac dy an dau tu xdy dung sir dung nguén
von dau tu céng. DU vay, cac md hinh da dé xuat riéng cho
tiing hoat dong nhu VM hoac BIM va ca cac mo hinh tng dung
sé dugc st dung dé lam tai liéu tham khao xay dung khung ly
thuyét cho nghién ctru nay.

Do dé, nghién ctu nay dugc thuc hién thong qua cac budc nhu
sau (Hinh 3):
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Hinh 3. Quy trinh nghién ctiu

Hau hét cac khung trién khai VM dugc dé xuit trong cac
nghién ctiu déu cho thay, dé trién khai VM trong du an, c6 hai viéc
can phai thuc hién d6 1a: (i) xac dinh dugc cac thai diém dé trién
khai VM cé hiéu qua trong toan bd vong ddi du an, (ii) lap ké hoach
trién khai cac phién ky thuat gia tri (VE) cho tiing thai diém. Véi céc
du an &p dung BIM, do qua trinh thiét ké thudng dugc trién khai
theo nhiéu buéc véi cap do chi tiét tang dan, nén muc dé chi tiét
cGia mé hinh BIM dugc dung cling thudng thap & cac giai doan dau
du &n va cao dan & cac giai doan sau. Do vy, viéc phat trién khung
ly thuyét can dua trén khung téng quat trién khai du an (nhu thé
hién & Budc 2). Thong qua viéc phan tich cac giai doan cla qua
trinh dau tu xay dung va cac hoat dong can trién khai trong tiing
giai doan, sé xac dinh dugc cac thoi diém phu hop dé tién hanh
cac phién VE (Budc 3). Kha nang khai thac mé hinh BIM can dugc
xem xét dé€ tich hop vao ndi dung ké hoach trién khai tiing phién
VE, phu thuéc vao muc do chi tiét cia théng tin dugc dua vao moé
hinh BIM tai cac thdgi diém khac nhau trong vong doi du én (Budc
4). Pac diém cda du &n dau tu xay dung tai Viét Nam, kinh nghiém
trién khai BIM va VM cung céac van dé khac sé dugc xem xét dé
hoan thién khung ly thuyét. VGi pham vi da dugc giéi han cua
nghién ctu nay la chi diing & viéc xay dung khung ly thuyét, chua
c6 diéu kién dua vao kiém dinh trong mét du an thuc té€, cac
phuong phap dugc st dung cho nghién ctu nay cha yéu la cac
phuong phap dinh tinh, dya trén cg s& ly luan, cac két qua nghién
clu trudc va céc lap luan, phan tich, suy luan clia cac thanh vién
nhém nghién ctu. Khung ly thuyét dugc kiém dinh théng qua suy
ludn logic va cac bang chiing dugc thu thap tir cdc nguén thong
tin dugc cong b6 rong rai va quy dinh phap luat trong trién khai du
an dau tu xay dung hién nay.

4.XAY DUNG KHUNG LY THUYET

Theo quy trinh nghién ctu da dugc xac dinh, khung ly thuyét
cho viéc trién khai quan ly gia tri dua trén nén tang BIM trong du
an dau tu xay dung tai Viét Nam bao gém hai phan chinh: (i) phan
khung téng quét trién khai VM trén nén tang BIM cho toan bo du
an trong d6 thé hién thoi diém clia cac phién VE, va (i) phan khung
chi tiét cho tiing phién VE.

4.1. Xdy dung khung téng quadt trién khai VM trén nén tang
BIM cho toan bé du'dn

Khung téng quat trién khai VM cho toan bd du &n thé hién
trinh ty dau tu xay dung, gén véi cac san pham chuyén giao cla du
an c6 st dung dén mo hinh BIM va cac thdi diém tién hanh cac
phién quan ly gia tri. Khung téng quat, do d6, dugc thé hién trén
mot truc thoi gian, xac dinh rd cac thoi diém phu hop tién hanh
cac phién quan ly gia tri (co héi t6 chuc cac phién VE) va mé hinh
BIM v&i muic d6 chi tiét (hay muc dé phét trién — LOD) phu hgp véi
ting thai diém nay, dua trén két qua cta du an tai thai diém tuong
ng. Khung nay dugc diéu chinh va b sung tir danh muc cac co
héi nang cao gia tri cla Male va Kelly (Hinh 1) dya trén quy trinh
dau tu xay dung tai Viét Nam va tich hgp thém cac mé hinh BIM c6
thé dugc xay dung tai tiing giai doan. Khung téng quat trién khai
VM dugc thé hién trong Hinh 4. Khung téng quét bao gém 5 16p,
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thé hién cac giai doan cla du 4n dau tu xay dung, chi tiét cac giai
doan, san pham thiét ké theo tiing giai doan chi tiét, thai diém cac
phién VE nén dugc thuc hién va M6 hinh BIM dugc dung tuong
Ung cho tiing két qua thiét ké. Cac I6p cta khung téng quat dugc
lam r6 dudi day.
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Hinh 4. Khung t6ng quét trién khai VM trén nén tang BIM cho toan b du an

Theo quy dinh clia phap luat vé xay dung hién nay tai Viét Nam,
mot du an dau tu xay dung trai qua ba giai doan: chun bi du an, thuc
hién du an va két thic xay dung dua cong trinh vao khai thac sir dung
[22], céc giai doan nay tao nén Ldp 1 clia Khung téng quét. Giai doan
chuén bi dy an c6 thé dugc chia thanh hai giai doan nhg, d6 la giai
doan trudc chu truong dau tu va giai doan trudc quyét dinh dau tu
[21]. D&i v6i cac du an st dung vén dau tu cong, hai giai doan nay
duogc tach biét ré rang hon la cac du an dau tu st dung von khac. Giai
doan thuc hién dy an, ngoai cac ndi dung lién quan dén gidi phong
mat bang (néu du &n phai giai phdng mat bang), thi dugc chia ra cac
hoat déng trudc khi thi cdng (khao sat, thiét ké) va hoat déng thi cong
xay dung. Giai doan két thic xay dung, theo thong 1€, khéng thuc hién
VE do khéng can thiét, gia tri mang lai khéng Ién. Do dé, Lép 2 cla
Khung tng quat chi c6 dén hét giai doan thi cong ma khong kéo qua
dén giai doan két thuc xay dung. San pham cudi cling ctia du an dau
tu xay dung la cong trinh xdy dung, tuy nhién, trudc khi cong trinh xay
dung hoan thanh, du an c6 cac san pham trung gian la cac san phdm
thiét ké theo tling giai doan. Cac san pham thiét ké & cac giai doan bao
gbébm y tudng (nam trong giai doan nghién ctu tién kha thi), thiét ké co
s& (v6i du an thiét ké tir 2 budc trg Ién, nam trong hd so béo cdo
nghién ctu kha thi), thiét ké sau thiét ké co s&, bao gom thiét ké ky
thuat (véi du &n thiét k€ 3 budc) va thiét ké ban vé thi cong. Khi nha
thau thi cdng ti€p nhan du an, dé trién khai du an c6 hiéu qua, ho thuc
hién thiét ké t6 chuc thi cong va thiét ké ky thuat thi cong cho cac t&
hgp céng nghé Ién hodc phic tap. Vi vdy, Lép 3 bao gdbm cac hoat
dong thiét k&, tiry tudng cho dén thiét ké t6 chiic/ky thuat thi cong, s6
lugng hoat déng thiét ké tuy thudc tiing du én cu thé.

Pé trién khai du an dugc hiéu qud, can phai l1ap dugc nhiéu
phuong &n khac nhau, tir d6 lua chon phuong éan pht hgp nhat.
Cong viéc nay can thuc hién ngay tir budc chu truong dau tu, va
theo sudt cac giai doan thiét ké khac nhau nhu thé hién tai Lép 3.
D6 chinh 1a cac co hoi dé trién khai cac phién quan ly gia tri, lam
nén L&p 4 cta Khung téng quat. Cac co hoi nay di theo cac giai
doan thiét k&, do dé, co hdi 2 va 3 chi dugc dua vao thuc hién khi
du an ¢6 cac hoat dong thiét ké tuong Ung, vi vay ching dugc vé
bang cac nét dut. Co tat ca 5 co hoi trién khai cac phién VE véi céc
du an c6 day du cac budc thiét k&, va cac thai diém phu hop dé



tién hanh cac phién VE la trudc khi phé duyét budc thiét ké tuong
tng. Nhu vay, Lép 4 dugc tao bdi 5 co héi trién khai VM cho du an.

BIM dugc ap dung tl cac giai doan dau tién ctia du an dé€ mang
lai hiéu qua 16n nhat. Lép 5 thé hién cac Mé hinh BIM duoc su
dung phuc vu cac phién VE. Véi giai doan y tudng, can cé mat
bang hién trang ctia khu dat sé phat trién du an dé 1én cac phuong
an dau tu khac nhau. Mé hinh BIM trong giai doan nay c6 thé dugc
dung tu ban vé 2D hodc théng qua viéc thu thap dir liéu hién
trudng st dung thiét bi bay khéng ngudi lai (drone). Cac phuong
an phat trién 6 dat dugc dung lén ti mé hinh BIM hién trang tao
diéu kién thuan lgi cho viéc hinh dung va danh gia mét cach truc
quan. Tuong ty, cac m6 hinh BIM cho thiét ké co s@, thiét k& ky
thuat (néu cd), thiét ké ban vé thi cong, mé hinh BIM thi céng cling
dugc st dung dé trién khai cac phuong &n thiét ké/té churc/thi
céng khac nhau nham hé trg viéc danh gia lya chon phuong an.
Cac mo hinh BIM nay khéng chi cung cap cai nhin truc quan vé san
pham/cong trinh xay dung cho méi phuong &n, ma con cung cap
dir liéu dé phuc vu viéc danh gia, so sanh, lua chon cac phuong an
theo céc tiéu chi dugc t6 chuyén gia xac dinh cho tuing phién VE,
cing nhu cac pha khac ctia mot phién VE. Do giai doan két thuc
xdy dung khéng trién khai hoat dong quan ly gia tri, M6 hinh BIM
hoan céng khong dugc st dung cho muc dich nay.

4.2, Xdy dung khung chi tiét cho cdc phién VE trong vong doi

dudn

Khung chi tiét dugc xay dung |3y cac pha trong ké hoach trién khai
mot phién VE lam goc, sau do, thong qua viéc phan tich kha nang ma
viéc st dung mé hinh BIM c6 thé hé trg cac cong viéc & cac pha, nhom
nghién cuu tich hgp cac ing dung ctia M6 hinh BIM vao khung nay.
Két qua xay dung khung chi tiét dugc thé hién & Hinh 5.
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Hinh 5. Khung chi tiét trién khai cac phlen VE trén nén tang BIM

& Pha thong tin, M6 hinh BIM clia giai doan tuong tng trong du
an 6 thé duoc st dung phuc vu cho viéc chuén bi cho phién lam viéc.
Ngudi ta can kiém tra M6 hinh BIM dé dam bao viéc c6 da cac thong
tin can thiét phuc vu phién lam viéc. § Pha Phan tich chiic ndng, mé
hinh BIM cung cip phuong tién lam viéc truc quan dé cac chuyén gia
tham gia phién lam viéc c6 thé xem xét chi tiét yéu cu dat ra vé chuc
nang va giai phap thiét k& hién c6 dé dé xac dinh nhu cau nao can cai
tién, loai bo hodc sang tao thém. & Pha sang tao, Mé hinh BIM, véi cac
kha nang uu viét clia n6 déi véi viéc thay déi thiét ké, sé trd thanh nén
tang dé xay dung cac phuong &n nang cao gié tri cho du an. & Pha
danh gia, di liéu vé cac phuong an nay sé dugc trich xuat tir cac mo
hinh BIM thé hién phuang an, theo yéu cau cla cac tiéu chi danh gia
phuang an dugc xac dinh cho ting phién lam viéc. D{ liéu nay c6 thé
dugc st dung thu cong hodc théng qua mét phan mém tin hoc dé
phuc vu viéc danh gid cac phuong an va lua chon phuong an phu hgp
nhét. Phuong &n dugc lua chon dugc phat trién hoan chinh & Pha phat
trién, 1tc ndy méd hinh BIM dugc st dung nhu la cong cu thiét ké truc
quan. M6 hinh BIM dugc tiép tuc st dung nhu mét cong cu trinh bay
két qua truc quan & pha cudi cling. Pha trinh bay két qua, dé dam bao
céc bén lién quan hiéu ré6 dugc phuong an Iua chon, tir d6 thuc hién

]’hau tich

Phnlhnngrln [:> AR

e ) 030, S KET THUC
CHUAN BI DU AN THU'C HIEN DU AN XAY DUNG
Trwee Trwore
Cht trwong Quyétdinh Truweére Thi céng Thi cong
dau tw dau tw
Thiét kEKy
¥ twdng Thiét ké co s¢&» Thiét ké sau Thiét ké cor s& thuit/T6 chire thi
céng
o~ e = e
= TR §2 4 5 [
e $Z0 e B B | L
e MohinhBIM | MohinhBIM | MahinhBIM | Mb hinhBIM
tl"“"(‘)'ll 0 hin| O hinl 0 hin| O Nnin| T
d¥liee | hitntrangkhu | Thiétkcoss | Thiétkeéky | Thidtkébanve | Mopinn M
i dat (néucd) thudt (néu cé) thi céng E
(M6 hinh - - -
BIM) LOD tang dan
T
£ £ I c [z
§ U v |- ik :
g u o | danh gia g g
= B Phwong an 2 }4— i phwong an B B
~ ! ~ ~
E E e E E
° = = . o = =
s = wong an n | e o = s
i tin hoc L__‘
| I ¥
Phathéng tin |::> { Ph’anttch } :> { Phasingtao } I::> { Phadanhgia } E> { Pha_ghat } |::> { Trmhba}y ket
chitc ning trién qua

Hinh 6. Khung Iy thuyét trién khai VM trén nén tang BIM cho du an dau tu xay dung
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dung phuong an dé dam bao hiéu qua ky vong.

4.3. Hoan thién khung ly thuyét

K&t hgp Khung t8ng quat va Khung chi tiét da dugc phat trién
& trén, ta dugc Khung ly thuyét trién khai quén ly gia tri dua trén
nén tadng BIM trong du an d4u tu xay dung thé hién & Hinh 6.

& cac thai diém tién hanh cac phién VE khac nhau, ngudi ta st
dung cling mét mé hinh BIM, tuy nhién mé hinh nay dugc phéat trién
vGi muc dé chi tiét tang dan theo tién trinh thuc hién du an. Mé hinh
BIM sé trd thanh méi trudng dit liéu chung, déi véi hoat dong quan ly
gié tri trd thanh cong cu dé quan sat, danh gia cac gidi phap thiét ké
clia dy an mét cach truc quan, la nai luu trr théng tin du dn duoc cap
nhat theo tién trinh va dé truy xuat phuc vu cac phién quan ly gia tri.
C6 thé thay rang mo hinh nay da phan anh dugc thuc té thuc hién cac
du an dau tu xay dung & Viét Nam hién nay, vé co ban phu hop véi cac
quy dinh phap luat hudng dan trién khai cac du an.

& Viét Nam, tlly thudc vao dic diém ctia du an, viéc thiét ké c6 thé
dugc tién hanh theo cac budc khac nhau. Trong trudng hgp sé budc
thiét ké it hon 3, khi van dung Khung ly thuyét nay, chi can bé di cac
budc thiét ké khong thuc hién. Thuc té€ cho thay, hau hét cac du an
dugc thuc hién theo phuong thuic truyén théng (Thiét ké - D4u thau -
Thi cong, tiéng Anh la Design - Bid - Build, viét tat la DBB), tuy nhién
gan day phuaong thiic Thiét ké - thi cong (Design and Build, viét tat la
DB) ngay cang dugc ap dung nhiéu hon [18, 19], trong d6 ¢6 ca cac dy
an dugc thuc hién thong qua hop dong EPC. Khung ly thuyét dugc xay
dung da phan anh dugc viéc trién khai thuc hién du an theo cac
phugong thuc nay, chi can thay déi cac don vi can tham gia vao tiing
phién ky thuat gid tri cho phu hgp. Viéc t6 chuc cac phién VE sé do cht
dau tu/dai dién ch dau tu chiu trach nhiém, va cac nha tu van, nha
thau sé tham gia cling vdi cac chuyén gia khac do chi dau tu/dai dién
cha dau tu tu mai dén cac phién nay.

5. KET LUAN

Bai bao da trinh bay viéc xay dung Khung ly thuyét dé trién
khai quan ly gia tri dua trén nén tang BIM trong du an dau tu xay
dung tai Viét Nam. Khung ly thuyét dugc xay dung dua trén hai
thanh phan chinh: (i) phan khung téng quat trién khai VM trén nén
tdng BIM cho toan b du &n trong d6 thé hién thdi diém cla cac
phién VE, va (ii) phan khung chi tiét cho tung phién VE. Phan
khung t6ng quat dugdc sir dung dé 1&n ké hoach trién khai VM cho
toan bo du an, bam theo cac budc thiét ké ma du an ap dung.
Phan khung chi tiét da duoc dé xuat chung cho tat ca cac phién VE,
tuy nhién, khi dua vao ap dung, can dua trén hé théng tiéu chi
déanh gia cac phuang an thay thé dé xac dinh cac théng tin can c6
trong Mé hinh BIM da dugc xay dung, tir dé cé giai phap két xuat
dugc cac dit liéu phu hgp phuc vu viéc lua chon phuong an.

Do thdi gian cé han nén nghién ctiu nay chi dung & viéc xay dung
khung ly thuyét lam tién dé cho cac nghién cdu chi tiét va chuyén sau
ti€p theo. Trudc khi dua vao ap dung trong thuc té, can kiém dinh
khung ly thuyét véi cac chuyén gia c6 kinh nghiém trong viéc trién
khai VM va/hodc BIM trong thyc tién. Khung ly thuyét sau kiém dinh
khi dua vao &p dung trong thuc tién can van dung phuong phap
nghién ctu hanh déng (action research, xem [16]) dé cai tién lién tuc,
tich hop qua trinh thu thap bai hoc kinh nghiém vao viéc trién khai VM
trong cac du an cu thé dé dat dugc hiéu qua toi da.
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Digital technologies of the Construction 4.0 and their applications in Vietnam
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TEM TAT:

Cach mang cong nghiép sd hoa dé va dang dién ra manh mé trén the
gii. Thuc tién & nhiéu qudt gia cho théy cach mang céng nghiép sd
haa mang dén su thay ddi dang ké cho céc linh vuc coa nén kinh té,
bao gdm c& nganh xdy dung, theo chiéu hrdng tich cuc. Bai bao nay
trinh bay mat birc tranh tdng quan vé céc cong nghe sd xdy dung
4.0 dugc nghién ciu, phat trién va ing dung trén the gidi. Cac cang
nghe sd trong xay dung ca thé chia thanh 7 nhom chinh, bao gam:
khoa hoc dir ligu, ché tao ky thuat sd, tién ché, BIM, tri thang minh
nhén tao, cac hé thang ma hinh haa va cac cong nghe lign quan dén
viec giam sét. Cac cong nghe nay hé tro va tao diéu kién cho cac
hoat daing chic ndng nhur ty déng haa, trao ddi thang tin, phan phai,
dinh vi. ma hinh haa, tdi vu hda, t&i tao, ma phang, tigu chudn haa va
truc quan hoa thyc hién duge tét hon. Thong qua khéo séat cac
ngudn thang tin drec cong bd rong réi, bai bao ciing cho thay rat
nhiéu cong nghé sd da duec tng dung tai Viet Nam. Céac cang nghe
duge phat trién va img dung trong sudt céc giai doan, vang dii ciia
du an hd trg viéc trién khai thyc hign va nang cao higu qué cang tac
quan Iy du an dau tw xay dung.

Tir khéa: cing nghé sd; sd haa xay dung, xay dung 4.0; cach mang
cang nghigp 4.0; BIM, loT; in 3D; tur ddng haa trong xay dung

ABSTRACT:

The industrial revolution 4.0 has brought many countries with
significant and positive changes to all sectors of the economy,
including the construction industry. This article presents an
overview of the digital technologies for the Construction 4.0
which have been developed and applied globally. Digital
technologies in construction can be divided into 7 main groups,
including: data science, digital fabrication, prefabrication, BIM,
artificial intelligence, modeling systems and  monitoring
technologies. These technologies support and facilitate actions
such as automation, communication, distribution, positioning,
modeling, optimization, reconstruct, simulation, standardization
and visualization. Through a survey of publicly available
information sources, the article also shows that many digital
technologies have been applied in Vietnam. Technologies are
developed and applied throughout the project and facility lifecycle,
and support both the project delivery and the project
management more efficiently.

Keywords: digital technologies, construction digitalisation,
construction 4.0, industry revolution 4.0, BIM, [oT, 3D printing,
gutomation in construction

1.PAT VAN DE

Cach mang céng nghiép s6 hoa da va dang dién ra manh mé
trén thé gidi. Thuc tién & nhiéu quéc gia cho thdy cach mang céng
nghiép s6 héa mang dén su thay déi dang ké cho cac linh vuc cla
nén kinh té&. Day la cudc cach mang lan thi tu cha nhan loai (vi thé
con dugc goi la Cdch mang cong nghiép 4.0), sau cudc cach mang
dau tién véi viéc st dung dong co hai nudc va cac loai cdng cu co
gidi khac; cudc cach mang cong nghiép lan thi hai dac trung bai
khai niém san xudat hang loat; va cudéc cadch mang céng nghiép lan
thi ba véi viéc st dung cong nghé ky thuat sé va tang cudng tu
dong hoa {Frost & Sullivan, 2019 #34}.

Cach mang c6ng nghiép 4.0 dua trén nén tang céng nghé
s6 va tich hgp tat ca cac cong nghé théng minh dé t6i uu hoa
quy trinh, phuong thic san xuat. Viéc s&t dung céng nghé ky
thuat s6 dugc nang Ién moét cap dé hoan toan mai vai su trg
gilp cua két nGi thong qua Internet van vat (Internet of Things
- loT), trao d8i, truy cap dir liéu thai gian thuc va cac hé théng
mang vat ly khéng gian do, mang Internet két néi van vat va
dién toan dam may,.. Cac nghién clu gan day cho thay cac
cong nghé dang dugc quan tam va cé tac déng I6n nhat trong
Céach mang cong nghiép 4.0 bao gém: internet (“internet van
vat”), di liéu Ién, tri tué nhan tao, cong nghé robot, phuong
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tién tu diéu khién, cong nghé in 3D, nano va cong nghé sinh
hoc, céng nghé dién toan [16].

Trong thap ky qua, trén thé gidi va ca Viét Nam, nhiéu cong
nghé da dugc ap dung trong nganh xdy dung gép phan tang
cudng muc d6 s6 hoa, tu déng héa va dugc tich hgp vao moi giai
doan trong chubi cung (ing clia nganh xay dung [32]. D6 chinh la
bi€u hién cla viéc nganh xay dung da va dang chuyén hudng theo
cudc Cach mang cong nghiép 4.0. Mot cach téng quat han, Cach
mang cong nghiép 4.0 trong nganh xay dung, hay con goi la Xay
dung 4.0 c6 thé hiéu la su chuyén d6i toan dién va sau sac cac quy
trinh quan ly du &n clia cac doanh nghiép xay dung théng qua viéc
st dung cac cong nghé mai hodc cdng nghé hién cé dé khai thac
dir liéu dugc thu thap trong thdi gian thuc, phuc vu cho viéc ra
quyét dinh [7].

Nhac dén cac cong nghé s6 trong xay dung 4.0, ngudi ta
thuong nhidc dén M6 hinh théng tin cong trinh (Building
Information Modelling - BIM). Dua trén nén tang mé hinh sé, BIM
cho phép tién hanh cac iing dung théng minh trong suét vong doi
du an dau tu xay dung. BIM da dugc chiing minh réng rai la mang
lai hiéu qua cao cho cac dy an dau tu xay dung trén thé gidi va
cling dang dugc ap dung & Viét Nam [26]. Tuy nhién, xay dung 4.0
khéng chi dua vao BIM, ma con ¢6 nhiéu cong nghé s6 khac. Cac
céng nghé s6 nay cho phép tan dung dugc céc tinh nang cla céac
hé thong khac nhu cac thiét b di ddng, caéc may moc thong minh,
cac hé théng cam bién, hodc cac phan mém méi. Cac cong nghé
san xuat méi, theo dé, cling dugc gidi thiéu va nghién ctu ap dung
vao nganh xdy dung, vi du céng nghé s dung mdy bay khong
ngudi lai (drone) dé khao sat mat bang hién trang [13], cdng nghé
san xuat boi dap (in 3D) [12], quét laser 3D, va cac hé théng dinh vi
toan cau (Global Positioning System - GPS) [17], két n6i vdi internet
van vat st dung viéc nhan dang bang tan sé vo tuyén (Radio
Frequency IDentification — RFID) dé giam sat, theo déi vat liéu,

Giam sat

thiét bi, ngudi lao dong [12] va ca cac tai san cla coéng trinh [21],
cling nhu céc Ung dung cta tri thdng minh nhan tao va d liéu I6n
[39]. Ngay cang c6 nhiéu céng nghé s6é mdi va cac ing dung méi
dugc nghién ctiu dp dung vao linh vuc xdy dung, mang lai hiéu
qué cao hon cho cac du &n dau tu xay dung trong sudt vong doi
cla chdng.

Thoéng qua viéc khdo clu cac nghién cdu trudc doé vé cha dé
xay dung 4.0, bai bao nay dat muc tiéu lam rd cac cong nghé sé
trong xay dung va ting dung ctia chiing trong quan ly du én dau tu
xdy dung. Xuat phat tlr viéc téng quan cac nghién clu trén binh
dién quéc té, bai bao nay xem xét kha nang Ung dung clia cac
céng nghé nay trong nganh Xay dung & Viét Nam. Cach tiép can
dinh tinh dua trén s6 liéu tha cdp dugc st dung dé phan tich lam
rd moét s6 van dé vé ting dung cac cong nghé sé nay trong du &n
dau tu xay dung, dac biét la trong diéu kién tai Viét Nam hién nay.

2.CAC CONG NGHE SO TRONG XAY DUNG 4.0 TREN THE GIOI

2.1. Phadn loai theo linh vu'c c6ng nghé

Dua trén két qua nghién ctiu téng quan cac cong trinh nghién
clu dugc co s& di liéu Scopus dang tai tir nam 2009 - 2020, cac tac
gia Perrier, Bled va cong su [33] da téng hop lai 7 linh vuc cong
nghé s6 ap dung trong xay dung (Hinh 1). Céac linh vuc céng nghé
bao gém: khoa hoc di liéu, ché tao ky thuat so, tién ché, BIM, tri
théng minh nhan tao (Al), cac hé théng mé hinh hoa (AR/VR, mé
hinh hda nD) hodc cac cdng nghé lién quan dén viéc giam sat nhu
GIS (quét laze, phuong tién bay khong ngudi li, do quang hoc,
GPS) va theo doi vat liéu (nhdn RFID). Viéc phan cac huéng cong
nghé s nay thanh cac nhém trén chi mang tinh tuong déi, béi cac
c6ng nghé trong cac nhém nay cé thé dugc st dung déng thai,
hodc c6 tuong tac véi nhau, do d6, c6 thé cé cac chiic ning, pham
vi ing dung trung nhau.

Khoa hoc dir liéu

* Camera 1vat
* Thiét bi bay khéng * Cam bién hdng ngoai * Phanmém hd = Bluetooth * GSM * Blockchain
ngudi lai (drones) * RFID (Radlio Frequency tro thigt ké = GPRS * IFC * Hop dong
* GPS IDentification) truycap ddm = Mangcam bién *Tanséradio théngminh
* Quét laze/Dam S, may (cloud khéng day * Sigu am
may diém SRl b assessible (wireless sensor * (Ultrasound)
* Phép do quang * Hé théngquan ly bao L _ CAD software) network)
(Photogrammetry) trl tur dong (CMMS) )
Kip therl (JIT * RFID
“._*RFID Ché tao ki thuat sé
Hé thang mo hinh héa Robots Vidy tw déng
= * Sanxuatbdiddp  * Thiétbibaykhbng
[ * Thyc té ting cuvdng (Augmented reality) * Cacca thé robotdi  ngudi lai (Drones)
* Hé théng quéan ly bao tri ty déng (CMMS) . dong (Mobile
* M6 hinh héa3D/4D/5D/6D .../nD Xay dl_l'ng robotic units)
* Hién thi3 chiéu (Holographic Display) 4.0

* Thyc t& hén hop (Mixed reality)
' * Thuc té& ao (Virtual reality)

o

Tri tué nhan tao

Tién ché

* Hoc may (Machine learning)
* Mang no ron

BIM
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Hinh 1: Téng quan vé cac linh vuc cong nghé s6 ing dung trong nganh Xay dung [33]



Trong s6 cac cdng nghé trén, BIM c6 thé dugc coi la mét cong
nghé trung tam dé€ sé héa moi trudng san xudt xay dung [7]. M6
hinh BIM véi cac chiéu khac nhau, ti 3D véi cac tham s6 hinh hoc,
dén viéc tich hgp thém céac chiéu khac bao gém chiéu thai gian
(4D), yéu t6 chi phi (5D), yéu t6 bén viing (6D) va ca viéc quan ly
van hanh co s& vat chat (7D) sé giup ngudi dung, tir cac don vi
thiét ké, thi cong dén don vi van hanh co s& vat chat, chia sé théng
tin trong toan bo vong doi du an. BIM cho phép cac bén cap nhat
thém va tham khao lai tat ca thong tin dugc tich hgp vao mé hinh
BIM [33]. Tir d6, BIM tao ra mét moi trudng dir liéu chung, lam nén
tdng dé cac cong nghé khac cé thé trién khai dugc. Cac cong nghé
khoa hoc d(t liéu c6 thé gitp két ndi va trao d6i dir liéu gitta BIM va
cac co s& dit liéu bén ngoai. Cac cdng nghé ché tao ky thuat s6,
tién ché doc di liéu tr mé hinh BIM dé diéu khién hoat dong ché
tao. Cac hé théng mé hinh héa hé trg khai thac mé hinh BIM théng
qua viéc st dung tri tué nhan tao, hoac két néi véi phan mém khac
hodc stt dung mét so6 thiét bi ngoai vi nhu kinh thuc té do, kinh
holollens, v.v... Thong thudng, can phat trién mét sé Ung dung
ngudi dung (user-defined) dé két nGi mé hinh BIM véi cac thiét bi
ngoai vi nay. Cac cong nghé giam sat hd trg viéc thu thap di liéu
tUr mai trudng thuc dé tich hop vao mé hinh BIM, tir d6 dir liéu
dugc khai thac dé ki€ém soat cac cac di tugng vat chat va tién trinh
thuc hién du an. N6i cach khac, BIM c6 thé déng vai trd nhu mot
M@i trudng di liéu chung (Common Data Environment - CDE) dé
két néi véi cac cong nghé s6 khac hodc tao ra nén tang dé cac
c6ng nghé s6 kia hoat dong c6 hiéu qua. Hinh 2 thé hién vi tri
trung tdm cda BIM va méi lién hé véi cac tru cot clia cong nghé s
trong xay dung, dugc phat trién tir nguyén ly ca Cach mang cong
nghiép 4.0, d6 la: van dé két noi va kha nang tuong tac, minh bach
hoéa thong tin, ho trg ky thuat va phan cap trong viéc ra quyét dinh
[15]. M6t s6 vi du &p dung cling dugc thé hién trong hinh nay.

K&t ndi va khad nang
tuong tac

=Khao sat céc van dé vé kha ning
twong tac trong xdy dung dé giao
tiép va diéu phéi hiéu qua

— Minh bach
théng tin

= Thyc té 3o (VR) va
thyc té ting cuding
(AR) trong xay dung

H6 tro ki
thuat

~

= Céng nghé robot
trong xdy dung
(thiét bj khéng
nguoi lai, nguoi
may, in 3D, v.v..)

= BIM — Dam may dé phan
cAp trong viéc ra quyét dinh

Phén cap trong
viéc ra quyét dinh

Hinh 2: Cac tru c6t cdia cong nghé s trong xdy dung [15]

2.2. Phdn loai theo chiic ndng hoat déng

Theo két qua nghién ctiu cta Perrier, Bled va cong su [33], cac
c6ng nghé s6 xay dung c6 thé dugc chia thanh cac nhém theo 10
loai hoat déng chinh: tu ddng hda, trao déi théng tin, phan phéi,
dinh vi, mé hinh héa, téi uu héa, téi tao, mé phdng, tiéu chudn héa
va truc quan héa.

- Ty déng hoéa: Ty déng héa dugc hiéu la khéng can su can
thiép clia con ngudi, mét phan hodc toan bé cac hoat déng van cé
thé thuc hién dugc nhd cac cong nghé va/hoiac thiét bi. Mot sé
céng nghé tu dong hoa dugc nghién ctu ap dung bao gém: su
dung can cau ré bét (crabots), in 3D, robot di déng trén cong
truéng, mang no-ron nhan tao, tri thdng minh nhan tao, st dung
thiét bi bay khéng ngudi lai (UAV)/Drone) [33]. Mt s6 chiic nang

ty dong hoa da dugc Ung dung rong rdi nhu viéc st dung robot
trén céc cdng trudng xay dung [12] hodc trong hoat déng san xuat
tién ché, may bay khéng ngudi lai kém theo may quét laze dé khao
sat thuc dia nham thu thap dir liéu phuc vu thiét k&, thi cong, dé
do khéi lugng cong viéc dugc thuc hién tir dé ho trg viéc quan ly
nang suat lao dong [41].

- Trao d6i théng tin: Mot s6 cong nghé da dugc nghién clu
phat trién dé truyén dir liéu, théng tin hodc kién thic cho con
ngudi, nhu cac cong nghé truyén théng di déng, cdng nghé thuc
t€ hon hop/thuc té€ do (MR/VR), dinh danh tan s6 vé tuyén (RFID),
mang cam bién khong day (WSN). Trong s6 d6, RFID va cong nghé
mang cdm bién khéng day dugc coi la hai trong s6 nhiing cong
nghé théng tin va truyén théng phat trién nhanh nhat [41]. Cac
c6ng nghé truyén thong di déng dugc ap dung kha phé bién cling
véi cong nghé Internet dé cai thién viéc chia sé va giao tiép théng
tin theo thoi gian thuc. Ngoai ra, cac cdng nghé nhu VR/MR két
hgp véi thiét bi di déng c6 thé tang cudng nhan thic cda khéach
hang vé sdn phdm cudi cung ngay trong giai doan thiét ké dé
tranh nhiing thay déi lang phi trong qua trinh thuc hién du an [7].

- Phan phéi: Cac cong nghé hé trg viéc dat con ngudi va vat
lieu vao khong gian véi thai gian phu hgp. Cac cong nghé phd
bién bao gbm mé hinh hoéa da chiéu (nD), RFID va mang cam bién
khéng day (WSN). Cac iing dung da dugc phat trién trong thuc tién
bao gém kiém soat nhan sy, xe ti ra vao cong trudng, phan phdi
vat liéu trén céng trudng [7, 331.

- Pinh vi: M6t s6 lugng 16n cac cong nghé dugc st dung dé
theo dai vi tri clla con ngudi va vat chat trong khéng gian va thai
gian, nhu ma vach (barcode), Bluetooth / RFID, camera, hé théng
thong tin dia ly (GIS), hé théng toan cau cho di dong (GSM), 3G /
4G, Wi-Fi, hé thong dinh vi toan cau (GPS), quét laser, LaDAR/LIDAR,
ca&m bién, UAV / Drone, VR. Mét s6 ting dung cu thé cla cac cong
nghé nay nhu viéc quan ly cac boé phan cong trinh qua viéc si
dung camera dé quét ma vach hoac thé RFID dugc gén vinh vién
vao cac bo phan nay. Téc do xt ly cta dién thoai thong minh cung
véi dung lugng va tinh kha dung cla cac mang di déng hién dai
hién nay khién viéc quan ly thong tin hiéu qua hon [19]. Céng
nghé RFID va GPS dugc st dung dé theo déi vi tri clia cdng nhan,
tai san va thiét bi trong thdi gian thuc [34], RFID cling dang dugc
st dung dé kiém soat truy cdp nham ngan chan nhan vién khéng
¢6 nhiém vy xam nhap vao céng trudng [32], tir d6 hé trg quan ly
an toan, quan ly co s& vat chat, quan ly quy trinh va do ludng tién
trinh thuyc hién cong viéc.

- M6 hinh: viéc mé hinh héa da chiéu (nD) cho phép tich hop
nhiéu chiéu théng tin vao mo hinh ky thuat s, vi du nhu BIM, tao
kha nang thuc hién cac ing dung BIM (BIM uses) trong cac dy an
xay dung.

- T6i uu héa: bao gom cac céng nghé hé trg hé théng hoat
déng t6i uu. Vi du nhu mang na-ron dugc nghién ctu st dung dé
t6i uu hda vi tri can truc trén cong trudng, khi két hgp vai cac ky
thuat théng k&, mang na-ron ciing dugc st dung dé téi uu héa qua
trinh xdy dung va nang cao hiéu qua thi cong. Cac cdng nghé khac
bao goém thuc té tdng cudng, Bluetooth, Thiét bi di dong, tri thong
minh nhan tao (Al), thiét ké tham sé (PD), RFID, v.v... [39]

- Tai tao: Hanh dong nay chuyén mot hé théng vat ly hién co6
thanh mét mé hinh ky thuat s6. Mot s6 cong nghé dugc st dung
bao gém: camera, GIS, quét laser/LaDAR/LIDAR, dém may
diém/May quét 3D, Do anh / Do anh am thanh néi, UAV/May bay
khéng ngudi ldi, v.v,... Ngoai viéc do vé va dung moé hinh hién
trang khu vuc, mat bang noi dat cong trinh, cac cong nghé tai tao
con ¢6 Ung dung trong cac cong trinh hién hiu, dac biét la cac
céng trinh di san va bao ton [39].
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- Mé phéng: cac cdng nghé nay ho trg mé phdng cac hé théng
thuc té va hoat dong clia chiing. M6t s6 cong nghé dién hinh bao
goém Blockchain, Digital twin, GIS, IFC, May hoc, Mang no-ron/Al,
mo6 hinh hoa da chiéu (nD), VR, v.v... Trong cac du &n xay dung,
viéc mé phéng dugc khuyén khich thuc hién trugc khi thi cong dé
tang cudng muic dé truc quan cla cong trinh, gitp xac dinh trudc
dugc cac van dé vé kha nang ti€p can va cac tinh huéng khéng an
toan tiém an trén cac cong trudng xay dung va cé gidi phap phong
tranh s6m trong giai doan thiét ké va lap ké hoach [39].

- Tiéu chuan héa: Trong nganh Xay dung, tiéu chuan héa cé vai
trd quan trong va tao diéu kién cho kha nang tuong tac cla cac hé
théng dua trén dit liéu. Viéc tiéu chudn héa dugc thuc hién théong
qua cac céng cu nhu IFC, thiét ké tham s6 va san xuat tién ché.
Trong nhiing ndm qua, mot s6 lugng I6n cac tiéu chudn va hudng
dan BIM da dugc phat trién, tao diéu kién thuan Igi cho viéc chuan
héa cau tric dit liéu va cac béd phan, cdu kién, tham chi dén ca cac
hang muc cong trinh [14].

- Truc quan hoéa: mét s6 cdng nghé da duoc phat trién dé giup
quan sat mo hinh ky thuat s6 truc quan hon. Vi dy, dién thoai
théng minh c6 thé duoc st dung dé€ nhan dang cac bd phan céng
trinh trén cong trudng xay dung khi két néi vai tiing dung BIM. Cac
céng nghé thuc t€ tang cudng (AR), hién thi ba chiéu, thuc t€ do
(VR) gitip nang cao tinh tryc quan clia mé hinh s6 clia céng trinh
[191.

2.3. Cdc céng nghé sé trong xdy dung 4.0 iing dung trong cdc
giai doan cta vong doi du dn

2.3.1. Ung dung cta cdc céng nghé sé theo cdc giai doan cta
vong doi du dn

Theo két qua nghién ctu cta Perrier, Bled va cong su [33], cac
cdng nghé s6 xay dung c6 thé dugc chia thanh cac nhém theo cac
giai doan clia vong ddi du &n. Bang 1 téng hgp cac nhém céng
nghé s6 da duoc phat trién va st dung trong tiing giai doan cua
vong dai: thiét ké, thi cong, van hanh va bao tri. Trong thuc té, co

nhing cong nghé da dugc st dung cho giai doan céi tao, nang cap
céng trinh, nhung cac hoat déng cai tao, ndng cap néi chung van
phai trai qua cac buéc thiét ké va thi céng, van sit dung cac cong
nghé tuong ty nhu céng trinh xay mdéi, dac biét [a cdc cOng nghé
tai tao (reconstruct) nén cé thé xem xét cling cac giai doan trén
clia cong trinh xay dung méi.

Bang 1: Ung dung ciia cac cdng nghé sé theo cac giai doan
cGia vong doi du an

Chiic ndng hoat = Giai doan
A ' Thiét ké Thicong | Van hanhva
ddng o
j bao tri
Ty ddng hda X X X
Trao d6i théng tin X X X
Phan phéi X
Pinh vi X X X
M6 hinh héa X X
T6i uu X X X
Tai tao X X
Mo phéng X X
Tiéu chudn héa X X
Truc quan héa X X

Nguén: tém tdt va téng hop tir [33]

Cac phan tiép theo sé trinh bay chi tiét hon cac cong nghé
trong tung giai doan.

2.3.2.Thiétké

Trong giai doan nay, Ung dung phé bién nhat clia cac cong
nghé s6 la & hoat déng mé phéng. Ngoai ra, cac hoat déng chuic
nang khéc cling déu da c6 ung dung cu thé. Cac linh vuc quan ly
du &n trong giai doan nay, ti pham vi, chi phi, thai gian, chat lugng,
an toan lao déng (ATLD), rti ro, mua sdm, giao tié€p déu da co6 ting
dung dugc phét trién. Bang 2 t6ng hop cac cdng nghé s da co
Ung dung cho giai doan nay, theo cac linh vuc quan ly du an.

Bang 2: Cac cdng nghé xay dung 4.0 theo cac chiic nang hoat déng va linh vuc trong giai doan thiét ké
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Chiic nang hoat dong | Linh vuc Ung dung cu thé Céng nghé st dung
Tu dong hoa Phamvi | - Thiét ké tu dong vo bao che tda nha theo cac Thiét ké theo tham s6 (PD)
cong trinh ¢6 sdn va cac rang budc hién ¢
Trao d8i théng tin Giao ti€p | - Nang cao nhan thuic ctia khach hang trong giai Thuc té 4o (VR)
doan thiét ké
Dinh vi Phamvi | - Do tim khu vuc khoan Laze
Mé hinh héa ATLD/RUI | - M6 hinh hoéa céc phuong tién an toan va thoat Mang cam bién khoéng day (WSN) /thiét bi
ro hiém tda nha trong trudng hop hda hoan di dong
Thaigian | - M6 hinh hoa da chiéu M6 hinh da chiéu (nD)
T6i uu Chiphi | -Phuang phap Heuristic d€ lap ké hoach du an Mang na-ron/Al;
- Tao diéu kién cho san xuat hang loat Thiét ké theo tham sé (PD)
Mua sdm | - T6i uu hoa vi tri can truc trén cong trudng Mang na-ron
Thdi gian | - Cac phuong phép Heuristic dé 1ap k€ hoach du an | Mang no-ron/Al
Tai tao Phamvi | -bia hinh 3D May bay khong ngudi lai (drone)/ddm may
diém
M6 phong Chiphi | - Udctinh chi phi theo kich thudc cta cac yéu té Mo hinh héa nD/ may bay khong ngudi lai/
xay dung dam may diém
- Ud6c tinh muc tiéu thu nang luong trong tuong lai | Mang cam bién khéng day (WSN) / cdm
bién tién ti€n
Antoan | -Hudn luyén an toan Thuc té o (VR)
lao d6ng | - Tranh va cham can cdu Hé théng thong tin dia ly (GIS)
Mua sdm | - Trdnh va cham can cdu Hé théng thong tin dia ly (GIS)
Chat - Thar nghiém va kiém dinh céc gidi phép thiét ké Thiét bi bay khéng nguai lai (UAV)/quét
lugng dong luc laser
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Chiic ning hoat dong | Linh vuc Ung dung cu thé Céng nghé st dung
Rui ro - Huén luyén an toan Thuc té 3o (VR)
Phamvi | - Hgp déng thdng minh Coéng nghé chubi - khéi (Blockchain)
Thai gian | - Mé hinh héa da chiéu Mé hinh hoéa da chiéu (nD)
Tiéu chudn héa Trao d8i | - Tiéu chudn giao tiép IFC
théng tin
Chat - Chuong trinh, ngon ngi lap trinh Cong nghé mo phéng/ IFC
lugng - Tiéu chudn héa cac hoat dong thiét ké: tiéu chuan | Thiét ké tham s6 (PD)
xac nhan quy tac va tiéu chudn hoéa cac dac tinh
san pham
Truc quan héa Trao d6i | - Hinh nh 3D cGia mé hinh ky thuat s6 va két cau Thuc té ting cudng (AR)/Thuc té o (VR)/
théng tin M6 hinh da chiéu (nD)
- Hinh &nh 3D cla théng tin toa nha Thuc té€ 4o (VR)
Thoigian | - Mé hinh héa da chiéu (nD) Mo hinh héa da chiéu (nD)

2.3.3.Thicéng

Trong giai doan nay, cac cdng nghé dugc phat trién cha trong
dén viéc lam thé nao dé dat dugc nang suat va dé an toan cao hon
trén céc cong trudng xay dung. Ngoai ra, cac linh vuc quan ly du dn

Bang 3: Cac cong nghé xay dung

Nguén: tém tdt va téng hop tr [33].
khac nhu chi phi, chat lugng, thai gian, giao ti€p, mua sam, rdi ro
cing déu c6 ung dung cdng nghé sé. Bang 3 trinh bay cac céng
nghé s6 da c6 tng dung cho giai doan thi cong, theo cac linh vuc

quan ly du an.

4.0 theo cac chiic nang hoat dong trong giai doan thi cong

ﬁ::: ;Z:g Linh vuc Ung dung cu thé Céng nghé st dung
Tu dong hda Chi phi - Ty déng héa lap rap Robot di dong trén céng trudng
- Thay thé nhan céng Robot di dong trén céng trudng
- Xay dung nha In3D
Chét luong - Thu thap thong tin vé tién trinh thuc t€ cla céng | May bay khéng ngudi lai / quét laze
trudng xay dung
Thdai gian - Thu thap thong tin vé tién trinh thuc té cia céng | May bay khéng ngudi lai / quét laze
trudng xay dung (may bay khong ngudai lai / quét laser)
- Phan tich dit liéu thaoi gian thuc té (hoc may) Hoc may (ML)
Trao déi Giao tiép -Poc dii liéu Thiét bi di déng
thong tin - Truy cap théng tin Thiét bi di dong
An toan lao dong | - Huan luyén an toan (VR) Thuc té€ 4o (VR)
Phan phéi An toan lao dong | - Kiém soat quyén truy cap cia con ngudi trén cong Cong nghé nhan dang déi tugng bang
trudng song vé tuyén (RFID)
- Kha nang ti€p can cong trudng cla xe tai Coéng nghé nhan dang déi tugng bang
- Cai thién viéc phan bé tai nguyén vat liéu trén céng song vo tuyén (RFID)- WSN / RFID
trudng
Mua sdm - Kha nang ti€p can céng trudng cla xe tai Coéng nghé nhan dang déi tugng bang
song vo tuyén (RFID)
- Cai thién viéc phan bé tai nguyén vat liéu trén cong | Cong nghé nhan dang déi tugng bang
trudng song voé tuyén (RFID)
- Kiém soat vat liéu va theo déi trén cong trudng Coéng nghé nhan dang déi tugng bang
song vé tuyén (RFID)
Binh vi Chi phi - Vi tri chat thai May bay khéng ngudi l3i
- Lap ban d6 cac bo phan hodc nhdm bd phan trén cong | May bay khong nguai lai/ UAV /phép
trudng do quang
ATLD/RUi ro - Vi tri va su di chuyén clia cdng nhan va may méc Hé théng thong tin dia ly (GIS)
- Phat hién va cham Cdéng nghé nhan dang déi tugng bang
s6ng vo tuyén (RFID)/Bluetooth/siéu dm
- Tranh va cham can truc Mang ng-ron
- An toan cho ngudi lao dong (vi tri /vat liéu) Cong nghé nhan dang déi tugng bang
song voé tuyén (RFID)/UHF
- Chup cac déng tac Thuc té do VR (VR)/ méy anh
- Thu thap di liéu thai gian thuc té Thiét bi di dong
- K&t n6i Wifi @& ndm bat dugc vi tri clia con ngudi Thiét bi di déng/ WSN
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Chuc nang

hoat dong Linh vuc Ung dung cu thé Cong nghé st dung
Mua sam - Phat hién va cham Céng nghé nhan dang déi tugng bang
séng vo tuyén (RFID) / Bluetooth / siéu am
- Trdnh va cham can cdu Hé théng thong tin dia ly (GIS)
- Lap ban dé cac hang muc trén cong trudng Thiét bi di ddng/mé hinh héa nD
- Theo déi cadc mat hang trong chudi cung (ing Cam bién tién tién/Cong nghé nhan dang
d6i tugng bang séng vo tuyén (RFID)
-Doc thé Thiét bi di ddng /Céng nghé nhan dang
d6i tugng bang song vé tuyén (RFID)
Mo hinh héa Chat lugng - Mé hinh 3D May bay khéng nguai lai
- Quan ly chat lugng ky thuat sé M6 hinh 3D BIM
Thoi gian - M6 hinh 3D May bay khéng ngudi i
- M6 hinh héa nD M0 hinh théng tin xay dung (BIM)
T6iuu An toan lao déng | - T6i uu hda luéng Mé hinh héa nD/mang no-ron
- T6i uu hoa vi tri can truc trén cong trudng Mang na-ron
Mua sam - T6i uu hoa lubng Mo hinh héa nD /mang no-ron
- T6i uu hoa vi tri cdn cau trén céng trudng Mang no-ron
- Mua hang loat Mang ng-ron
Chat luong - Cac phuang phap Heuristic d€ 1ap ké hoach du an Mang no-ron/Al
- Cai thién hiéu qua quy trinh Mang ngo-ron/Al
- Vi tri va su di chuyén clia cdng nhan va may méc Mang na-ron/Al
Thoi gian - Cac phuong phép Heuristic dé 1ap k& hoach du an Mang na-ron/Al
- Cai thién hiéu qua quy trinh Thiét ké tham sé (PD)
- Vi tri va sy di chuyén clia c6ng nhan va may moc N&ng suat va an toan
Tai tao ATLD/RUi ro - Phan tich cau trac Cam bién tién tién
- Kiém tra an toan Mdy bay khéng ngudi i
M6 phong ATLD/RUi ro - Bdo mat dit liéu cho bang chiing giao hang Cong nghé chudi - khéi (Blockchain)
- Phan tich hinh &nh cta céng trudng dé phat hién cac | Mang ng-ron
van dé bao mat
Tiéu chudn Chi phi - Gidm chi phi Tién ché
hoa
Thai gian - Gidm do tré Tién ché

Truc quan hda

Trao d6i thong tin

- Hinh &nh 3D cia mé hinh ky thuat sé va két cau

M6 hinh AR/VR/nD

2.3.4.Van hanh va bdo tri

C6 thé nhan thdy su gia tang khéng ngling cac méi quan tam
dén viéc ddm bao chit lugng céng trinh, sy lam viéc 6n dinh cda
cG s& vat chat va viéc nang cao tudi tho, hiéu qua clia co s& vat
chat ctia nganh xay dung trong nhirng nam qua. Do dé, cé nhiéu
céng nghé da dugc phat trién va st dung dé ddm bao cho viéc van

Nguén: tém tdt va téng hop tr [33].

hanh va bao tri cac co sd vat chat dugc thuan Igi. Ngoai ra, con ¢

mot s6 cong nghé dugc ing dung dé gidi quyét van dé giam sat va
ung phé khan cap. Bang 4 thé hién cac cong nghé s trong giai
doan van hanh va bao tri, dugc théng ké theo cac khia canh s
dung dé danh gia hoat dong van hanh va bo tri: pham vi, chat
lugng, chi phi, rdi ro, an toan lao dong.

Bang 4: Cac cong nghé xay dung 4.0 theo cac chiic nang hoat ddng trong giai doan van hanh
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Chtic nang Van hanh va bao Ung dung cu thé Céng nghé st dung
hoat dong tri
Tu dong hoa ATLD/RUi ro - Gidm sat cac bién dang cau trac Coéng nghé nhan dang déi tugng
bdng séng vo tuyén (RFID)
Chat lugng - XU ly chat thai R6 bét
Pham vi - Pinh hinh lai cac chiic ndng va b cuc cta tda nha | Can ciu ré-bét (Crabots)
bang cach thiét ké lai cic mé-dun véi can cdu ro-bot
Trao d6i thong ATLD/RUi ro - An toan, s dung dién thoai théng minh dé& duoc | Thiét bi di dong / dién thoai théng
tin hudng dan trong trudng hgp so tan minh
Chét lugng - Theo déi cac hoat déng bao tri Coéng nghé nhan dang déi tugng
béng séng vo tuyén (RFID)
Pinh vi Chi phi - Quén ly nang lugng lién két Quét laser / camera héng ngoai
ATLD/RUI ro - Xac dinh vi tri ngudi cu trd va nguodn Ita trong trudng | Hé théng Pinh vi Toan cau GPS
hop hoa hoan
- Xac dinh vi tri dé tao thuan Igi cho Uing phé khan cap
- Cac cong cu sir dung GPS danh gia an toan chay né
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Chiic ndng Van hanh va bao Ung dung cu thé Céng nghé st dung
hoat dong tri
toa nha
Chat lugng - Giam sat tinh trang cac bo phan toa nha Cong nghé nhan dang déi tugng
bang song vo6 tuyén (RFID)/cam
bién tién ti€n
- Lap ban d6 toa nha dé tao diéu kién thuan loi cho van | May bay khéng ngudi lai / quét laser
hanh va bao tri ()
- Gidm sat cac bién dang cu tric Cam bién tién tién
Téi uu ATLD/RUi ro - T6i uu hoa viéc so tan ngudi cu trd trong trudng hgp | Cam bién tién tién
hda hoan

3. THUC TRANG VE VIEC AP DUNG CAC CONG NGHE SO
TRONG XAY DUNG 4.0 G VIET NAM

3.1. Xu thé tiép nhédn va chuyén déi sang xdy dung 4.0 & Viét
Nam

Trong béi canh cudc Cach mang céng nghiép 4.0 dang dién ra
manh mé trén thé gidi, Viét Nam cling da xac dinh chuyén d6i s6 la
nhiém vu tat yéu cho nén kinh t&, bao gém ca nganh xay dung.

Thai gian qua, Chinh pht da ban hanh nhiéu chinh sach thuc
ddy cac hoat déng dau tu dé hda nhap véi cudc Cac mang cong
nghé 4.0. Nganh xay dung cling khdng nam ngoai cudc. Thuc hién
chi dao clia Thi tuéng Chinh pha, Bé Xay dung d& ban hanh cac
Quyét dinh: s6 1004/Qb-BXD ngay 31/7/2020 cla Bo trudng Bd
Xay dung phé duyét “Ké hoach Chuyén d&i s6 nganh Xay dung giai
doan 2020-2025, dinh hudng dén nam 2030”; s 1533/QD-BXD
ngay 7/12/2020 vé viéc phé duyét Ké hoach ting dung céng nghé
théng tin trong hoat dong cla co quan B6 Xay dung giai doan
2021-2025; s6 219/QD-BXD ngay 28/3/2019 vé ké hoach thuc hién
Nghi quyét s6 17/NQ-CP ngay 7/3/2019 cla Chinh phi vé mét s6
nhiém vy, gidi phap trong tdm phat trién Chinh pha dién t giai
doan 2019-2020, dinh hudng dén 2025; s6 1735/QD-BXD ngay
31/12/2020 vé K& hoach ing dung cédng nghé théng tin, chuyén
d6i s6 ctia ca quan B Xay dung ndm 2021. Qua d6 cho thdy su vao
cudc khan truong, quyét liét clia cac cap, cac nganh trong linh vuc
quan ly nha nudc vé xay dung trong thdi dai 4.0. K& hoach chuyén
dé&i s6 nganh xay dung giai doan 2020-2025, dinh huéng dén nam
2030 da xac dinh chuyén ddi s6 nganh Xay dung la ndi dung rat
quan trong can tap trung chi dao, t6 chuc thuc hién c6 hiéu qua dé
gbp phan ting nang suat lao dong, tang stic canh tranh cla san
phdm, hang héa va doanh nghiép trong linh vuc xay dung, nang
cao hiéu lyc, hiéu qua quan ly Nha nudc. Déi tugng, linh vuc uu
tién chuyén déi s6 gébm: Co s& dit liéu (CSDL) trong dé bao gém
céc tiéu chudn, quy chuén, dinh muc, don gia dé phuc vu quén ly
Nha nudc clia B6 Xay dung; Thuc hién Chinh pha dién t& Bo Xay
dung; Hoat déng xay dung (tu van thiét k&; tu van tham tra, thdm
dinh; thi cong xay 1dp; nghiém thu cong trinh); Khai thac va san
xudt vat liéu xay dung; Quy hoach xay dung, phét trién d6 thi va ha
tang ky thuat dé thi; Nha &, céng s& va thi trudng bat déng san [3].

Trong bdi canh d6, cac doanh nghiép trong nganh xay dung
cling da dan dan nang cao nhan thiic vé Cach mang céng nghiép
4.0 néi chung va van dé chuyén déi s6 clia nganh xay dung néi
riéng. Nhiéu hoi thao/dién dan & quy mé 16n da dugc t6 chic gop
phan quan trong trong viéc nang cao nhan thic chung cla cap
lanh dao, quan ly va doanh nghiép. TU d6, cac don vi trong nganh
xay dung dan dan da chd dong tham gia vao cong cudc sé hoa
nganh xay dung, tién hanh s6 hoa cac hoat dong xay dung cua
minh, ap dung cac cdng nghé s6 trong xay dung. Trén cd s& nhiing
nhan thdc day du vé cach mang céng nghiép 4.0, cac don vi da

Nguén: tém tdt va téng hop tr [33].

trién khai nhiing chuong trinh va ké hoach cu thé nhim tiép can
véi cudc cach mang nay.

3.2. Mét sé ung dung trong thuc té€ cia cdc céng nghé sé

trong xdy dung 4.0 & Viét Nam

Cac doanh nghiép di dau trong viéc ing dung cong nghé so6
trong xay dung 4.0 & Viét Nam bao gém cac doanh nghiép tu van,
céc nha thau thi cong tham gia truc ti€p vao qua trinh trién khai
cac du an dau tu xay dung. Bing viéc ddy manh 4p dung cong
nghé thong tin, tur d6 tan dung dugc céc Uing dung mdi do cong
nghé théng tin va cac nén tang, cong cu méi dua trén cong nghé
thong tin mang lai, cdc doanh nghiép trong nganh Xay dung Viét
Nam dan nhan thdy ho c6 kha ndng tiép can du an t6t hon, thiét ké
hop ly hon, thi cong it rdi ro hon va quan ly c¢é hiéu qua hon. Cac
doanh nghiép da dan nhan thiic dugc, viéc ap dung céc cong nghé
s6 trong Xay dung 4.0 da va dang mang lai cho ho Igi thé canh
tranh, md ra cac nganh nghé kinh doanh mai.

Két qua khdo sat viéc iing dung cac cong nghé s6 théng qua
cac ngudn théng tin dugc cong bé rong rai dang tin cdy nhu cac
&n pham khoa hoc, cac théng céo bao chi, va website riéng cla cac
don vi cho thay, 7 nhdm c6ng nghé sé trong Xay dung 4.0 nhu
phan tich trong Muc 2.1 déu da dugc Ung dung tai cac dy an dau
tu xay dung Viét Nam, méi nhom cé6 mot hay nhiéu Ung dung da
dugc trién khai thuc té. Tuy nhién, cdc nhdm cong nghé s6 duoc
tng dung nhiéu nhat phai ké dén BIM va cac (ing dung trén nén
tang BIM, sau do la cac cong nghé giam sat va tri tué nhan tao.

3 phan theo nguon von
domg , .
2.625% 0
5.000 ty dong -t ¢ db N
12, 37.50 T””ﬂ‘i;‘g’;‘-‘ 1
"0
=1 g B 3
9,28.13%
ng Ly pd Khdosit  Thidtké Thicong Hodmocbug Vin hinh

phan theo giai doan dp dung

¢) phan theo quy mo

Hinh 3: Céc cong trinh thi diém ap dung BIM thdi gian vira qua [10]

Du dugc coi la mot nudc di sau trong Ung dung BIM [24, 27],
BIM cling da dugc gidi thiéu chinh thic & Viét Nam tU ndm 2016
[28] v&i Quyét dinh 2500/QD-TTg clGa Tha tudng Chinh phu, va
dugc ap dung mot cach khong chinh thuc tu trudc dé [30]. Xuat
phat ti viéc ap dung céc ting dung BIM co ban nhu thiét ké va mo
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hinh héa 3D, phét hién va cham va xung dét trong thiét k&, quan ly
tién trinh, ki€ém soat chat lugng, quan ly rdi ro, an toan lao dong
trén cong trudng, phan tich nang lugng va quan ly van hanh céng
trinh, dan dan cac doanh nghiép da tién t6i ap dung cac ting dung
BIM nang cao, tién tién hon khi tich hgp BIM vai GIS, vai RFID, VR,
AR, quét laze, dién toan dam may, internet van vat, thiét bi di déng,
tham chi cling da bat dau ti€ép can ca nhiing cdng nghé hién thé
gidi cling van dang & giai doan nghién ctu phat trién nhu in 3D,
hay st dung ban sao sé clia céng trinh (digital twins) [10].

Ké& tur khi 16 trinh 4p dung BIM dugc cdng bd, ngay cang nhiéu
du &n dau tu xay dung, ca khéi nha nudc va tu nhan ap dung BIM.
Mét nghién clu gan day [10] da téng hop lai 32 du an thi diém &p
dung BIM theo chuong trinh ctia Chinh pht (Hinh 3), trong dé c6
ca cac dy an giao thong, xay dung dan dung (cong trinh nha cta),
coéng trinh ndng nghiép va céng trinh cdng nghiép va phat trién
néng thon. Cac du an c6 ngudn von kha da dang, tir von ngan sach,
vOn nha nudc ngoai ngan sach, cac nguén vén vay nhu von trai
phiéu chinh phd, vén vay ODA, von tu nhan va cd nguén vén hén
hop.

Mét s dy an dién hinh st dung vén nha nudc dugc ap dung
BIM thanh céng trong thai gian viia qua c6 thé ké dén Nha Quéc
héi nudc Cong hoa dan chi nhan dan Lao, Dy an cong trinh tru s&
lam viéc ca Chinh pht va Van phong Chinh pht, Tru s& Tap doan
céng nghiép - Vién théng Quan déi, Du an dau tu xay dung cau
Ctra bai, tinh Quang Ngai, Nha ga hanh khach cdng hang khong
Quéc té Phu Bai, tram bién ap 11KV & Kim Thanh, Hai Duong, v.v...
Trong linh vuc nédng nghiép va phat trién néng thén, cé cac du an
dién hinh da va dang ap dung BIM nhu dy an hé chidia nudc Canh
Tang & Hoa Binh va dy an Nang cap hé théng thuy Igi séng Lén va
séng Mg, Thanh Héa ctia Ban Quan ly Trung uong cac dy an Thay
Igi. Cac ing dung BIM cu thé dugc ap dung trong cac du an kha da
dang, tuy nhién da sé diing & cac ing dung BIM co ban cho giai
doan thiét ké, thi céng va hoan céng, chua bao gém giai doan vén
hanh. Cac nghién ctu trudc cho thay sé luong du an st dung von
nha nudc tng dung BIM kha it, ly do cha yéu la do ca ché, chinh
sach chua thuc sy tao diéu kién thuan lgi [11, 28]. Tuy nhién, trong
cac du &n st dung vén khac, cling da c6 mot s6 don vi thiét k&, nha
thau thi cdng hay cac chl dau tu ¢ ing dung BIM tucng déi phé
bién va réng rai. Dién hinh nhu céc du an cGa nha thau Coteccons
trong ca giai doan thiét ké va thi céng, hay cac dy an ctia Vingroup,
tap trung nhiéu vao giai doan thiét k&. Mot sé du an ha tang khac
cling da va dang dugc trién khai trén nén tang BIM, nhu du an cau
cang ctia Nha may nhiét dién Nghi Son clla mét s6 nha dau tu
nudc ngoai hay du an ha tang khu cong nghiép Nhon Trach, Bong
Nai, khu cdng nghiép Phé N&i, Hung Yén,... [40]. Trong cac duy an st
dung BIM trong thdi gian viia qua, bat dau c6 cac ing dung BIM
nang cao dugc trién khai, mé hinh héa da chiéu (nD), két hgp véi
cac cdng nghé s6 khac, nhu st dung may bay khéng ngudi lai dé
khédo sat hién trang (drone), hay sir dung may quét laze dé€ quét
hién trang céng trinh phuc vu lap hé sa hoan céng. Pa cé nghién
clu dé cap dén viéc sir dung BIM va may quét laze d€ quan ly chat
lugng céng trinh xay dung [29], thiét ké tu déng héa véi Dynamo
[25]. M6t s6 du an Ung dung BIM cling da st dung két hgp dién
toan dam may dé tao ra Moéi trudng dit liéu chung (Common Data
Environment), lam nén tang chia sé d liéu phuc vu cac tng dung
BIM va hoat dong ctia du &n [10]. Do st dung nhiéu hé théng phan
mém khac nhau, cac du an Ung dung BIM & Viét Nam clng da tan
dung céc cong nghé sdn cé dugc phat trién trén thé gidi nhu IFC
lam chudn muc trao d6i dit liéu. Cac cdng nghé thuc té o (VR) va
thuc té 3o tang cudng (AR) cling da dugc ap dung dé hé trg viéc
gidm sat, danh gia thiét k& du an truc quan hon [30], hodc dé quan
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ly van hanh hé théng co - dién st dung cong nghé BIM [36]. M6t s6
du an bat déng san cing da st dung cong nghé VR, cdng nghé
Hollolens dé€ trinh dién du an truc quan han, nham tang kha ning
ban hang [8]. G pham vi réng han, mdt s6 mé hinh cac thanh phé
4o da dugc xay dung hé trg quy hoach d6 thi, phuc vu du lich va la
nén tang dé trién khai xay dung cdc mé hinh thanh phé do (Cyber
city) va tién tdi la thanh phé théng minh (Smart city) da va dang
dugc nghién ctu, Ung dung trong cong tac quy hoach ca nhiéu
nudc trén thé gidi, vi du nhu thanh phé do 3D cho khu d6 thi cong
nghiép Kién Thuy, Hai Phong [23] hay Ban dé du lich thanh phé o
Da Nang (http://danang.virtualtourist.vn/), khu di tich lich s&t ATK
Dinh Hoa (http://atk.vr360.com.vn/). Thanh phé H6 Chi Minh cling
da bat dau st dung céng nghé chudi khéi dé trang bi ha tang loT
nham hé trg Thanh phd phat trién d6 thi théng minh. Cong nghé
nay dugc tin tudng la cé thé gidi quyét dugc nhiing bat cap trong
trién khai xay dung d6 thi thong minh cho Thanh phd [18].

Két qua khao sat cling cho thay, cac cong nghé giam sat, ngoai
cac cdng nghé st dung mdy bay khong ngudi lai va quét laze nhu
da dé cap dén & trén, tat ca cac cong nghé dugc téng hgp trong
Hinh 1 déu da dugc st dung. Camera dugc st dung rong rai dé
gidm sat cac cong truong xay dung, vi du nhu & Dy an nut giao
nam Cau Binh quan Hong Bang, Hai Phong [5], hay cac du én cla
Cong ty TNHH Quéc té VINATA, nhu nhém nghién cdiu quan sat
dugc. Tuy nhién, viéc st dung camera & cac céng trinh trén mdéi &
muic dé dan gidn la cung cap thong tin theo thdi gian thuc vé cac
hoat déng trén cong truong, dir liéu thu dugc chua dugc dua vao
mot moéi trudng di liéu chung @é két néi véi mé hinh BIM hodc cac
céng nghé, thiét bi khac, nén muic d6 khai thac con han ché.

Ung dung quét laze/dam may diém cing da dugc trién khai dé
dung mo hinh 3D cla cong trinh hién hitu. Nhém nghién ctu cta
Dai hoc M6 - Dia chat da tién hanh quét laze mat dat dé xay dung
mo hinh 3D cho thiét bi cdng nghé nha may nhiét dién C&m Pha.
Két qua thu dugc la mé hinh 3D c6 muc dé chi tiét (Level of Detail -
LoD) cao, dugc sit dung dé hé trg phan tich, danh gia chi tiét hién
trang hé théng thiét bi cong nghé trong nha may nhiét dién, hd
trg hoat dong van hanh [31]. Ung dung GPS ciing dugc st dung
trong moét s6 cong trinh xdy dung, vi du cong trinh Keangnam, dé
do kiém tra va bé tri cong trinh nha cao tang theo phuong thang
dung [38]. C6 thé néi, cac iing dung nay dang duoc trién khai kha
rdi rac, ting Ung dung riéng biét, chua dugc xem xét két hop dé
dua ra cac giai phap téng thé, déng bo

Cac cong nghé theo déi cling dugc ing dung dé giam sat va
phat hién bién dang trong giai doan van hanh va bao dudng cong
trinh xay dung, dac biét la cong trinh cau. Céng nghé do quang
(photogrammetry) tich hgp trong mdy quét KSCAN-MAGIC da
dugc thir nghiém ap dung dé kiém tra cau kién cau duc sén [35].
Nhém nghién ciu cla Truong Pai hoc Giao théng Van tai da xay
dung m6 hinh ban sao s6 cho cau Nhat Tan, st dung cac cdm bién
héng ngoai gén véi cau dé€ nhan dit liéu théng qua bluetooth tur
céng trinh thuc vé ban sao s6, ti d6 d liéu dugc phan tich dé co
dugc thuc trang lam viéc clia cau. Trén co s d6, ngudi quan ly van
hanh va bao tri c6 gidi phéap giai quyét kip thdi va thich hgp [4].
Ngoai ra, GIS con dugc st dung tich hgp véi GMS/GPRS dé quan ly
xe chuyén dung, tir d6 giup Cty TNHH MTV Chiéu sédng va thiét bj
d6 thi (Hapulico) nang cao nang suat lao dong va chat lugng dich
vu clia minh [9].

Cac cdng nghé tién ché va ché tao s6 hoa ciing da dugc bat
dau nghién ctu ap dung. San xuat tién ché da c6 mat & Viét Nam
tUr kha 1au, v6i cac sdn pham tién ché 1a cac cau kién thép va cac
cdu kién bé tong cét thép duc san. Tuy nhién, viéc két hgp ché tao
s6 hoa vao san xuat tién ché méi chi phé bién trong nganh ca khi,




khi san xudt cac cau kién thép, véi cac thiét bj nhu may cat CNC
hodc may han tu déng dugc lién két truc tiép véi may tinh dién tu.
Ung dung nay chua dugc ap dung d6i vai viéc san xuat tién ché
cac cau kién, bd phan cong trinh bang bé tong cot thép. Md&i gan
day, cling véi su phat trién manh mé va phé bién cta BIM, mot s
don vi san xuat cau kién tién ché bé tong cét thép méi bat dau
quan tam nghién cttu tng dung, vi du nhu Cty C6 phan Dau tu va
Xay dung Xuan Mai [1]. M6t s6 doanh nghiép khac nhu Seico
Group clng da tham gia vao mot vai du an san xudt tién ché theo
phuong thic DfMA [2] véi mét doanh nghiép cla Singapore, tuy
nhién, san phdm dugc st dung cho cac du an khéi phuc sau I cla
Indonesia chi khéng phai & Viét Nam.

Coéng nghé san xuat tién ché dang dugc quan tam hién nay la
céng nghé in 3D. Khac véi cong nghé san xuat truyén thong, day la
cdng nghé san xuat boi dap, khong st dung van khuodn. Trén thé
gidi, cong nghé nay da dugc gidi thiéu tir cuéi nhitng nam 2000,
dau nhitng nédm 2010 bai Dai hoc Loughborough, véi mét s6 céng
bé dau tién [20]. K& thita cac két qua nghién ctu nay, hién Vién Vat
liéu Xay dung - B Xay dung, véi nhan su da tham gia du an nay
cla Dai hoc Loughborough dang tién hanh modt nghién ctu vé
céng nghé nay trong diéu kién Viét Nam.

DOGi v&i nhom cong nghé vé tri thong minh nhan tao, mét s6
tac giad trong nudc da céng bd kha nhiéu gidi phap Ung dung cac
gidi phap trong nhém nay dé gidi quyét cac bai toan trong xay
dung, bao gébm ca linh vuc quan ly xdy dung. Viéc st dung Matlab
dé& huén luyén mang ANNs trong bai toan lugng chi phi xay dung
chung cu [22] hay bai todn udc lugng thai gian cha du an st dung
bé tong duc san [37] 1a hai trong s6 cac ung dung thuc tién cda
nhom céng nghé nay & Viét Nam, va con nhiéu (ing dung trong
céc bai toan cu thé khac. Mot s6 nhém nghién ciu dang phat trién
ung dung Al trong viéc giam sat an toan lao dong trén cong
trudng, tuy nhién két qua nghién ctru chua dugc cong bé.

Cac daon vi trong nudc cling khé chd trong dén viéc ké thira cac
tién bo khoa hoc cdng nghé va giadi phap phu hgp ti nuéc ngoai
vao cac du an trong nudc. TU dau nhing nam 2010, Céng ty
Archibus Viét Nam da ti€p nhan gidi phap quan ly van hanh toa
nha tur Archibus (My), véi muc tiéu két hgp véi BIM dé tang hiéu
qua st dung. Gan day, mot s6 don vi da tiép can cac gidi phap
quan ly cho moét s6 loai cong trinh dac biét nhu cong trinh bénh
vién, véi cong nghé CMMS.

Két qua khao sat cac nguén théng tin dugc cong bé réng rai
cho thdy chi c6 moét s6 rat it cac ing dung nhu thuc t€ hén hop
(MR), r6 bét trong xay dung, hgp déng théng minh, thiét bi bay
khong ngudi lai cho ché tao ky thuat s6 la chua cé bang ching
dugc ap dung trong thuc tién nganh xay dung Viét Nam.

4.Ban luan

Du la mot nudc di sau trong viéc chuyén d6i s6, thuc té cho
thdy trong nhitng nam qua, nganh Xay dung Viét Nam vua ké
thira, vira tu phat trién rat nhiéu cong nghé sé hoéa. C6 nhiing
ung dung da dugc phat trién va dua vao thuc tién tir kha lau,
nhu cac Ung dung tri thong minh nhan tao véi cac nha khoa
hoc tir cac trudng dai hoc khoi kién tric, xay dung phia Nam la
nhiing ngugi tién phong. Nhiéu té chic, cad nhan da tiép nhan
chuyén giao cic cong nghé c6 sén & nudc ngoai dé dua vao
nganh Xay dung Viét Nam, rat ngdn qua trinh nghién ctu phat
trién. Tuy nhién, cing c6 nhiéu nha khoa hoc da va dang tién
hanh cac nghién cliu song song véi nhom nghién cltu khac &
cac nudc trén thé gidi, dé cai tién cac giai phap c6 sén, hodc tim
ra cac giai phap téi uu hon trong diéu kién Viét Nam. Cac
nguén théng tin dugc céng bd rong rai cho thay, Viét Nam
chua cé moét cong nghé sé xay dung 4.0 nao dugc coi la céng

nghé tién phong, phat kién dau tién, ma chi ding & viéc ké
thuia va phat trién, cdi tién cac cong nghé da cé trén thé gigi.

BIM [a mot gidi phap xdy dung 4.0 dugc nganh xdy dung Viét
Nam chap nhan rdng rai va rat nhiéu don vi trong nganh dang
chuyén d6i sang ap dung gidi phap nay. Véi viéc thanh 1ap Ban chi
dao BIM - B6 Xay dung, méi trudng phép ly dé 4p dung BIM ngay
cang dugc cai thién, BIM da dugc thiét 1ap co s& phap ly dé thuc
hién trong cac du &n dau tu xay dung. Cac chuong trinh dao tao
nang cao kién thuic chinh théng dugc té chiic béi té chic nay, két
hgp véi cac don vi trong va ngoai nuéc dé chia sé kinh nghiém
thuc t€ (c6 thé tham khdo théng tin tu trang web
https://bim.gov.vn/), da va dang gép phan khéng nhé trong viéc
nang cao nhan thuc vé BIM cho nhiing ngudi lam viéc trong nganh
xay dung. Bong thdi, B6 Xay dung ciing da cong bé mét s6 hudng
dan dugc cap nhat vé BIM; day la cac tai liéu co ban gitp nhing
ngudi lam nghé xady dung dinh hinh cach thuc tién hanh va cac
Ung dung BIM ca ban, tir d6 tich Ity kinh nghiém dé chinh phuc
cac Ung dung BIM nang cao.

Viéc Uing dung céc cdng nghé sé xay dung 4.0 dugc phan ra la
ung dung cho céng trinh xdy méi va cho cong trinh hién hiu. Véi
cdng trinh xay mdi, t6i uu nhat la c6 duge mét mo hinh ky thuat sé
(digital engineering model) ctia céng trinh, c6 thé dugc dung trén
nén tang BIM. Mé hinh sé nay, véi su hé trg clia cac cong nghé phu
hop vé khoa hoc dir liéu, cé thé déng vai trd nhu mét Méi trudng
Dt liéu chung (CDE), tir d6 cac cdng nghé s8, bao gém ca cac thiét
bi ngoai vi, c6 thé nhap thém dr liéu, cap nhat dit liéu vao mé hinh
dé& tang chiéu ctla mé hinh (nD) hodc truy xuat dir liéu nham trién
khai cac ing dung cu thé trong sudt vong doi du an. Mdc d6 chi
ti€t hay muc do phat trién thong tin cia mé hinh hoan toan phu
thudc vao yéu cau clia cac ing dung va cong nghé khi khai thac
mo6 hinh. Do viéc dung mé hinh s6 cong trinh (bao gébm ca moé
hinh BIM) kha tén céng suic, vi vy can nang cao hiéu qua st dung
mo hinh bang cach da dang héa cac iing dung lién két tuang thich
(cac Uing dung bé sung c6 thé sit dung dugc ndi dung mé hinh da
s6 hoa). Mot cach tiép can dé da dang hoa cac ting dung la viéc si
dung tri théng minh nhan tao, vi du nhu hoc may (ML). Tri thong
minh nhan tao khi dugc st dung cing mét sé cong nghé thu thap
dir liéu phu hgp, c6 thé hé trg viéc két ndi mé hinh s6 véi mé hinh
vat ly trong thuc t€ dé dang hon, tir d6 tang cudng kha nang tu
déng héa trong xay dung. Hinh 4 thé hién dé xuat clia moét nhém
tac gid nudc ngoai vé mot kich ban cho ty dong héa trong xay
dung, trong giai doan thi cong, st dung tri thdng minh nhan tao va
ban sao s6 [6], c6 thé tham khéo va van dung vao diéu kién Viét
Nam.

Vi cdng trinh hién hitu, mé hinh sé thudng cé yéu cau vé muc
d6 chi tiét thap hon, do cac phan cong trinh, bd phan bi che khuat
khéng thé dung dugc vao mé hinh. Mat khac, dé tang nang suat va
d6 chinh xac khi dung moé hinh, ngudi ta thudng dung thém céc
céng cu gidm sat dé thu thap di liéu hién trang, cac céng cu nhu
bluetooth, mang cadm bién khong day, cac phan mém hé trg dugc
st dung dé chuyén dir liéu thu thap dugc tur thuc t€ vao mé hinh
$6, ké ca di liéu theo thai gian thuc. Tir d6, mé hinh s6 cé thé dugc
sU dung cho viéc phan tich, danh gia vong dai du an (vé st dung
nang lugng, vé phat thai rac, v.v...), phuc vu quan ly van hanh (nhu
quan ly khéng gian, quan ly tai san, dé dac, quan ly chi phi van
hanh, quan ly cho thug, v.v... nhu cac chiic nang quan ly ctia phan
mém Archibus) hodc cho cac hoat ddng quan ly bao tri (bao tri dy
béo, ké hoach bao tri, usc lugng chi phi bao tri, v.v...), cdi tao, slia
chita, hodc xac dinh lai tudi tho hiéu qua clia cong trinh. DU muc
d6 chi tiét ctia mo hinh can dung lai cho céng trinh hién hiu phu
thudc vao yéu cau thong tin clia ing dung, néi chung, cang cé
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nhiéu Ung dung khai thac dugc mé hinh thi hiéu qua cang cao.
Ngoai trir khi dugc st dung véi cac tiing dung Al thuan tuay la cac
phan mém tin hoc hay moé phdng, n6i chung mé hinh s6 sé dugc
khai thac t6t han khi két ndi véi cac thiét bi ngoai vi. Nhu kinh
nghiém thé gidi cho thay, cac thiét bi ngoai vi sé hé trg viéc thu
thap, xt ly dir liéu, tang muc d6 tuong tac gitta cac mo hinh véi
nhau va gita con ngudi v&i moé hinh, cling nhu tao ra cac ing dung
mai dé tan dung mé hinh hiéu qué hon. Khi st dung tich hgp ca
cac thiét bi ngoai vi (thiét bi vat ly) va cac ing dung Al, cac ting
dung hoc may hay hoc sau sé dem lai cac tinh nang mdi, tir d6 hé
trg t6t hon cac hoat ddng quan ly theo tién trinh cda du an dau tu
xay dung va cd cc s& vat chat 1a san phdm cda du an. M3t khac,
trong xu thé phat trién bén viing, cac cdng nghé sé hé trg tét hon
cho viéc phat trién cac cong trinh xanh, tiét kiém nang lugng, gidm
phat thai, tdng cudng céc gia tri theo ca vong doi du an, cong trinh
khoéng chi vé khia canh kinh té, tai chinh, ma ca vé khia canh xa hoi,
tor d6 dp dung dugc cac nguyén ly ctia kinh té tuan hoan trong xay
dung.

GIAI DOAN THI CONG
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Hinh 4: Kich ban ty ddng hoa trong giai doan thi cong véi hoc médy (ML) [6]

Cac cong nghé tién ché théng qua san xuat sé hoa, véi cac iing
dung xuyén suét ti khi c6 y tudng du an cho dén giai doan thiét ké,
san xuat, Idp dung va thi c6ng, va nghiém thu ban giao, va van
hanh, bao tri, cdi tao, ndng cap, tai st dung cac bd phan, cau kién,
vat liéu trong nganh xay dung cling nhu cac nganh khac cia nén
kinh té sé la giadi phap phu hop nhat. Tuy nhién, cac céng nghé tién
ché can su hé trg, két hgp clia nhiéu cdng nghé s6 khac, dac biét la
tri thong minh nhan tao va cac cong nghé cho phép su tham gia
s6m cla cac bén hiu quan trong suét vong ddi du an, tur do doi
héi thém cac céng nghé ho trg quan ly sy dong thuan nhu chubi
khéi (blockchain), hgp ddng théng minh (smart contract), vén
chua dugc cac nha khoa hoc Viét Nam, dac biét trong nganh Xay
dung, quan tam dung muc.

5. KET LUAN

Trong xu thé toan cau vé Cach mang céng nghiép 4.0, nganh
xay dung trén thé gidi néi chung va nganh Xay dung Viét Nam néi
riéng cling da trién khai cudc cach mang riéng cia minh, dé la xay
dung 4.0. Bai béo da t8ng két cac nghién cliu gan day trén thé gidi
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dé lam rd cac cdng nghé da va dang dudc nghién ciu phat trién,
Ung dung thuc tién ctia xay dung 4.0. K&t qua nghién ctiu cho thay,
¢6 7 nhém céng nghé s6 xay dung 4.0 da duogc phat trién, bao
gém: khoa hoc dit liéu, ché tao ky thuat s, tién ché, BIM, tri thong
minh nhan tao, cac hé thdng mé hinh héa va cac cong nghé lién
quan dén viéc giam sat nhu GIS. Cac cdng nghé trong cac nhom
nay dugc phat trién dé hé trg va thuc hién 10 loai hoat dong chinh
can thiét trong viéc trién khai va quan ly cac du an dau tu xay dung,
bao gém: tu déng hoa, trao ddi thong tin, phan phdi, dinh vi, mé
hinh héa, t8i uu hda, tai tao, mé phdng, tiéu chuin héa va truc
quan héa. Cac cdng nghé s6 da cé cac ung dung tich cuc trong
toan bé cac giai doan clia vong ddi du an dau tu xay dung: thiét ké,
thi cdng, van hanh va béo tri, va ca giai doan cai tao, nang cap, tu
do tao ra cac kha nang tu déng hda cac hoat dong xay dung. Cac
nodi dung quén ly du an co ban déu da co sy hé trg clia cac cong
nghé sé 4.0, trong dé cac ndi dung dugc chd trong nhiéu bao gom
thai gian, chi phi, chat lugng, an toan lao déng (thudng di kem véi
rui ro, vi thuc chat viéc mat an toan lao déng cling la mét loai rdi ro
lién quan dén con ngudi va tai san). DU la moét nudc di sau trong
viéc chuyén ddi s6, thuc té cho thay trong nhirng nam qua, nganh
xay dung Viét Nam vira ké thia, viia tu phat trién rat nhiéu céng
nghé s6 hoa.

Nghién ctu nay c6 diém han ché la do viéc khdo sat cac cong
nghé trén thé gidi sir dung ngudn théng tin chu yéu la cac nghién
ctru dugc céng bé trén cac Tap chi, nén c6 do tré nhat dinh so vai
thuc t€ dang xay ra. K&t qua dugc xem xét c6 thé chua cap nhat
dugc cac nghién ciu mai dugc thuc hién gan day ma chua dugc
c6ng bé, hodc do thdi gian dé mot cong bé dugc xuat ban kha dai,
nén cac céng nghé da dugc ng dung tu trudc day it nhat vai
thang méi xuat hién trong cac cg s& di liéu. Han ché tiép theo la
viéc khao sat chu yéu dugc thuc hién théng qua cac kénh théng
tin phd bién, rdng rai, nén co6 thé b sét cac cong nghé dang dugc
ap dung & moét sé don vi, ma do bado mat thong tin hodc chi don
thuan la do chua chu trong dén viéc truyén thong, nén chua dugc
phd bién rong rai.

Tuy nhién, nghién ctru nay cling da cung cap buc tranh téng
quat vé cac cdng nghé s6 xay dung 4.0 trén thé gidi va ca tinh hinh
ap dung tai Viét Nam, ti d6 nhiing ngudi lam nghé hiéu dugc thuc
té€ va kha nang ung dung cac cong nghé sé nay, lam can cd xay
dung 16 trinh ap dung cho don vi minh. Mé hinh ky thuat s6 cong
trinh, bao gém ca nha clta va cd s& ha tang ky thuat, sé la nén tang
cd ban dé phat trién mo hinh s6 cho dé thi, tir d6 hé trg phat trién
céc d6 thi thong minh. Theo xu huéng phat trién nay, mé hinh ky
thuat s6 can tich hgp céng nghé thong tin va truyén thong (ICT),
va cac thiét bi vat ly khac nhau dugc két ndi véi mang loT dé t6i uu
hoéa hiéu qua ctia cac hoat dong va dich vu cia thanh phé va két
néi va&i ngudi dan, tir dé nang cao chat lugng cudc séng, cai thién
chat lugng phuc vu ctia chinh quyén thanh phé, gidam tiéu thu
nang lugng, quan ly hiéu qua cac nguén tai nguyén thién nhién.
Tha tuéng Chinh pha da phé duyét Dé an phat trién dé thi thong
minh bén vimng Viét Nam giai doan 2018 - 2025 va dinh huéng dén
nam 2030, d6 1a co sé dé nhiéu dia phuong nam bt thdi co, ban
hanh céc dé an, ké hoach, da va dang trién khai chuong trinh phat
trién d6 thi théng minh cho dia phuong minh.

Vé cac hudng nghién cu tiép theo, dé cé thé ddm bao su phat
trién clia nganh xay dung trong cach mang céng nghiép 4.0 tich
hop dugc cac xu thé khac nhu phat trién bén viing, cac nha khoa
hoc trén thé giGi va ca Viét Nam can chu trong phat trién, cai tién
cac cong nghé cho phép ting dung kinh té tuan hoan trong nganh
xay dung. Cac nén tang phap ly cho cac cong nghé nay phat trién,
bao gém nhung khong gisi han bai moéi trudng phap ly phu hgp,



cling nhu cac cdng nghé s6 phuc vu cac méi quan hé vé mat phap
luat, nhu hgp déng théng minh, can dugc uu tién phat trién.

L&i cdm on:

Nghién ctiu nay dugc tai trg béi Bo Gido duc va Dao tao trong
dé tai ma s6 64.2021.KHXD-TD.
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ABSTRACT:

In the context of climate change, the negative impacts of water
rise are an obstacle to urban development in the waterfront's
cities. This study explores indigenous landscape features
including river network structure and infrastructure, complexed
balance of soil and water, and agricultural landscape. These
factors play an important role to create a new, sustainable and
resilient ecological infrastructure to enhance the resilience to
urban flooding. This study also emphasizes the role of indigenous
landscapes in flond management, helping cities to increase flood
resilience, concurrently helping flood management reduces
dependence on existing flood control infrastructure which is
assessed to degrade riverine ecosystems.
Keywords: rising water; urban development;
infrastructure; flood resilience; indigenous landscape.
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1.INTRODUCTION

The negative impacts of urbanization have been increasingly
threatening people’s as well as animals’ living environments.
Matters of climate change leading to urban flooding affect not just
a specific area or country but the world as a whole.

A range of solutions has been adopted to address flooding
issue in cities worldwide; however, these infrastructures are
vulnerable to floods (Andersen and Marshall Shepherd 2013)
because they cannot deal with powerful flows, and they do not
work efficiently even with small flows (Alley et al. 2007; Parker
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2014). With the development of urbanization along with the
increasing risks of flooding triggered by climate change, cities
that want to reduce flooding only by relying on a flood control
model will become even more vulnerable (Liao 2014). In
addition, infrastructures to control flood have been criticized
for damaging riparian ecosystems and increasing the risk of
long-term flooding (Nienhuis and Leuven 2001; Gurnell, Lee,
and Souch 2007)

Recent studies show that flood solutions in the Mekong Delta
are now local and short-term (V.K. Nguyen and Alexander 2015),
which leads to unsustainable development of urban and
landscape ecology (Shannon and De Nijs 2011; H.H. Nguyen,
Dargusch, and Moss 2016).

In fact, it is not only because sustainable methods and
solutions to the urban flooding have not been clearly defined
(flood control or flood adaptation) (Kédkonen 2008; Shannon and
De Nijs 2011), but the role of indigenous knowledge has also been
ignored. This would result in “permanent” consequences, because
once an ecosystem service is influenced, it cannot be undone or
restored to its original state (Xiang 2014).

The consequences of enhancing flood control can produce
synergistic effects such as increased risk of salinization and
widespread flooding (Le Anh Tuan, Miller, and Sinh 2007), which
will affect many elements, throughout the entire socio-ecological
system of the Mekong Delta region.

Meanwhile, studies by Liao (2012, 2014) indicate that flood
adaptation theory is a suitable approach for cities facing complex
hydrological conditions (Liao 2012, 2014). Reality proves that flood
management in the Mekong Delta has transformed obviously from
living with floods to controlling floods. The government began
building “durable dikes” and implemented numerous drainage and
flood control projects to reduce the area affected by seasonal floods
with the aim to maximize rice production and improve people's lives.

Today, there are about 13,000 km of durable dykes, more
than 900 sewers, and more than 1,000 pumping stations in this
area (Vietnam-Netherlands Cooperation, 2011). Since 2011, the
area affected by seasonal floods has decreased by 10,000
square kilometers (Liao, Le, and Van Nguyen 2016). In Can Tho
since the 1990s, local farmers have started to build dikes or sell
low dikes to prevent floods from entering the fields, increasing
rice and crop produce. The city is also raising the common
ground above floodwater levels and filling numerous lowlands
and natural canals. The number of concreted canals has also
increased rapidly in recent years. When flood control is
considered a priority measure in flood management, flood
adaptation seem to be difficult to implement in the future. This



conceptual challenge needs to be overcome in order to enable
the adaptation model to take place more quickly.

Taking Can Tho city as an example, this study explores the
theoretical framework of urban flood resilience, as well as
proposes flood adaptive properties of urban ecological
infrastructure. Afterwards, these flood adaptive properties of the
ecological infrastructure will be practically applied in Can Tho
urban area. The main drivers of building ecological infrastructure
of urban flood-responsiveness will be analyzed and evaluated,
through the characteristics of spatial organization, water
infrastructure and agricultural landscape. Finally, this study
suggests a flood-adaptive urban landscape model for Can Tho city
and strategies to balance between the built environment and
hydrological dynamics through landscape design to enhance the
flood resilience of the city and restore riverine ecosystems.

1.1. Theory of flood resilience of riverine cities

1.1.1. Ecological adaptation theory for urban flood risk
management

The concept of adaptation has two popular interpretations:
one is engineering resilience; the other is ecological resilience
(Crawford Stanley Holling 1996). These two interpretations lead to
different approaches applied to flood risk management. Technical
adaptation then means preventing floods with flood control
infrastructure, while ecological adaptation is the ability to
transition from a flood-affected state to a normal operating state
(De Bruijn 2004). For cities facing complex hydrological conditions,
this socio-ecological system is characterized by complex, non-
linear behaviors, unexpected disturbances, and stability is
uncertain. Therefore, the possibility that the city's socio-ecological
system returns to pre-disaster conditions (assuming an optimal
state) is unlikely. Ecological adaptation is based on a realistic
model of diversity balance, focusing on how systems can survive in
a continuously changing environment (Adger, Arnell, and
Tompkins 2005).

The two main arguments in the theory of ecological adaptation
applied in flood risk management include: (1) adaptation arisen
from adjusting to the properties of variability, uncertainty, and
surprise of nature (Folke, Colding, and Berkes 2003); (2) adaptation
arisen from experiencing and learning in chaos (Crawford S Holling
1973). Accordingly, flooding itself is an adaptive agent because
cities will adjust their structures appropriately after floods, along
with complete their internal procedures and acquire knowledge,
bringing various action strategies accumulated over time (Folke
2006).

Therefore, urban flood adaptive theory focuses on adjusting
ability rather than maintain the system'’s stability. Since flooding is
one of urban dynamics, adapting is not the ability to resist floods
or to recover to a pre-flood state - it is the tendency to continue
existence under complex hydrological conditions. (Liao, Le, and
Van Nguyen 2016).

1.1.2. Attributes of adaptability in urban ecological
infrastructure

A city's flood resilience is described as its ability to withstand
flooding, to rapidly re-organize in case physical loss and
socioeconomic disruption occur to prevent deaths and injuries.
Therefore, adaptability is associated with the abilities to self-
organize, to adapt and to back up to prevent arising (Liao 2012).
For cities that rely on ecological infrastructure to cope with floods,
the ability to adapt to floods is reflected in the capacity of flood
storage, flood drainage and functional transformation to adapt to
floods, the so-called amphibian nature of the ecosystem.

Three attributes related to the flood resilience of ecological
infrastructure include:

(1) On-sight adaptability of urban ecosystems. Since a city's
damage mitigation is connected to its flood capacity, damage will be
reduced if cities are able to store floods in backup spaces. Urban
ecosystems include agricultural landscapes, wetlands, riparian
landscapes, river corridors, which are directly involved in the process of
flood storage and flow regulation. Therefore, urban flood response
depends greatly on the flood-storing capacity of this ecological system.

Building natural flood plains is the basis for riverine cities to set
up effective flood storage spaces to minimize flood discharge and
speed, thereby minimizing flood damage. In urban areas,
arrangement of scattered wetlands will disperse the flow of floods;
the thick vegetation of the wetland reduces flood waves; wetlands
delay the release of surface floodwater increasing water storage
(Tabacchi et al. 2000; Hughes, Moss, and Richards 2008). Thanks to
these hydrological dynamics, rivers in natural floodplains have
lower flood peaks and lower flood rates than riverside controlled
rivers (Leopold 1994).

(2) The ability to transform the function of urban ecosystems.

The diversity and ease of transforming ecological functions (in
dry and flooded conditions) of urban ecosystems play an
important role in the response to flood hazards. For instance, to
reduce the effects of river floods, riverine ecosystems will play a
key role in enhancing the city's flood tolerance. A sustainable and
fully functional riparian ecosystem will ensure the provision of
adequate and continuous ecosystem services. Maintaining or
restoring the integrity of riparian ecosystems is an opportunity for
cities to better adapt to floods, which is also an important factor in
helping cities resist unpredictable floods. In order to control the
amount of runoff, ecological channels (Bioswales), rain gardens,
artificial wetland parks are built and integrated in urban areas,
creating more open space to promote rainwater storage,
infiltration and treatment, as well as creating conditions for green
infrastructure to be integrated into flood control. In addition, other
green matrices including public green areas, home gardens, and
rooftop gardens also add diversity in rainwater management,
promoting decentralized rainwater management in urban areas.

(3) The link between ecological infrastructure and perception
of coexisting with floods

Flood control infrastructure reduces the ability to deliver
ecological services when preventing periodic flooding. Once flood
regimes are altered or prevented, an opportunity for adaptive
learning is lost (Klein et al. 1998; Colten and Sumpter 2009). In
order to raise awareness of living with floods, urban design and
planning needs to bring rainwater and flood cycles into people’s
minds through ecological infrastructure. For example, we can
improve people's understanding of flood regulation and water
quality improvement of wetlands along rivers and canals, as well as
observe seasonal changes in river water regime, alluvial deposition
for riparian habitats, and observe the richness of amphibian
ecosystems over time (Liao, Le, and Van Nguyen 2016).
Establishing flood storage spaces, especially open ones, in urban
areas also helps people better understand the dynamics of floods,
so that they can have a better understanding of natural floods.
Transitioning models from flood control to flood adaptation will be
welcomed if the public has a good grip on the ecological process,
heading for acceptance of living with floods in urban areas.

2. MATERIALS AND METHODS OF RESEARCH
2.1. Overview of Can Tho City
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This study takes Can Tho City as a case study because the city
has a rather special structure combined with rich river system and
ecological landscape structure with rice fields on low grounds and
orchards on high grounds. Moreover, it has a long history in
building communities that can adapt to water-rising conditions.

In fact, Can Tho is located in the center of Mekong Delta (lower
Mekong), at the intersection of Hau river and Can Tho river. It is
75km away from the East Sea to the east, 169km away from Ho Chi
Minh to the north. It has a population of 1.2 million, an over-three-
century history bearing the characteristics of a delta landscape
associated with rivers.

Urban system is distributed along the rivers of Hau and Can
Tho, and small residential areas also stretch along canals
throughout the territory. Natural land is about 140,895 ha (2010)
(excluding the water surface of Hau river) accounting for 3.50% of
the natural area of the Mekong Delta and 0.43% of the national
natural area. The urban system of Can Tho city includes one central
urban area and five inner districts and 5 district townships. The
natural area of all urban areas in Can Tho city is about 47,012.10 ha,
accounting for 33.37% of the natural area of the whole city (GSO
2010).
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Figure 1. Can Tho City and research scope

2.2, Research Methods

This study has used mixed methods to collect actual data and
other cited reliable data sources, as well as performed synthesis
analysis to compare and contrast with the theory of ecological
adaptability.

3. RESULTS AND DISCUSSION

3.1 Challenges in urban development

Nowadays, Can Tho city is facing with serious challenges of
urbanization process. Obviously the changes in territorial structure
have negatively affected natural landscape’s ability to absorb
rainwater; in addition, the leveling of lowlands (2m higher than the
common ground) and the increased area of impervious surfaces
cause rainwater to flow faster and groundwater levels are
descending.

The consequence of the change in the relationship between
land and water is a fundamental shift from a social community
associated with water to a social community associated with roads
and urban infrastructure, leading to a basic change in the spatial
organization of the city. Besides, this area is a rich agricultural
region of the Mekong Delta, where lives of urban and rural areas
are intertwined and interdependent. Orchards are essential to the
city's economy and unique landscape. However, urban sprawl has
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led to major land-use conversions, confusing urban and rural
landscapes. The orchards and network of canals are reduced and
more fragmented. The extensive water network and rich orchards
are the main landscape elements that make up the territorial
structure and can drive urbanization in Can Tho. However, urban
development has not paid attention to the existing landscape
background, leading to the poverty in the hierarchical spatial
structure and the lack of priority for urban development, causing
the urbanization process to take place everywhere.

3.2.Flood happenings and water level rise scenario

Besides the general pressure from urban development
requirements, Can Tho city is also facing a serious challenge from
flooding. Current water-related problems such as flooding and
salinization will become more severe as sea levels rise and
groundwater levels decrease. The city is currently facing three
main sources of flooding: (1) This area is strongly affected by high
tides, flooding is especially severe at high tide even though it is
about 75km from the coast; (2) Submerging due to upstream
floods from the Mekong River and the Long Xuyen Quadrangle
during the rainy season (annually from August to November); (3)
Submerging after heavy rains since impervious surfaces prevent
water from seeping into the ground and increasing surface runoff.

Based on previous studies, the recorded rainfall is up to
80mm/h at rain monitoring stations (Huong and Pathirana 2013).
Flooding occurs at its peak when the tides, upstream floods and
heavy rains occur simultaneously, causing severe flooding on a
large scale. Depending on the annual fluctuations of floods, the
deeply submerged area (>100cm) has an area of 9,700 - 35,600 ha,
the average submerged area (50 - 100cm) is about 87,800 - 88,400
ha.

According to the official announcement of the Ministry of
Natural Resources and Environment of Vietnam, with the current
terrain and infrastructure of Can Tho, it is forecast that an
additional 1Tm of sea level rise will inundate 19% of the entire city
area (MONRE, 2012). Climate change is one of the biggest
environmental challenges in Can Tho and flood adaptation is a
potential approach for the city.
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Figure 2. Current status of flooding (left image) and estimated effects of flooding -
saline intrusion when sea level rises 50 cm (right image) in TPCT and Mekong Delta.
(Source: 0SA-Wit achiteckten-Latitude. 2010.)

3.3. Flood adaptability of indigenous landscape system

The hydrological landscape of the Mekong Delta has been
altered in various ways throughout the history of human civilization
(Shannon and De Nijs 2011). Although French interventions are
considered to be the main drive of the change in the landscape of
this delta, canal civilization existed long before the French used the
intensive drainage canals (Biggs 2004). The impressive number of



canals was created not only for transportation and irrigation, but
also for settlement (Taylor 2006; Le Anh Tuan, Miller, and Sinh 2007).
The undeniable benefits are that water brings soil regeneration and
thus facilitates agricultural production. However, water is also a
serious threat because there will be flooding in the rainy season and
water scarcity with saline intrusion in the dry season (Le Anh Tuan,
Miller, and Sinh 2007). However, the river-associated lifestyle enables
the local people to accumulate hydrological knowledge, leading to
the development of technologies adapted to soil and environmental
conditions (Kdkdnen 2008). The close interaction of society in the
Mekong Delta with the natural environment has produced a large
amount of local socio-environmental knowledge. Here, local
knowledge is reflected in “adaptation” activities, not flood control.
This knowledge is derived from knowledge of flood ecology, as well
as an understanding of flood ecosystem services (Liao, Le, and Van
Nguyen 2016). Therefore, although no flood control works are built,
the residential communities and hydrological landscape here are still
safe and maintain long-term stability over time.

For Can Tho, hydrological landscape covers territories of both
urban and rural areas reflecting pronounced impacts of pre and
colonial periods through hydraulic engineering and other natural
methods in water management (Shannon and De Nijs 2011).
Today, the region's indigenous landscape identity is seriously
threatened by irrational urbanization. Modern master planning is
in direct conflict with the indigenous adaptability established over
hundreds of years. Besides, climate change and many
environmental challenges force the city to re-adapt to new
conditions. Cautious study of the territorial along with regional
landscape organization is the basis for solving new challenges,
which can lead to a more refined attitude in human behavior
towards the landscape.

3.3.1. The network of rivers - the basis of a flood-adapted
water infrastructure

Can Tho is easily recognized as a rivery city thanks to the
typical relationship with Hau River, Can Tho River, as well as
numerous irrigation canals and landscapes of the islets in the
middle of the river. The waterway network has formed the
backbones of the urban core through the connection of the two
main rivers with numerous small canals. Canals have historical
value in the distribution of territory, and the water factor has
shaped the landscape of the area and played an important role in
transportation, irrigation and drainage. Since the colonial period,
canals have made a landscape mark on both sides of the river,
where the task of the city today is to orient urban development
with the current riverside landscape background.

Regarding the distribution characteristics of the territory, Hau
River (where one of the two largest tributaries of the Mekong River
flowing through) is the largest river with a length of 55km flowing
throughout Can Tho with an average width of 1.6km locally. The
total volume of water from Hau River into the sea is about 200
billion m3/year (accounting for 41% of the total water volume of
the Mekong River), the average water flow in Can Tho is 14,800
m3/s. The total alluvium of Hau River is 35 million m3/year,
accounting for half of the total alluvium of the Mekong River.

Can Tho River has a length of 16km, originating from the
inland area in the west of Hau River, passing through O Mon,
Phong Dien, Cai Rang, and Ninh Kieu districts and flows into Hau
River at Ninh Kieu wharf. The river has fresh water all year round,
both for irrigation in the dry season and for drainage in the flood
season, and has great significance for inland traffic.

Besides, a dense system of canals with 158 rivers, large and
small canals which are tributaries of 2 large rivers (Hau river and
Can Tho river) establishes a network of waterways intertwined
throughout the territory. Other major ones are Binh Thuy, O Mon,
Thot Not, Tra Noc, Thom Rom canals and many other canals
which also provide fresh water all year round, facilitating
agricultural production and land reclamation. The average
density of rivers and canals in Can Tho city is 1.18km/km2, the
total flow length within the territory is 3,405km (Figure 3a). The
extensive hydrological network is not only an opportunity for
Can Tho to establish a new multi-functional water infrastructure
(transportation, tourism), but also helps the city restore
ecosystem services of rivers to minimize risks from flooding and
increase biodiversity in urban areas.
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Figure 3. Current status map of Can Tho city's dense network of rivers showing the
potential to build a flood-responsive water infrastructure and restore riverine
ecosystems

3.3.2. Complex equilibria on liquid geography - the basis
for spatial organization and terrain adjustment

Can Tho is located on a relatively flat terrain, the average
altitude is about 1.00 - 2.00m, sloped from the high mounds
along Hau River, and Can Tho River to the inner field from the
northeast to the southwest. This area’s land has alluvial origin
from the Mekong upper river that has been deposited through
centuries and continues to be regularly accreted by Hau River. Its
soil consists of 2 main soil groups: alluvial soils accounting for
84% of the area and acid soils accounting for 16%. The land is
suitable for rice intensification, fruit tree planting and ecological
development. The geomorphology of Can Tho city includes 3
main types: (1) a high strip of land (natural dyke) and islets along
Hau River; (2) low-lying terrain in the western region of Hau River,
affected by annual upstream floods; and (3) Central delta,
affected by high tides and late-season floods (Figure 4).

Founded on a liquid geography and surrounded by a dense
network of rivers, the city has created important features in terms of
territorial organization. The difference in the elevation of the
topography has formed areas with different inundation levels, which
will determine the different soil characteristics of each region, such
as fertility, habitability, inundation, safety. Agricultural cultivation
must comply with these natural laws (lowland areas grow wet rice,
higher areas grow fruits and vegetables). When very small
topographical differences have greatly affected landscape elements,
retaining its original nature becomes a powerful design tool. Thus,
the natural terrain is the basic spatial organizing tool of the city, and
the artificial terrain micro-adjustment (based on the logic of balance
between excavation and embankment) will create a vibrant idea in
landscape design.
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Figure 4. Combination of Can Tho's spatial organization maps sheds light on geomorphological distribution, green space, water infrastructure and urban development. (Source: Van
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of orchards in the southwest and partly interwoven with the urban
core is distributed along natural waterways, while the lowland rice fields are distributed
within inland areas interspersed with shrimp ponds in the swamp. Can Tho's agricultural
landscape can be utilized to restructure the territory based on the situation of urbanization.
Source: SIURP (2011)

Figure 5. The map of current urban development and agricultural landscape  Figure 6. The network
organization of Can Tho shows the potential to integrate orchards into urban green

spaces. Source: Adapted from SIURP (2011)

3.3.3. Arguments of the local agricultural landscape - The
option of lowland filling

The agricultural landscape of Can Tho has differences in
background elevation. Through the principle of "digging and
filling" balance, the terrain is precisely applied to the
agricultural landscape. This means that the dug land after
being used for ponds or irrigation canals can be used to build
gardens or retaining walls. The rice fields on the low ground
interspersed with the orchards on the higher ground and the
ponds for raising shrimp and fish create a distinctive feature of
the delta landscape (Figure 5). On a macroscopic level, the city
and its surrounding agricultural landscape have existed for
centuries in a complex balance, with interdependent structures
between land and water. All of which are organized by a
hydrological system necessary for water management and soil
stabilization (Shannon and De Nijs 2011). Cautious study of the
territorial organization will provide hints as to an alternative to
unconsciously filling lowlands. The agricultural landscape can
be the key for the city to open up new opportunities as the
system is capable of restructuring the territory based on the
circumstances of urbanization (Figure 6).
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34. The strategy of designing flood-adaptive urban
landscapes

The territory's fundamental arguments can provide a sustainable
and smart approach to cope with the persistent challenges from the
environment and urbanization. To solve the problems of Can Tho, it is
necessary to propose a flood-adaptive urban model based on its
inherent nature and increase its resilience by applying new knowledge
on the basis of ecological adaptation. This opportunity helps the city to
increase its resilience to floods, while reducing the risk of unexpected
natural disasters.

3.4.1. Restructuring back to a river city

In order to structure Can Tho back to a "river city", the first thing is
building with a good grip of basic principles of the existing territorial
organization, heading the city back to the banks of Hau River. To
restructure its inherent river-water relationship, the city needs to be
oriented as a central chain running along the southern bank of Hau River
(Figure 7). These centers need to be developed dispersedly in the form
of chains following the outer river corridor to avoid agglomeration as
well as identity-lacking development. The waterfront city can be
coordinated to different rhythms with Hau River in three ways: (1)
Determining the territorial distribution structure of the urban area,



instead of a city spreading continuously along the banks of Hau River,
Can Tho should be developed into a central chain of different urban
areas with their own identities. The urban sprawl and its vicinity should
be planned as a set of centers with different characteristics and sizes
based on the interaction between the urban infrastructure network and
the distinctive landscape of each area; (2) The interweaving between
urban areas and open landscape is further emphasized by islets on Hau
River. The proposal here is to keep the inherent natural state of the islets
in Hau River; (3) The rhythm of the tributaries perpendicular to Hau River
is an important feature of the city's river identity. These tributaries and
major canals connect the southern rural landscape with Hau River, which
is an important element in the restructuring of the territory. They can be
seen as the backbone or boundary for existing and future urban areas.

Figure 7. Organizing a series of scattered urban areas based on the natural boundaries of
tributaries perpendicular to Hau River. This helps the city to tum to the southern bank of Hau River
and create an ecological infrastructure that is consistent with the current landscape logic.

3.4.2. Integrating orchards into green spaces in urban
areas

One of the most prominent identities of Can Tho is the diverse
network of fruit trees associated with the existing network of
waterways and terrain. Fruit trees are not only important in providing
food in the region, but also are the product of economic-ecological
and agro-tourism relationships. Orchards play a key role in the city's
strategy of setting up its landscape picture. Urban design based on
existing agricultural landscape logic is of urgent necessity. The large
fruit tree area in the southwest serves as a green buffer zone for the
city, which is an element that strengthens the relationship between
rural and urban areas while bringing the benefits of green space into
the city. Orchards are also a necessary complement to urbanization in
the downtown districts. This symbiotic relationship also needs to be
promoted in reshaping the relationship between the city and the
riparian landscape (Hau and Can Tho rivers) together to create an
urban-nature system in a parallel orientation.

The interdependence between the embanked lands and the
irrigation canals appear to be suitable for the average topography in
Can Tho. For instance, the strips of land on both sides of the river that
are not high enough for urbanization will be developed into fruit tree
corridors; unbuilt areas of the city can become gardens. New orchards
may become an important part of a system of public green spaces in
inner-city areas and city extensions, generating many ecological
benefits. Afforestation or orchards can be developed through “social
agroforestry”, in which unused land and wasteland would be planted,
maintained and harvested for economic benefits with community
participation. This way, the network of fruit trees can become a
valuable factor in building a new ecological infrastructure across urban
and rural areas, helping the city to have many action plans to the new
demands of environment and ecology.

3.4.3. Developing an integrated water management city

Surface water management is one of the core goals for urban
sustainability through a combination of landscapes, infrastructures
and urban development. The new water infrastructure is designed
to address issues of water availability such as surface water
storage, drainage and irrigation as well as water quality such as
wastewater treatment, combined with the use of the water
network for activities of entertainment and beautifying the
landscape.

Therefore, a series of natural floodplains and large-scale wetland
parks are proposed based on existing landscape logics. Annually low-
lying, flooded areas will be used as water storage basins, natural and
artificial landscape lakes will be established based on the distribution
space of flood flows to collect water and reduce downstream flow of
floods. For water purification, wetland landscape areas and anaerobic
lakes are proposed to be built in residential areas to take advantage of
natural processes for wastewater treatment and to connect purified
water to the common water grid.

To solve the issue of water volume, the design strategy is mainly
based on precise handling of the terrain. To reduce the impact of
seasonal inundation, the road network and the building foundation
for urbanization on high land will be counterbalanced by waterways
and water-retaining - permeable areas on low ground. Therefore, it is
necessary to establish strict measures to balance the volume of
earthworks for urbanized areas.

On the other hand, it is possible to develop infrastructure and
urbanization in parallel with a system of waterways including
water reservoirs, drainage channels, flooded parks, riverside parks
and decentralized wastewater purification systems. For riverine
spaces, restoring the integrity of riparian ecosystems presents an
opportunity for cities to adapt better to flooding. By expanding
riparian parks into natural wetlands, naturalizing open riparian
spaces, or restoring natural conditions of canals we can create
more wetlands where, over time, biodiversity will be restored and
ecosystem services wiIl be restored.

-
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Figure 8. The new water infrastructure built on the existing water network enhances flood
containment and drainage capacity with natural floodplains, regulating lakes, flooded parks and
artificial water purification systems. The new water infrastructure helps the ity strengthen flood
resilience and restore rivery ecosystem services. Source: SIURP (2011)

3.4.4. Incorporating flood ecological process into designing
and planning

The increase in flood disaster along with the impacts of climate
change requires the city to take into account the worst scenarios and
be ready to switch to flood-adaptive state. These may include the
development of houses with bearing-column structures and the
ground floor functioning as an open space, when there is a flood these
spaces allow to contain the flood and also allow the flood to escape
easily. On the other hand, "amphibian" houses, which are located on
the ground, but can emerge in case of a flood, are options that need to
be taken into account in housing design. In addition, the solutions of
heaving foundation bed, designing flood-resistant walls and floors,
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flood-resistant mobile doors or flood-adapted ground floor are also
necessary ideas.

The city also needs to study decentralized rainwater management.
Rain gardens and green areas should be built to encourage rainwater
retention, infiltration and treatment, and to mitigate the harmful
effects of floods. Besides, the city's flood adaptation could begin with
the construction of parks along the riverbanks into natural flooded
areas. Naturalization of open spaces and canals connecting Hau and
Can Tho rivers will create more flooded environments and increase
flood capacity. Floodwater storage in the city, especially in open
spaces (squares, sports fields, office premises) can also help the public
understand flood dynamics better, fostering awareness of the positive
sides of natural floods. Can Tho has a lot of potential to become a
flood-responsive city, so it is the responsibility of urban designers and
ecologists to do more in-depth research to turn floods into a resource
for the city.

4. Conclusions and suggestions

Landscape remains show that Can Tho is a water-based city,
strongly structured by indigenous landscape. The city and its
surroundings have stood for centuries in a complex balance, all of
which are appropriately organized to manage water and stabilize
the land. In a land where negligible topographical elevation
differences can create completely different ecological conditions,
retaining the territory's original nature becomes a powerful
adaptation tool. Urban development in the current modernizing
conditions is in strong conflict with territorial rationality.
Indigenous urban identities, shaped by water dynamics, are
acutely conflicted between the stability (adaptation) and variability
(control) of the regional landscape. A smart strategy to achieve
sustainability goals is not only learned from the outside world, but
seeking in the inner nature can provide a powerful bounce beyond
conventional barriers. Therefore, converting from a control model
to a flood adaptation model is the most appropriate and
sustainable approach for Can Tho to exploit its available adaptive
potentials as well as increase the city's resilience to deal with
persistent problems of environment and climate change.

To achieve this important transition from control to adaptation,
urban planning and design need:

(1) In terms of planning, structuring the urban in the form of a
route running along Hau River, developing auxiliary cities
perpendicularly to Hau River. Exploiting the combined waterway and
road networks.

(2) Providing corridors/green areas of fruit trees as a buffer zone
between urban and rural areas to enhance ecological benefits,
creating the area’s inherent characteristics as well as exploiting
economic and travel values.

(3) Developing and preserving wetlands, exploiting wetlands
along rivers and canals, combining with aquaculture exploitation for
local economic and tourism values

(4) Improving the area of green matrix in the inner city with
construction management policies appropriate for each specific type
of constructions from civil to community.

(5) In terms of architecture, developing types of architectural
works suitable for water rising conditions and social characteristics.

(6) In terms of management, promoting community education
and propaganda to raise public awareness of flood adaptation in new
socio-economic conditions. Building a management framework
suitable for the new approach.
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ABSTRACT:

Public space and urban green space have gained their importance
in qualifying living environments. These spaces also reflect the
resilience of an area. In recent years, under the urbanization
process, the community's reaction creates the demand for having
more open green spaces while the land for development is limited.
Significantly, in the context of climate change, the consideration
has transformed into a large-scale urban design approach rather
than individual architectural design to ensure the adaptation.
Therefore, it is necessary to redevelop or create new pocket
parks from the neighborhood potentials. Like many areas in the
Mekong Delta, Can Tho City (CTC) has experienced a rapid
transition and required more new urban green spaces. This study
aims to determine the appropriate strategies for developers in
making pocket parks and propose significant designs based on
local community and |ocal development index.

Keywords: pocket park; urban green space design; policies; local
community; climate change adaptation.

1. INTRODUCTION:

1.1 The challenges under rapid urbanization and climate
change require investment in the new form of green space

In recent years, urbanization becomes intensive. This process
puts pressure on the provision of urban green spaces and public
spaces in metropolitan areas. In addition, the urban reform
regarding the rapid growth leads to change the land use system
and policies to ensure the sustainable ability of city development.

Under the complexity of climate change challenges, there is a
need to have specific attention to the elements for better climate-
induced urban design and construction (Vivek Shandas 2020). The
enlargement of the city is associated with concerns about urban
green spaces provision. The local community directly benefits from
the green system services. However, because of the compact
development with high construction density, there will be loss and
a lack of green spaces. These green spaces create recreation, social
interaction, aesthetics, cultural heritage, and ecological functions
(Lin et al.,, 2015). The urban green spaces are under threat and
received more attention in the health and well-being of the users
with different features. The urban green spaces are shaped by the
local resources and local community (Peschardt et al., 2016). The
provision of water bodies and green spaces have been considered
and effectively implemented in resilient urban development.
Green spaces improve the absorption and storage capacity of the
urban surface while the rapid construction increases a reduction in
permeable surfaces and rainfall. The green spaces also benefit the
urban ecological system as well as upgrading the urban aesthetic
and creation of amenities spaces. (F. K. S. Chan et al,, 2018) In
addition, nature-based solutions promote green and blue
integration in urban areas to adapt to climate change issues,
especially, the flooding risk and increased temperature (Santiago
Fink, 2016). Hence, it is necessary to develop a new form of urban
green space in urban areas to develop climate-resilient cities.

The durable and flexible urban design has highlighted the use
of natural resources and social capital in a responsive process
towards sustainable development. This ensures the future adjust
possibility and effective urban environment improvement (Meijer
et al., 2011). However, these urban spaces come up with new
variations and require a new public-private partnership in co-
management and investment. The funding and financial support
for the new form and function of pocket parks depend on their
design and multifunctional purposes. Therefore, the functions and
structure of the pocket parks within the local context have to be
identified clearly before propose the appropriate mechanism to
develop (Lin et al., 2015).
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1.2 The situation of Can Tho city and the need to have more
green space

According to the People's Committee of Can Tho City report,
by 2019, the city's urbanization rate is the highest rate in the
Mekong Delta River Region with 70% (dongthapnews, 2020). The
United Nations Development Program assessment shows that
Vietnam is one of the five countries in the world vulnerable to
climate change. The Mekong Delta region and Can Tho city suffer
challenges when climate change impacts the increase of average
annual temperature and flooding risk. In addition, the situation is
worse with heatwaves, storms, tornadoes, saltwater intrusion,
environmental pollution, and epidemics, which significantly
impact human well-being (canthonews, 2020). The city structure
movements change the capacity of the natural permeable
landscape.

Consequently, the land use and its relationship with the water
and ecosystem has been changed. The increase in construction
rate adds a 2 - 2.5 m high level to the original land and decreases
the capacity of land absorption, which significantly causes flooding
(N.V. Long and T.M. Tram, 2018). Hence CTC needs to consider the
water urbanism process. The CTC has been planned to develop
along the southern bank of the Hau River. Under climate change,
particularly challenges from flooding risk, the ecosystem should be
payback to nature as much as possible. However, with the rapid
growth of CTC, it is necessary to find spaces to redevelop with the
reconnecting the water system and other ecosystems

1.3 Definition of a pocket park, classification, and their
benefits.

The pocket park concept was first proposed in New York by the
New York Parks Association in 1963 and their basic characteristic
was defined basically by size and access distance. Pocket parks are
known as small parks and are recognized as important urban
spaces that serve for relaxing and socializing activities in small
residential lots. These spaces are generated with various activities,
green and public accessibility (National creation and Park
Association, n.d.). Pocket parks are usually one arc or less (The trust
for public land, 2009). The actual size of a vest pocket park is very
small compared to the park system and is usually defined by the
availability of land without precise standards (Officials 1967).
Within 5 to 10 minutes, users can walk to reach these spaces
(Marcus and Francis, 2003). Pocket parks have been created by the
local community with several benefits, including solving
environmental issues, improving public health, and strengthening
authorities and community relationships (National creation and
Park Association, n.d.). The development of pocket parks helps
reducing suburban sprawl and promote social interaction in
compact development context with efficient design (Gibson and
Canfield, 2016). The pocket parks are considered as an effort to
improve the quality of the urban environment in physical
appearance and mental health based on local resources Officials
1967). Pocket parks link significantly with the neighborhood users
and have flexible functions and regulations. The performance of
pocket parks depends on the local context. Their appearances
benefit the ecology of the city as well as connects various users,
including bikers, riders, and pedestrians. The design of pocket
parks has a different specific focus (Alison Blake, n.d.) In addition,
the green spaces designed within builings will positively impact
energy parameter and microclimate of areas (Lau et al., 2012). The
study would clarified the new type of “pocket park” appropriate
with Can Tho city context as spaces to improve the microclimate
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and mitigate flooding risk. Local resources and green connections
would also be taken into account carefully.

The proposal of a pocket park in the context of Can Tho city is
utilizing small spaces and approaches to community engagement. The
local stakeholders and partner organizations should empower the
community to make the decision in their own neighborhoods (The
trust for public land, 2009). Pocket parks can be combined governance
and management of public and private sectors to co-create values and
achieve more efficient design (Jansson et al., 2019).

To determine potential spaces in the urban area for developing
pocket parks with appropriate strategies, the study (1) clarify the
critical typologies Can Tho city with existing ecosystem evaluation,
(2) clarify potential spaces to develop the diverse types of a pocket
park with parameters, (3) recommend on the engagement of
community evolvement and management.

2. MATERIALS AND METHODS

For many years, the area suffers from natural sedimentation
due to the expansion and rapid population growth. The landscape
of the city changes with different land uses. The study is based on
the data of the Google earth image system, CTC flooding research,
and the People's Committee of CTC report to identify the
characteristic of critical landscape patterns of CTC which are
potential to develop or redevelop the pocket parks.

(1) To clarify critical pattern of CTC with existing ecosystem
evaluation, the relationship of human, nature, and urban patterns
have to be understood. The three layers approach is employed to
highlight the structure of green and blue of the city before
analyzing the visual maps of patterns. The layered approach is
employed with the three layers (a) the natural characteristic of
water and soil, (b) the transportation network which supports
urban mobility, and (c) the human activities (Meyer, 2012).
Because of water is considered as the structure of the city, their
connection with recreation value (open green spaces), settlement
and ecosystem association value through google earth captured
image, local issues, and local development index from the
government. Based on the relationship, the four critical patterns of
the city would be identified for the further step. These patterns are
analyzis within characteristics of setlements, connection with
whole system of CTC, potential green and blue (Table 1)

Table 1. Evaluation of patterns
Pattern Characteristics

Potential
green

Potential
blue

- Settlement

- Environmental issues
- Connection to the
whole city system
Table 2. Design parameters

Scale Determine according to anticipated
uses

Green Types of trees and organization
Traffic system | Accessibility and limitation

g Activities Major users

£ Amenities

o Design Water engagement and flooding risk
strategies for | consideration  with  appropriate
water design tools
landscape
dynamic




(2) The critical patterns would provide potential spaces to
develop the diverse types of pocket parks with design parameters
divided into Table 2. In each pattern takes its development focus.

Due to the water urbanism characteristic of Can Tho city, the
design strategies for riverside cities focusing on water and river
ecology, improve flood protection, and expand human amenities.
These strategies involve different disciplines in landscape
architecture, ecological aspects, and engineering (Prominski,
2012).

(3) Finaly, to recommend the management and development
process, the social capital of CTC is evaluated. The social capital
significantly benefits the local economic and social outcomes in
urban development. Besides natural capital (local resources),
financial capital human and building resources have an important
role in making a decision for sustainable development
(Paranagamage et al., 2010). The economic contribution would be
considered to identify the relationship of public and private
sectors in finance and management.

3.RESULTS AND DISCUSSION

3.1 The current status of Can Tho City and the function of
pocket parks.

In the history of urban development, Can Tho urban area is an
area crisscrossed with canals, an area of marshes, and saltwater
(Construction Planning Journal, 2020). Experiencing many flow
changes has allowed transforming this place from a swamp area to
a delta area accreted by fertile alluvium formed mainly through the
deposition of marine sediments and alluvial of the Mekong River.
The typical elevation is from 0.8 - 1.0 m and gradually lowers from
the northeast to the southwest compared to sea
level(MinistryofAgricultureandRuralDevelopment, 2010).
Therefore, the city's flooding level is increasing, the drought occurs
and affects the living environment of people in the central area
and the agricultural production area.

According to Can Tho City People's Committee, currently, there
are about 113 spontaneous residential areas in the city. In some
districts, street trees have not been focused on development,
primarily concentrated in administrative areas. In the suburbs,
green space is mainly cultivated fields, rivers, lakes, and canals; the
exploitation is limited. Additionally, the Department of
Construction of Can Tho city, the green land in the city is about 6 -
8m2/person, accounting for 7.6% of city land. However, the
concentration of trees and large parks in the city are few, mainly in
the old central area, the parks in Ninh Kieu district. Ninh Kieu
district has a long-lived green tree system, which is regularly
renovated but only reaches an average of 6-7m2/person (Anh
Khoa, 2017).

To achieve the goal of 12-15m2/person by 2030, the city's
green tree development plan needs to have a "foresight" because
the city's population is increasing, and new residential areas are
sprouting up more and more (My Thanh, 2013). The network of
green spaces and infrastructure must be connected to function as
a natural ecosystem to benefit people. The benefits of green
infrastructure include contributing to reducing urban flooding
pressure, improving water quality, subsidence reduction,
improving microclimate, contributing to biodiversity, creating
opportunities for traffic and outdoor activities are essential for
urban development in Can Tho in the future (Anh Khoa, 2017)

For the above reasons, the future development of Can Tho city
needs green spaces to create green infrastructure for the living space
of residents and the impact of climate change on vulnerable areas.

the

Green and blue are two main factors that decide
organization of infrastructure, the human settlement of CTC.

Wil netwisk Cireen space Infrastrgture

Figure 1. Spatial structure of CTC based on analysis of the local geomorphology.
Source: Adapted from CTC Institute of Architecture Urban and Rural Planning (2013) (N.V.
Long and T.M. Tram, 2018)

During the formation process, rivers, canals, and dikes prove
the water urbanism of Can Tho city through their significant
contribution to the traffic and the landscape of the town. Hau River
and Can Tho River with the canal system transformed the area into
a highly economically agricultural region, with a network that
helps to connect farms to commercial centers. The irrigation
system, such as dikes and small canals can then be used for
embankment

1800s

Figure 2. Water urbanism of Can Tho city from the 1800s, 1900s (Author) and 2013
(N.V.Long and T.M. Tram, 2018)

The water system determines land use which demonstrates
agricultural fragmentation. The low-lying lands develop with wet
rice. The higher lands are taken for fruit trees. Their distribution
shapes the ecosystem for the city (Construction Planning Journal,
2019).

1900s 2013

LEGENT;
River network
B Water body
B Curvemt orchards
B Urben residental arca

Agricultarsl ares

Figure 3. The distribution of settlement patterns in CTC within blue and green factors

The city's current urban open green space is small parks in
high-density areas, trees along the riversides, canals, dikes, and
agricultural land. The open spaces and trees inside the residential
community are located spontaneously and connect with the
agricultural land.

The urban expansion along the Hau River and the canals
network has four settlement patterns consisting of riverside, canal
side, border of agricultural land, and cluster. The study classified
the four main settlement patterns which can develop the pocket
park to connect the high-density development, the waterscape,
the green. These patterns are presentative for issues of the city and
have relative solutions.
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Table 3. The evaluation of four patterns

Patterns Characteristics Potential blue Potential green
1 | Agriculture - Linear settlement connect directly with diverse plants from
connection - Blur border between agricultural land and construction land | canals agricultural land

- Provide tourism spots with specific fruits and vegetables

- Linear settlement

along the canal

- Connection by bridges

- Specific landscape along the canal

- Lacking landscape design and pollution.

2 | Along the canal

- connect directly with | -river biodiversity

the water system

3 | Center cluster - cluster with high-density
- Creation of alleyways

- lacking open green space

Private green

Streets/alleys trees

- Linear settlement with services

- Well-connected to water trading routes
- Specific landscape along the canal

- Pollution

4 | Riverside

- connect directly with | -river biodiversity

the water system

224

%
y

Figure 4. Four patterns of settlement classification based on green and blue
connection.

The combination of green and water factors is the potential to
mitigate the climate change issues in CTC and influence the
settlement patterns. Moreover, CTC still needs to increase green
parks for community demand. In the high-density areas, the vacant
land for integrated new green is limited. Due to the flooding risk,
urban heat, and lack of green space, the pocket park is the
appropriate solution for the city with the role of local community
space, sponge space, and a connective line or spot to the whole
regional ecosystem.

3.2 Deign proposal appropriate with each type.

The pocket park development is considered at the
neighborhood scale, which is the basic unit for urban sustainable
development planning. The good spatial organization provides a
safe, attractive, and active life for the local community. The
community activities would be shaped by the design of
sustainable cities. There are three principles of a sustainable city
including compact land use, integration, and connectivity. In the
scale of neighborhood, street space, housing and amenities would
be engaged in each solution. Based on the UN habitat, the new
pocket park design ensures (1) improve quality of the environment
and landscape, (2) encourages walkability, and (3) community
interaction. (UN Habitat, 2003).

Pocket parks are green open spaces that are often located
within the neighborhood. In planning, these spaces are often
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placed in connected locations to form a green corridor or located
near bicycle paths or pedestrian areas that promote public
accessibility. The major pocket parks easily are usually arranged in
three positions as Figure 5.

M - Mok o

Corner lots Thepugh - e - Block ke

Figure 5. Solutions to develop pocket parks in corners, middle borders, and
interspersed land lots. (Shaghrony Md. Yusoff, 2013)

However, in the CTC with water urbanism, new pocket parks
consider engaging natural water systems. The solution allows the
landscape (river, canal) and human settlement with the main
concept of semi-natural with riparian management. Green area
variety of structures and aquatic, amphibian, and land habitats
enrich biodiversity the landscape river dynamic (Prominski, 2012).

Agricultural land connection

The landscaped path is the transaction between housing areas
and agricultural land. The solution considers developing an
experience playground for children and elderly and tourism spot
based on specific local fruit and vegetable and agricultural
activities.

Table 4. The design idea of a pocket park in the agricultural
land connection area.

Scale Along the buffer zone between the
construction land and agricultural
land.

Green Specific fruit trees organized in
gardens

Traffic system Walking, bike

Activities Walking, education
relaxing tourism activities: trading,

visiting.

Design strategies
for water
landscape
dynamic

Landscape paths provide open space
for the community combining with
tourism exploitation.

Adding green open space without
increase the concrete rate.




Y.

Landscape path combines with sqricutuel land
e e

Along the canals

The design aims to create a walkable connection between two
sides of the canal by the green bridge. The green bridge works like
a sponge. This bridge connects with the landscape along the canal
and alleys to form the green connection for the city.

Commerical routes can be developed with the idea of the pop-
up café, food stalls, or souvenirs stall with a temporary structure
and easily removable to take to another place. The stalls are
arranged based on the distribution of shade trees and lawns along
the landscape path. The purpose of this design is also to bring
economic benefits while ensuring public services for relaxation
and comfort for users.

Table 5. The design idea of a pocket park along the canals

Scale Between two sides of the canal
Green Shading trees
Grassland
w» | Traffic system Walking
e | Activities Walking
S Sitting
.g Commerical activities: food stalls,
@ coffee spot
S | Design strategies | The sponge bridge increases the
< | for water absorption capacity while at the
landscape same time provide open space with
dynamic commerical activities for the high-

density community.

Table 6. The design idea of a pocket park in the alleyways

Scale Alleyways, individual buildings
Green Diverse layers of trees.

Trees follow route

Green wall
Traffic system Walking, bike and motorbike
Activities Siting

Walking

Taking exercise
The alleys are renovated to create

Design strategies

Center cluster

for water | the open green space with the
landscape flooding mitigation approach and
dynamic microclimate adjustment:
- Change the runoff way of water
- Greenery
- Permeable material
Center cluster

The center cluster is a high-density urban development where
potential land for new development is very limited. A pocket park
in this area can be integrated with green trees, flowers, and seats.

The water system occupies a very small proportion compared to
other areas. The small spaces of the street, the alleyway, or a small
corner can create open spaces with some basic exercise
equipment for the elderly or seats. These locations can plant
diverse types of trees to create many layers.

LS P
S :"“_Green bridge, :’“"»‘
R, . L

o Landscape paths
along the canal

. 1 Green connection
g

greenery the alley
and decoration with event

P

o 8

Permeable pavement
Adjust runoff way to sewer system

Figure 8. Greenery the alleyway with trees, and permeable pavement and some
sitting place, seasonal decoration.

Movable roofs and street art components can be used in
special events to improve the local image without changing the
spatial structure. These routes play the role of linking, orienting to
connect to other landscape paths areas. Besides the horizontal
green path, in high-density areas, individual buildings can
integrate green through garden corners, wall pieces, or balcony
corners in the vertical direction. This ensures green effectiveness in
adjusting microclimate for the large-scale area.

\‘ . @ Y
& 7 ) :
Figure 9. Greenery solutions for individual buildings in high-density areas. (Dieu and
Hieu, 2021)
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Theriverside
The idea is to create semi-natural borders at riverscape and sponge
spots as absorption hubs in some areas along the river. In this area,
commercial activities are limited at the riverbank.
Table 7. The design idea of a pocket park in the riverside areas

Scale Along the riverbank
Green Shading trees
Grassland as sponge function
Traffic system Public access
° Walking mode
kel Activities Siting
4
o Chat
> .
'GCJ walking
= Design Landscape route combines solutions
strategies  for | to prevent flooding and landslides:
water Landscape stratification (flooding
landscape prevention)
dynamic Sponge hub with trees to avoid
landside

Amenities spot

Landscape paths

Figure 10. Patterns riverside: Creating semi-natural borders to create riverscape and
sponge spot as absorption hub

3.3 Pocket Park investment and design in the planning
process

The management and implementation of urban parks are
associated with the perception, experience, and expectation of
users (C.-S. Chan et al,, 2018). The involvement on different scales
from individuals, local communities, and institutions in developing
urban open green spaces empower the motivation and capacity of
the city (Jansson et al., 2019).

The urban design would be evaluated to highlight the
activities and define the zones to show the co-investment and
management toward the combined governance and management
model (G&M) of UOS.

Private actors Public actors

Discourse Discoutse

J’ (private actors) [public actoes)
Rules of Q't! j 7 - | 'L Rules of
thegame |y ni |.| & the game
YIS mJ i kﬁ

Power and Power and
resources ™% resources
o
D i Urban open space
i Private
!
Private garden Seif governance  Co-governancs Hierarehical
fmanagamant govenance

Figure 11. The combined governance and management model (G&M) of UOS(Jansson
etal., 2019)
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The production of space in Vietnam enables the profit-making
of entrepreneurial actors under the control of the institutions. The
self-organizing space production activities along the streets have
proved to contribute to the lively urban space urban quality (Tran,
2015). Hence, the local community takes a crucial role in managing
and developing pocket parks. To ensure the development of a
pocket park, the community’s commitment has to be taken into
account. Their roles and engagement throughout the process are
defined. Then, potential partners are identified and secured
through resources from economic activities (tourism activities and
commercial activities) before having the management implication.

Table 8: Private and public sector engagement in developing
ocket parks.
Design idea
1 Agricultural land
connection

Private I Public

Private actors Public actors

-
P
-
L
Private investment
and management

Resources :
Develop tourism activities
from gardens .

Ensurethe safety and legal
development of the areas

2 Along the canals Private actors

~

Public actors
-

»
~ 3
~ v’

Co -investment and
management

Resources:
Develop food stall and
small coffee and food stall %

ﬁ‘ﬁmiu‘% u

Ensure the safety and legal
development of the areas

3 Center Cluster

Private actors Public actors
7
-
-
-

Co- investment
and management

Ensura the safety and legal
development of the afeas

Local neighbahood
and individual housahold

L
i

Pemeble pavement

Acdjust romaffway to sewer syitem

4 Riverside

Private actors Public actors
p

Pid -
"
Public investment
and management




4, CONCLUSIONS

Under the challenges of climate change, especially, flooding risk
and urban heat context of CTC, the pocket park is considered as an
effective solution. This production of space also adds a significant
contribution to the green open space system of urban. In addition,
when developing a public space, the aesthetic and pollution issues
of areas are also solved. This research proposes four design
solutions with different levels of interference through four critical
patterns of the city. The solution is integrated with local
development in the future planning orientation without changing
the structure of space and land use. Four critical patterns are
clarified based on the potential of green and blue factors to define
the potential space for developing pocket parks. Research shows
that pocket parks design elements in CTC must ensure community
accessibility and consider the flooding risk as a priority. Pocket
parks are not only in the form of corners or a small land lot but also
in the form of landscape paths. These landscape paths together
make the landscape network of the city. When developing, these
spaces will encourage social interaction and walkability. In
addition, community activities integrate with local business
development characteristics. Then, the economic value is added.
The feasibility of pocket park development also depends on
community engagement and organizing. The local stakeholders
with the contribution to economic activities and the scale of the
project would decide the role of the public and private sectors in
develop the new pocket park or redevelop the existing open
spaces. There would be the regulation to encourage the private
sector in contributing the public space regarding the urban street
as well as their level to join in the management process. In the
future, there is a need to study regulations on management and
construction in specific cases. It is also necessary to consider the
greening index and the degree of influence of these pocket parks
on local community satisfaction to have more parameters that
ensure the effectiveness of implementation process.
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ABSTRACT:

The Vietnamese Mekong Delta (VMD) has an interlaced river
system including both natural rivers and manmade canals
connecting to the sea. The VMD is quite flat and has an extremely
low mean elevation of about (.8 m above sea level. It is also one
of the most vulnerable deltas in the world to climate change and
sea level rise. The VMD is a key food, agricultural and fishery
production area of the country and is home to more than [7
million people (accounting for nearly |18 percent of the country's
population). The VMD suffers from land subsidence every year due
to groundwater over-exploitation together with a lack of land-
building alluvium as a result of the construction of hydroelectric
dams in upstream countries. The lack of freshwater from
upstream, coupled with rising sea levels, have also led to serious
adverse impacts from saline intrusion in recent years. This paper
discusses the main causes of these threats, and strategies for
planning infrastructure to mitigate the impacts of salinity
intrusion and sea level rise in the VMD.

Keywords: saline intrusion, sea level rise. Vietnamese Mekong
Delta, planning infrastructure

1.INTRODUCTION

The Vietnamese Mekong Delta (VMD) is a fairly flat area
(Fujihara et al., 2016), with a very low average elevation of about
0.8 m above sea level (Minderhoud et al., 2019). It has an area of
nearly 40816 km? and a population of about 17.5 million (GSO,
2020). The VMD consists of 13 provinces/cities: Long An, Tien
Giang, Dong Thap, Vinh Long, Tra Vinh, Hau Giang, Soc Trang, Ben

10.2021 | ISSN 2734-9888

Tre, An Giang, Kien Giang, Bac Lieu, Ca Mau and Can Tho city, the
central city of the region (Figure 1).

Vietnam is among the five countries most likely to be most
affected by climate change, in large part due to its coastal location,
the economy’s dependence on sectors such as agriculture in flood-
prone areas (WB, 2018), and especially to the extreme vulnerability
of the VMD to natural disasters and climate change (Clark et al.,
2016).
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Figure 1. Vietnamese Mekong Delta map and its provinces

The VMD is the food basket of Vietham, and so plays a
particularly important role in ensuring food security not only for
the country but also for export. It annually contributes about 90%
of rice production, 70% of fruit production and 60% of seafood
export turnover of the country (Ngo et al., 2018). In recent years,
the VMD has been affected by threats: the consequences of global
climate change, and two in particular - sea level rise and saltwater
intrusion - are becoming more and more serious. This paper will
focus on the main causes of these threats and on strategies for
planning infrastructure to mitigate the impacts of salinity intrusion
and sea level rise in the VMD.



2. THE VMD AT BIG RISK OF THREATS: SEA LEVEL RISE AND
SALINITY INTRUSION

There is convincing evidence that rising atmospheric levels of
greenhouse gases are the main cause of the current phase of
global warming. Carbon dioxide (COz) is an important heat-
trapping (greenhouse) gas, which is released through human
activities such as deforestation and burning fossil fuels, as well as
natural processes such as respiration and volcanic eruptions.
According to NASA (2021a), over the past 171 years, human
activities have raised atmospheric concentrations of CO, by 48%
above the pre-industrial levels found in 1850, a greater increase
than what had happened naturally over the 20,000 year period
prior to 1850 (from the Last Glacial Maximum to 1850, from 185
ppm to 280 ppm). At the end of June 2021, the concentration of
COz2was 417 ppm1 (Figure 2).
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Figure 2. Atmospheric concentrations of C0; (NASA, 2021a)

There is clear evidence from instrumental observation that
temperatures increased globally by a by about 0.5 °C between the
early 1900s and 1970, but average global temperatures have risen
much faster since 1970 and are now around 1 °C higher than in
1970, although there are significant variations between different
regions (NASA, 2021b) (Figure 3).
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Figure 3. Annual average increase in temperature (NASA, 2021b)

Land ice sheets in both Antarctica and Greenland (Figure 4)
have been losing mass since 2002 with rate of 151.0 and 277.0
billion metric tons per year, respectively, and about two-thirds of
the present rise in global sea level is due to melting water from
glaciers and ice sheets, at the poles (NASA, 2021c). According to
NASA (2021c¢), "In Greenland, most of the ice loss stems from
warming air temperatures that melt the surface of the ice sheet, as
well as calving from the glaciers that empty into the sea. In
Antarctica, however, year-round freezing temperatures mean that
the surface of the interior ice sheet doesn't melt. Instead, most of
the ice is lost by ocean temperatures getting warmer join warm air
temperatures to eat away at the floating ice shelves at the ends of
glaciers in West Antarctica. This causes the glaciers to speed up,
and more ice to flow- and melt - into the sea”.
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Figure 4: Losing mass of land ice sheets in Antarctica (A) and Greenland (B) since
2002 until May 2021 (NASA, 2021¢)

Since the early 1990s, sea levels have risen by an average of 3.4
mm per year (NASA, 2021d) (Figure 5).
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Figure 5. Annual average sea level rise from January 1993 to the end of March 2021
(NASA, 2021d)
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It is forecast that by the end of twenty-first century, the sea
level will be about 40 cm higher than it is today, even under the
most conservative scenario. If see level were to rise by one meter,
about 15,000-20,000 km? of the VMD would be flooded, 2,500 km?
of mangrove would be decimated and 1,000 km? of cultivated farm
land and sea product cultural area would become salt marshes
(Cosslett and Cosslett, 2014). It was also projected that more than 1
million people in the VMD would be directly affected by sea level
rise in 2050 (Cosslett and Cosslett, 2014).

Recently, Minderhoud et al. (2019) reported that the quality of
global elevation data obtained from satellite platforms used by
previous researchers to study sea level elevation had low-
resolution and local tidal datum were usually neglected. The
authors used a new, high - accuracy elevation model of the VMD
and local tidal datum to assess mean elevation of the VMD
compared to the sea level, and concluded that the VMD has an
extremely low mean elevation of about 0.8 m above sea level,
significantly lower than the earlier assumed of about 2.6 m.

Consequently, the future risk of the VMD being submerged by
sea level will be much greater than previous forecasts as shown in

Figure 6.
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Figure 6. Risk (%) of provinces (a) and number of population (b) in the VMD being
affected by sea level rise (Minderhoud et al., 2019).

From Figure 6 it is clear that Kien Giang, Ca Mau, Bac Lieu and
Hau Giang are the lowest areas and the most vulnerable to sea
level rise in the VMD.

In addition, over-exploitation of groundwater causes the VMD
to subside at an average rate of about 1.1 cm/year and in some
areas exceeding 2.5 cm (Figure 7) (Minderhoud et al., 2017). If the
current rate of extraction of groundwater is maintained and the
VMD continues to subside at an average rate of about 1.1 cm/year,
then many of its areas will be submerged within the next few
decades.
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Figure 7. Land subsidence rates (cm/yr) in 2015 in the VMD (Minderhoud et al.,
2017)

There are currently 12 dams in operation on the main arm of
the Mekong River to exploit water resources of for hydropower,
agricultural production and other needs (Figure 8). In addition,
many others are being planned for construction in the future
(Figure 8).

WEE Meheng River Comminaion
Lagend e wmn
o Capam oty N g e
& temgossr Sam

"“Ii_-.- J Ferami

I Marned prage
o il P + PEPCA
- asmiry Soumnciany
- ¥ W b ORI
- [ e

-—- Upger Muiang Hamin
L Mpagg Bagan

Figure 8. A map of hydropower dams in operation, under construction, planned
projects in China and riparian countries in Lower Mekong River Basin. Source:
https://www.mrcmekong.org/our-work/topics/hydropower/
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Figure 9. Areas in the VMD affected by sea water in different years (Park et al., 2020)

Bussi et al. (2021) carried out a study of impact of dams and
climate change on suspended sediment flux to the Mekong delta
and reported that current dams in China reduced sediment
transport by 47%, current dams in Cambodia by 13%, and current
dams in PDR Lao by 21%, but these figures are expected to
increase to 35%, 19% and 27%, respectively by 2050, if all planned
dams are built. Thus, the amount of sediment reaching the VMD
and the accretion of sediment in this area will be substantially less.

Sea water intrusion into the VMD has become progressively
more serious over recent years. One of the most severe cases of
saline intrusion in the VMD occurred in 2016, when the rainy
season in 2015 started late and ended early, resulting in a much
lower than average rainfall. This, together with the reduction in
water flow in the Mekong River in the early months of 2016, led to
elevated salinities extending as far as 93 km upstream in the
Mekong Delta (on the Vam Co River, and up to 50 to 70 km in other
estuaries (MARD, 2016). This had severe adverse impacts on many
economic sectors and people's lives in 10 of the 13 provinces in the
region (Long An, Tien Giang, Ben Tre, Tra Vinh, Soc Trang, Bac Lieu,
Kien Giang, Ca Mau, Hau Giang and Vinh Long). However, the
saltwater intrusion event of 2020 was even more serious than that
of 2016, and it is the worst case of saltwater intrusion in the VMD
until now (Figure 9). Saltwater intruded deeper inland than ever
before and seriously affected agricultural cultivation, aquaculture
and livelihoods in the same 10 of 13 provinces. According to
Phong (2020), water with a salinity of 4 grams/liter affected 42.5%
of the natural area of the whole VMD region, equivalent to an area
of 1,688,600 ha, 50,376 ha more than in 2016.

These seawater intrusion events are a result of the combined
effects rising sea levels, land subsidence, and less sediment input
from the Mekong River due to trapping by dams, and they are
becoming more frequent and more serious over time.

3. STRATEGIES FOR PLANNING INFRASTRUCTURE TO
MITIGATE THE IMPACTS SEA LEVEL RISE AND SALINITY
INTRUSION

Although it is widely recognized that rising atmospheric
carbon dioxide levels are the main driver of the current phase of
global warming and climate change, global emissions of carbon
dioxide continue to rise at alarming rate. Furthermore, even if
carbon dioxide emissions were to fall immediately to less than 50%
of their current rate, there is sufficient inertia in the global climate
system to ensure that global warming and rising sea level (and
their consequences) will continue for the foreseeable future, and
each country will need to develop its own strategies to deal with
these.

Given the low elevation of the VMD and its vulnerability to
rising sea levels, the construction of infrastructure to limit the
ingress of seawater, should be a priority. The necessary
infrastructure would include reinforced concrete dikes or walls
along the coast and river banks, as well as elevated roads to serve
as barriers to flooding and as corridors for transport. This should be
combined with the planting of suitable tree species along and
adjacent to the dikes to serve as buffer zones for protecting dykes
and to reduce the risk of landslides and erosion. The initial focus
should be the construction of reinforced concrete dikes in low
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areas which are at greatest risk from rising sea levels. According to
a UNDP Disaster Management Unit Project (VIE/97/002) managed
by the General Department of Land Administration, a sea dike of
about 1,469 km in length is required to protect the VMD from
saltwater intrusion and water level rise (Khong et al., 2018). The
cost for a concrete sea dike 2 m high is about 1.16 million USD per
km, rising to 2.8 million USD per km for height of 4 m (Khong et al.,
2018). Thus the cost of building a 1,469 km long sea dike to protect
the whole VMD is prohibitively expensive for a small country like
Vietnam. However, this strategy could bring many long-term
benefits. For example, it could help protect much of the coastline
of the VMD from what is now serious coastal erosion, and thus
stabilize land area and livelihoods, and facilitate economic
development. This is crucial for the future of Vietnam given the
importance of the VMD for food security and it contribution to the
economic development of Vietnam from exports of agricultural
and aquacultural products. For this reason, it is very important that
Vietnam seek ODA loans or other forms of funding from other
countries, international organizations and projects to implement
this strategy.

There are also options to adapt to rising sea levels and salinity
intrusion, at least in the short- to medium-term, by changing land
use. For example, producing rice, fruit and other salt intolerant
agricultural commodities can be carried out to areas less at risk of
salt intrusion, and using areas more prone to salinization for
brackish water aquaculture or marine aquaculture. In some areas
subject to salinity intrusion, farmers have already changed to a
farming system where they grow rice during the wet season and
culture shrimp in canals within the rice fields during the dry season
when salinity intrusion is more severe.

It is very difficult to predict with any accuracy how high sea
level will be beyond the end of this century, or the rate at which it
will rise. There may come a time in the future when it is no longer
feasible to protect the VMD, or large parts of it, from rising sea
level. In that case the only option might be to build new
infrastructure and relocate people higher ground. This would be
logistically challenging and very costly in both economic and
human terms, and so it is a response of last choice. However, it is
necessary, even at this early stage, to give some preliminary
thought to long-term contingency plans.

4. CONCLUSIONS

The VMD is a fairly flat area, with an interlaced system of rivers
and streams connecting to the sea. The region has an average
elevation of only around 0.8 m above mean sea level. It plays an
important role in the production and supply of food, vegetables,
fruits and aquatic products not only for the country but also for
export. It has already been affected adversely by global climate
change, and it has experienced progressively more serious impacts
from saltwater intrusion in recent years. This is due to a
combination of rising sea levels as a result of global warming, and
land subsidence from over-exploitation of groundwater in the
region and the lack of land-building alluvium as a result of dams
upstream on the Mekong River. Given plans to construct more
dams upstream on the Mekong River, continuing over-exploitation
of groundwater resources, and predictions of a significant future
rise in sea level, it is almost certain that large parts of the VMD will
experience progressively more frequent and more severe salt
intrusion events, as well as more widespread flooding with
seawater. Urgent attention needs to be given to strategic planning
to build infrastructure to prevent the ingress of seawater into the

10.2021 | ISSN 2734-9888

VMD, and to changes in land use to minimize risk and impacts of
these threats.
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ABSTRACT:

Precast Prestressed Concrete Pavement (PPCP) is a form of
durable pavement that is ideal for high-traffic and heavy-load
roadways. It must be constructed in a reasonable manner in
terms of structure in order to achieve economic-technical
efficiency. During the manufacture, building, and serviceability
stages, it must be calculated to quarantee that the slabs are free
of cracks. The posttension stands are arranged diagonally
resulting PPCP for high-traffic, high-load highways.

Keywords:  Serviceability —stage.  manufacture,  Precast
Prestressed Concrete Pavement (PPCP), demonstrative road
section.

1. INTRODUCTION

It was not until the 1940s that prestressed concrete pavement was
first used. Since then, pre-stressed concrete pavements have been
built for roads and airports in Europe and the United States (Hossain &
Hancock, 2003). There have also been several basic geometrical and
cost-effective prestressed concrete pavement designs published
(Sargious, M. and Wang, SK. , 1971), (Sargious, M. and Wang, SK.
1971), (Sargious, M. 1978). Improved fracture resistance and
decreased slab thickness are two advantages of prestressed concrete
pavement; while prestressing raises the cost of materials and
construction, the reduction in slab thickness and transverse joints can
offset part of this cost. (Hossain & Hancock, 2003), (David K. Merritt B. F.,
2002), (Zhang, D.; Xu, X.; Li, N. and Han, W., 2011). According to El-
Reedy, a prestressed concrete slab with a thickness of 200 mm can
have the same design life as a standard concrete slab with a thickness
of 355 mm (El-Reedy, M.A., 2009). Another research found that when
prestressing is used on an airport runway, the thickness of the
concrete slab may be cut in half (Wieckowski, A. and Sznurawa, A. ,

2017) (Figure 1). 7

Figure 1. PPCP are being built and assembled in preparation for cable tension

The use of PPCP constructions on roads with high traffic
density and large weights (highways, national highways, airports,
urban trunk roads, industrial zones roads, etc.) will have several
evident benefits, including: Weather and climate resistant; evenly
distribute the load on the ground; Low maintenance and repair
expenses result in lower long-term investment costs; High material
durability; Construction is quick and simple, and it is also easy to
repair. Reduce the amount of traffic; Pavement has a long service
life (5+8 times more than normal reinforced concrete (David K.
Merritt B. F., 2002).

The issue is that utilizing PPCP on roads with high traffic
density and large loads is expensive if the prestressed concrete
slab is excessively thick. how should the pavement structure be
designed to ensure economic and technological efficiency?
difficult to create, too thin sheets are not guaranteed to bear the
strain, how should the pavement structure be formed to ensure
economic and technical efficiency? (Figure 2).

Figure 2. PPCP that has been fully constructed

Cast-in-place and precast concrete pavements are the two
most common forms of prestressed concrete pavement. Concrete
slabs are built on-site, and prestressing is performed before or after
construction in the cast-in-place process. Post-tensioning in the
longitudinal direction in the early stages is the most commonly
utilized prestressing method (Li, N.; Han, S.; Yu, J.T. and Wang, H.F,
2010). At the two ends of the slabs, some room is required for the
anchorage area. Furthermore, because prestressing loss is
considerable if the concrete slab is lengthy, this method of
prestressing restricts the length of the concrete slab. Because of
prestressing loss, a new prestressing technology called cross
tensioned concrete pavement was developed (Hossain & Hancock,
2003). The prestressed tendons are spread obliquely at an angle in
the road direction in the cross tensioned technique, allowing
prestressing to be done in both transverse and longitudinal
directions. The percentage of prestressing in the transverse and
longitudinal directions may be varied by changing the angle.
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Transverse prestressing adds lateral restrictions to the slab,
allowing the transverse joints to be removed (Guo, Zhang, & Wang,
2006). The anchoring region is located on the side of the concrete
slabs, allowing for longer slabs without compromising prestressing
(Guo, Zhang, & Wang, 2006), (Han, Chen, & Ling, 2015), (Li, Zhang,
& Xu, 2013). This research suggested an oblique prestress concrete
pavement, in which prestressed tendons are placed at an angle to
the road direction, allowing prestress to be applied in both
transverse and longitudinal orientations. This study covers the
entire process of designing an oblique prestress concrete
pavement, including raw material selection, cement concrete
design, anchorage area, size and distribution of prestressed

The constructed prestressed reinforced concrete pavement
structure must be appropriate for the road's design function and
grade, as well as the climatic, hydrological, geological, and local
material conditions...Each segment, which includes base plates,
connecting plates, and cable tensioning plates, is typically 75m
long (Figure 4). The faster the construction, the greater the
extraction quality, but the lower the prestress impact, the longer
the segment length.
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Figure 4. PPCP is depicted schematically in this diagram
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Figure 5. PPCP texture of the road surface
The routes that correspond to the traffic rating from heavy to
higher have a high traffic density and heavy load. The authors
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gure 3.PPCP: Co

tendons, stress analysis within the concrete slab, sliding layer, side
reinforcement, and regular reinforcement at the top and bottom
(Ling Yu, 2018). As a result, suggestions for the construction and
calculation of prestressed reinforced concrete pavements are
required for a proper installation.

2. STRUCTURE OF CTCP THAT HAS BEEN PROPOSED

PPCP is constructed consisting of factory-produced slabs that
are then brought to the job site, reassembled, and post-tensioned
cables are used to connect the panels into each section (Figure 3)

(Vu The Son and Vo Hong Lam, 2016).

nstruction and installation

(Alberto Mendoza Diaz, 1986), (Dan Ye, 2012), (David K. Merritt B.
F., 2000), (David K. Merritt B. F., 2002), and (David K.Merritt, 2008)
can make recommendations based on the Ministry of Transport
(Decision No. 3230/0D-BGTVT, 2012).

The following is the structure of prefabricated PPCP panels
(Figure 5.).

- Dimensions of the sheet:

+ Width is determined by the cross-section of the road;

+ Length: Typically 3 meters to allow for manufacturing in the
workshop and plate shipment;

+ Thickness: Take at least 15cm, according to calculations.

- Prestressed reinforcement: The prestressed cable has a front
diameter of 12.7mm and a back diameter of 15.2mm.

- Steel mesh P12 is placed above and below in a regular
pattern.

- Concrete: Concrete has a high compressive strength that is
ideal for prestressed constructions; typically, concrete with a
compressive strength of > 42 MPa is used.

- The foundation construction may be designed to fit the
desired traffic scale using Ministry of Transport (Decision No.
3230/0OD-BGTVT, 2012).

3.PROPOSAL FOR CALCULATION

PPCP is built in the factory with prestressed prestressed cables
in each plate, then brought to the site and connected with post-
tensioned cables to connect the panels to withstand various sorts
of loads during mining. As a result, the constructed PPCP
pavement should be estimated in the following way to avoid
failure during the major bearing stages:

- Bearing force in the manufacturing phase, including
transportation, building, and installation.

- Bearing force in the mining phase, including vehicle load and
temperature effects.

The following calculation might be suggested based on
existing norms and guidelines:

3.1. Calculation parameters should be determined



- A single-wheel axle weighing 100kN is used in the typical
shaft load for fatigue calculation (Ps).

- The total number of times fatigue load was applied (Ns), and
the design is heaviest single axle load (Pm) was determined
pursuant to Appendix A, Ministry of Transport (Decision No.
3230/0OD-BGTVT, 2012).

- According to the Ministry of Transport (Decision No.
3230/Qb-BGTVT, 2012), the concrete for road building criteria and
other associated characteristics can be established.

- The mechanical properties of the materials of the top and
lower foundation layers are determined according to Appendix B
and C of standard (22TCN211, 2006), which are used to calculate
the ground in the region of action.

- The effective stresses in the plate in the longitudinal and
transverse directions (ferr, fefr,) determined by (Vu The Son and Vo
Hong Lam, 2016) and (Vu The Son, Vo Hong Lam, and Le Thi Xuan
Thu, 2017).

- The elastic modulus of prestressed cables, as well as the
compressive strength f', the elastic modulus of concrete, the
tensile and vyield limits, and the compressive strength fc of
prestressed reinforced concrete components, may all be calculated
using the formula (TCVN 11823-5, 2017) and (Vu The Son and Vo
Hong Lam, 2016).

- The prestressed reinforced concrete member is calculation
parameters are based on (TCVN 11823-5, 2017).

3.2. Contents of the calculation

3.2.1. Longitudinal and transverse prestressing stress losses are
calculated

- (TCVN 11823-5, 2017) can be utilized to determine the stress
losses in the pre-tensioned part since the plate is prefabricated in
the factory.

- Four factors contribute to stress loss in the transverse
direction: elastic shortening, shrinkage, concrete creep, and
prestressed cable self-stretch (Vu The Son, Vo Hong Lam, and Le
Thi Xuan Thu, 2017). The overall horizontal stress reduction is
calculated as follows:

Afgry = Afpes +Afosr +Afpcr +Afor (1)

Notes: Afpry - Horizontal stress loss total (MPa);

Afpes- Shortening of the elastomer causes a loss (MPa);

Afpse- Loss of shrinkage (MPa);

Afpcr- Loss as a result of concrete creep (MPa);

Afpr- Loss due to prestressed cable self-stretch (MPa).

- (TCVN 11823-5, 2017) can be used to calculate the stress
losses in the post-tensioning member in combination with
consideration of the slab's frictional loss with the pavement
subgrade because the prefabricated PPCP panels are transported,
assembled, and stretched by longitudinal post-tensioning cables
at the construction site to form the pavement.

- There are seven reasons for stress loss along the track: friction
between the cable and the gene tube, anchoring equipment,
elastic shortening, shrinkage, creep of concrete, and backup cable
self-stretch. Friction between the slab and the underlying
foundation causes tension (Vu The Son and Vo Hong Lam, 2016).
The total longitudinal stress reduction is calculated as follows:

Afprx = Afpr +Afpn +Afoes +Afpsr +Afpcr +Afor +Afpriction (2)

Note: Afgry -Total loss of vertical vertical theates (MPa);

Afor - Loss of Friction (MPa);

Afoa - Loss as a result of the anchor device (MPa);

Afoes - The loss of elastic (MPa);

Afpse - Loss of shrinkage (MPa);

Afpcr - Loss of concrete creep (MPa);

Afgr - Self-stretch of prestressed cables results in a loss (MPa);

Afpriciion - Friction between the plate and the base layer causes
loss (MPa).

3.2.2. In the transverse and longitudinal axes, the effective stresses
in the plate are determined (Vu The Son and Vo Hong Lam, 2016)
and (Vu The Son, Vo Hong Lam, and Le Thi Xuan Thu, 2017)

- Calculate the effective residual stress in the prestressed cable,
which is equal to the cable is original tension plus any losses.

- Calculate the total tension by multiplying the effective stress
by the cable's entire cross-sectional area.

- The overall tension spread throughout the cross-sectional
area of the plate determines the effective stress in the transverse
and longitudinal axes.

3.2.3. During the fabrication and construction of PPCP panels, we
conduct inspections (Vu The Son, Vo Hong Lam, and Le Thi Xuan
Thu, 2017)

- Because the concrete has only attained a particular strength
value during the production stage in the factory owing to the short
fabrication period, pre-tensioning the cable in the slab must
guarantee that the plate is not damaged when the cable is cut. At
the same time, the strength of the concrete sheet must be ensured
owing to the requirement to crane in order to provide the ground
for casting further plates. The panels must not be damaged during
shipping and lifting during the off-site assembly step (Figure 6.).

Figure 6. Installation of a crane calculation diagram
- Position of the crane hook in relation to the top of the plate:

L =0.207.a (0.207.b) (3)
- When lifting, the maximum load on the plate.

g=yc.a.h (daN/m) (4)
Note:

a - Short side length (m);

h - Plate thickness (m);

¢ - Specific gravity of concrete (daN/m3).

- When lifting a plate, the maximum torque operating on it is

M=q.l%/2 (daN.m) (5)

During the fabrication and construction stages, the thickness
of pre-stressed reinforced concrete slabs is checked using two limit
states: strength limit state, use limit state with strength contents,
Stability and stress in concrete slabs (TCVN 11823-5, 2017) and (Vu
The Son, Vo Hong Lam, and Le Thi Xuan Thu, 2017).

- A flexural strength audit and a prestressed steel composition
test are included in the strength limit state audit.

- State-of-limit-of-use audits, such as slab top and bottom edge
stress audits.

3.2.4. During the mining phase, PPCP plates are audited (Vo Hong
Lam, 2019)

The combined impact of the vehicle load and the repeated
influence of the temperature gradient between the surface and
the bottom of the plate during the exploitation phase, The
pavement slab PPCP does not fail (not broken) owing to fatigue
over its service life, nor does it crack when subjected to a
maximum axle load during the time of the gradient is maximum
temperature.
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On a multi-layer elastic basis, a two-layer separable plate
model is used.

* Limit states for calculation

The suggested audit formula for constructed PPCP panels in
the mining phase, based on Ministry of Transport (Decision No.
3230/QD-BGTVT, 2012), is as follows:

Yr.(Cpr+ ) + ferr < £ (6)
Yr.(Gpmax + Gtmax) + feff < fr (7)
Yr.Gbpr < for (8)
Note:

opr - Due to vehicle driving in the default damaged concrete
slab position, fatigue tensile stress develops (MPa);

ow - Temperature gradient-induced fatigue flexural stress is
also present at the default susceptible plate location (MPa);

opmax - Bending stress at the default vulnerable plate location
owing to the heaviest axle load (MPa);

omax - When the highest temperature gradient occurs between
the top and bottom surfaces of the concrete slab, maximum tensile
and flexural stress is generated by default in the area where the
concrete slab is prone to failure (MPa);

obpr - Fatigue tensile stress in the foundation layer owing to
vehicle loads equal poor concrete or roller compacted concrete
(MPa);

ferr - Effective prestressing stress calculated (Min(fers, ferry));

f, - Concrete tensile strength design (MPa);

for - The foundation material's flexural strength should be
designed (poor concrete or roller compacted concrete) (MPa);

yr - Factor of dependability.

* Determine the bending strength necessary for the design fr

The Ministry of Transport is (Decision No. 3230/QD-BGTVT,
2012), specifies: f; >5.0 MPa for expressways, grade |, grade Il roads,
and roads with heavy, very heavy, and very heavy traffic.

* Calculate the reliability coefficient y

As indicated in (Table 3.1), the reliability coefficient r is
calculated based on the required safety level, design service life,
and required reliability:

Table 1. Choose reliability and design reliability factor

(lassification for the Freewa Grade land Grade lll Grade IVand
Road y I Roads Road lower Roads
(riteria for safety Very high High Midium
De5|gn.serwce life is 30 2 15210
required (years)
Confidence is )
required (%) 95 90 85 8070
Factor of 133150 | 116=123 | 1,08=113 | 1,04=1,07
dependability yr

* Maximum temperature gradient value Ty

The following formula may be used to compute the maximum
thermal stress (maximum bending stress):

- Tg=0.86°C/cm (or 86°C/m) for the North.

- Tg =0.92°C/cm (or 92°C/m) for the Southern region.

- Tg = (86+92)°C/m for the Central region.

(The highest temperature gradient that can occur per 50 years is
given by this Ty number).

4, CONCLUSIONS

The paper offered a concept for the structure and computation
of prestressed reinforced concrete surfaces assembled in the
fabrication and construction stages, as well as during the
operation phase on high-traffic-density highways that carry severe
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loads. The road surface is structural design To accommodate the
traffic scale, PPCP comprises the selection of size, slab structure,
and foundation layer. The following steps can be used to calculate
the prestressed reinforced concrete pavement assembly:

- To support the PPCP plate audit, determine the effective
stress and stress losses in the slab in longitudinal and transverse
directions.

- Examining PPCP plates according to strength limit states,
ensuring strength and no damage during shipping and lifting

- Examining the PPCP slab under the effects of vehicle load and
temperature to confirm that the pavement plate is not damaged
(not broken) owing to fatigue, and that it does not crack under the
combined impact of a single load. The biggest axle emerges at the
same time as the greatest temperature gradient.
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ABSTRACT:

The forced displacement method (2], [3] allows us to immediately
obtain the critical forces and the vibration frequency of the bars.
It is different from traditional methods, such as the Rayleigh
method, which only gives us the fundamental frequency of
vibrations, or the commonly used method today, which brings the
determinants of the stability and vibration equations to diagonal
form to get the product of that term gives us a characteristic
polynomial equation to determines the eigenvalues.

In this paper, the author uses the forced displacement method
combined with the finite element method to determine the Euler
critical force of the bar's eigenvalue problem taking into account
the effect of the lateral shear strain.

Keywords: forced displacement; oscillate; stable

1.INTRODUCTION

The problem of eigenvalues and eigenvectors has been
studied by many scientists, but the traditional methods
commonly used today are to give the coefficient matrix of the
free vibration equation and the stability equation of the system
to diagonal or band matrix form, strip along the main diagonal
by different algorithms, such as Jacobi algorithm [4], LR[4], [5],
QRI[5], subspace iteration [5]...The above methods although
complicated, but sometimes which give the solution is not
reliable because the convergence of the problem depends on
the properties of the matrix, symmetric or asymmetric, positive
definite or not positive... Unlike traditional methods, In [2], [3]
the author used a new method "Forced displacement method"
to solve the above eigenvalue problems, according to the semi-
analytic solution.

In this paper, the author also uses the above-mentioned forced
displacement method, combined with the finite element method
to build and solve the bar stability problem considering the
influence of the lateral shear strain according to numerical
solution.

2. STABILITY PROBLEM OF
CONSIDERING LATERAL SHEAR STRAIN

In order to x1 r1
simplify the P P Y% F
presentation Y A 7"
without losing > >
the generality of
the method, we
consider  first
the case of a ~ ~
bar, ideal 8
column built in
vertically at the
base, free at the N . —>Y - md, Y
upper end and @ @

subjected to an  ig 1 par with one end fixed at the base - the othe is free
axial force P

(Fig. 1a).

The bar is assumed to be perfectly elastic, and the stresses do
not exceed the proportional limit. If the load P is less than the
critical value, the bar remain straight and undergoes only axial
compression. This straight form of elastic equilibrium is stable,
which mean that if a lateral force is applied and a small deflection
produced, the deflection disappears when the lateral force is
removed and the bar return to its straight form. If P is gradually
increased, a condition is reached in which the straight form of
equilibrium becomes unstable and a small lateral force will
produce a deflection which does not disappear when the lateral
force is removed. The critical load (or Euler load) is then defined as
the axial force which sufficient to keep in such a slightly bent form
(Fig. 1b).

The critical load load for a compressed bar can be obtained in
another manner by considering the behavior of an ideal bar, which
is assumed initially to be perfectly straight and compressed by a
centrally applied load. Thus, the initial equilibrium state of bar is
the vertical compression state. At this form of equilibrium, the bar
is shortened by a distance of A=PIl/EF, EF is the compressive or
tensile stiffness of the bar, E is the elastic modulus of the material, |
is the initial length of the bar, P is the applied force. To consider
whether this form of equilibrium of the bar is stable or not, we give
any point on the bar that deflects from the initial equilibrium
position by a distance of y0. Then the bar will be displaced along

COMPRESSIVE BARS
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the elastic deflection line y(x) and the force P produces not only
compression but also bending moment Mp = P(y-y0). Now in the
bar there is an internal bending moment M and a shear force Q
different from the initial compression-only equilibrium form
(Figure 1b) and external moment Mp. The short shrinkage A of the
bar is usually small compared to the bar length, so for simplicity we
consider the length of the bar after deformation is still equal to I.
Bending deformation y of the bar, shear strain y and

bending moment M determined according to (1).

_ &y adQ
= TR P
M = EJy, (b)

_ aQ (M
Y= GF ()

The amount of coercion according to the Gaussian extremum
principle method of this problem is written as follows:
Z=[(M-M,)ydx + [Qydx — min (2)
1 1

Note that the internal force momen and the external force
momen always have different signs. In (2), y and yare two
variable quantities, so the necessary and sufficient conditions for
the bar to be in equilibrium are:

8Z=[(M~M,)dydx +[Qdydx =0 (3)

1 1

Using the calculus of variation for equation (3) gain the
following two equilibrium equations

RICEINE ®

X

M) Ve 4)
& Q GF - (b)

Substituting M determined by (1b) into two equations (4) we
have:

d* o & d?
EJ(—}:———?)+ P -0 (a)
dx GF dx dx ()
dy o dQ
EIC2L-255)1Q=0 (b
(dX3 GF dxz) Q ()

The two equations (5) are two equilibrium differential
equations of the bar subjected to axial bending by the force P
applied at the end of the bar. Those are two homogeneous linear
differential equations (no right-hand side) for which the method of
solving them together with boundary conditions at the ends of the
bars has been presented in [3]. The forced displacement method is
presented below to solve the system of equations (5).

3. THE FORCED DISPLACEMENT METHOD

Forced displacement method aims to bring equation (5a)
which is a equilibrium equation between internal and external
forces to the equation on the right side by giving a certain point in
the bar, for example point x=x1, a displacement y0:

€= Y~y =0 Q)

Bring the problem of finding the extrema of (2) with the
constrained condition (6) to the unconstrained extremum problem
by constructing the Lagrange extended functional F as follows:

F=[(M-M,)xdx +

1

— min (7)
+[Qydx +A(y,,, —y0)
1
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where A is the Lagrange multiplier and is also the unknown of
the problem. From the condition
8F = [(M~M,)3ydx + [Qydx +5(Ag) =0
1 1

get the following two equations

-\
4 3 2 . _
EJ(d}; id?)+Pd}z’= (l)(hl(X—Xl) (a)
dx® GF dx dx ®)
khi (x #x,)
dy o d’Q
EJ(— - — +Q=0 b
(dx3 GF dxz) Q ®)

together equation (6). Equation (8a) is an equation with the
right side. Let it become the axial bending equation (5a) of the bar
then

A=0 (9)

Mathematically, equation (9) is a polynomial equation that
determines the eigenvalues of system (7) because its solution is
also a solution of (5). Mechanically, A has the dimension of force.
That is the holding force so that the bar has y0 displacement at the
point x=x1. The holding force must be zero, deduce equation (9).
The eigenvalue of (5) depends on the parameter P, so A is also a
function of P. So solving equation (9) in terms of P, will get the
critical forces of the axial bent bar.

4., AXIAL BENDING STABILITY PROBLEM OF BAR -
NUMERICAL SOLUTION

4.1. The finite element Method

The finite element method divides the work into small parts
called elements, the calculation of the work is led to the calculation
of the small elements and then connects those elements together,
we get the solution of a complete project. Normally, for flexural
beam elements, a 3rd degree polynomial is used to describe the
displacement.

y=a,+ax+a,x’ +ax’

We see that there are 4 parameters that need to be
determined. However, for convenience, we replace 4 parameters
a0, al, a2, a3 with displacement, rotation angle of the two-nodes
element as shown in Fig.2.

Due to the use of a 3rd order function, the forces acting on the
element must all be reduced to the node, including the inertial
force in the dynamic problem.

4.2. The element stiffness matrix

For flexural elements such as bars, a cubic polynomial is often
used to calculate its displacement, so there are four parameters to
be determined. It is possible to select a two-node element, each
node has two parameters: displacement W and rotation angle 0 at

that node, fig.2.
_Dx

Wi, 01 W2 02
o O

Fig.2. Two-nodes displacement element

For a general calculation, the element length is taken in two units,
the origin is placed in the middle. Thus, if the parameters W1,W,, 61, 62
are known, the displacement of each point in the element is
determined by the following cubic polynomial.

W(x) =W, +f,W, +£,0, + .0, (10)

where:




1 : oL 2
fi= (=D 28y =2 (x+ D' (-x+2)

1 2 o1 2
fo= g (=D e Dif =2 (D (x 1)

We use the first degree polynomial to approximate the shear force
function of the element, the element shear force contains two nodes,
fig.3, each node has an unknown parameter Qi is the element shear

force at that position.
— >

Q

Q>
Fig.3. Two-nodes shear force element

The element length is equal to two units, the origin is placed in
the middle of the element. If the shear forces Qi, Q,, at two nodes
are known, the shear force V at any point of the element is
calculated by the formula.

V(x)=£Q, +£.Q,

where:

(am

1 1
f, :E(l—x); f, :E(1+X)

Thus, each element has two displacements of nodes Wi, W,
two rotation angles 61, 62 and two shear forces of nodes Qi, Q,, a
total of six parameters (6 unknowns) to be determined.

Let's call the column vector containing the six unknowns of the
element in the following order.

Xj=w, w, 6, 6, Q Q[ (12)

then we can rewrite the expressions (10) and (11) in matrix
form as follows.

W(x) = [f] £, f; £, 0 O]{X}

vx)=[0000 f f]{x}

After knowing the displacement and shear force functions, it is
easy to calculate the bending strain, internal force moment, shear

strain, and rotation angle (caused by moment) of the element as
follows.

(13)

W _, o dVv
=|- — 14
T { dsz GFde} (a4
M, =Ely, (15)
o
yX:E[O 000 f, fX (16)
dw o
=|-=2B+—V (17)
® [ de GF :}

In the above formulas = Z/Ax is the factor that brings the two-

unit length of the element to its true length.

Knowing the deflection function, the shear force function of the
element, it is easy to calculate the element stiffness matrix. According
to the Gaussian extremum principle method, we write the amount of
coercion for the static problem as follows.

Z= jMx[XX]dX + }V[yx]dx — Min
’ :

%, and y, are expressions containing the unknowns X(i), so the

(18)

stationary condition of (18) is rewritten as follows.

dZ= jMXS[xx]dx + }VS[yx]dx =0 oris
° !

szzi[jM{if}H jvp_x,}dx] 0o 9
Bl oX(i) S| 0X(34)
Factor % = A% to convert the integral from (-1) to (1) to the

length of an element. There are six unknowns we get six equations
and have the following form.
[A.Jix}={B}
where: {B} is the load vector.
The integrals in (19) can be calculated exactly or in terms of
Gaussian approximate integrals (numerical integrals). After
calculation, get matrix [A_(6x6)] .

(20)

The matrix [A,]is called the element stiffness matrix, dx is the

length of an element. Because the deflection function of an
element is a cubic polynomial, the forces apply on the elements
must all be concentrated to its node.

Knowing the element stiffness matrix, it is easy to build the
stiffness matrix of the whole bar. Assuming the bar has only one
element, the matrix [A, ] is the overall stiffness matrix of the bar.

Note that in addition to the hidden displacements, rotation
angles, and shear forces of the bar, we must also consider the
unknowns that are the Lagrange factors A of the restraint
conditions at the two ends of the bar.

In addition, it is necessary to add continuity conditions for
rotation at the junction between two elements (17).

4.3. Some calculation examples

Example 1: Bar with one end fixed at the base - the othe is
free

Give a bar of length |, bending stiffness EJ=const, subjected to
the axial force P placed at the end of the bar, fig.4. Requirements,
determine;the critical forces of the bar.

<T S T
- N
ol =1 S B
(ol I (=] :_ | -~
—1 o~ hel I E
N
N —N—Y L L =L —%
nw nwzr ng
(a) (®) () (d)
Fig.4. Bar with one end fixed at the base - the othe is free
When deflect from the equilibrium position, the force P

produces a bending moment Mp in the bar.

M, =P(y-W,)

W, is the lateral displacement at the node at the free end of
the bar. When dividing the bar into i elements (i=1+n), for each i
element of the bar, we have:

M, = P(le - Wo)

X,is the displacement parameter of element i. Moment
X, causes bending deformation ;. Thus, the coercive force of the

problem of determining the Euler critical force of the bar is written
as follows:
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“Zpiﬁ :[I(Mx _MPi)[Xi]

- 1
o2 +J1V[Yi]

with constraint (22) is the forced displacement at any point
x=xi on the bar

g, = (“W1

dx — min 21

~w,) (22)

together with constraints on boundary conditions and
continuity conditions between elements in the bar.

Bring the extreme problem (21) with constrained conditions
(22) to the unconstrained extreme problem by constructing the
extended Lagrange function F as follows:

F=Z+ i?\kgk — min (23)
k=1

%,and y are expressions containing the unknowns X(i), A,

are Lagrange factors and also the unknowns of the problem, so the
stationary condition of (23) is written as follows.

6F:8(Z+ ixkgkao (24)
_npt Ax|[ L ng[x‘] 1 n _
SF = ;7[11[_ M.l ]] +le8[yi]]dx + Sg[)»k]gk =0
M{—ax‘ }+
oX (i)
|-l
npt ~I i X i
oF = % oxa) dx +
- + Pwox{i{} (25)
oX(i)
i o,
S| 6X()

For the problem on fig.4, if we divide the bar into 4 elements,
we have the following unknowns:

Unknowns of displacements, rotation angles and shear
forces:

nw =4 is the unknowns of displacement, fig.4b

nw=[1 2 3 4}

nwx=8 is the unknowns of
nwx=[5 6 7 8 9 10 11 12]

nq=7 is the shear force hidden number, figure 4d.

nq=[13 14 15 16 17 18 19]

so we have: X(i) = [19]

Boundary conditions: PKB = [}, |

Rotation angle at the foot of the column is zero

element (1)
84, [—dﬂmiv} =0
dX GF node (2)
Continuous conditions: DKLT = [kz Ay Ay, ]

The rotation at the end of the previous element is equal to the
rotation at the beginning of the following element.

rotation angle, fig.4c.
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element (i)
-——B+ —V} +

node (2)

S, =0
dW a clement(i+1)
[

node (1)

where: i=1+4; k=2+4

Condition for lateral displacement at the top of the bar:
[]

Horizontal displacement at bar end is zero

Shs (W — W, )=0

Thus, in the case of dividing the bar into four elements, we
have the total number of unknowns of the problem: 24 unknowns,
of which 19 are displacements, rotation angles, shear forces and 5
are the lagrange factors corresponding to constraints on boundary
conditions, continuity conditions and forced displacement at the
bar end.

After calculating (25) we get the overall stiffness matrix of the

bar, size [A(24x24)]

This is an eigenvalue problem, so the forced displacement
method is used. For any node of the bar with displacement W,
then in the coercive quantity, the quantity must be noted.

s (Wi — W,) (@)

Wi is the displacement of the node i of the bar, i is any, A is the
Lagrange factor which is the new unknown of the problem. Thus,
the matrix [A] there are 24 rows, 24 columns and vectors {B}
there are 24 rows, one column, at (line 24) there are B(24)=Wo.
After solving the equation:

[Alix}= B} (b)

find solution A5, A5 is a polynomial equation for P, solve the
equation:

A(P)=0 ©

there will be critical forces of the bar.

Table 1. The critical force of the Bar with one end fixed at the

base - the othe is free, calculated for the two cases h/I. Divide bar
into 8 elements

The first three critical forces P, (E—ZJJ
Rate h/I 1
P,, P,, P,;
1/100 2,467 22,210 121,449
1/10 2,467 22,210 121,449
1/3 2,467 22,210 121,449

Comment: The calculation result of the critical force always
depends on the ratio between the height of the section and the
length of the bar h/l. However, in this case, the problem of one-
fixed and one free-end is a static problem, so the influence of the
shear strain on the critical force is zero. Arithmetic, when the ratio
h/l'is smaller (h/1+1/10) onwards, the influence of shear strain can
be ignored, but here we use the full theory of beams to calculate it
correctly. it is easy, therefore, that the shear strain should be
considered in all cases.

The form of the deflection axis (the eigenvector) corresponds
to the first 3 exact critical forces (3 exact eigenvalues) as, Fig.5.
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Example 2: Bar with one end fixed at the base - the other
pinned

Give a bar of length |, bending stiffness EJ=const, subjected to
the axial force P placed at the end of the bar, fig.6. Requirements,
determine the critical forces of the bar.
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Fig 6. Bar with one end fixed at the base - the other pinned

This problem differs from Example 1 in terms of boundary
conditions at the bar end, displacement conditions and shear
forces at the bar end. The calculation is similar to Example 1, Fig.4.
With the following notes:

For the problem in Figure 5a, if we divide the bar into 4
elements, we have the following unknowns:

Hidden displacements, rotation angles and shear forces:

nw =3 is the displacement unknown, fig.6b.

nw=[1 2 3}

nwx=8 is the unknown rotation angle, fig.6c.

nwx=[4 5 6 7 8 9 10 11]

nq=8is the shear force hidden number, fig.6d.
ng=[12 13 14 15 16 17 18 19]

so we have: X(i) = [19]
Boundary conditions: PKB=[%, 1, ]

l
2. .2
i
=t
*l/m,\}/m'\,l/m,\,l/nu*

yO <

The rotation angle at the base of the column is zero
(phantu (1)
on| |-Wp *y =0
dx GF .0

Bending moment at the column head is zero

dZW dV phantu (4)
| — B+ B

dx GF dx )
Continuous conditions: DPKLT = [M A, 7»5]

The rotation at the end of the previous element is equal to the
rotation at the beginning of the following element.

=0

element (i)

[—d—w[ﬂiv} +

dX GF node (2)
67\* AW element(i+1)
—| = _B + i\/
dX GF node (1)

where: i=1+4; k=25

Conditions for forced displacement: 1., |

Horizontal displacement at any node in the bar

kg (Wi — W, )=0

Finally, we get the extended Lagrange function F as follows:

F=Z+ ikkgk — min (26)
k=1

The role of Z in (26) is the same as in (24),,and 7, are
expressions containing the unknowns X(i), A, are Lagrange factors

and are also hidden of the problem, so the stationary condition of
(26) is written as follows.

oF :5(z+ ixkgkj -0
k=1

Carry out the same calculation (25) in example 1, the overall
stiffness matrix of the bar, of size [A(25x25)] and similarly we have

67\’6(Wi - Wo) (@)

Wi is the displacement of the node i of the bar, i is any, A is the
Lagrange factor which is the new unknown of the problem. Thus,
the matrix [A] there are 25 rows, 25 columns and vectors {B}
there are 25 rows, one column, at (line 25) there are B(25)=Wo.
After solving the equation:

[Alix}={B} (b)

find solution A, A, isa polynomial equation for P, solve the

(27)

equation
Ae(P)=0 ©
there will be critical forces of the bar.

Table 2. The critical force of the Bar with one end fixed at the
base - the other pinned, calculated for the two cases h/I. Divide bar
into 8 elements

The first three critical forces P, (E—jj
Rate h/l 1
P, P,, P,,
1/100 20,192 59,748 119,453
1/10 20,113 59,512 118,976
1/3 19,345 57,248 114,447
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Comment: The error between the unconsidered case
(h/1=1/100) and considering the effect of lateral shear strain
(h/1=1/3) corresponding to the first, second and third critical
forces., respectively: 4.19%, 4.18% and 4.19%.

The form of the deflection axis (the eigenvector) corresponds
to the first three exact critical forces (the three exact eigenvalues)
as shown in Fig.7.
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Fig 7. The elastic deflection line y(x) of bar with one end fixed at the base - the other
pinned

4. CONCLUSIONS

With the combination of the forced displacement method
and the finite element method, the author has successfully
built the axial bending stability problem of the bar considering
the influence of the lateral shear strain, finding the numerical
solution of the problem is completely consistent with the
results solved by existing methods. When we divide the bar
into many elements, we will get many exact solutions. The
results obtained in the two cases with and without considering
the effect of the lateral shear strain change significantly (the
critical force is reduced by more than 4%) for the superstatic
problem, and do not change for the static problem.

When using the forced displacement method to solve the
bar stability problem, it immediately gives us the polynomial
equation determining the critical force of the bar without
having to go through complicated transformations to bring the
matrix to the diagonal matrix. The finite element method
combined with the forced displacement method presented
here gives us a very efficient algorithm, a new approach to
evaluate the Euler critical force of the eigenvalue problem of
bar and systems bars. That may be the most prominent
advantage of this article.

Recommendation: Use the new approach developed above
to find eigenvalues and eigenvectors of mechanical problems
in particular and find solutions of problems with the right side
of zero in general.
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ABSTRACT:

Scraping method known as Cold In-place Recycling (CIR) is widely
used in Vietnam. However, it only applies to non-urban roads and
national highways. The challenge of managing the height of the old
road surface and addressing obstructions on the road surface
must be addressed in city roadways. As a result, this paper
discussed some practical design and construction options for
ensuring quality in construction progress for urban roads using
CIR technology to improve the quality of urban road surfaces in
Southern Vietnam in the direction of long-term development.
Keywords: Cold in-place recycling (CIR); Urban road, long-term
development.

1. INTRODUCTION

“Sustainable development” first arose in the environmental
movement in 1970. It was bluntly articulated in the report "Our
Future" in 1987 of the United Nations World Commission on
Environment and Development (WCED). Sustainable development,
for instance, is defined as development that satisfies the
requirements of the present generation without jeopardizing the
future ability of the generation to satisfy their own needs (Qur
Common Future, 1987).

Managing urban traffic congestion was the subject of a
European meeting of transport ministers held in 2007. This study
demonstrates that in order to alleviate traffic congestion, a variety
of solutions must be used, including renovating existing traffic

infrastructure; new road traffic infrastructure construction;
improving and developing public transportation; managing the
use of modes of transportation; and coordinating the activities of
numerous agencies and organizations (Managing Urban Traffic
Congestion, 2007).

Intelligent Transportation Systems (ITS) by Phil Sayeg and Phil
Charles was published in 2010. Refers to the challenge of using
sophisticated technology to manage the flow of cars, also known
as ITS. Many cities worldwide have used this technology, resulting
in a safe and convenient transit system while decreasing negative
environmental consequences. Infrastructure, vehicles, and human
factors are necessary to implement this technology (Phil Sayeg:
Phil Charles, 2010).

According to the Federal Highway Administration (FHWA), the
transportation sector’s focus on sustainability demonstrates a
commitment to address the whole spectrum of consequences
associated with human life, not just in terms of economics but also
in terms of environmental and social impact. As a result, a
sustainable pavement is a road surface that fulfills fundamental
human requirements, effectively uses resources, and can
conserve/revive systems on a broad scale of the ecological
environment (FHWA, 2014).

The FHWA is in charge of sustainable pavement development
and transportation in the United States. The FHWA has
recommended using various methods, including on-site recycling
of old pavement and heated asphalt pavement. For long-term
pavement development, consider concrete pavement with extra
cementitious materials, permanent pavement, two-story concrete
pavement, permeable pavement.

Cold in-place recycling generation was used in many nations
across the world; it is the oldest technique used in the United
States, Europe, and Japan for more than 30 years, with Hall
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Brothers (USA), Wirtgen (Germany), and Sakai (Japan) being the
most prominent (Japan). Cold regenerated locusts have the
advantage of reducing the repair backlog on the road system by
up to 60%. According to the findings, the cold regeneration
pavement would have a lifespan of 15-20 years provided the
construction satisfies the standards. Sakai (Japan) tested cold
regenerated locusts in situ using Sakai is technology on provincial
road 417 in the North - Vietnam region in 2008, with a cement ratio
of 4.4%; Wirtgen (Windhagen, Germany, 2012)tested in situ cold
regeneration with bitumen foam and cement on sections of
National Highway 1A in the Central - Vietnam region in 2010. In
2011, Hall Brothers performed cold asphalt emulsion regeneration
on a test piece of National Highway 1A in the Western area of
Vietnam (Tran, Le, & Vo., 2020), (Ministry of Transport, 2014).

In Vietnam, the CIR scraping technique is frequently used.
However, it only applies to Interstate Highways; highways outside
of metropolitan areas are not required to manage elevation or
address obstructions on the road surface. The challenges of
regulating the old pavement height and dealing with obstructions
on the road surface are especially fascinating when it comes to
urban roadways (Vo Hong Lam and Tran Huu Bang, 2021).

The objective of this study aims to suggest some research
findings to enhance the quality of cold in-place recycling
regeneration design and construction applied to urban roadways
in the Southern Vietnam in the direction of long-term
development.

2. OUT-OF-TOWN HIGHWAYS: A SOLUTION CIR

CIR work has so far been done in Vietham on National
Highways and rural roads, mostly on portions of highways where
the road surface has severely deteriorated and within the surface
area. Underground and floating works are not available on the
route. The majority of the portions also do not necessitate
controlling the road surface's height. As a result, here is the
solution for CIR in situ (Figure 1):

- To design the mix composition, conduct surveys, drill and dig
samples, and split the old pavement into largely homogenous
parts.

- Conduct cold scraping and recycling according to the design
thickness, then overlay with asphalt concrete in the CIR road
surface structure.

- Organize construction, inspection, and acceptance in
accordance with technical instructions based on Ministry of
Transportation decisions.

Figure 1. In the Out-of-Town route, the CIR f RungSac - Ho Chi Minh City is
being built.
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* Remarks: When used on urban roadways, the proposed
approach will cause the following issues:

- When it comes to urban roadways, it is common to need to
retain the original road surface height. As a result, the recycle
scrape design solution should be more acceptable and meet the
economic - technical criteria.

- Within the urban road surface, there are frequently several
underground and floating works (obstacles). As a result,
comprehensive measurements must be taken throughout the
survey so that treatment options may be provided prior to CIR.

3. PROPOSING CIR OPTIONS FOR THE LONG-TERM
DEVELOPMENT OF URBAN ROADWAYS

On National Highways, highways outside of metropolitan
areas, the limitations in the cold recycling system are stated above.
In the interest of sustainable development, this paper offers the
following approach CIR for urban roads:

3.1. Solutions for survey works

a) To establish a foundation for the mixture is design as well as
a proposal for repurposing the old pavement. Within the recycling
depth on the stretch of road that is deemed to be relatively
consistent, the survey must verify that the depth, type, and
material qualities of the previous pavement construction are
known. According to (TCVN 13150-1, 2020) and (TCVN 13150-2,
2020), the survey work should take the following stages to attain
this goal:

- Examine and survey the partition of ancient road pavements
into reasonably homogeneous portions.

- Drill and excavate to collect samples for the CIR design for
each homogenous portion (Figure 2.)

- Appropriate surveys are necessary for sections going through
soft soil regions, dynamics of groundwater activities, and so on, as
specified in the standard (22TCN263, 2000).

-
-
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-

Figure 2. Excavation for exploration - evaluation of present pavement structure

b) In addition to complying with existing standards for
measuring and analyzing old pavement prior to scraping and
recycling, thorough investigations of subsurface and floating
structures (obstacles) in the road surface area (Figure 3) should be
conducted:

- Underground works: Determine the location and depth,
which may be gleaned from the underground works management
agency's as-built data.

- Floating works: Measurements, statistics in precise detail are
required for the location, form, and size of floating works.



Figure 3. On the road surface, a floating manhole

3.2. Solutions for design and construction

Cement or cement and asphalt emulsion according to (TCVN
13150-1, 2020) or foamed bitumen and cement according to
(TCVN 13150-2, 2020) can be used in cold recycling scraping
methods.

- The width of the cold recycling scraping blade is determined
by the width of the current urban road surface and the width of
the recycling machine scraping blade (Note that adjacent recycling
scrapers must overlap by 10 cm to 15 cm)).

- The thickness of the recycled layer after compaction can
range from (10-20) cm, but should not exceed 20cm; the thickness
of the recycled layer must be greater than 3 times the diameter of
the recycled mixture's biggest aggregate particle.

- If during the regeneration process it is discovered that there is
a local weak foundation, the foundation and foundation beneath
the scraping material layer must be treated as follows:

+ Scrape or shovel pavement layers resting on unstable
material below onto trucks and carry to temporary storage;

+ Dig to the full depth of the unstable material and remove any
damaged sections;

+ Treat the foundation and the foundation underneath it as
directed in the construction drawing design documents' technical
instructions;

+ Using temporary stockpiles and additional supplies, refinish
the pavement. After compaction and successful compaction,
refinishing must be done in layers no thicker than 200 mm till the
current road surface is reached.

- For urban roads that may be raised in elevation, perform cold
scraping and recycling according to the design thickness, then
cover with asphalt concrete (or asphalt) on top.

- There are two techniques for maintaining the height of urban
roads:

+ Using a specialized scraper, rake the old pavement layer to
the desired depth, then proceed to cold recycling according to the
design thickness and re-carpet the asphalt (or asphalt) coating on
top of the current road is surface level.

+ Scraping and mixing the old pavement layers using a
recycling scraper to a depth equal to the coating thickness and
recycled thickness, but without any binder; Conduct leveling
(ensure the structure after recycling is correct according to the
design thickness, and the excess material is transported to the
proper location) and compacting, then cold recycling (spray more

adhesive in this step) and re-applying the asphalt topcoat to the
existing pavement level.

- Manholes and similar structures within the road surface must
be treated before scraping and recycling may begin. After
removing the knitting cap and tunnel mold, crush the wall to a
height of less than 10 cm above the recycled foundation's bottom.
After the dam, place a 10mm thick steel sheet on the manhole
wall, compensate with crushed stone or scraping material supplied
from earlier scraping, and recycle the material (Figure 4).
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The base layer is an old road
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Figure 4. On the road surface, treat manholes and perform CIR.

- After completing the scrapping and CIR work, locate the steel
plate, dig to remove it, reconstruct the manhole wall, and install
the woven sheet at the same level as the new surface level (Figure
5).
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Figure 5. Installation and completion of manholes

- To quickly install and reduce construction time, prefabricated
manhole molds should be built with a height depending on
coating thickness and recycling thickness (Figure 6).
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Figure 6. Construction of a prefabricated manhole mold
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3.3.In long-term development solutions for improving
the quality of urban roads

- Apply contemporary technology to urban roadways for
work (Step of preparing technical and economic reports) to
research, survey, measure, and locate using a coordinate
system in order to correctly satisfy long-term development
requirements.

- In terms of geology, transportation operations in the Ho
Chi Minh City and Mekong Delta region are hampered by soft
soil. When little investment is made in surveying topography,
geomorphology, geology engineering, or hydrogeology, the
building is vulnerable to unforeseeable events.

- It is important to employ innovative solutions and
technology, ecologically friendly materials, and reuse local
resources when designing and constructing traffic works in
metropolitan regions situated in major cities.

- Many advanced technologies, such as loading and
reducing settlement with the use of geotextiles, permeable
wicks, sand piles, sand wells, and cement-reinforced soil piles,
are required in road foundation construction and soft ground
treatment.,, vacuum consolidation technology, and Jet
Grouting technology are also required... To ensure longevity
and flatness, improve the foundation and pavement
construction quality. For roadway surfaces with high
roughness and well-drained hollow asphalt, Novachip is thin,
and ultra-thin coating technology is being used..
Furthermore, the ability to decrease noise for city roadways is
required.

- CIR has been researched and proposed for use on city
roads, to improve durability, ease of building, environmental
friendliness, and lowering construction costs.

- Large cities must quickly implement contemporary
technologies in the building of a road traffic management
and control center. Implementing intelligent transportation
systems (ITS) on city streets, highways, and the country is
whole road network system in the future.

4. Conclusions

According to the following phases, the research suggests
ways to assure the quality of CIR is design and construction of
urban roads in the direction of long-term development:

- A building project that we undertake today must not
only fulfill the demands of the present but also those of
future generations, and it must, perhaps most importantly,
assure quality.

- Humans are to blame for droughts, floods, and climate
change. Climate change is having permanent negative
repercussions, and there have been several severe warnings
that this is a problem for management levels and public
awareness to take actions to safeguard the green
environment, which is clean and efficient.

- The works must be of sufficient quality to meet the
needs of economic development, social justice, and
environmental preservation. That is the obligation, as well as
the difficulty, for those involved in today is the development
of traffic works in our nation.

- Connecting the duties and interests of project-related
organizations and persons by creating a Website with
information on contractor capabilities and evaluating relevant
organizations and individuals.

- Creating a Website on the history of roads and road
transport infrastructure projects, contributing to community

10.2021 | ISSN 2734-9888

oversight, project quality improvement, capital use for the
proper goals, economically and effectively, and minimizing
dispersed and wasteful investment.

- Surveying as a foundation for mixture design and the CIR
technology for the plan, then designing the pavement
structure with recycled scraping materials and proposing a
cost-effective construction option.

- Using ITS to manage large cities is urban transportation
infrastructure.

In light of the above-mentioned solutions, it is proposed
that relevant authorities and units promote the use of CIR
technology for urban roads in order to contribute to the
development of road surface quality and urban attractiveness.
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ABSTRACT:

In this paper, we present an effectively numerical approach based
on isogeometric analysis (IGA) for geometrically nonlinear
analysis of retaining walls. The geometrical nonlinearity is formed
in the total Lagrange approach; whereas, the material is linear
elastic. Deformations are large to use finite deformation theory.
The nonlinear equilibrium equations are solved using Newton-
Raphson method. [GA utilizes the same basic functions in
describing the exact geometry and constructing finite
approximation for analysis. The numerical results are verified by
checking the weight balance condition and validated by comparing
with some published experimental results. The numerical method
is a good tool to demonstrate the soil arching behind passive
retaining walls.

Keywords: Arching; Retaining walls; Isogeometric analysis;
Nonlinear analysis

1. INTRODUCTION

Apart from the active earth pressure problems, passive one
have cast a little attention from researchers in geomechanics.
Among such researchers, the theoretical works by Lee and
Herington (1972) have comprehensively elucidated the physical
behavior of soil behind a passive retaining wall with a downward
sloping backfill. However, this works looked over the earth
pressure distribution in the backfill at a certain height. With regard
to the mechanism of load transfer in the backfill of the wall, James
and Bransby (1970) has experimentally disclosed the trajectories of
compressive strain increment in the flat backfill and compared
with the theoretical direction of major principal stress proposed by

Sokolovskii  (1965). Nonetheless, the trajectory of most
compressive principal stress has not been revealed thus far. Hence,
this deficiency calls for further investigation to comprehensively
explain the mass transfer mecha-nism in the downward sloping
backfill of a passive wall.

This paper describes the application of a computer program
based on geometrically nonlinear isogeometric analysis where
plane strain retaining walls are simulated with the rotation at
the base to produce the passive failure causing the most
distinct arching. Isogeometric approach firstly proposed by
Hughes and coworkers (2005) fulfills a seamless bridge link
between computer aided design (CAD) and finite element
analysis (FEA). IGA uses same B-splines or non-uniform rational
B-splines (NURBS) functions in describing the exact geometry
of problem and constructing finite approximation for analysis.
Geometrically nonlinear analysis using IGA was studied by Tran
et al. (2015), where nonlinearity of plates was formulated in the
total Lagrange approach. Our paper applies the nonlinear
analysis to simulate the passive retaining walls within large
deformation and underlying soil material. The numerical results
and discussions are compared with the experiments measured
by Wiesner (2000).

2. MATERIALS AND METHODS

Geometrically nonlinear analysis based on isogeometric
analysis

Constitutive equation for a linear elastic body under the plane
strain condition is given below:

1-v v 0 &
XX xx ‘I
o, =L v 1-v 0 £, M
? (1+v)(1-2v) s !
Ty 0 0 *2 VIl

Where parameters E and v denote as the material properties,
i.e. Young's modulus and Poisson’s ratio, respectively. As consider
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large deformation, the strain vector is formulated in form of the
displacement fields according to the Green strain assumption as
a —
E=§g; +&,; , where & =U, V (2)

In which u and v are axial displacements along the horizontal
and vertical directions. And the linear and nonlinear strain
components are defined respectively as

u, a, 0
i o 1 a,
v , SNL 25 0 a | { } (3)

u,+v, a, a,

Then, the virtual work equation for a continuum is expressed
according to total Lagrange coordinate as

[ &edV = su'bdV+| su'fdQ (@)

Vv 14 Q ;

Where V is the undeformed volume and b reduces to a scalar of
by = X denoting the density of the sandpile while fs is the surface
tractions which is ignored in this study.

Herein, we prefer to solve numerically the problem via a weak

form equation (4) by using the isogeometric finite element
method (Hughes et al. 2005). With an open knot vector

E:{gl,gz,...,gmwﬂ}, which is a non-decreasing sequence of

parameter values ¢ €R',i=12,..,m+p, with m denoting the
number of basis functions,
functions ¢” (g) are defined recursively by using the Cox-de Boor

algorithm (Piegl and Tiller, 1995):

the uni-variate B-spline basis

5 - gi+ + _g -
# ()= =gt (o) 1S g (),
i+p i i+p+l i+l
L if ¢ <¢g<gy,
:0: 0 = ! i+ (5)
P 4 (<) {0 otherwise

In two dimension, the bivariate B-splines basis functions are
generated according to tensor product of two univariate B-splines

¢/ (¢)and ¢? () with polynomial degrees of p and q as below:
R (5)=¢/(s)9] ($) ©)
Based on isoparametric concept, the displacements are

approximated by a linear combination of the basis functions and
the unknown degrees of freedom in the form

u' =3 R (oM, )
=1

whered,z[u,,w,]rdenotes the degrees of freedom

associated to control point /.
According to the approximate displacement in (7), the
variation of the strain vec-tors denoted by O€ can be computed as

se=) B,5d, 8)
1

where the generalized strain matrix is a sum of two
parts B =B" + B)", which are named linear and nonlinear strain
matrices accordingly and obviously defined as

R 0 0
g0 & | Beo|o Ouis Oukii](9)
= o P ST S s ROSR

R R o o 'ty vV

Ly Ix 51 X

Inwhich &, is a Kronecker delta defined as
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1 if a=
8,5 = f s (10)
0 if a#pf
By substituting Eq. (8) into Eqg. (4), one can obtain the nonlinear
equilibrium equations after eliminating the arbitrary nodal virtual
displacement 6d, as

L
R(d) =) [Bjodx—F, =0 (amn
I o

where F; is the load vector

F=[R[0 7] aQ (12)

Q

The nonlinear equation (11) is solved iteratively by the
Newton-Raphson scheme in which the obtained solution is
updated by an incremental displacement given through the
following system of a linear algebraic equation:

K;Ad=-R (13)

where the tangent stiffness matrix is defined through the
partial difference of the residual force with respect to the

displacementas K, =0R/od .

The iteration is repeated until the difference between two
consecutive iterations reduces below a desired error tolerance,
e.g., 0.1%. For a detailed description of the solution procedure, one
can refer to Tran et al. (2016), Tran and Kim (2018).

3.RESULTS AND DISCUSSION

3.1. Physical mesh and boundary conditions

The physical mesh of the retaining wall is shown in Figure 1. Note
that the contact condition between the wall and soil is considered as
perfectly smooth with roller support and perfectly rough with hinge
support as displayed in Figure 1 a&b, respectively. The passive stress
state is promoted by imposing wall rotation about the bottom in
clockwise direction as shown in Figure 2.

4y

a) Rough wall
4ty

x/h

b) Smooth wall

Figure 1. Physical mesh and boundary conditions



With regard to the elastic stiffness parameters i.e. Young
modulus and Poisson ratio, this study refer to Girijavallabhan and
Reese (1968) whereby the value of Young modulus is reduced to
200 kPa and the value of Poisson ratio is selected for 0.3. The
magnitude of wall rotation is picked as A/h=5.4% to be
comparable with Wiesner’s experiment (2000).

3

1F

\:.\‘X\M
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0.6

04

0.2

JRE '

0 0.2 04 0.6 0.8 1 1.2 1.4 16
x/h

Figure 2. Imposing wall rotation at the wall base

3.2. Stress distribution behind retaining wall

The rectangular stress profiles at the base of the backfill
without wall rotation is shown is Figure 3. It is seen that in
stationary state, the vertical and horizontal stresses are humped
profile in which the largest value at the wall. On the other hand,
the maximum shear stress at a certain between the wall and the
slope. This charac-teristic of stress distribution is analogous to that
of beneath embankment resting on rigid base.

0.9 1
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

—o/th

Normalized stresses with yh

&)

Figure 1. Stress profiles behind retaining wall without wall rotation

Once allowing the wall to rotate inward the backfill with the
magnitude A/h=5.4%, the vertical and horizontal stresses are
dropped fiercely for both rough and smooth walls at shown in
Figure 4 and Figure 5, respectively. On the other hand, the wall
roughness also takes effect on the stress drop as the smooth wall
pro-motes more stress dip at the wall than that of the rough one.
The trait of stress distribution in the backfill under the wall rotation
is similar to that in the embankment subjected to base deflection
as studied by Booker (1969).

1 9
0.8
0.6
0.4
0.2 P jentie

0
0.2 1
-0.4 1
-0.6 1
-0.8 4

Figure 3. Stress profiles behind a smooth wall with A/h=5.4%

3.3. Soil arching behind a retaining wall

To elaborately elucidate the mass transfer mechanism in
backfill, the connected paths of most compressive principal stress
are plotted as shown in Figure 6 and Figure 7 in case of X/h=0,
X/h=5.4%, respectively. It is seen that the connected path is tilted
according to the rotation of the wall. As defined by Wittmer et al.
(1997), the soil arching has been pronounced with respect to the
wall rotation. In the other words, the soil arching is numerically
revealed in this study by showing the inclination of stress

propagation.
1 [ |

Normalized stresses with yh
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Figure 4. Trajectory of most compressive principal stress in soil behind a smooth wall

without wall rotation
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Figure 2. Stress profiles behind a rough wall with A/h=5.4%

Figure 5. Trajectory of most compressive principal stress in soil behind smooth and
rough walls with A/h=5.4%
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3.4 Comparison with experiments

The numerical results are compared with the experimental
results carried by Wiesner (2000). The vertical and shear stress
profiles in the backfill with value of A/h=0 are in very good
agreement with Wiesner’s solutions as demonstrated in Figure 8.
Furthermore, the fair agreements are also found for the vertical
and shear stress profiles with A/h=5.4% as shown in Figure 9 and
Figure 10, respectively. This tra-jectory of most compressive
principal stress is analogous with those appeared in James and
Bransby (1970), Sokolovskii (1965).

0.9 1 .
— Present solution: 6,,/yh

Present solution: t,,/yh
O Wiesner: o, /vh

e e 2
AN 3
1 1

O ©  Wiesner:t,, /vh

Normalized stresses with yh

0.5 -
04 -
03 -
0.2 -
014 B
0 === S - —0— -
0 0.5 1 15 2

x/h
Figure 6. Comparison of stress profiles oyy/yh and txy /yh behind retaining wall
without wall rotation Wiesner (2000)

1 - o Wiesner

Elastic rough wall
----- Elastic smooth wall

e o 2 2
(SO NS
L

) '

o e

~ N o
P

-0.6 1

Normalized vertical stress oyy/vh
S
oo

Figure 7. Comparison of stress profiles oyy/yh behind retaining walls with
A/h=5.4% with Wiesner (2000)
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Figure 8. Comparison of stress profiles txy/yh behind retaining walls with A/h=>5.4%
with Wiesner (2000)
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4. CONCLUSIONS

The numerical model has successfully solved the stress
distribution in the backfill of passive retaining wall. There are some
interesting traits could be named as follows:

- The wall rotation about the bottom inward the backfill has
promoted the soil arching in the backfill of a retaining wall.

- The stress drop accompanies with a significant shear stress
mobilization once the wall rotating has signified appearance of soil
arching. Whereas, the con-nected path of trajectory of most
compressive stress has disclosed the formation and the realistic
shape of the soil arching behind a passive retaining wall.
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ABSTRACT:

During the implementation of bridge projects in the Mekong Delta,
many risk factors caused by the climate change have appeared.
These risk factors directly and seriously affect the performance
of the entire project. This article focuses on identifying and
analyzing the risks of bridge projects in the area under the impact
of climate change. The author uses survey methods, consults
experts and regression analysis to clarify which risk factors are
the most dangerous, thereby proposing solutions to improve risk
management. The article will help bridge projects achieve better
efficiency, meet the criteria in terms of progress, cost and
quality.

Keywords: Bridge Projects; Risk management; Climate change

1.INTRODUCTION

Bridge projects were actively invested in the Mekong delta
region during the last decades. These projects play an important
role in the developing of the area. Besides, Mekong delta region is
assessed to be one of the regions greatly affected by the climate
change [1]. There is a closed relationship between the climate
change and construction projects. Therefore, the Vietnam
government expressed the serious interest in the sustainable
development of the area.

Facing the situation, there were numerous reputable authors
conducting researches related to risk management in construction
projects. However, these studies do not clarify the risk factors
formed by the climate change and the level of impact on
construction works. Therefore, the purpose of this article is to
identify the risk factors and analyze its influence to bridge projects
in the Mekong delta under the climate change. On that basis, the
research scope is bridge projects in Mekong delta region from the
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year 2000 to the present. Its practical values will be applied to

bridge projects and contribute to completing the risk
management system.
2. RESEARCH METHODOLOGY
Risk Risk Risk
Identification Analyzing Response

Figure 1. Risk management Process
Risk Identification:

From the project risk management process models above,
it can be seen that the first step in risk management efforts is
the identification of risk factors. According to Project
Management Institute PMI [2] “A risk factor cannot be
managed if it is not identified. That is why, the first step in risk
management is to identify all the risk factors that are relevant
to the project objective”. Risk identification is the systematic
and ongoing process of identifying, categorizing and
assessing the initial significance of risks associated with a
construction project [3]. To find out the risk factors, the
authors use these methods:

« Checklist: The authors conduct research on scientific works of
prestigious authors. These scientific works must be published in
journals or recognized by the national scientific council. Through
this method, a list of risk management will be found out.

- Past experience: The list above may not be suitable for the
real situation in Mekong Delta, so that the authors conduct surveys
of typical bridge construction projects in the Mekong Delta region.
Through the review of the project's past data and the actual
operation of existing projects to confirm the list and point out
more risk factors. By this method, the list of risk factors will be
reliable.

Risk Analysis:

Risk analysis is the calculation and measurement of the impact
of risk factors on the effectiveness of a special construction project



by using measurement techniques and risk analysis methods.
When analyzing risks, it is necessary to provide the level of impact
and the likelihood of that risk to come up with a solution to deal
with. The main input data of the risk analysis process is the process
of risk identification and risk classification. The probability and
impact of the risk factor are two important variables for risk
assessment.

The expert interview method is used in this step. A
questionnaire survey is sent to experts having intensive
knowledge in construction projects to measure the impact of risk
factors and its possibility.

In order to quantify the frequency as well as the level of risk,
the authors build a Likert scale. In general, the Likert scale
construction is used by assigning levels on an ascending or
descending scale. Likert scale is divided into two types, even
scale and odd scale. Even scale (4-point scale or 6-point scale) is
a scale without a neutral point that requires respondents to
choose between two groups of states agree and disagree, the
odd scale is a scale with a neutral score showing the state of
hesitation in answering (scale of 3, 5, 7 or 9 points). Although
the more detailed the scale, the more accurate it is, but at the
detailed level, it will be difficult for the respondents because
the degree of discrimination of the level states at the score
levels does not differ much. The authors use a 5-point Likert
scale because it both ensures reliability and does not cause
difficulties for respondents.

+ The measurement of the risk factor impact:

To assess the risk factor, Linkert scale is used with
corresponding score
Table 1. Linkert scale on risk factor impact
Score 1 2 3 4 5
Meaning | Trivial Little Normal | Great Serious
(@) Impact | Impact | Impact Impact Impact

« The measurement of the possibility:

To assess the risk factor possibility, Linkert scale is used with
corresponding score

Table 2. Linkert scale on risk factor Possibility

Score 1 2 3 4 5
Meaning | Rarely | Seldom | Occasionally | Often | Usually
®

The score of risk factor is counted by (a) x (8)
+ Experts involved in the survey:

After building a questionnaire with a scale evaluation
framework, it is necessary to determine the necessary sample size
to obtain reliable results. Theoretically, it is possible to calculate
the required number of samples based on the mathematical
formula, typically proposed by Fellows and Liu [4]:

z% » 52

T u—xe

In the above formula, we have: s is the standard deviation of
the sample; z is the value representing the required confidence,
with 95% or 99% confidence the corresponding value of z is 1.96 or
2.58. (1 -x) is half the width of the required confidence. However, in
practice, more specifically, under the conditions of this study, it is
not possible to determine the value of the standard deviation s
without data collection. Another commonly used method is based
on the experience of previous studies. Factor analysis requires a
sample of at least 200 observations (Gorsuch, 1983); while Hachter
(1994) suggests that the sample size is at least 5 times the
observed variable (Hair et al., 1998). According to Bollen [5], the
minimum sample ratio for a parameter to be estimated is 5
samples (ratio 5:1). The number of preliminary samples can be
calculated as 4-5 times the number of variables used in the analysis
of the study, especially the factor analysis. Given the nature and
objectives of the study, this study preliminarily determines the
sample size by 5 times the number of factors.

The participants in the survey must have more than five-year
experience in construction field with following positions:

1. Owner

2. Main Contractor

3. Sub-contractor

4.  Project Management
5. Design Consultant

3. RESULTS AND DISCUSSION

The questionnaire survey was sent to 50 experts in
construction field by email. The results were compiled using factor
analysis method. The result is showed in the table below

Table 3. The risk factor score

Eiglée Risk Element Impact | Possibility Score
R1 Sea level rising 4.75 4.28 20.33
R2 Heavy rain 334 3.68 12.29
R3 Flooding 4.16 1.35 5.62
R4 Temperature 4.27 244 10.42
R5 Saltwater intrusion 4.68 1.36 6.36
R6 Storm 4.49 1.25 5.61
R7 Erosion 3.37 2.69 9.07

Through the result showed in table 3. It is clear that the sea
level rising is the factor greatly influencing on the construction
projects, with the score of 20.33, followed by the heavy rain and
temperature, with the score of 12.29 and 10.42 respectively.
Besides, the erosion is assessed as a factor having considerable
impact. On the other hand, Flooding, Saltwater intrusion and
Storm were considered to have a strong impact on bridge works.
However, these risk factor rarely occur, this is demonstrated by the
score of possibility.
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Based on the result, the authors classify risk factors to three
groups: Dangerous risk factor, Medium risk factor, Low risk factor.

« Dangerous risk factor: Sea level rising

This factor is caused by the melting ice in two hemispheres.
Sea level rising results in the increasing of water level in the local
rivers. Experts argued that sea level rising affects projects directly
and indirectly. The bridge's clearance will have to be changed
during the design stage, a number of old bridges are no longer
operated efficiently. Sea level rise will cause old projects to be
upgraded and renovated.

« Medium risk factor: Heavy rain, Temperature, Erosion

Heavy rain and erosion caused difficulties during the
construction of the project, leading to the generated volume
during construction. Meanwhile, high temperature affects the
quality and working condition of building materials. These are all
risks with high frequency in projects.

. Low risk factor: Flooding, Saltwater intrusion, Storm

This group of risk factor seriously affect the project. All Experts
agree that Flooding, Saltwater intrusion, Storm are natural
disasters that adversely influence quality, schedule and cost.
However, these factors have a very low frequency of occurrence.

Compared with the studies conducted by Nguyen Ba Hoang
[1], Dang Trung Thanh [6], Luong Phuong Hop [7], the authors
have provided detailed evidence to explain the level impact of risk
factors which were pointed out by the previous studies.

3. RISK RESPONSES
« Dangerous risk factor

The risk that has the highest impact on the project is sea level
rising. This is a serious matter concerned by both nationally and
internationally managerial organizations.

The risk response solution is built on the basis that managers
have forecast information about sea level rising. This is the vital
data to come up with the appropriate solution. The authors
propose to use Geo Information Data (GIS) tool, GIS is a computer
system build to capture, store, manipulate, analyze, manage and
display all kinds of spatial or geographical data. GIS application are
tools that allow end users to perform spatial query, analysis, edit
spatial data and create hard copy maps. Through (GIS), the project
management can obtain scenarios of sea level rising, depending
on the level of risk tolerance that the manager will make to
respond to risks effectively.

Besides, in the preparing stage of the project, the design work
is complied with state standard. However, facing the changes in
sea level, the Ministry of Construction and the Ministry of transport
should conduct surveys and relevant input datas to make some
changes in the standard adapting to the situation.

« Medium risk factor:

The medium risk factor group includes Heavy rain,
Temperature, and Erosion. With Heavy rain and Erosion, when
constructing bridge projects in the Mekong Delta, contractors
must choose appropriate construction arrangement. When making
the construction schedule, it is necessary to pay attention to the
time of the rainy season in order to have feasible plans. Besides,
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the temperature factor will affect the preservation of building
materials. The management of materials on site will face more
challenges, so this work should be carefully calculated in
accordance with the environmental conditions.

The author recommends that, in order to adapt to climate
change and manage project risks better in the future, project
management boards need to be more aware of this issue. Risk
management should be carried out in a proactive and systematic
manner. In addition, the state's standards and regulations on
construction also need changes to suit new conditions.

4. CONCLUSIONS

Project risk management is an important issue contributing to
the success of the project. In the Mekong delta area. Risk
management is faced with problems related to climate change. To
improve the management efficiency of bridge projects in the area.
This article has been identified risk factors through research of
scientific literature and actual projects. On that basis, the risk
factors are evaluated by experts to classify according to the level of
danger.

Through the research results, bridge projects in the Mekong
Delta will have more references during the implementation
process. For the project management, the article will help the
project manager consider and come up with appropriate solutions
to the risks.
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ABSTRACT:

The problem of accidentally charging the land and rocks on the
highways along the hills or mountains is one of the dangers
affecting traffic when passing these roads. In recent years, along
with the development of science and technology in talus
construction. It has been limited to charge the landslide in these
roads. However, constructing these taluses depends on sail, land
conditions, rainfall, and runoff that is deployed suitable
construction method. Therefore, this study investigates the
methodologies of talus construction for the Keelung expressway
in Taiwan. These methodologies can be applied for topographic
expressways in Vietnam in general and the Mekong Delta in
particular.

Keywards: Anti-slip talus, landslide, expressway, Taiwan

1. INTRODUCTION

Landslides and rockfalls are two significant geological dangers
that can result in human fatalities as well as financial damages.
(Cao, Y., et al., Froude, M.J,, et al., and Wei, J,, et al.,). More roads are
being created for urban traffic as a result of growing urbanization
and infrastructure building, and talus roofs of varying widths may
be seen all along the expressways. Damage to these talus roofs will
cause traffic congestion and may result in significant societal
consequences (Rungiu, H.J.L.,, and Xing, H., et al.,). The deformation
characteristics and destructive processes of landslides have
become significant variables in slope stability evaluation and
reinforcement design, and the danger of landslides has become a
geotechnical topic of considerable concern (Petley, D., et al.,); Field
measurements of slope breakdown causes and deformation
characteristics (Sidle, R.C,, AJ. Pearce, and C.L. O'Loughlin). In order
to prevent the slope failure that can destroy the expressway,
stabilization measures are often required to build a slope suitable
to the geology and topography of each road. (Sidle et al.),
identified five natural factors that have the greatest influence on
the stability of colluvial slopes as soil properties, especially the
hydrologic and mineralogic conditions that affect engineering soil
behavior and strength properties of the colluvium;
geomorphology, including the geologic and tectonic setting, slope
gradient, and shape; hydrology, especially soil water recharge and

effective evapotranspiration rates that reflect local climate and
vegetation conditions; vegetative cover, including the reinforcing
effect of root systems and the loss of such strength hen roots
deteriorate following timber harvesting or fire; and seismicity,
especially the potential for liquefaction of marginally stable soils
on steep slopes.

Taiwan is a mountainous island with an area of 36000 km2. The
island is on the active collision zone between the Asiatic Continent
and the Luzon Arc, where the arc-continent collisions started in the
Late Miocene and are still vigorously taking place (Chai,
B.H.J.AJ.0.S, and Teng, L.S.J.T.). The island is also characterized by
active crustal deformation (Bonilla, M., and Tsai, Y., et al.,), frequent
earthquakes, typhoons and high erosion rates (Tsai, Y., et al., and
Dadson, S.J., et al.). Unfavorable topography and geology have
affected the construction, exploitation, and maintenance of roads,
bridges, and tunnels. Therefore, talus roof is an important solution
for highway construction in mountainous and coastal areas to
prevent accidental landslides and rockslides.

In this study, the types of talus built on the highway
connecting Keelung to Bitou park will be presented based on the
field observation image data. Direct observation data shows that
depending on the geology and topography of each area, there are
suitable types of talus to limit landslides that affect traffic on this
road.

2.STUDY AREA

The Keelung - Bitou expressway belongs Provincial Highway No.
2 (Figure 2), is 21km to connect an east-west of Taiwanese
highway that starts from Keelungand ends in Bitou (Figure 1). The
road goes over the eastern sector of the Wuchishan Mountain range.
Intense erosion and weathering process along the coastline has
created a cliffy topography of which the gradient ranges from 35° to
80°. The road is also prone to rockfall and large amounts of falling
debris have formed talus at the toe of the slopes (Wei, L-W,, et al.,).

- -

£

Figure 1. Generalize:d geologic map of Taiwa.ﬁ. (reduced from the 1: 250000-
scale geologic map of the (GS)
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Figure 2. Keelung — Bitou expressway

3. RESULTS AND DISCUSSION

3.1. Gabion retaining walls

Gabion retaining wall walls are multi-celled, rectangular wire
mesh boxes, which are filled with rocks and debris (see Figure 3). It
is used for prevention of erosion, rockfall . It is also used to stabilize
steep slopes. It is applied as a cooling system in hot climate
conditions and supplies passive cooling by air movement. Its
efficiency may enhance in the time since the vegetation fills voids
and strengthens the wall structure. Soil adjustments don't
negatively impact gabion walls, which is an advantage in regard to
stiffer structures (reinforced concrete walls). It is permeable and is
not ruined by passing water. The gabion basket dimensions are 2,0
x 1,0 x 1,0 m. Galvanized mesh has a hexagonal shape with the eye
sizeXxY=28,0x10,0 cm.

Figure 3. Gabion retaining walls

3.2. Cantilever retaining wall

Cantilever retaining wall composed of stem and base slab. It is
constructed from reinforced concrete, precast concrete, or
prestress concrete. Cantilever retaining wall is economical up to
height of 1.2m, thickness of base slab = (1/10 to1/14) of its height
(Figure 4). Its design bears sliding, overturning, and bearing
pressure of stream and small-rockslides. However, it is affected by
groundwater and subsoil water movements behind a retaining
wall, whether static or percolating through a subsoil, which can
have adverse effects upon the design and stability. It is built to
preserve the soil masses located at suddenly abruptly changing
elevation and provide lateral confinement.

Figure 4. Cantilever retaining wall

3.3. Hybrid Crib-Anchored retaining wall

They are constructed of interlocking individual boxes made
from cast concrete. Deep cable rods or wires are driven deep
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sideways into the earth, then the ends are filled with concrete to
provide anchor. It is suited to support planter areas, but it is not
recommended for support of slopes or structures. It is built by a
range slope of about 50° to 55° and its maximum length of 60 m
and up to 8 m to 9 m high. However, It is damaged by
groundwater level could lead to failure of the wall or an
earthquake event or the steep rock slope below the toe of the
retaining wall under seismic shaking. (Figure 5).
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Figure 5. Hybrid crib-anchored retaining wall

3.4. Rock Bolt (Nailing)/Anchor

The rock bolt is an anchoring technology, and the load of the
unstable rock mass in the surface layer is transmitted to the deep
stable position of the rock and soil body through the tension rod,
thereby realizing the stability of the rock mass to be reinforced.
Under the action of prestressing, the rock bolt is actively stressed,
and always provides resistance in the slope. To fix loose rock slope
or unstable rocks at original position. The work shall be adopted
for unstable rocks or unstable rock slope. Fractured or weathered
rock slope is not recommended to be applied the work (Figure 6).

Figure 6. Rock bolt (Nailing)/anchor

3.5. Hybrid protection wall - protection rock net - rock catch net

To fix unstable rocks at original position and to avoid fallen
rocks to reach a road, and To avoid fallen rocks to reach a road by
catching a fallen rocks from slope (Figure 7). In case that
countermeasure work is difficult to apply on the slope directly as
rock removal or protection rock net, the work can be installed as a
prevention measure. The work shall be adopted in case that the
unstable rocks cannot be removed because of the site conditions.
The work can be adopted on the slope where unstable rocks
distributed extensively on. Since the net shall be fixed by anchor
bolt on the slope, fractured or weathered rock slope is not
recommended to be applied the work. The enough space to catch
failed debris or rocks shall be required between slope and the wall.
The net shall not be expected to deal with large energy of fallen
rock. The target rock shall therefore, not be big rock or rock at high
slope. In addition, It is a passive drapery system designed to
control rockfall movement by guiding falling debris to a collection
point at the toe of the slope.



Figure 7. Hybrid protection wall - protection rock net - rock

3.6. Hybrid barrier wall - protection rock net

To avoid fallen rocks to reach a road, To fix unstable rocks at
original position (Figure 8). In case that countermeasure work is
difficult to apply on the slope directly as rock removal or
protection rock net, the work can be installed as a prevention
measure. The work shall be adopted in case that the unstable rocks
cannot be removed because of the site conditions. The enough
space to catch failed debris or rocks shall be required between
slope and the wall. Since the net shall be fixed by anchor bolt on
the slope, fractured or weathered rock slope is not recommended
to be applied the work. In addition, It is a passive drapery system
designed to control rockfall movement by guiding falling debris to
a collection point at the toe of the slope.

Figure 8. Hybrid barrier wall - protection rock net

3.7. Shed work

To protect a road from fallen rocks. The work can be adopted
for the slope where many unstable rocks or rockfalls are very large
in size which is difficult to deal with by other measures are found.
This work is usually used for large-scale rockfall. The shed work has
a capacity of bearing against falling rock energy. Estimated falling
rock energy shall be examined in the design stage of the work
(Figure 9). The shed work has a capacity of bearing against falling
rock energy. Estimated falling rock energy shall be examined in
design stage of the work.

Figure 9. Shed work

3.8. Tunnel - Route shift

To avoid problematic road section by shifting route. The work
can be adopted for the road section which cannot be dealt by
other countermeasure because of site condition or economical
comparison (Figure 10). The availability shall be determined
according to not only topographical and geological conditions,

but economical or political planning also.
oy - :

iy e - N
Figure 10. Tunnel -Route shift

4. CASE STUDY FOR HIGHWAYS IN MEKONG DELTA

The Mekong Delta consists of 13 provinces/cities, accounting
for 12.3% of the national area, currently has 174 urban centers. The
region's urbanization rate is about over 31%. The Mekong Delta
has faced problems such as temperature rise, sea-level rise, ground
subsidence, floods, drought, and salinization that occur frequently.
With unfavorable geological and hydrogeological conditions, the
construction of an infrastructure system in the Mekong Delta is a
significant challenge for the development of technical
infrastructure.

According to the highway planning in Mekong delta to 2030
indicated that there were five expressways and nine national
highways will be constructed and upgraded (Figure 11). The
expressways include MyThuan- CanTho with 32,3km long, Cantho-
CaMau with 150km long, NgocHoi - ChonThanh - RachGia with
864km long, ChauDoc-CanTho-SocTrang with 200km, HaTien-
RachGia-BacLieu with 225km long; and the national highways
include national highway number 11 with 80.9km long, national
highway number 61 with 44.3km long, national highway number
63 with 11.4km long, national highway number 80 with 183km
long, national highway number 91 with 192.7km long, national
highway number 91B with 15.8km long, national highway number
91C with 35.5km long, national highway number 91B with 15.8km
long, N1 with 106.3km long and HoChiMinh trail with 301km long.
With the transport infrastructure network that will be deployed the
next time, it will face landslides and rockfalls for the roads
connecting to areas in the mountains of AnGiang and KienGiang
provinces. Therefore, when constructing expressways and national
highways in these areas, some methods of anti-slip talus to
prevent landslides/rockfalls should be implemented in accordance
with the terrain that the roads pass through.
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Figure 11. Planning of Highways in Mekong Delta to 2030
(Source Ministry of Vehicle and Transportation)

Predicting the causes of landslides on highways in the Mekong
Delta region and taking preventative measures:

- The cause of the landslide:

+ Landslides caused by local instability are common in
residential neighborhoods along the road, where residents have
self-organized to deepen the slopes, creating a vast surface area
flat enough to build a road at the foot of the hill. Landslides will
occur in the most adverse conditions, such as extended rain and
active groundwater, and the landslide will bury the households
residing at the foot of the slope;

+ Landslides happen when the hillside soil becomes saturated
with rainfall; they frequently happen in locations where people live
primarily by farming and build their homes on the slope or at the
bottom of the hill, with agricultural fields above. These highland
pastures are frequently irrigated and cultivated with water from
streams. When the hillside soil mass becomes saturated with
water, a sliding block will form and slide down, burying the
residents below.

- Landslide prevention methods:

+ The paper also offers two types of materials that are often
utilized in landslide prevention strategies within the area of this
paper is research. Stone Carpet, anh Nonwoven Geotextile, or High
Strength Geotextile are examples of Gabion Materials.

+ These materials are commonly used for
embankments and have the following features:

Installation is simple and quick, which means you'll save
money by cutting down on construction time.

Flexibility in form and design, making it appropriate for a
variety of tough terrains.

Even in regions with complicated geology, a gravity retaining
wall structure block, or a Taluy roof with an extraordinarily steep
slope, is technically sensitive and resistant.

Gabion is used in conjunction with Geotextile to alleviate the
problem of "breathing soil" drainage or soil wall anchoring.

As vegetation grows on it, anchor gabion, paired with huge
mesh mats with a thin structure, prevents soil washout for a long
period.

landslide

5. CONCLUSIONS

The highway connecting the residential area of Keelung to the
tourist area of Bitou in northwestern Taiwan is one of several
routes that traverse complex terrain. Therefore, in order to
minimize landslides and falling rocks, the construction design has
deployed 8 types of anti-slip talus on this route. These construction
methods are also a useful reference channel for the design and

10.2021 | ISSN 2734-9888

construction of expressways and national highways in the Mekong
delta. The types of anti-slip talus will help the roads to limit
landslides, reduce traffic congestion and maintenance costs in the
future.
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Synthetic modeling of EM34 in detecting the

shallow clayey layer in aquifer system
Xay dung ma hinh tong hop dé danh gia phuong phap EM34 trong vigc nhan dién tang sét

nang cla he thdng tang chira nudc
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2 Faculty of Geology and Petroleum Engineering, HCMUT
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TGM TAT:

Vigc thu thap thang tin vé céc lap sét la rét can thigt vi cac |ap
sét co thé dang vai trd quan trong trong viec béo vé céc ting
chira nudc nong khai su nhiém bén tir bé mat. EM34 1a mat trong
nhig phuong phép dia vat Iy don gién bing cach ap dung
nguyén Iy dién tir dé doc truc tip va nhanh chong da dan dien
bigu kign dudi bé mat. D€ danh gia kha ndng nhan dién sét coa
phueng phap EM34, tdng cong 42 ma hinh tdng hop da dugc xay
dyng tai cac do sau va do day khac nhau cia lop sét dat nam
giita cac |op cat. Cac ma hinh nay dugc chuyén thanh di ligu va
them nhiéu ngéu nhign 2%. sau do dugc minh gidi theo quy trinh
béng cach sir dung phan mém IXID. Tir vigc so sénh cac ma hinh
tdng hop va cac ma hinh sau minh gidi cho cac ket qua tiém nang
rang phuong phap EM34 ca thé nhan dign tdt da day va da sau
cia lap sét ndng nam tir bé mat dén da sau 30 meét. Tuy nhién,
viec vac tinh do dan dign coa dat sét va su hien dien cia sét
dudi do sau 30 mét dugc coi la kem hon. Mot tuyén do thyc dia
d thyc hign vai tang cang 47 diém dugc minh gidi vai ket qua
hai |ap cho théy su thay ddi dia chét cia dét sét dudi bé mat vai
s hién dién rd rang cia mat "triing” sdu. So sanh ket qua coa
dit ligu thuc dia vai ma hinh tdng hop cho thay ca van dé vai do
chinh xac cia EM34 ddi vai lap sau. Ma hinh ting hop chi ra réng
EM34 ca thé duge sir dung tdt dé khao sat cac thanh tao sét & do
sau nang (tr 0 dén 30 mét)

Tir khda: EM34, phuong phap dign tir thai gian, xac dinh lap sét,
mad hinh tdng hop.

ABSTRACT

It is essential to get information on clayey layers, which may play
a significant role in protecting shallow aguifers thanks to their
low hydraulic conductivity from surface contamination. One of the
simple geophysical instruments is EM34 which applies the
electromagnetic principle to read directly and quickly the
apparent electrical conductivity of the subsurface. To evaluate the
EM34's detectability of clay, a total of 42 synthetic models were
built at different top depths and thicknesses of clay between sand
layers. Synthetic models were then transferred and added 2%
random noise and interpreted followed to a procedure by using
IXID software. The comparison of synthetic models and new
interpreted models gives potential results that EM34 is well able
to detect the presence (the thickness and the top depth) of the
shallow clayey layer from the surface to 30-meter depth.
However, the estimation of clay's conductivity and the presence of
clay under 30-meter depth are worse regarded. A field survey
carried out with a total of 47 soundings was interpreted with a
two-layer solution revealing a lateral geologic change of clay in
the subsurface which shows an obvious presence of a deep
“valley". The comparison with synthetic modeling indicates a
problem with the accuracy of EM34 for the deep layer. The
synthetic modeling suggests the EM34 is well taken for surveying
clayey formations at shallow depth (from 0 to 30 meters).
Keywords: EM34, Frequency Electromagnetic Method, Clay
detection, Synthetic Modeling.
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1.INTRODUCTION

In sedimentary aquifer systems, the clayey layer plays an
important role in offering a protection to the underlying aquifer
from the surface contaminants which can infiltrate through the
ground, such as, pesticide, fertilizer and other chemical pollutant
from domestic uses. The clayey overburden which is characterized
by a good lateral continuity provides a good protective capacity ©.
A small presence of a discontinuity in the clayey layer can facilitate
the infiltration of pollutants into the aquifer. As a result, it is
essential to get information on clayey layers, which may play a
significant role in protecting shallow aquifers thanks to their low
hydraulic conductivity that acts as a “barrier” to vertical fluxes.
Fortunately, terrain conductivity meter (EM34) which is a simple
electromagnetic method allows the operator can read directly and
quickly the apparent electrical conductivity of the subsurface.

Between the considerable amount of geophysical literature
dealing with FEM technique, most of them used one of the best
equipment available in the world, the EM34 (Geonics Ltd., Canada).
Bartolino and Sterling (2000) have employed electromagnetic
surveys (TDEM and EM34) to provide the presence of clay-rich
layers in alluvium for quantifying the amount of water transmitted
between aquifer systems that EM34 is used at a second phase in
order to determine the distribution of hydrologically significant
clay-rich sediment in the inner-valley alluvium. Triantafilis and
Lesch (2005) have used Electromagnetic induction (with EM34) as
an alternative method for providing spatial distribution of bulk soil
average clay content to a depth of 7 m instead of geostatistics.
Burrell et al. (2008) has used EM31 and EM34 conductivity data to
map the current and old stream channels and to determine the
thickness of the stream sediments and the geological formation.
Zogala et al. (2009) carried out EM31 and EM34 surveys for the
investigation of oil-contaminated soils in a former underground
fuel base at Borne Sulinowo, NW Poland. Triantdfilis and Buchanan
(2010) used EM34 surveys to map the spatial distribution of saline
subsurface material to assess salinity hazards and manage
environmental problems. With the possibility of mapping terrain
conductivity rapidly; furthermore, the sample volume is averaged
in such a manner as to yield unexcelled resolution in conductivity.
The EM34 is employed in a variety of investigations and this
potential equipment can be applied in this study.

Electromagnetic (EM) soundings are commonly used in the
exploration of several resources in terms of hydrogeological and
environmental studies . The EM soundings are normally used to
map structures or variations in lithology, and delineation of
resources. Moreover, EM soundings are also used in engineering
studies to determine material properties of rock or indicate
conductive features, anomalies. EM soundings are theoretically
made to determine the electrical conductivity, which is the inverse
of electrical resistivity, of the subsurface with depth. The
frequency-domain electromagnetic method (FEM), especially,
EM34 instrument measures the apparent conductivity of the
underlying earth by changing both parameters: intercoil spacing
and dipole orientation. After the measurements, the measured
conductivity soundings are interpreted into a multilayer system for
confirming the presence of a clayey layer (high conductivity layer)
at shallow depth by using IX1D software. This work is known as
Inversion Modeling in which the multilayer parameters: the
electrical conductivity and thickness of each geologic unit are
calculated from a raw dataset of the measured apparent
conductivity. In contrast, Forward Modeling is able to compute the
apparent conductivity instrument readings given a known
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geological model with the thickness and electrical conductivity of
subsurface units.

In this study, the primary objective is using synthetic modeling
to check the interest and limitations of the FEM technique and
answer whether FEM, specifically EM34, can detect effectively
shallow clayey layers when applied in a particular subsurface
environment. The theory of the FEM method and the principle of
EM34 is demonstrated in section 2. The way how to perform
numerical modeling will be described in detail in section 3. After
that, the results aggregated and evaluated in EXCEL in section 4.
Then a field data interpretation and comparison is presented in
section 5 to apply the synthetic modeling work into a practical
field test. Some conclusions about the efficiency of EM34 in clay
detectability are stated at the end of this study.

2. METHODOLOGY

Electromagnetic sounding methods include natural-field
methods such as Magnetotelluric (MT) and controlled-source
induction methods which generate the electromagnetic field in
which the frequencies are low enough (low induction number)
that the measurement distance is less than the free-space
wavelength. In this study we use the controlled-source induction
method, which is frequency domain electromagnetic induction or
FEM method. Theoretically, while FEM measurements made at
large source-receiver separation are influenced by deep layers,
shallow layers affect the measurements made at small separations.
Hence, a set of such measurements made at various spacing
contains data corresponding to the variation of conductivity with
depth which is the fundamental working of the FEM method. In
this study, the FEM survey was carried out by using EM34 which is
a simple-to-operate, cost- and time-effective instrument from
Geonics.

Basically, the alternating current through the transmitter coil
generates a primary magnetic field which induces a small current
in the earth. The secondary magnetic field (Hs) which is sensed
with the primary field (Hp) is received by the receiver coil. The
secondary magnetic field is a complicated function of the
operating frequency f, the ground conductivity r, the intercoil
spacing s. Under a certain constraint “low induction number”, the
secondary magnetic field function is reduced to a simple
expression which is linearly proportional to the ground
conductivity. These constraints are incorporated in the design of
the EM34-3 whence the secondary magnetic field is shown to be:™

Hy iwu,os?
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where

Hg = secondary magnetic field at the receiver coil

Hp, = primary magnetic field at the

w = 2xf with f = frequency (Hz)

U, = permeability of free space

o = ground conductivity (mS/m)

s = intercoil spacing (m)

i=+v-1

In an inhomogeneous environment which the Earth is not
assumed to be horizontally stratified. If Hs/Hp is given, the
apparent conductivity indicated by the instrument is defined from
the equation as:
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At the beginning of the profile survey, make an initial set-up
with the instrument EM34, such as, connect cables to the
transmitter and receiver console, check battery indicator,
electronic nulling to remove any offset in the output circuitry.
Then, the procedure of taking a measurement at one station
includes 5 main steps. First of all, the transmitter operator stops at
the measurement station then the receiver operator moves the
receiver coil backwards or forwards until his meter indicates
correct intercoil spacing. Secondly, at the transmitter console, the
operator turns the switch ON and adjusts the certain parameters
which we want to investigate, such as the intercoil spacing (10m,
20m or 40m) and the sensitivity of the measurement (High/Low).
Afterward, the receiver operator reads the average value of the
resistivity from the console of the receiver and writes it in a
prepared sheet. Measurements at each station are made in both
the vertical and horizontal dipole position to give an indication of
the conductivity variation. As a result, when the first coil
orientation (such as HMD) operation is finished, the operators of
two coils change coil orientation to the other (VMD). The value of
conductivity is read and recorded again in a sheet, then they move
the instrument to the next station. The location of the center
between two coils contemporarily is obtained from a GPS
instrument by another operator at each station. The UTM
(Universal Transverse Mercator) coordinate is recommended to be
used in the measurement because the meters’ base unit of UTM
coordinate makes conversions and measurements easier and the
system is convenient for mapping small profiles. Each station
normally takes approximately from 20 to 30 seconds for both
dipole modes HMD and VMD. This workflow is the same for all next
station points.

3. NUMERICAL MODELING
The workflow of synthetic modeling is simply described as a
followed diagram:

Create
Synthetic
Model

(SMO0)

Compare
Transfer 1o Add random I 4

. Synthetic Data noise
(SD00) (SDmo0)y

New
P
Mode| and

1
With Start
. Model . Synthetic

(IM00) Model

Figure 1 The simple workflow of synthetic modeling

SYNTHETIC MODELING WORKFLOW
“The detectability of a clay layer 10 meter thick at different depth”

Create Synthetic Models
5w ow om s

Transfer to Synthetic Data

Interpretation
Using IX1D Software

Figure 2 The synthetic modeling workflow for detecting shallow clayey layer with 10
meter thick at different depths

Initially, a variety of synthetic models were built to approach
the intention of synthetic modeling. The synthetic modelling aims
to answer a typical question as: “Is EM34 able to detect a clay layer
of various thicknesses at various depths?”. A synthetic model (SM)
essentially consists of the thickness and electrical conductivity of
component units. Firstly, synthetic modeling of EM34 was
conducted based on the resistivity ranges obtained from the
borehole log database and direct electrical resistivity

measurement at some outcrops. The standard tabular model is set
up as base geometries by increasing the depth and thickness to a
clayey layer between sand layers. The typical resistivity or
conductivity for each component layer is also defined respectively
20 Om or 50 mS/m for clays and 200 Qm or 5 mS/m for sand. These
resistivity values are measured averagely and observed from the
borehole log database near the second EM34 survey line and an
additional resistivity database from the outcrop at the first EM34
survey line.

The clayey unit thickness which needs to be tested was
formerly determined from thin clayey layer 0.5 meters to thick
clayey layer 20 meters: 0.5 m; 1 m; 3 m; 5m; 10 m; 15 m; 20m. The
increasing depth of the clayey layer is at the surface (0 m); 3 m; 10
m; 20 m; 30 m; 50m. Thus, there are 7 thicknesses and 6 depths of
clayey layer which need to be tested in this synthetic modeling
section. Therefore, a total of 42 synthetic data sets created from 42
synthetic models is named from SDO1 to SD42. For instance, the
SM14 structure represents a 20-meter thickness of clayey layer
bounded by a top 3-meter thin sand and sand substratum and its
conductivity value ranges from 5 mS/m (200 Qm) to 50 mS/m (20
QOm) and 5 mS/m (Qm) respectively. All the geophysical synthetic
modeling was carried out with the use of the IX1D software to
generate 6 synthetic apparent conductivity values of VMD and
HMD of 10-meter, 20-meter, 40-meter for each synthetic model. A
total of 252 synthetic data points (VMD-10, VMD-20, VMD-40,
HMD-10, HMD-20, HMD-40) are shown in Table1 from 42 synthetic
models. Subsequently, 2% of random noise was added to synthetic
data to take into account more realistic field conditions. It's then
named from SDn01 to SDn42.
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Figure 3 All 42 synthetic models with increasing in depth and thickness of clayey layer

The inversion procedure of EM34 synthetic datasets were also
carried out using the IX1D-EM Conductivity Sounding section
which considers a 1D horizontal model. The loading procedure of
raw datasets into IX1D software is represented in Appendix. From
the raw dataset, a prior model is created manually based on the
apparent conductivity figuration and it's called the “Starting
Model” (StM). There are then repeated steps that the interpreted
model’s data is minimized closely to the raw data in order to get
the best fit result. To select the suitable StM for inversion of each
synthetic dataset, the comparison depends on two factors: the
fitting error value and the similarity of the result, i.e. the
“Interpreted Model”, IM, to the original synthetic model SM.
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The first model, StM1, based on the increasing or decreasing of
conductivity data against the intercoil spacing increase of HMD or
VMD measurement. The interpretation of StM1 with every simple
dataset is used when there is no information about the geology of
subsurface or any additional geophysical data, and it is also a
useful model for the beginner of EM34 interpretation. It is
proposed that when 6 data points (VMD and HMD) or 3 data points
(VMD/HMD) show an increasing pattern of apparent conductivity
with penetration depth, the model structure of the StM will also
have 3 three layers which are increasing conductivity with depth
and vice versa. The conductivity value of each layer in the model is
chosen equal to the apparent conductivity from the dataset. For
example, the first model StM1 of a slight decrease of apparent
conductivity with depth can be 5-meter thin layer (50 mS/m) at the
surface, a thick layer (5 mS/m) at the bottom, and a 15-meter layer
(with a middle value between 5 mS/m and 50 mS/m, such as 27
mS/m) in the middle. The second StM2 model based on the
presence of a clayey layer at shallow depth according to the
objective of this study. This consists of a top 5-meter unsaturated
sand (5 mS/m), 15-meter clayey layer (50 mS/m), and a saturated
sand layer (15 mS/m) at the bottom. As a result, the model StM will
be similar to field conditions and have a better capability to detect
clay zones or clayey layers.

Some SM models are chosen within 42 SM models to apply two
StM models in the interpretation for selecting the best starting
model. The selected StM model will be applied for all SM models.
Some SM models are compared with their new IM models
produced using successively StM1 and StM2 with two multiple
iterations. Two multiple cycles of iterations are indeed enough to
obtain a convergence of the RMS to a stable minimum value. The
results indicate that the StM2 models will effectively give a better
fit and close interpreted models which reveal a presence of clay
than StM1 models. Subsequently, the best starting model StM2 is
described as a 15-meter thick clay with the conductivity of 50
mS/m (20 Om) bounded by a top 5-meter thick unsaturated sand
(5 mS/m or 200 Om) and saturated sand (15 mS/m or 66.6 Qm).

The interpreted models are obtained by the inversion with the
StM2 for the 42 synthetic datasets with a constant number of
multiple iterations. The interpreted results were considered
acceptable when the root mean square factor (RMS) of fitting error
between raw data and calculated data is less than 1.5% due to 2%
noise factor. In addition, the preliminary interpretations of all
datasets have significant 1st and 2nd RMS values. Therefore, we
decided to increase the number of multiple iterations at 3 instead
of 2, that means the inversion will be stopped at the 3rd multiple
iterations with the start model in order to get the interpreted
thickness and conductivity range value of geologic units from each
dataset. The workflow of synthetic modeling summarized below
describes the procedure of evaluating the detectability of a 10-
meter thick clay layer at different depths (at surface, 3m, 10m, 20m,
30m, 50m).

4. RESULT

The inversion of 42 synthetic datasets commonly result in a
three-layer structure which consist of electrical conductivity (EC1)
and thickness (T1) of first layer, electrical conductivity (EC2) and
thickness (T2) of second layer, and electrical conductivity (EC3) of
third layer 2. Occasionally, if the EC of a layer is approximately EC
of an adjacent layer, we decide to give a two-layer solution. The
new layer is a layer whose thickness is the sum of two thicknesses
and the electrical conductivity is the average EC value of both
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layers. From 42 interpreted models, the preliminary evaluation of
the clayey layer is carried out and the electrical conductivity, the
thickness of the clay layer, and the depth to top of the clayey layer
are gathered in EXCEL file in order to make different comparisons
between interpreted clayey layer and synthetic clayey layer.
Results showing various responses of EM34/FEM in detectable
clayey layers are presented below.

Companison of True Thickness & Intepreted
Thickness of Clayey Layer with EM34

"

Interpreted Thickness (m)
N
b

True Thickness (m)

Figure 4 Comparison of true thickness and interpreted thickness of clayey layer

The first graph shows the comparison between the interpreted
thickness and true thickness of clayey layer at different true depth
of clayey layer. While the horizontal axis is the true thickness of the
clayey layer in meters, the vertical axis is the interpreted thickness
in meters. Different line’s colors illustrate the true depth of the top
of the clayey layer in meters: at surface (Om), 3m, 10m, 20m, 30m,
50m. The red dash line with the coefficient 1 which means that the
true thickness is equal to the interpreted thickness or the EM34
method is able to quantify the thickness of the clay. It is clear from
the chart that clay is not detectable at the 30-meter (blue) and 50-
meter depth (green). For example, the interpreted synthetic model
of clayey layer at 50-meter depth firstly indicates that there is no
layer of roughly 50mS/m and an infinite thickness layer of clay at
=32 mS/m if clay’s conductivity is assumed to be nearly 20mS/m.
Moreover, the thickness of a clay layer situated at depths of 10 and
20 meters is systematically overestimated by approximately 50%.
At the depth at 3 meter and at the surface, the interpreted
thickness is roughly the same as the true thickness but when the
clayey layer is thicker than 10 meter, the method is slightly
underestimated. As a result, the method can detect the shallow
clayey layer's thickness which coincides with the interpreted
thickness. In particular, for clayey layers which are thin or thick in
the first 10 meter, its thickness is very well defined and if the clay is
situated deeper from 10 to 20 meter, its thickness is slightly
overestimated, and this confirms that shallow clayey layer is well
detected by EM34,

Comparison of True Depth & Intepreted Depth
of Clayey Laver with EM34

Intepreted Depth (m)

True Depth (m)
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Figure 5 The comparison of true depth and interpreted depth of clayey layer



The second graph was established to evaluate the efficiency of
the EM34 method in detecting the top depth of a clayey layer. This
line chart compares the interpreted top depth in terms of true top
depth of clayey layer at various true thickness. The horizontal axis
represents the true top depth of the clayey layer in meters, and the
vertical axis is the interpreted top depth in meters. A wide range of
line’s colors illustrate the true thickness of the clayey layer in
meters: 0.5m, Tm, 3m, 5m, 10m, 15m and 20m. The red dash line
with the coefficient 1 meaning the true top depth is equal to the
interpreted top depth of the clayey layer or the EM34 method is
able to effectively quantify the top depth of the clay. It can easily
be seen that as the clayey layer is thinner, the method cannot
detect the presence of the clay at lower depth. Additionally, the
interpreted depth is slightly equal to true depth from 0 to 30 meter
and the result is strongly underestimated when the clayey layer’s
top depth is over 30 meter. Eventually, the EM34 method is able to
detect efficiently the depth to the conductive substratum (clayey
layer) up to 30 meter.

Comparison of VMD & HMD with 5 Thick
Clayey Layer with EM34

Apparent Conductivity (mS/m)

True Depth (m)

Figure 6 The comparison of VMD and HMD data with 5-meter thick clayey layer

The third line chart represents the comparison of synthetic
apparent conductivity data of a 5-meter thick clayey layer between
VMD and HMD of 3 three intercoil spacing at different depths.
While the vertical axis indicates the synthetic apparent
conductivity data in mS/m in the range from 2.0 to 32 mS/m, the
horizontal axis shows the contribution of true top depth of the
clayey layer to the dataset in meters. The different colors of solid
lines represent the horizontal mode dipole’s data of 10-meter, 20-
meter, 40-meter intercoil spacing, and the dash lines are
conversely vertical mode dipole’s data. This line chart initially
illustrates the fact that the sensitivity of the method is the best
between 0-meter and 10-meter depth of the clayey layer because
of the difference in apparent conductivity data of components:
VMD and HMD.

Moreover, if the clay is situated between 10 meter and 30
meter, it still shows a sharp difference between VMD and HMD.
However, the difference between values of VMD and HMD is very
small when the top depth of the clayey layer is lower than 30
meter. As can be seen from the Figure 7 which describes more
detail with small-scale or apparent conductivity data, if a deep clay
is from 20 to 30 meter, the EM34 method has to measure the
apparent conductivity data from 4.5 to 7 mS/m but the variation of
noise is very high in the field. Subsequently, it's difficult to get data
and interpretation of deep clayey layers because the range of
apparent conductivity is very small. Hence, the method needs to
measure good data and limit the noise effect in order to be able to
obtain the possibility of interpretation of deep clay.

An additional fifth line chart is made to compare between the
interpreted conductivity and true conductivity of clayey layer at
different thickness and true top depth of clayey layer which means
to check the detectability of correct conductivity value of clay. The

horizontal axis is the true thickness of the clayey layer in meters,
the vertical axis is the interpreted electrical conductivity of the
clayey layer in meters. Different line’s colors describe the true top
depth of the clayey layer in meters: at surface (Om), 3m, 10m, 20m,
30m, 50m. The red dash line with the interpreted conductivity of
clay is 50 mS/m which means that the interpreted conductivity
coincides with the true conductivity of clay or the EM34 method is
able to effectively quantify the electrical conductivity of the clay.
The clay is truly interpreted as the true value of conductivity or
resistivity when it’s well defined that the clay is more than 5-meter-
thick and close to the surface from 0 to 3-meter depth. If the clay is
deep, the conductivity is strongly underestimated.

Companson of VMD & HMD with 5 Thick
Clayey Layer with EM34

Apparent Conductivity (mS/m)
|

True Depth (m)

Figure 7 The comparison of VMD and HMD with 5 meter thick clayey layer with EM34
in the range apparent conductivity from 3 to 7 mS/m
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Figure 8 The comparison of interpreted and true conductivity of clayey layer

In general, although the EM34 method is not chosen for good
estimating conductivity value of clay, it's well able to detect the
presence: the thickness and the top depth of shallow clayey layer
from surface to 30-meter depth. In contrast, the inaccuracy and
uncertainty of the EM34 method moderately increases with depth
when the clayey layer is situated deeper than 30 meter.

5.FIELD EXAMPLE

Figure 9. A general view and location of study area in Google Earth showing the
profile EMLINET contains 47 data stations.

In this study, an example of field survey is presented to
illustrate the efficiency of EM34 and to compare with synthetic
modeling statements. The survey EMLINE1 was carried out at a
large paddy field in Cu Chi area, Ho Chi Minh city and near Saigon
River where it is convenient to take a sounding measurement with
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all 10, 20 and 40-meter intercoil spacing. The profile ranges
approximately 1,170 km long with 47 soundings (from
EMO1..EM39, EM41, EM43, EM45, EM47, EM49, EM51, EM53, EM55)
which are 20 meter separately. Moreover, the location does not
appear a strong effect of noise due to the absence of nearby
powerlines or metallic overburden objects. Although some fittings
do not comply with an acceptable RMS of less than 5% because of
the discrepancy of HMD and VMD fitting in the interpretation, the
data is acceptable due to the calibration of the instrument EM34.
The data is demonstrated in a graph of measured conductivity
(apparent conductivity) and effective depth which is correlated
with the selection of intercoil spacing and coil orientation in figure
below. The purple square marks show the HMD (vertical coil) data,
while the blue ones are the VMD (horizontal coil) data.

EMLINE] Tin

1 1K

Figure 10 EM34 field data and interpreted result (2D model) of EMLINET survey,
respectively showing (A) the presence of “valley”; (B) intermedia depth of clay at roughly
30 meter

Along the profiles, there is no evidence of shallow clayey layers
(0-15-20 m). We know from the synthetic modelling that this range
of depth is the highest range of sensitivity of the method, so we
can have confidence in this result. The section can be divided into
two segments A (530m to 1,030m) & B (the other distances).
Segment A & B both contain conductive substratum (blue zone)
underlain by a resistive layer (orange zone). Segment B situated at
the edge of the section is a total of 670m long. It shows that there
is a clayey layer that has a top depth of approximately 30 meters
and does not change much laterally. However, the top depth of
clay is nearly 40 meters at a distance of 350-meter distance.
Segment B has a light blue color which indicates the lower
conductivity of clay nearly 30 mS/m. In contrast, segment A shows
a deeper clayey substratum and has a pattern of a valley. This
“valley” has the deepest top depth of clay is nearly 75 meters at an
845-meter long distance. However, the conductivity value of clay is
very high, roughly 100-200 mS/m, but the conductivity value of the
upper resistive layer remains constant in range from 2.5 to 3.7
mS/m similar to segment A. Some attempts in fixing the
conductivity value in segment A at lower value (30-50 mS/m) have
been done and the results are showing that the top depth of the
clayey layer is more shallow (50-65 m) than the old result, but the
RMS value increases from 4 to 6%.

These results are then compared with the synthetic modeling
to examine the effective range with the FEM method and to
answer whether these results are potentially accurate concerning
the real subsurface. At segment B, the top depth of the clayey layer
is approximately 30 meters and it can be trusted to be slightly
equal to the true depth in real subsurface because EM34 effectively
detects conductive substratum at this range of depth. However,
the conductivity value of clay is underestimated at this depth,
which means the true electrical conductivity has a much higher
value than the interpreted value (27-31 mS/m). The “valley” at
segment A is considered to be not a good result according to
synthetic modeling conclusions. The top depth and electrical
conductivity of the clayey layer at this segment is very deep (from
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40 to 80 meters) which the method gives a strongly poor
estimated result at the range over 30-meter depth. As a result,
segment B should provide a better result than segment A in terms
of electrical conductivity and top depth of clay.

6. CONCLUSIONS

It is essential to get the information of the presence of shallow
clayey layers for checking the continuity of clayey overburden the
aquifer system from infiltration of surface contaminants. The EM34
instrument which applies frequency electromagnetic method is
selected to make an experiment because it can measure directly
the apparent electrical conductivity of the subsurface. This
instrument is a cost-effective and not a time-consuming
geophysical technique for make a sounding or mapping in the
field. A total of 42 synthetic models were built at different top
depths and thicknesses of clay between sand layers to test the
efficiency of EM34 in detecting the accurate presence of the
shallow clayey layer. In the workflow, synthetic models were then
transferred and added 2% random noise and interpreted followed
to a procedure by using IX1D software. The comparison of
synthetic models and new interpreted models emphases that
EM34 is well able to detect the presence (the thickness and the top
depth) of the shallow clayey layer from the surface to 30-meter
depth. However, the evaluation of clay’s conductivity and the
presence of clay under 30-meter depth suggest that EM34 should
not be selected for making an investigation to estimate the
electrical conductivity or to identify the deep clayey layer.

From a total of 47 soundings with a two-layer solution of the
field survey, there is no evidence of shallow clayey layers in 0-20
meters but there is a clayey layer at an intermediate depth of
nearly 30 meters which the method is sensitive at this range of
depth proved by synthetic modeling section. These results may
additionally indicate that there is a lateral geologic change of clay
in the subsurface which shows an obvious presence of a deep
“valley”. In conclusion, the EM34 is a very effective instrument for
the use of surveying quickly the clayey formations at shallow
depth (from 0 to 30 meters). It also can be used for further studies,
such as, mapping the continuity of the shallow clayey layer or
mapping promptly the variation of apparent conductivity with
depth.
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ABSTRACT:

In many areas. poor ground conditions are a common hindrance
to the construction of structures over soft ground. To deal with
that problem, the geosynthetic reinforced pile-supported
embankment has been widely used over recent years to support
infrastructure due to the benefits for construction such as low
cost and time reduction. Unfortunately, there is uncertainty
concerning the applicability of the design methods due to the
complicated mechanisms of the solution. In order to gain a better
understanding of the method, 30 numerical modeling has been
built for the geosynthetic reinforced pile-supported embankment.
The load on the pile, the soft soil, and the geosynthetic are clearly
illustrated. They are validated by several analytical methods
Additionally, the influence of geosynthetic stiffness and surcharge
on the soil arching is investigated

Keywords: Soil arching; numerical simulatio;
piled embankment

geosynthetics,

1. INTRODUCTION

In many countries, the need for economic development leads
to an increase in the construction of infrastructure. However, many
projects are built in areas with poor conditions. Embankment
construction over soft soils is a real challenge for geotechnical
engineers due to the unfavorable characteristics of the soil. Over a
few decades, geosynthetic reinforced pile supported (GRPS)
embankments have become a gradually common design solution
for embankment construction over soft soil. Geosynthetic is
installed in the supported system as one or multiple layers to
increase the load transfer from the embankment to piles and to

decrease the load applied on the subsoil. Based on various studies,
several standards have been developed for the design of GRPS
embankments, such as EBGEO (2011), BS8006 (2010), and CUR226
(2016). However, the mechanisms of load transfer from the
embankment to piles and the subsoil are still not clearly
understood.

Firstly proposed by Terzaghi (1943), the load transfer
mechanisms caused by the soil arching phenomenon are
commonly defined into three load parts: Load part A, part B, and
part C. As seen in Fig. 1, the first load, including the soil weight and
the traffic load, is directly transferred to the pile's head by arching,
this is load part A. Geosynthetic used on the top of the pile is to
redirect the residual load (load part B) to the pile head. The rest of
the applied load is carried by the subsoil (load part C). There are
two effects for using geosynthetic: to increase the load transfer to
piles by improving the arching effect for the piles and the
surrounding soil, and to transfer the load to the pile along with the
geosynthetic sheet.

o] | |

Figure 1. Load distribution in piled embankment supported by geosynthetic (Van
Eekelen and Han, 2020)

In fact, the true problem of the piled embankment is in three
dimensions. The two dimensions may not represent the realistic
behaviors of the piles due to the fact that piles behave as walls.
However, working with two-dimensional finite element modeling
may not require too large computer resources and analysis time
like the three-dimensional models. In this study, three-dimensional
numerical modeling is used to investigate the problem then the
parametric study is analyzed.
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2. EXISTING DESIGN METHODS FOR GEOSYNTHETIC-
REINFORCED PILED EMBANKMENTS

The technology of pile-supported embankment combined
with geosynthetic reinforcement may be named in different
terminologies: geosynthetic-reinforced pile-supported
embankments, rigid inclusion ground improvement, geosynthetic-
reinforced pile-supported embankments, basal reinforced piled
embankments, or geosynthetic-reinforced piled embankments.
Generally, this technology includes single or multiple layers of
geosynthetic reinforcement in order to increase the load transfer
to the piles for several approaches, such as bridge approaches,
storage containers, the widening of present infrastructures,
retaining walls, and embankments. The vertical load distribution
over pile-supported embankments can be predicted by several
methods. Currently, the soil arching mechanism proposed by
Terzaghi (1943) is still used as the assumption for existing design
methods as the embankment load is transferred to the piles.
Hewlett and Randolph (1988) developed three-dimensional model
tests to investigate the arching within the soil by a semi-spherical
model. However, the effect of geosynthetic reinforcement on the
load transfer mechanism was not considered in these early
methods.

The German standard EBGEO (2011) is based on the work
carried out by Zaeske (2001) and Kempfert et al. (2004). Based on
scale model laboratory tests and numerical calculations, Zaeske
(2001) assumed arches appear as the semi-circular formation and
the vertical load on soft soil is equal over the geosynthetic
reinforcement. Another method that is used in many countries is
BS 8006 (2010) based on the simplified analysis method proposed
by Hewlett and Randolph (1988). Van Eekelen et al. (2011)
proposed some changes to improve the British standard by
considering the three-dimensional modeling of piles. Following
the German Standard (EBGEOQ, 2011), the Dutch Design Guideline
(CUR 226, 2010) was published in 2010 with some modifications to
adapt to the Dutch circumstances.

Recently, new studies have been performed to validate and
to improve the current design methods. As presented above,
the main problem to investigate is the arching phenomenon
acting within the fill material of the embankment. In order to
determine the arching degree, the amount of arching is
considered as a ratio of the load applied on the pile head with
the total load. That can be presented as a percentage of the
total load, A% which corresponds to the efficiency of load
transfer E, where E = A% = A/(A+B+C) (with the load parts A, B,
C given in kN/pile). Note that in many studies, geosynthetic is
not used in the piled embankment to measure load types A and
B, as presented by Zaeske (2001), Hewlett and Randolph (1988).
Recently, in a series of studies conducted by Van Eekelen et al.
(2012 a, b and c), geosynthetic is considered in field tests or
experimental investigations.

Numerical methods are being widely used to simulate
geosynthetic behavior as it may save time and cost to perform
simulation. A variety of studies has been conducted based on the
Finite Element Method (FEM) to analyze the arching phenomenon
acting on embankments supported by geosynthetic-reinforced
piles. Among many essential studies that use the PLAXIS program,
Girout et al. (2014) and Pham (2019) have successfully simulated
the behavior of geosynthetic concerning the load distribution on
both 2D and 3D models. As well as these studies, the model of
piled embankment supported by geosynthetic analyzed by
another FEM program, ABAQUS has been succeeded to validate
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the experimental tests. The arching degree is considered by van
der Peet (2014) as the calculated results are conducted to clarify
various existing analytical methods. However, even though the
study has presented the similarity of the arching shape with
analytic methods, the procedure to compute the arching forces is
needed to verify.

3. NUMERICAL MODELING

3.1. Model descriptions

A case study of an embankment supported by piles and
geogrid reinforcement is learned from several studies: a new
design model provided by Van Eekelen et al. (2013), observation
obtained by Van Eekelen et al. (2012a and 2012b), and full-scale
field tests conducted by Van Eekelen et al. (2012c). The height of
the embankment is 2.0 m, its span 4.5 m in the adopted case 2.5 m
in the direction perpendicular to its cross-section. The subsoil
height, Hab is 1.0 m. The embankment is supported by piles, the
width of piles, b = 0.75m, the distance between two piles is 2.25 m.
Geosynthetic reinforcement is used on the top of the piles. The
geosynthetic reinforcement is placed on the top of the piles.
Realistically, a sand layer is often placed between the piles and the
geosynthetic reinforcement. However, the layer was removed in
the field test, due to punching failure, which may occur in this layer
at the edges of the piles.

In this study, three-dimensional (3D) modeling is used to
simulate the behavior of the geosynthetic-supported piled
embankment using the software PLAXIS 3D version 2020. The 3D
numerical modeling consisted of the piles, embankment,
geosynthetic, and subsoil. Due to the symmetric condition of the
embankment, a typical part of the embankment is modeled as
presented in Fig. 2.
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Figure 2. 3D Finite element mesh

The geosynthetic is located at the bottom of the embankment
fill and is simulated by the geogrid element. Geosynthetic used in
the study is only characterized by one secant stiffness with a linear
elastic constitutive model T = Jxe. The axial stiffnesses of the
reinforcement material are set as J = EA1 = EA2, and the stiffness is
fixed to anisotropic and the value in shear loading, is used as zero
to simulate the material as the biaxial material behavior. In the
study, J is set as 0, 1500, and 300 kN/m. The mesh is updated for
each calculation phase in order to consider deformation due to the
previous incremental displacement. All boundary conditions are



Table 1. Material properties used in the finite element simulations

Embankment Subsoil Pile Interface Interface
Parameters Symbol (unit) fill Geosynthetic/Pile Geosynthetic/Fill

Hardening soil | Mohr-Coulomb Linear elastic Mohr-Coulomb Hardening soil
Unit weight v (kN/m?3) 17 18 15 15 17
Young's modulus E (kN/m?) - 500 25x10° 25x10° -

E>° 80x10° - - - 80x10°

Young's modulus for Eoed 60x10° - - - 60x10?
oedometric loading
Young's modulus for Eur 210x10° - - - 210x10°
un/reloading
Power in hardening soil m 05 ) ) ) 05
model
Poisson ratio \ 0.2 0.2 0.0 0.0 0.2
Cohesion c' (kN/m?) 1 5 - 1 1
Friction angle @' (°) 45 10 - 10 36
Dilatancy angle V(%) 15 0 - 0 15

standard conditions (bottom fixed in all directions, sides fixed in
lateral direction). At the bottom boundary, z = 0 plane, the
displacements are restricted in the three directions x, y, and z. The
coefficient of lateral earth pressure Ko is defined using the
coefficient: Ko = 1 - sin (). In the basic model, the surcharge, p =
5.0 kN/m? is applied homogeneously on the top of the
embankment fill.

Construction was modeled in three phases aside from the
initial phase. The first phase is to install the piles in the subsoil and
to place geosynthetic reinforcement on the pile's top. In the
second phase, the embankment fill is constructed by activating the
structure above the geosynthetic and the displacement is set as
zero. In the last phase, the surcharge is turned on to investigate its
effect on the platform. In the study the effect consolidation is not
focused, thus, the calculation phases use a plastic drained analysis.
A parametric study was incorporated to highlight the influences.
The model was altered one parameter at a time, while the others
are kept at the baseline case values during the parameter
difference study. The parameters included in this study were the
geosynthetic stiffness and the surcharge.

3.2. Material models and parameters

The behavior of the subsoil layer is modeled by the Mohr-
Coulomb (MC) model. The parameters used for this model are
effective friction angle ¢’ effective cohesion ¢! dilatancy angle y,
Young's modulus E, and Poisson's ratio v. Meanwhile, the granular
material of embankment fill is modeled by the hardening soil (HS)
model, an advanced model for simulating the behavior of different
types of stiff soils (Schanz et al. (1999). The HS model utilizes four basic
parameters: the secant stiffness in standard drained triaxial tests Eso,
the tangential stiffness for primary odometer loading Eoeq, the
unloading and reloading stiffness E., and the power of the stress-level
dependency of the stiffness m and shear strength (c', ¢ and ). The
drainage type of both soils is used as drained.

The piles are modeled using a linear elastic. Interactions
between piles and geosynthetic; and geosynthetic and filling
material are simulated using interface elements, in which the
friction is determined by a shearing box or inclined plane between
granular material and the geosynthetic used. The constitutive
models and the input parameters are given in Table 1.

4. NUMERICAL RESULTS

4.1. Load distribution within embankment

The principal stress directions output of PLAXIS was used to
determine the arch shape. Fig. 3 presents the arches formed
between piles in two different cross-sections A-A (Fig. 3a) and B-A
(Fig. 3b), which considers two sides of the model (Fig. 3c). As can
be seen, the arches seem to be neither completely circular nor
concentric as the shape is closer to oval-shaped form. This finding
is close to the assumptions presented by Zaeske (2001) and in the
method published by van Eekelen et al. (2013) as the Concentric
Arches model. In fact, in the older study, the arches developed
within the embankment are described as non-concentricity with
non-uniform thickness, as well as, the arches do not form in the
same size in the model of van Eekelen et al. (2013).

Fig. 4 presents the vertical stress distribution within the
embankment and the subsoil. It can be noted that the 3D FEM
represented the working of piles to support subsoil under the
above load. The appearance of arching can be noticed as the
stresses increase significantly in the areas above the piles, while
the residual load (B+C) is distributed on the geosynthetic as the
lower stresses can be obtained. However, the effect of
geosynthetic reinforcement is not clearly provided in these typical
results, even extreme stresses develop at the edge of the piles.

The load distribution over pile (A), GR (B), and subsoil (C)
from the PLAXIS numerical model cannot be obtained directly
due to the fact that total forces are not given in the output
program. However, the stresses may be used to determine the
load applied on the surfaces. If the stress points within the
materials are used, the accuracy of calculated loads is not
prevented because the impacted surface and the level of stress
points are not alike. Nevertheless, the forces are possible to be
achieved by using vertical stress applied on the interface over
geosynthetic. Meanwhile, the total normal stresses above the
top surface of the piles give the arching forces A, the rest
provide the residual load over geosynthetic reinforcement
(B+C). Even the loads B and C are not determined directly, the
method should closely approximate the exact result as the
arching degree can be calculated by forces type A and the
combined forces B+ C. Thereby, the amount of arching is
determined by the 3D numerical models and then compared
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with the results of the analytical methods. Fig. 5 compares the
load distribution between the 3D numerical calculations and
the analytical arching models presented in Van der Peet (2014)
including Hewlett and Randolph (1988), Zaeske (2001), and Van
Eekelen et al. (2012). As can be seen, load type A and the
combination of B+C calculated by the 3D FEM are close to the
Zaeske (2001) and Concentric Arches models (Van Eekelen et
al, 2012), while the Hewlett and Randolph (1988) model
underrated the arching degree. Note that the total load
(A+B+C) calculated in numerical modes is slightly lower than in
the analytical methods as it can be explained as the areas of
each node providing the stress are not uniform, however, the
difference of 7% is negligible. Besides the difference shown in
the arching degree, the load distribution from the total load to
piles is confirmed clearly in the 3D models and three analytical
methods as the force type A is larger than the residual forces

| Crosssection B-A

a. Cross section A-A;
b. Cross section B-A;
c. Two sections for analysis 3D model

Cross section A-A |

Figure 3. Principal stress directions within embankment

4.2. Influence of geosynthetic stiffness and surcharge

In order to clarify impacts on the soil arching, some
parameters were varied in the numerical, including
geosynthetic’s stiffness and the surcharge. The properties of
the geosynthetic are not taken into account in analytical
methods, which means the influences are not considered on
the amount of arching. In the study, the use of geosynthetic
over piles is modeled in three cases: without geosynthetic (J =0
kN/m) and with geosynthetic (J = 1500 and 3000 kN/m). Fig. 6
presents the effect of the geosynthetic stiffness and the
uniform loading on the arching in the embankment. In fact, the
stiffness does not influence the amount of arching in the case
of non-surcharge. Since the load increases with the variation of
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geosynthetic stiffnesses, the arching degrees change, but the
trend is not uniform.

Figure 4. Vertical stress distribution

350
= Hewlen and Randolph [19838)
e w Zaeske [2001)
 Concentric Arches
250
w30 FEM
= 200
=
=
E 150
100
S0
0

B+C L

Typee of load
Figure 5. Comparison of load distribution between analytical and numerical methods
Another influence of the amount of arching can be seen in Fig.

6 concerning the effect of top load within the embankment for a

given geosynthetic stiffness. The top load is varied as 0 kPa, 5

kPa,100 kPa, and 1300 kPa for each case of used geosynthetics. The

last value of surcharge is selected in order to provide the ultimate
limit state for the soil arching. As can be seen in the results, it is
noticed that when the top load increases, the amount of arches
increases as well, except one case of low loads (0 kPa and 5 kPa) is
tested without geosynthetic support. As mentioned by van der

Peet (2014), this relevance is not considered by analytical methods;

however, by the finding of the numerical methods, the appearance

of a high surcharge above embankment may affect the piles as a

larger part of the total load may transfer directly to the piles. In

addition, the increase in volumetric weight of the embankment fill
and top load may affect differently on the arching.

Fig. 7 describes the effect of geosynthetic stiffness on the total
settlement in the numerical models. The use of geosynthetic is
changed as the stiffness varies between 1500 kN/m and 3000
kN/m, and no geosynthetic is used in the last case. Generally, the
geosynthetic reinforcement reduces the total settlement of the
embankment. The normalized settlements for the cases with
geosynthetic are lower than 1.0 (settlement without using
geosynthetic  reinforcement).  Additionally, using  stiffer
geosynthetic can decrease the settlement, but the effect is limited.
The amount of top load affects differently on the relation between
geosynthetic stiffness and settlement.
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Figure 6. Effect of geosynthetic stiffness and surface load on arching
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Figure 7. Effect of geosynthetic stiffness on settlement

5. CONCLUSIONS

Three-dimensional numerical modeling has successfully
analyzed the model of the geosynthetic-reinforced pile-supported
embankments in order to investigate the arching within the
embankment. The formation of stress arches has been modeled
through the principal stress directions in the numerical model and
the similarities to the Concentric Arches model (van Eekelen et al.
2013) and the model proposed by Zaeske (2001) are presented.
Moreover, the arching degree has been calculated by the
numerical models; thereby, the load distribution has been clarified
for piles and subsoil reinforced by geosynthetic. Compared to the
existing analytical methods, the numerical calculation shows the
similarity, and it seems to validate clearly the Concentric Arches
model.

The influence of most of the varied model parameters has
been identified such as the geosynthetic stiffness and the
surcharge. For the effect of geosynthetics, the numerical
calculation agrees with the predictions of the existing analytical
method, which is specifically presented by van der Peet (2014). In
contrast to analytic methods, 3D modeling has shown that the top
load may increase the arching degree. The settlement of soil layers
is not focused significantly in the present study, however, based on
a parametric study, the effectiveness of using geosynthetic to
reduce settlement is presented as a stiffer material that may limit
the total settlement.

For further studies, numerical studies can be used continuously
to validate other studies on arching formation, which show
different shapes by using image techniques in physical

experiments. Although the Concentric Arches model has been
validated by 3D numerical simulation, the results can be improved
by considering new interfaces affecting the reinforced system.
Furthermore, the interface behaviors may be considered the
interaction between subsoil and pile material through the length
of the piles. Moreover, the parameters for surface interaction
between geosynthetic and soil; and piles and subsoil should be
identified based on some laboratory tests.
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ABSTRACT:

Leofoam is essentially multi-functional, which allows it useful to
use in a wide-ranging of applications. It provides special
advantages for construction on slope stabilization, retaining walls,
and soft ground as material to form a lightweight embankment.
However., the performance of the geofoam embankment is needed
to investigate due to the geotechnical properties of geofoam are
significantly affected by its constituents. A wide range of
properties including the unit weight and the compressive strength
has been noticed based on the variation in its ingredient
proportions and the testing methods. In order to improve the
understanding of the behavior of geofoam, this study conducted
several numerical calculations based on the Finite element
method to reproduce the geofoam embankment. Several factors
are considered including the influences of the interface between
geofoam blocks, the top load, and the value of Young's modulus in
order to estimate the settlement and vertical stress. The results
obtained from this numerical study are the basis for further
studies, notably in the cases of geofoam combined with other
geosynthetic materials.

Keywords: FEM, geofoam, settlement, vertical stress

1. INTRODUCTION

The rising need for new highways, roads may need
construction above soft soils that require additional technical
solutions. Designers must recognize modern materials and
construction techniques to solve the problem of structures on soft
ground. Over decades, expanded polystyrene (EPS) geofoam has
been widely used as a geotechnical material in many engineering
projects. EPS geofoam is about 1% the weight of soil and less than
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10% the weight of other lightweight fill materials. EPS geofoam
can be used to replace granular soils or heavy fill materials against
top load on underlying soils and adjacent structures. In fact, the
high compressive resistance of EPS geofoam allows it to
adequately support traffic loadings. EPS geofoam is easy to handle
without the requirements for specific equipment; thus, this
solution can be performed with time benefit. In usual construction
projects, soil embankments are built-in thin layers, each layer must
be compacted before continuing to the next one. Using EPS
geofoam reduces the need for compaction and fill testing and
limits effects on the existing structures. In addition, slopes can be
built using EPS geofoam rather than soil, which may reduce the
number of additional works, such as how to prepare sourcing
material.

In order to improve the performance of the EPS geofoam
solution for road embankment construction, this study has used a
numerical method to simulate a typical embankment. The
investigation clarifies the effect of model constitutive in FEM to
model the behavior of EPS geofoam such as the Mohr-Coulomb
criterion and bilinear elastic considering the effect of interface
between the geofoam blocks. A typical geofoam embankment
construction on the I-15 reconstruction project in Salt Lake City
(Newman et al,, 2010) has been modeled by the 2-D Finite Element
method. Thereby, this paper compares the differential settlements
and vertical stresses estimated during the static loading. The effect
of Young’s modulus of geofoam has been considered, as well as
the use of the constitutive model to reproduce geofoam behavior.

2. GEOFOAM EMBANKMENT

2.1. Relevant studies

A study of highly geofoam as a lightweight fill is presented by
Bartlett et al. (2000). Based on field monitoring data, the authors
presented that the use of geofoam can improve the ground
stability of high embankments. Using geofoam as alternative filling
material for the project provided a benefit on construction time.
Then, an investigation conducted by Negussey et al. (2001)
illustrated the performance of a geofoam embankment in a
construction site in the USA. Geofoam was used for the



reconstruction of an embankment to successfully reduce
settlements. The assumptions to design the geofoam solution
were validated by field data collected during and after
construction. In this study, small sample tests were taken into
account to estimate the modulus of the material in order to better
predict the in-service performance of the engineering techniques.
Relevant to these above studies, Newman et al. (2010) performed a
numerical model to reproduce the behavior of geofoam using to
form an embankment. Based on the Finite difference method,
geofoam embankment was simulated as a simple bilinear elastic
model in order to compare the stress distribution and vertical
displacement acting within the embankment. The study’s results
have shown the potential for modeling and designing geofoam
embankments and the connections with other systems such as
retaining and buried walls and slope stability. However, the
agreement between observation data and numerical estimation is
not clear due to the numerical estimations were not close to the
measurement data, especially in the results of the vertical stress.
Also using the numeric method, Lal et al. (2014) used the plane
strain finite element simulation to investigate the behavior of
geofoam using Plaxis 2D software to focus on using fly ash as
alternative backfill material in retaining walls. Likewise, the Finite
element method has been used by various authors in order to
investigate engineering problems relating to geotechnical
materials such as Tolooiyan et al. (2009), Hussein and Meguid
(2016), Ahirwar and Mandal (2017), and (Pham, 2019).

EPS composite soil

Waste glass Slag General soil

— _—
EPS block Fly ash
E |

1 | 1 1 1
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Unit weight (kN/m")
Figure 1. Unit weight of different engineering materials (Geo et al., 2001)
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Figure 2. Typical cross-sectional view for the geofoam embankment (Newman et al.,
2010)

Gao et al. (2011) summarized a comprehensive review of
geotechnical properties of EPS composite soil, containing the unit
weight, compressive strength, permeability, dynamic properties,
creep properties, and water absorbability. Based on various case
histories, the study has shown that the unit weight of EPS geofoam
is strongly affected by its content. Especially, the cement ratio
inside the material is a controlling factor for the strength of EPS
composite soil.

Recently, Siabil (2019) conducted an investigation of the
performance of geofoam which supported geocell-reinforced
backfills. The author used the Finite element method in order to
validate the physical experiment, in which the geofoam behavior
was modeled by Mohr-Coulomb criteria. The study confirmed that
under repeated loading, the combination of geofoam and geocell
may reduce about 50% of the surface settlement. Newly, Khajeh et
al. (2020) has summarized a review of EPS composite soil to
correlate some useful mechanical parameters of EPS-soil
combinations, based on static and cyclic tests.

2.2. Geotechnical properties of geofoam

Compared to the other materials, the unit weight of the
original EPS geofoam block is very minor as it is lower than 0.5
kN/m3. For some other applications, new kinds of EPS geofoam,
called EPS composite soil, can be made with soil, binder, and water
as it is called EPS composite soil. Hence, the unit weight of those
ranges from 5 to 18 kN/m3as it is mainly affected by the type of soil
used in the combination. The comparison of unit weights of EPS
geofoam with other materials is shown in Fig. 1.

To determine the compressive strength of EPS geofoam,
various testing methods have been used, such as the direct shear
test, triaxial compression test, and unconfined compression test.
The compressive strength of EPS composite soil ranges from 50
kPa to 550 kPa depending on its ingredients and mixture ratios
(Geo et al.,, 2001). Regarding the original EPS geofoam, several tests
have been performed in order to measure the moduli values. There
are two types of testing that are applied, small or full-size samples.
According to Bartlett et al. (2000), a value of 5 MPa of Young's
modulus is obtained for a small sample. However, the results
underestimated the true value due to the fact that the sample is
crushed and damaged at the edges. Elragi (2000) used a geofoam
block, Type VIII, on full-size dimensions, and the value of 14 MPa
was gained. Furthermore, according to ASTM D1621, EN 826, and
ISO 844, Young's modulus and Poisson ratio of EPS geofoam can
be obtained by uniaxial compression tests on 50 mm samples. Due
to these guidelines, the density has been shown as an influence on
these parameters of geofoam; however, the precise relationship
has not been proposed due to the lack of the test procedure. As
presented by Stark et al. (2004), a variation of Young's modulus
with EPS geofoam has been demonstrated to confirm the effect of

Table 1. Material properties for FEM simulation

Materials Thickness Unit weight Young's modulus Poisson ratio Friction angle Cohesion
(m) v (kN/m?3) E (kN/m?) v [O1Q) ¢ (kN/m?)
PCCP 0.36 235 3x107 0.18 25 25%x10*
UTBC 0.60 22.0 1x10° 0.35 35 0
LDS 0.15 235 3x107 0.18 25 25x10*
Geofoam 8.0 0.18 Variation 0.103 0 50
Filling sand 8.0 4x10* 38 6
Bedding sand 6.0 216 1x10° 0.35 35 0
Interface
Geofoam/Geofoam - 0.18 1x10* 0.103 42 50
Inteface Geofoam/sand - 21.6 1x10° 0.35 31 0
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density. In fact, functions were proposed to present the relevances
in that study; however, the total agreement between the
suggested equations with the existing standards has not been
confirmed. Hence, it is necessary to continuously investigate the
influence of Young's modulus on the performance of the geofoam
techniques. Henceforth, the knowledge may be improved in order
to propose an accurate equation for determining the important
parameters.

Concerning the shear strength of EPS geofoam, the test
procedure ASTM D5321 can be used to determine the friction
angle. However, it is important to notice that the shear strength of
EPS geofoam is needed to separate into two different types as
external and internal shear strengths. The external shear strength
is relevant to the contact between geofoam blocks when the
construction is forming; meanwhile, the internal one is associated
with the resistance against sliding within the geofoam block.

2.3. Typical geofoam embankment construction

A 4-year $1.4 billion 1-15 rebuilding project was completed in
Salt Lake City, Utah, USA in 2001. A lightweight embankment using
EPS geofoam is an important benefit for existing buildings near the
working fields due to the settlement minimization requirements.
Overlying the foundation soil, base sand was graded for the
construction. Type VIl geofoam was placed over the base sand, the
dimensions of the untrimmed geofoam block are 0.82-m high, 1.2-
m wide, and 4.9-m. A total of 7 layers of EPS geofoam are stacked
on top of each other to form an 8.0-m high embankment. A 0.150-
m-thick reinforced concrete load distribution slab (LDS) was placed
over the geofoam embankment in order to defend the geofoam
from local overstressing. Then an untreated pavement base course
(UTBC), about 0.610 m thick and top layer, an unreinforced
portland cement concrete pavement (PCCP), which was generally
0.356 m thick were placed in turn to complete the platform. In
order to protect the embankment from environmental influences,
a prefabricated concrete panel wall was placed in a wall footing.

Table 2. Test program of FEM simulation

. Young's Use of interface
Test code ,\r/\‘;::sgli l modulus between geofoam
(MPa) blocks
1.7.MC.In 1.7 With
1.7.MC 1.7 Without
2.3.MCln 2.3 With
2.3.MC Mohr- 23 Without
2.7.MC.n Coulomb 2.7 With
2.7.MC 2.7 Without
10.MC.In 10.0 With
10.MC 10.0 Without
1.7.BE.In 1.7 With
1.7.BE 1.7 Without
2.3.BE.In 2.3 With
2.3.BE Bilinear 23 Without
2.7.BE.In elastic 2.7 With
2.7.BE 2.7 Without
10.BE.In 10.0 With
10.BE 10.0 Without

3.NUMERICAL MODELING
3.1. Model description
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PLAXIS (Version v.20) is a finite element code for soil and rock
analyses, which has been developed for analyzing deformation
and stability in geotechnical engineering projects. Several
constitutive models of varying complexity and areas of application
are included in the program. One of the most common models
used in geotechnical projects is the Mohr-Coulomb model, which
is developed for modeling the elasto-plastic behavior within the
framework of soil mechanics. A 2-dimensional version of the
program has been used in this study in order to simulate an
embankment formed by EPS geofoam in-plane strain condition.

The modeled embankment is selected from the typical
construction site presented in Fig. 2, with the length of the model
set as 20 m. The model mesh is shown in Fig. 3 as plane strain
condition and 15-node triangular elements are used for analysis.
The boundary conditions do not allow any horizontal
displacement Ux on the model side. The coefficient of lateral earth
pressure Ko is defined using the coefficient: Ko = 1 - sin(¢p) (Jaky,
1944). The mesh is updated at the opening of each phase to take
into account deformation due to the previous displacement. The
number of elements is defined in a fine condition as the dimension
of each element is set as 1.003 m and the relative element size is
0.667. Two types of interfaces are used between the interactive
materials including sand and geofoam and on the contact surfaces
between each geofoam block.

The calculation phase is set following the process of the
construction as it begins with bedding sand, then the
embankment is formed, before the layers, LDS, UTBC, PCCP are
placed in turn on the top of the embankment. Furthermore, the
top load, varied from 10 kPa to 50 kPa, is added on the top of
frameworks to investigate the influence of surcharge.

3.2. Material models

As presented in section 2, type VIIl geofoam was used to form
the embankment. The density of the material, which depends on
the type of geofoam is 18 kg/m? and a Poisson’s ratio is 0.103
(Bartlett et al. 2001). Young's modulus for a geofoam block is
relevant to the geofoam density. In order to study the effect of
Young's modulus on the performance of the solution, as well as to
compare with FDM simulation, the stress moduli of 1.7, 2.3, 2.7,
and 10 MPa have been taken into account.
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Figure 3. Finite mesh of the geometry model

The interfaces have been modeled by considering the contacts
between geofoam and bedding sand, and between geofoam
blocks. The interface friction is obtained by direct shear tests,
which have been performed by Bartlett et al. (2000). The interface
friction angle between sand and geofoam is about 31°; meanwhile,
the value for surface contact among geofoams is 42°.

In order to compare the performance of EPS geofoam with the
traditional material, the embankment modeled as sand is used as
filling material. Additionally, the properties for the LDS and PCCP
were the suggested values for concrete properties (Newman et al.,



2010). The parameters used to model the base sand, geofoam,
LDS, UTBC, PCCP, and interfaces are presented in Table 1.

Due to the main aim of this study, the program tests contain
variations in parameters changes. It is including two types of
models used to represent the behavior of geofoam. In each type,
Young's modulus of the material is used in 4 values. The effect of
the interface between geofoam blocks is also considered. The
testing program is presented in Table 2.

4. NUMERICAL RESULTS

Fig. 4 presents the differential settlements predicted by
numerical models between geofoam layers. In the results, the
effects of Young’s modulus of geofoam, constitutive models, and
interfaces on the vertical displacement of geofoam layers are
illustrated. Note that, the layers are mentioned from the bottom of
the geofoam embankment to the top. It is evident to notice as, at
the level of 0 - 1, nearly no settlement is obtained in the geofoam.
An increment is noticed since the levels of geofoam embankment
come to the top and this trend can be seen in each type of test
program. Regarding the effect of Young’'s modulus on the
differential settlement of geofoam layers, the numerical has
successfully shown that the settlement is reduced more effectively
with higher values. Meanwhile, the settlement is not affected
significantly even if the modeling material is changed between
bilinear elastic and Mohr-Coulomb model. Moreover, the use of
interfaces between geofoam blocks tends to have a higher
settlement in each layer; however, it can be noted that the effects
of the impact are not significant.
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Figure 4. Differential displacements between geofoam layers
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Considering the response of the settlement on the surface of
the embankment from the top load, a linear trend can be noticed
as presented in Fig. 5. For a given load; likewise, the effect on
differential settlement, the type on the model has not affected the
surface settlement. Meanwhile, Young's modulus of geofoam also
has a great influence on the results as stiffer materials reduce the
settlement.

The influence of top load on the vertical stress applied on the
bedding sand is illustrated in Fig. 6. It can be seen that the vertical
stress increases like a linear trend corresponding to an increment
of the top load. The stress on the below layers is lower than the
higher levels, this point is relevant to the settlement’s results. Also,
the effect of the interface is greater than the material model.

BESSa 1.7 BLIn S0l memse 2.7 BLIn s 10.8L.In
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Surface settlement (mm)
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Figure 5. Effect of top load on surface settlement

5. CONCLUSIONS

As a first meaningful result, the study has summarized recent
essential research on geofoam studies. Important parameters of
geofoam and the equivalent values to physical-mechanical
parameters of soil are illustrated. This allows the reproduction of
geofoam material in numerical modeling due to the fact that
geofoam material has not been available to use as a default
component.

The study has successfully modeled a geofoam embankment
involving several components to support bedding sand. Under
effects of static load, the differential, surface settlements, and
vertical stress are investigated by considering several impacts such
as Young's modulus of geofoam, material model, and the use of
interface between geofoam blocks. Consequently, the interface
between the geofoam blocks has a great influence on the
settlement and the load distribution on the geofoam
embankment. On the other hand, there is no significant impact
from the use of the material model between the bilinear elastic
and Mohr-Coulomb models. Last, Young'’s modulus is necessary to
determine precisely to reproduce geofoam in numerical models, as
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well as to determine its effect due to the fact that this parameter
has a great influence on the performance of the solution.

Based on basic results obtained from the study, geofoam can
be modeled by FEM in further studies in the research field,
especially in a combination with other geosynthetic applications.
Otherwise, the reproduction of the behavior of geofoam may be
improved by considering the comparison between experimental
works or measured data with the numerical results, particularly
with use cases in Vietnam.
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ABSTRACT:

The brittleness index exhibits the strain-softening behaviour of
soil and is often used to access the shear mechanism in slope
failure. It has been widely investigated for diffirent materials,
especially for brittle materials. However, the brittleness index of
lightly cemented soils has not been investigated yet. In this study,
the brittleness index of lightly cemented clay simulated by adding
a small content of cement to clay will be investigated in ring shear
test. A series of ring shear tests were conducted at different
effective normal stress levels from 98 kPa to 392 kPa and shear
rates from 0.02 mm/min to 20 mm/min. The test results showed
that the brittleness index decreases with the increasing of
effective normal stress, cement content, and shear displacement
rates. However, the brittleness index was almost unchanged when
the cement content was higher than 2%.

Keywords: Brittleness index, cemented soil, cement content, ring
shear test

1.INTRODUCTION

The main factors affecting the potential damage caused by
landslide are the volume of landslide mass, run-out, velocity and
acceleration. The run-out, velocity and acceleration of landslide
moving are primarily controlled by the loss of soil strength after
peak (strain-softening behavior). The highest strength loss often
observed in first time failure in materials showing a brittle
behavior. Some typical materials exhibit this phenomenon are
hard soil, soft rock, overconsolidated and cemented clay (Yerro et
al., 2016). To evaluate the strain-softening behavior of soil, the
brittleness index (ls) is often used and it is a primary factor of the
slope response. The values of Is can be determined based on the
following equation (Bishop et al., 1971):

lp="r=1-2 (1)
Ig values range from 0 to 1, where Iz = 1 indicates the residual

strength, 1 =0 (100% strength loss) and the soil shows a highly

contractive behavior; s = 0 indicates the peak strength, tr =
residual strength, 1. (no strength loss), there is no strain-softening
and the soil shows a highly dilative behavior. The rate of strength
loss can be an indicator of progressive failure or flow slide. Bishop
et al. (1971) showed that there were three factors afftecting the
brittleness of a soil, including: Dilatancy at failure, reorientation,
and cementation bond. Taylor (1948), Skempton and Bishop (1950)
indicated that the difference between peak and residual strength
of sand was directly related to the rate of dilatancy at failure.
Accordingly, the ls values increased as the rate of dilatancy
increased and decreased as the effective normal stress increased
(Bishop et al., 1971). For remoulded samples, since the
cementation bond was destroyed and there was no dilatancy
behavior, the brittleness of remoulded clay was closely related to
the reorientation of the platy clay particles. For undisturbed
samples with natural cementation bond (weathered and
unweathered blue London clay, brown London clay) , the Ig is
rather high with the value of above 0.7 (Bishop et al., 1971).
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Figure 1. Defition of Trand tin ring shear tests

The brittleness index of soil proposed by Bishop et al. (1971)
determined from ring shear tests was known as drained brittleness
index. Similarly to drained brittleness, the undrained brittleness
index based on undrained trixial tests was aslo investigated. In
triaxial test, the brittleness index can be estimated as ls= [(Qpeak-
post-peak)/qpeak] (Highter and Tobin, 1980; Pineda et al., 2016). The
Qpostpeak IS defined as the deviatoric stress at shear strain higher
than 15%. In their research, Highter and Tobin (1980) found that
the undrained brittleness index of mine tailings depent on the
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initial void ratio and consolidation pressure, especially the initial
void ratio. Accordingly, the undrained brittleness index of mine
tailing materials decreased as the initial compaction ratio
increased. It was also found that when the intial compaction ratio
was lower than 70-75%, the undrained brittleness index was
higher than 0.5. The index for all types of tailings decreased quickly
to zero when the intial compaction ratio increased from about 75
to 80%. This showed that the possibility of a flow slide in mine
tailings could be prevented if the initial compaction ratio was
above 80%. Regarding consolidation pressure, the undrained
brittleness index decreased with the increasing of consolidation
pressure. With regard to the void ratio, the research of Sadrekarimi
and Olson (2011) showed that the brittleness index of some types
of sand increased as the void ratio increased. These authors also
conducted ring shear tests on sands with a very large shear
displacement of above 20m. At this large shear displacment, the
sand particle in shear zone will be damaged, rearranged, and
reoriented. They found that the brittleness index of original,
undamaged sand was greater then that of damaged sand. This
indicated that the residual shear strength of sand will be decreased
at a very large shear displacement due to the damage of sand in
shear zone. Pineda et al. (2016) found that the undrained shear
strength of Ballina clay reduced about 50% after reaching the peak
which indicated the fragile post-peak behavior and could be
associated to progressive failure. In drained triaxial test, the
research results of Fatahi et al. (2015) showed that the brittleness
index of treated municipal solid wastes increased as the content of
fly ash-quicklime increased up to 20% and it was almost constant
when the content of fly ash-quicklime exceeded 20%. Additionally,
the brittleness index of treated soil decreased with the increasing
of effective confining pressure from 100 to 300 kPa. Based on the
simulation of landslide travelling, Yerro et al. (2016) presented that
the run-out and velocity of landslides in brittle materials increased
as the brittleness index increased. Additionally, there was a strong
correlation between run-out and brittleness index of soil.

In general, since the brittleness index is a key factor for
evaluation of slope failure mechanism, it has been widely
investigated for diffirent materials, especially for brittle materials.
In fact, many cases of landslide occurred in naturally cemented
soils such as shale, sandstone, and mudstone which often show
brittle behavior (Suzuki et al., 2017). However, the brittleness index
of lightly cemented soils has not been investigated and clarified
yet. In this study, the brittleness index of lightly cemented clay will
be investigated in ring shear test. A small content of cement was
mixed with kaolin clay to simulate the natural cementation in soil.

2.SAMPLE PREPARATION AND TEST METHOD

A commercial kaolin clay type in Japan and Ordinary Portland
Cement (OPC) was used in this study. Kaolin clay has the specific
density (ys) of 2.618 g/cm?3, liquid limit (W.) of 62%, plasticity index
(Ip) of 21.8, clay fraction (CF) of 35.3%. Kaolin clay in the form of dry
powder was mixed with distilled water to about two time its liquid
limit, then a small content of OPC was added and mixed again. In
this study, to simulate the natural cementation in some soft rock
such as claystone, mudstone, the OPC with 2% and 4% of the dry
weight of the clay was added. The slurry samples were then
poured and consolidated in a consolidation tank under a pressure
of 98 kPa (Figure 2). The procedure of sample preparation has been
reported in previous study (Duong et al., 2018; Duong and Suzuki,
2020; Suzuki et al., 2017; Thanh et al., 2020). The preconsolidated
samples were cut and trim to produce the annular specimen for
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ring shear test with an outer diameter of 10 cm, inner diameter of 6
c¢m, and a height of 2 cm.
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Figure 2. Large consolidation tank (Duong and Hao, 2020)

Bishop type ring shear apparatus was employed in this study
(Figure 3). The details of this apparatus were reported in previous
studies (Suzuki et al., 2017; Duong et al.,, 2018; Duong and Suzuki,
2020; Thanh et al,, 2020). In ring shear apparatus, the specimens
were sheared at different normal stress levels from 98 kPa to 392
kPa and different shear rates from 0.02 to 20 mm/min.

Figure 3. Bishop-type ring shear apparatus

3. TEST RESULT AND DISCUSSION

The test results of ring shear test conducted on cemented and
non-cemented clay at different normal stress levels and shear rates
are listed in Table 1. The results showed in this Table have been
reported in Suzuki et al. (2017). Based on peak and residual
strengths, the brittleness index was calculated following the
formula 1 and presented in Table 1. As shown in this table, the Is
values of kaolin clay, 2% cemented clay, and 4% cemented clay
decease from 0.66 to 0.55, from 0.47 to 0.37 and from 0.47 to 0.36
with the increasing normal stress from 98 kPa to 392 kPa,
respectively. The relationship between brittlenss index (Is) and
effective normal stress levels is shown in Figure 2. In general, the
dependence of Iz on the effective normal stress observed for kaolin
clay and cemented clay in this study is similar to the results
observed for different soils from previous studies (Bishop et al.,
1971; Fatahi et al., 2015; Highter and Tobin, 1980). As shown in



Table 1. Test results of ring shear test

Samples Normal stress (kPa) | Shear rates (mm/min) | Peakstrength, tp | Residual strength, | Brittleness index
(kPa) tr (kPa) (Is)
98 0.2 53.1 18.1 0.66
196 0.2 102.5 424 0.59
392 0.2 184.6 82.6 0.55
Kaolin (0% 98 0.02 98.5 31.8 0.68
cement) 98 0.1 97.8 33.1 0.66
98 1 99.0 44.1 0.55
98 10 80.4 51.8 0.36
98 0.2 79.6 42.0 0.47
196 0.2 123.9 63.7 0.48
392 0.2 215.2 135.1 0.37
2% cement 98 0.04 1213 61.4 0.49
98 2 116.5 64.5 0.45
98 6 130.5 79.4 0.39
98 10 1241 83.3 0.33
98 0.2 106.1 56.6 0.47
196 0.2 145.6 78.1 0.46
392 0.2 228.6 145.5 0.36
4% cement 98 0.04 149.9 82 0.45
98 1 156.1 87 0.44
98 6 138.9 77.5 0.44
98 10 144.4 80.6 0.44
98 20 148.5 84.7 0.43
Figure 4, for kaolin clay, the Iz values considerably decrease as the 0.70
normal stress increases from 98 to 196 kPa and slightly decreases - _:’
when the normal stress exceeding 196 kPa. By contrast, the Is B
values for cemented kaolin clay (2% and 4% cement) are almost < 050
unchanged when the normal stress levels increase from 98 to 196 ‘E ol
kPa and significantly decreases with the stress exceeding 196 kPa. g g .
This phenomenon can be attributed to the increase of stiffness of § 030 1 ©98kPa
cemented clay when cement is added. This indicates that the E oo e
cement content affects the effect of effective normal stress levels b i
on the brittleness index. s
Regarding cement content, the relationship between Is and 0.00 . , - x
[ 1 2 3 4 5

cement content at different effective normal stress levels is plotted
in Figure 5. As shown, the I values decrease significantly when the
cement content increases from 0 to 2% and are almost unchanged
when the cement contents increase from 2% to 4%. This indicates
that the residual strength increases substantially as the cement
content increases from 0 to 2%.
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The variation of brittleness index with effective normal stress of
samples in this study and of some soil types obtained from Bishop
et al. (1971) is presented in Figure 6. As shown in this figure, the
variation of brittleness index of kaolin sample (0% cement) with
increasing effective normal stress is similar in tendencey with that
of Brown London clay, weathered and unweathered blue London
clay. Accordingly, the Iz values significantly decrease with the
increasing of effective normal stress to about 100 kPa. At above
100 kPa, the values of Iz are almost independent of effective
normal stress. Differently from soil samples, the Iz values of
cemented soil samples (2% cement, 4% cement) are almost
independent of effective normal stress up to 200 kPa. The
difference here can be attributed to the stifness and the formation
of cementation bond when adding cement to the soil samples.
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Figure 7. Relationship between brittleness index and shear displacement rates

In this study, the effect of shear displacement rates on
brittleness index of soil in ring shear test was also investigated.
The relationship between brittleness index and shear
displacement rates is presented in Figure 7. As indicated, the
brittleness index of studied samples generally decreases as the
shear displacement rates increases. The highest decrease of
brittleness index with increasing shear rates is observed for
kaolin clay. The decrease tendency of brittleness index here can
be an indicator that the residual strength significantly increases
with the increase of shear rates.

4. CONCLUSIONS

The brittleness index of non-cemented and lightly
cemented clay at different effective normal stress levels and
shear rates in ring shear tests has been investigated in this
study. Based on the analysis of test results, some main
conclusions can be drawn as follows:

The brittleness index of kaolin and cemented clay decreases
as the effective normal stress levels increases. However, the
effect of normal stress on the brittleness index may depend on
the cement content.

The research results also indicates that the brittleness index
depends on the cement content. Accordingly, the brittleness
index decreases as the cement content increases, especially
from 0 to 2%. With the cement content above 2%, the
brittleness index is almost unchanged.

Besides the effective normal stress and cement content, this
study also shows that the brittleness index obtained from the
results of ring shear tests depends on the shear displacement

10.2021 | ISSN 2734-9888

rates. It decreases as the shear rates increases from 0.02
mm/min to 20 mm/min.
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Rai béo tap trung khéo sét sur phan bd da dm trong vét nirt ciia
nén dutng bé tong nhya trong digu kien mua ngén han béng
phuong phap phan tir hitu han. Nén duang bé tang nhua vai céc gia
tri he sd khuéch tan do am khac nhau duge dung dé khao sat. Dra
trén ket qua tinh toan, nghién ciru ket luan cho thay khi thai gian
mua kéo dai, dd dm duge khuéch tan nhiu hon va duge phan bd
rng hon. Khi hé sd khugch tan tang, da bao haa trong vet nit gia
tang. Nghién citu nay phat trign ma hinh co thé sir dung higu qué
dé xac dinh sur phan bd da dm trong vet nit cia nén duang be
tong nhya. Trong turong lai, céc nghién citu cén duge thyc hign dé
khao sat sur phan bd do dm trong vét nirt nén dudng bé tang nhua
trong diéu kién khac nhau nhu nhigt da, dong/ra do nhigt, va tai
trong.

Tir khaa: phan bd da &m; vét not nén dwang bé tang nhya réng;
phueng phép phan tir hiru han,

ABSTRACT

This present study assesses the moisture distribution in a pre-cracked
asphalt concrete pavement during a short-term rain event based on
finite element method. The asphalt concrete pavements whose three
different moisture diffusion coefficients for the base layers were
evaluated. Based on the findings, it was concluded that as the period of
the rain event increased, moisture diffused more in the pre-crack and
was suffused in a larger area. Also, the moisture saturation in the pre-
crack increased as the moisture diffusion coefficient increased. This
study proposed a model that can estimate effectively the moisture
distribution in a pre-cracked asphalt concrete pavement. In the future,
further research should be carried out to observe the moisture
distribution in a pre-cracked asphalt concrete pavement under various
conditions such as temperature, freeze/thaw cycle, and traffic load.
Keywords: moisture distribution; pre-cracked asphalt concrete
pavement; finite element method.

1. INTRODUCTION

The asphalt concrete pavements in the field are subjected
to the traffic load and environment (Breakah, Bausano, &
Williams, 2009; Nguyen, Ahn, Lee, & Kim, 2019; Wang, Wang,
Xiong, & Luo, 2019). These factors provide different types of

damage to asphalt concrete pavement (ACP) such as cracking,
bleeding, corrugation and shoving (McDonald and McDonald,
2010). Among these types of damage in ACP, cracking is a
noticeable one, which is mainly caused by the effect of the
moisture from the rain event.
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Moisture damage is considered as one of the main distresses
of ACP. The synthesis can be explained that, from the rain event,
water flows through the interconnected pore of the ACP and then
it causes the striping, as known as the loss of the adhesive bonding
force between the binder and the aggregate in the asphalt
concrete mixture (Hicks, 1991). In the ACP, the components of the
asphalt concrete material include binder, aggregate play an
important role in the resistance to moisture damage (Cooley Jr,
Brown, & Maghsoodloo, 2001).

According to a study by Kassem et al. (2006), the moisture
damage of asphalt concrete pavement was dependent on the
moisture diffusion process. From the rain event, moisture was
diffused as vapor that can infiltrate into the asphalt concrete
pavement (Kassem, Masad, Bulut, & Lytton, 2006). Chen and
Williams (2014) report that the moisture damage was mostly
happened by moisture diffusion for the low porosity ACP (Chen
and Williams, 2014). Once again, Kringos and Scarpas (2005)
confirmed that moisture diffusion is the main reason for the
moisture damage of ACP (Kringos and Scarpas, 2005).

Until now, there have not been many studies that focused on
the moisture diffusion in the ACP and its effect on moisture
damage. Kassem et al. (2015) observed the moisture diffusion of
three different asphalt concrete mixtures including sandstone,
limestone, and gravel (Kassem, et al., 2006). In their study, the
moisture diffusion coefficient was extracted using Mitchell’s
equation. Based on the results, the authors figured that as the
moisture diffusion coefficient increased, the moisture damage
resistance of the asphalt concrete mixture decreased. Between the
asphalt concrete mixtures designed by gravel and limestone, the
one with gravel provided a lower resistance to moisture damage.
The suggestion was made that to evaluate the resistance to
moisture damage of asphalt concrete pavement, the moisture
diffusion coefficient could be used.

The use of moisture diffusion coefficient to evaluate the
moisture damage of ACP also was assessed by (Arambula, Caro,
& Masad, 2010). In their study, a validation of moisture
distribution in ACP was carried by two methods. One was
experimental measurement and the other one was numerical
simulation. The experimental measurement was resulted based
on the procedure in ASTM E96 standard and the study of
(Hénon, Carbonell, & Desimone, 2002). There was a good
agreement between the results of moisture distribution from
the two methods. The authors also reported that the moisture
diffusion coefficient had a significant effect on the moisture
damage of asphalt concrete pavement.

The effect of moisture distribution on the moisture damage of
asphalt concrete pavement was also observed by Cammarata et al.
(2020) (Cammarata, Hariharan, Allen, & Little, 2020). In their study,
a pre-cracked asphalt concrete pavement was simulated by finite
element method under the rain event. In this simulation, the
moisture distribution in a pre-cracked ACP was extracted. The
results showed that the length of the pre-crack in the asphalt
concrete pavement increased due to the moisture diffusion
according to the time of rain event. The suggestion was made that
a pre-crack in an ACP should be sealed as soon as possible to avoid
moisture damage due to the rain event.

Previous studies showed that moisture diffusion coefficient or/and
moisture distribution of ACP could be used to estimate its resistance to
moisture damage. However, there have not been many studies on the
moisture distribution in a pre-crack asphalt concrete pavement with
different moisture diffusion coefficients. To fill this identified gap, this
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study was performed to assess the moisture distribution in a pre-
cracked ACP in a short-term rain event by finite element method. The
ACP with three different moisture diffusion coefficients from the
literature were selected to analyze.

2. METHODOLOGY

To assess the moisture distribution, the finite element method
(FEM) was used in this study. In the analysis, a pre-crack ACP was
modeled and analyzed. It is assumed that the moisture from the
rain event was absorbed in the pre-crack and was diffused via the
diffusion process. The diffusion of moisture according to the depth
of the pre-crack of the ACP was extracted by the traditional one-
dimensional diffusion equation, as known as Fick’s first law, is
derived as follows:

_Déﬂ (1

Ox,

Where x; is the it" coordinate direction;

giis the flux of moisture in the coordinate direction;

Dis the moisture diffusion coefficient;

m is the mass of moisture.

However, the moisture diffusion in the asphalt concrete
pavement does not totally follow Eq. (1) (Apeagyei, Grenfell, &
Airey, 2015; Lehner, 1979). To extract accurately the moisture
distribution in a pre-crack ACP, Fick (1995) substituted his first
law’s equation into the mass conservation’s equation and resulted
a new equation, as shown in Eqg. (2). The result is called Fick's
second law which shows the relationship of moisture distribution
and time of diffusion, which is also the time of rain event t.
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Eqg. (2) is expressed as a partial differential equation that can be
used to extract the moisture distribution in a pre-cracked asphalt
concrete pavement following the time of rain event t. In this
equation, the moisture diffusion coefficient D is determined based
on experimental measurement.

In this study, to observe the effects of moisture diffusion
coefficient D on the moisture distribution in a pre-cracked ACP,
different moisture diffusion coefficient D in the previous studies of
(Cammarata, et al., 2020) and (McKeen and Johnson, 1990) were used
to analyze via FEM. The model was developed based on an open-
source python library, FEniCS (version 1.5). The information of the
open-source code can be founded in the literature (Alnzes et al., 2015).

In this study, the pre-cracked ACP has same configuration as in
the study of (Cammarata, et al., 2020) was modeled and analyzed.
The geometry of the pre-cracked ACP is presented in Fig. 1 below.
The numerical model was discretized into 43200 finite elements
with 21901 nodes. The red point in Fig. 1 was selected to plot the
moisture saturation according to rain event time because the
authors would like to examine the rate of moisture diffusion.

To assess the effect of moisture diffusion coefficient on the
moisture distribution in a pre-cracked asphalt concrete pavement,
the base layer of pavement was simulated with three different
moisture diffusion coefficients. Their values were based on the
studies of (McKeen and Johnson, 1990) and (Cammarata, et al.,
2020). For the asphalt layer, the moisture diffusion coefficient
followed one in the study of (Cammarata, et al, 2020). Table 1
shows the moisture diffusion coefficients for each case of the
analysis.

q;, =
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18 cm 15 em

Base layer 30 cm

30 cm

Figure 1. Geometry of the pre-cracked asphalt concrete pavement, after (Cammarata,
etal., 2020)

Table 1. Moisture diffusion coefficient of asphalt concrete
pavement, after (Cammarata, et al., 2020; McKeen and Johnson,
1990)

Case Layer Diffusion coefficient D (cm?/hr)
1 Asphalt 5.976e-5
Base 3.65
2 Asphalt 5.976e-5
Base 6.84
3 Asphalt 5.976e-5
Base 14.84

3. RESULTS AND DISCUSSION

The results of moisture distribution in the pre-cracked asphalt
concrete pavement for cases 1, 2, and 3 according to the time of
rain event are shown in Fig. 2, 3, 4, respectively.
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Figure 2. Moisture distribution for case 1
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Figure 4. Moisture distribution for case 3

Based on the results, it can be seen that as the time of the rain
event increases, the zone of moisture distribution tends to be
larger. The reason is that when the rain event happened, moisture
moved from the surface of the pavement down to the pre-crack’s
spatial. At the end of the pre-crack’s spatial, moisture is
transported around by the diffusion process. In this study, since
the moisture diffusion coefficient was assumed to be constant over
time; therefore, as the time of rain event increases, more moisture
was diffused; therefore, this resulted a larger zone of moisture
distribution.

It is noticed that the results of moisture distribution according
to time in this study are consistent with that in the study of
(Cammarata, et al., 2020). It indicates that this study developed a
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model that can be used effectively to extract the moisture
distribution in a pre-cracked ACP.

The results of saturation respecting to time of rain event at the
observation point are shown in Fig. 4 below.
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Figure 5. Moisture saturation at the observation point according to time of rain event

Fig. 5 indicates that when the moisture diffusion coefficient D
increases, the moisture saturation at the observation point
increases, too. For instance, the saturation goes up about 0.11,
from 0.994 to 0.211 at 12 h when the diffusion coefficient increases
by 3.19, from 3.65 to 6.84.

Considering the increase of saturation according to time for each
case, the current study found that there is a significant increase in the
rate of saturation. The implication can be made that the moisture
diffusion coefficient of the pre-crack in the ACP did not decrease
significantly according to time. In contrast, according to experimental
results of (Cammarata, et al., 2020), the moisture diffusion coefficient of
the asphalt concrete pavement steadily decreased. A possible
explanation for this might be that this study already assumed the
moisture diffusion coefficient was constant. However, in fact, this value
decreases according to time and results in a decrease rate of moisture
diffusion. This finding is unexpected and suggested that further
research should be done to observe the reduction of moisture
diffusion coefficient according to the time of rain event.

4. CONCLUSIONS

This present study was conducted to assess the moisture
distribution in a pre-cracked asphalt concrete pavement in a short-
term rain event by finite element method. The asphalt concrete
pavements whose three different moisture diffusion coefficients
for the base layers were analyzed. Based on the results, the
conclusions were drawn that when the time of the rain event
increased, moisture was diffused more and resulted in a larger
zone of moisture distribution. Additionally, the current study
found that when the moisture diffusion coefficient increased, the
saturation of the observation point increased. The model in this
study can be used effectively to assess the moisture distribution in
a pre-cracked asphalt concrete pavement. In the future, further
research should be carried out to observe the moisture diffusion
coefficient and moisture distribution of asphalt concrete pavement
in terms of different conditions such as temperature, freeze/thaw
cycle, and traffic load.
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ABSTRACT:

Fly ash obtained from Tra Vinh thermal power plants was tested
for radiation safety and used to produce unfired bricks with some
additions. The fly ash used in high concentrations (up to 70% of
bricks) proved a safe and economic solution for the production of
unfired bricks. The product was tested for mechanical and
physicochemical properties such as: compressive strength,
flexural strength according to TCVN, SEM images of the horizontal
surface of bricks, XRD and IR of bricks were also obtained. Other
parameters such as water absorption, adhesion to construction
mortar were also investigated. The obtained results indicate that
the unfired bricks produced from fly ash of thermal power plants
have high potential in construction and contribute to solving
environmental problems as well as creating an unfired
construction products with high quality produced by a green
production.

Keywords:Fly ash, thermal power plants, unfired brick.

1. INTRODUCTION

Currently, unfired construction materials are being studied to
produce and widely used in the world. In developed countries
such as the US, Europe, Japan, many buildings use 100% unfired
construction materials; while in Vietnam, this rate is still meager. To
solve this problem, the Government has issued policies on
increasing the use of unfired construction materials, especially in
construction buildings with the Government's capital. Many
research works on the production of unfired bricks in Vietnam and
the world have been previously published. However, the problems
of production cost and bricks quality still need to be improved for
widely applicable. In addition, the studies of using wastes and by-
products from other manufacturing industries as raw materials for
unfired bricks are prioritized because, at the same time, it can solve
many different goals in the environment and economy [Vivek et.al,,
Anant et. al,, and Zipeng et. al.].

Fly ash and slag are secondary resources created by humans
through the process of mining, processing, and using natural
mineral resources. One of the sources of emissions is from thermal
power plants, and this is the leading environmental problem in
Vietnam nowadays. The application of fly ash in the production of
unfired bricks has been applied in several countries worldwide
with different technologies, such as India, China, etc. [A.
Bhattacharjee et.al, Jong-Hwan et. al.]. However, the quality of fly
ash and radiation safety when used in unfired bricks is also a
matter of concern [Alper et. al., P. Chindaprasirt et. al.]. Therefore,
the use of fly ash from thermal power plants as construction
materials must also meet national standards for safety and quality
(QCVN 16: 2017/BXD; 24a/2016/ND-CP; 452 /QD-TTg). However,
the current reality shows that the consumption of ash and slag of
thermal power plants in Vietnam is low because the combustion
technology leaves a high amount of residual coal in the ash. The
process of handling excess coal is complicated and costly. On the
other hand, to make materials from fly ash and slag, it is necessary
to use a large amount of cement, sand and stone as a binder and
improve the physical and mechanical properties, which increases
the production cost, so it is not easy to apply in industry. In the
world, there have also been many studies on fly ash and its
application in various fields in industry and unfired bricks [Kumar
et.al, ). Temuujin et. al., and A. Fernandez et. al.].

Vietnam currently has 25 coal-fired power plants in operation,
with ash and slag discharged about 13 million tons/year. At the
end of 2020, there were about 47.65 million tones of fly ash from
thermal power plants, mainly in the North (accounting for 65% of
total emissions), central (23%) and South (12%). The amount of fly
ash and slag consumed reached more than 5.06 million tons,
accounting for 38.9% of the generated amount, of which the North
consumed about 3.6 million tons (Data compiled by the Ministry of
Industry and Trade, 2020). Therefore, to contribute to the most
effective treatment of fly ash, one of the solutions is to research
and apply the production of unfired bricks with quality according
to national standards in production and usage. At the same time,
the unfired bricks production solves the problem of environmental
safety for thermal power plants. Moreover, it creates an unfired
brick product that can be applied to construction and the
development of green products in the world.

Therefore, in this study, fly ash and slag waste from thermal
power plants will be used to produce unfired brick products that
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meet the national technical standards of construction bricks with
low cost and high competitiveness in the market; and meet the
criteria of green products.

2. MATERIALS AND METHODS

2.1. Materials

In this study, the cement used in the unfired brick’s material is
PCB 40 Nghi Son. Fly ash (FA) was collected from Duyen Hai
Thermal Power Plant in Tra Vinh Province. The fly ash is then
ground and sieved to an average size of less than 0.5 mm. Slag ash
(SA) used in the study using dry ash slag discharge technology. Fly
ash and slag have the physico-chemical properties are shown in
Table 1. Fly ash and slag samples are presented in Figure 1. The
water used in material’s mixture is derived from domestic water
and meets the requirementsof standard TCVN 4506: 2012 for water
for mixing concrete and mortar.

Table 1. Characteristics of fly ash (FA) anh slag ash (SA)

energy and efficiency standards of the probe used the IAEA RGU1
reference sample with Angle 3.0 efficiency calibration software,
and analytical procedures according to ISO-2007 standard.

- R =

Prepared samples for radiation safety

Gamma spectrometer with ultra-pure
test semiconductor probe G(3520 (NTLab)
Figure 2. Material samples (a) and radiation safety testing equipment (b)

Characteristics Unit Test method FA SA 2.3. Design the formula for unfired bricks
Moisture % TCVN 7572-4:2006 | 16.55 | 0.88 In this study, different types of material mixtures were tested to
Mass density g/cm® | TCYN 7572-4:2006 | 3.40 | 1.98 make conventional 4-hole unfired construction bricks from FA and
Bulk density Kg/m3 | TCVN 7572-6:2006 | 1050 880 SA of Duyen Hai - Tra Vinh thermal power plant. The bricks are
Porosity % TCVN 7572-6:2006 | 69.1 556 prepared using different proportions of the raw materials. The
Silt, clay - dust quality of the brick depends on the ratio of raw materials,
content % TCVN 7572-8:2006 0.0 0 compressive strength, and moisture content of the material. The
Organic impurities goal of the study is to utilize FA and SA, and at the same time
cogtent % | TCVN7572-9:2006 | 0.0 0 reduce the cost of bricks, so in this study we try to reduce the
Chloride content cement content, but still ensure that the MAC of bricks is greater
(k) % | TCVN 141:2008 0.007 0 than 75MPa. Therefore, the survey content of cement is 20% or
Sunfat, sunfit less, and the brick pressing force increases to 9 tons. Table 2 below
conten’t % TCVN 141:2008 0.202 0 presents 04 different formulas for making sample bricks with
510, content % | TCUNB82622009 | 5640 | 59.57 |  SymbolsC1,C2,C3,C4. g
ALOs content % TCVN 8262:2009 1904 | 2014 Table 2.Unfired brick’s compositions from FA and SA

2VU3 . . .
Fe20s content % | TCVN 8262:2009 6.19 | 6.88 Sample  [Composition
Ca0 content % TCVN 141:2008 640 | 5.90 C1  [Fly ash (80%) + Cement (20%)
MgO content % TCVN 8262:2009 2.81 2.51 C2  [Fly ash (60%) + Slag ash (25%) + Cement (15%)
MnO content % TCVN 7131:2003 0.05 | 0.05
K20 content % | TCVN7131:2003 | 291 | 256 €3 [Flyash (70%) + Slag ash (15%) + Cement (15%)
Na>O content % TCVN 7131:2003 0.75 0.81 C4  [Fly ash (50%) + Slag ash (35%) + Cement (15%)
TiO2content % TCVN 7131:2003 0.70 0.70 2.4. The prepared process of unfired bricks
Other % Requiment 3.85 | 0.88 The raw material mixture is added to a mixer of suitable
pH - Requiment 939 | 9.10 capacity in the designed ratio and thoroughly mixed with water

Fly ash Slag ash

Figure 1. Material samples in naturally dry condition

2.2. Radiation safety test

FA and SA samples were tested to determine the level of
natural radioactivity to assess radiation safety when used in
samples of unfired bricks. Samples were measured on a low-
background gamma spectrometer with ultra-pure semiconductor
probe HPGe GC3520 at the Nuclear Engineering Laboratory
(NTLab), University of Natural Sciences, VNU-HCM (Figure 2). The
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until a homogeneous mixture is formed. The same procedure is
applied to the different grades. Moisture is calculated from the
beginning but checked regularly to ensure the suitable material
when pressing bricks. Humidity is greatly affected by weather and
daily climate. Small lumps will be sifted out because, if left in the
material mixture can cause cracks in the bricks, reducing their
overall strength. The homogenized mixture in the mixer is then fed
into the pressed machine to be molded into a brick shape and
transferred to the drying yard via a conveyor belt. Brick pressed
machine uses hydraulic compression technique, the raw material
mixture is compressed into bricks with pre-designed pressure. The
preparing process is shown in Figure 3.

After freshly pressed bricks are air-dried, they are arranged in
stacks for curing, samples following are taken to test the
mechanical properties after 7; 14 and 28 days. In some cases, bricks
can be moisture stabilized to prevent surface cracking by steam.
After curing, the bricks were again allowed to dry naturally for a
few more days before being tested.

Mechanical properties test.



Figure 3.Preparing process of unfired bricks.

The samples of unfired bricks were tested for compressive
strength, flexural strength, water absorption, volumetric weight,
coefficient of thermal expansion, dry shrinkage and some other
adaptive criteria ability to withstand the impact of the
environment according to TCVN 6477: 2016, TCVN 6355: 2009,
TCVN 6415:2016.

3. RESULTS AND DISCUSSIONS

3.1. Radiation safety test of FA and SA

Samples of FA and SA obtained from the Duyen Hai thermal
power plant are tested for radiation safety in accordance with
TCVN 10302:2014; TCVN 12249:2018 for application in the
production of unburnt bricks. The results presented in Table 2
show that the irradiance of the material is very small, within the
allowable limit as [a] and [b]. So it can be concluded that both FA
and SA are used to produce unfired bricks and the product is safe
to be used in civil construction.

Table 2. Test result of 1sigma

Radiation activity (Bg/kg) S
Isotopes Fly ash Slag ash Limitation

U-238 (Th-234) 39.1£17.0 66.3 +14.4

Ra-226 86.5+ 1.7 727+14

[Th-232 (Ac-228) 93.7+ 1.8 79.8+ 1.6

K-40 659.7 + 24.1 577.5+21.3

Aeff 2644 +3.5 225.5 +3.1 370 [a]

I 0.98 £0.01 0.83 £0.01 <1 [b]

Note: [a]: TCVN 10302:2014; [b]TCVN 12249:2018.

3.2. Compressie strength, Flexual strength and effect of
pressed force

After being pelleted and cured, the samples of unfired
bricks were tested for compressive strength and flexural
strength in their natural state after 7, 14 and 28 days. The
results are shown in Figure 4. With the pressure force of the
press is 0.9 tons (a), all brick samples with compressive and
flexural strength at 28 days old do not meet the requirements
of 7.5MPa. However, when increasing the pressure to 10 times,
specifically 9 tons (b), all samples after 28 days were very high
in both properties, higher than the original target of 7.5 MPa.
This shows that the pressure exerts a significant influence on
the properties of the unfired bricks because it increases the
density of the material, enhances the ability to contact and
interact to create a bond between the cement and other
components in the bricks [Zipend et. al, Anant et. all.
Furthermore, when the content of cement is higher, then leads
to MAC of bricks is also higher, as shown in table 3. This result is
fixed with previous published [Anant et. al., A. Fernandez et. al.]
because increasing cement content simultaneously increases
binder and mineralization in the material, but increasing
cement content also leads to increase in brick weight when

combined with FA and SA, and increase the price of unfired
bricks.
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(a): Unfired bricks (40x80x180 mm) with the pressed force of 0.9 tones.
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(b): Unfired bricks (40x80x180 mm) with the pressed force of 9 tones.

Figure 4. Unfired brick samples with the pressed force of 0.9 tons (a) and 9 tons (b).

3.3. SEM images of unfired bricks

Samples C2 with the pressing force of 0.9 and 9 Mpa have
tested the surface morphology with SEM images and the results
are shown in Figure 4. It can be observed that the brick sample
clearly has higher material density and lower porosity with high
pressing force. It is possible to observe the materials bond
together into solid blocks and have a stable structure. This proves
the high mechanical properties of unfired bricks (Figure 5a).
Because when the pressure is increased, the materials will be
compressed more tightly, from which the mineralization process
takes place easier and the material density is higher, the pores are
less, resulting in higher brick mechanical properties. The opposite
result is observed when the pressure is much smaller in the brick
forming process (Figure 5b).
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Figure 5. SEM images of samples unfired brick C2: (a) pressed force of 0.9 Mpa; and (b)
pressed force of 9 Mpa.

3.4. Water absorption

The concrete brick should have an average water absorption
capacity of not more than 12% by mass for bricks with a MAC greater
than 7.5 MPa according to Vietnamese standards for concrete bricks
TCVN 6477: 2016. There are currently no specific standards for unfired
bricks from different materials. Most use baseline criteria from different

previous studies. From the obtained results presented in Figure 6. It
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can be seen that with low pressure of 0.9 tons, the water absorption is
not reached (both greater than 27%). When the pressing force is
increased to 9 tons and the brick MAC is increased to about 10 MPa, as
shown in Figure 6, the water absorption of the bricks decreases to
about 15%, and it becomes lower as the cement content raise. The
above results can be explained by the fact that the bricks in this
experiment have low cement content, 20% or less, and both FA and
SA have high water absorption capacity. Therefore, the bricks in the
experiment have higher water absorption than concrete bricks, as
stated in TCVN 6647:2016.

T o i
o " Wew
R bsorpliar
10 I Shmrplen
c c2 e =

Figure 6. Water absorption of unfired brick samples

3.5. Bulk Density and Porosity

The test results show that with an equivalent porosity, the
unfired bricks in the study have a significantly lower volumetric
weight (about 1.10 g/cm?3) than the concrete bricks on the market
(which have an average volumetric weight from 1.75 to 1.80
g/cm3). This is one of the main advantages of bricks manufactured
from FA and SA. The bricks are about 1.5 times lighter than
concrete bricks of the same style and size. Meanwhile, compared
with the standard TCVN 6477:2016 for concrete bricks (porosity is
not greater than 65%), the unfired bricks only have about 20%
porosity in this study. The volumetric weight will be enormous and
the porosity will be minor as the cement content increases in the
unfired bricks, as shown in Figure 7.
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Figure 7. Bulk Density and Porosity of unfired brick samples at the pressed force of 9 tons.

3.6. Indicators due to environmental impact

The unfired bricks have almost no long thermal expansion in
the width and length of all the samples. The dry shrinkage
gradually decreased when the fly ash content was reduced to 50%.
Details are shown in Table 3.

Table 3. Indicators due to environmental impact

e N L1

. . Test Test results
Characteristics | Unit methods a &) G ca
:'X"peaar::i};irma' mm/m | TCVN
Width 22051'6 00 [00 |00 |00
Lenght ) 0,0 0,0 0,0 0,0
Moisture mm/m TCVN
Expansion 6415-
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Width 10:2016 0.12 { 0.10 | 0.15 | 0.17

Lenght 0.17 | 0.09 | 0.22 | 0.21

Dry Shrinkage | mm/m

Width ;g;/;\l 2017 0.09 | 0.09 | 0.00 | 0.00

Lenght ' 0.12 | 0.11 | 0.00 | 0.00
4. CONCLUSIONS

Fly ash and slag ash from Duyen Hai Thermal power plant - Tra
Vinh Province were combined with other materials to make
unfired bricks. With a pressing force of 9 tons, the results show that
the bricks completely satisfy the Vietnamese standards TCVN for
construction bricks. Moreover, the radiation safety test results of fly
ash and slag ash also meet the safety level according to TCVN and,
therefore, can be used to produce unfired bricks for civil
construction.
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ABSTRACT:

Computational design referred to Dynamo visual programming
and Revit software is being widely increased in the construction
industry. This study proposes two algorithmic workflows based on
Oynamo scripts to correct the shape of architectural walls in 30
Building Information Modeling (BIM) model. Running the Dynamo
scripts on incomplete 3D BIM model is to not only improve the
proper shapes of architectural walls, but also reduce the half
modelling time of complete 3D BIM model. It is effortless to use
the workflows because of a sufficiency of describing the inner
works of the scripts that can modify automatically the overlaps or
gaps of intersecting locations between architectural walls and the
structure elements in Revit model.

Keywords: Dynamo scripts, Architectural walls, Modelling time

and 30 BIM model.

1.INTRODUCTION

Today the simplest way for Architecture, Engineering and
Construction (AEC) industry professionals to access and manage
the information of Building Information Modeling (BIM) model is to
use a visual programming extension named Dynamo (ISO, ISO
19650-1:2018; R Sacks 2018; Dynamo 2018). Dynamo is an open
source to create algorithms that can be used to generate complex
geometries in BIM models, to automate repetitive processes, to
minimize human error, and to export data to Excel files as well.
Dynamo is also a product of Autodesk so it connects seamlessly to
Revit, and allowing users access Revit’s data structure to change or
obtain the information of all elements in the models (Autodesk
2020). Moreover, Dynamo was originally created for AEC industry,
its large and growing community is a great resource for learning
from and connecting with experts in this industry. Dynamo's
community is made of architects, engineers, and programmers
who all have created a large number of packages of Dynamo

scripts for sharing and making. Over 1646 packages and over 980
authors, ranging from general packages to very specific packages
for the design of BIM models, have been published online
(Dynamo 2018).

For AEC industry, the choice of proper software is necessary to
produce BIM models. There are numerous programs for modelling
in BIM, all of which offer slightly various functionality. The choice is
made mostly on the basis of the knowledge and experience of
modelers with those programs. According to Finances online,
some of the 20 best BIM software consist of Autodesk BIM 360,
Tekla BIMsight, Autodesk Revit, Navisworks and BIMobject. Here,
Autodesk Revit software is the best known and current market
leader for the use of BIM in architectural design. Autodesk Revit is
used by architect, structural engineer, and mechanical, electrical
and plumbing engineers. Its latest version is upgraded each year
from Autodesk and the version reviewed here is 2020.2. Revit
models are powerful repositories of geometric, numeric, and
descriptive building information in order to reproduce BIM models.

BIM application is becoming more and more popular in the
world. In Vietnam, legal framework documents about this
application have been implemented in the recent years. For
example, the Construction Law in 2014 mentioned a number of
issues related to BIM such as applying technology, managing
construction activities, and there were many decisions including
No. 134 in 2015, No. 79 in 2017, No. 347 and 348 in 2021 about the
publication of general guidelines for the application of BIM.

However, there are also some researches related to the
limitations of modelling in BIM models. Particularly, modelers have
faced the clashes of building elements when simulating
completely the models. The clashes derive from the unreasonable
intersections of walls and columns, or walls and beams (see Fig.
1a). Herein, there is no tools to attach/detach automatically the
actual geometry of the walls to the location of columns or beams
in Revit (Autodesk 2020; Mayouf et al. 2019). These clashes involve
in determining inaccurately the dimensions of walls and in
creating a wrong schedule of the quantity takeoff according to the
construction estimate norms as well (Construction Law 2014). The
studies (A Monterio and Martin 2019; S Aram et al. 2014) indicated
that an accurate quantity depends on the high quality of BIM
models. However, the compound elements are reproduced in their
actual shape, which will cause time consuming and higher costs
for this simulation. Other researches was introduced by
Khosakitchalert et al. 2019 and 2020 to address the overlapped
connections of compound elements in BIM models based on Revit
and Dynamo. The studies are important to improve the accuracy
of quantity takeoff, and the complete performance of BIM models.
Though, the studies lack for describing the inner work of Dynamo
script which is generative syntax to directly solve these
connections as well.
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Figure 1. Modelling in (a) incomplete 3D BIM model and (b) complete 3D BIM model

In this paper, the main purpose is to develop algorithmic
workflows based on Dynamo scripts so that they can enhance the
accurate performance of the actual shape of architectural walls,
and contribute perfectly to the design of 3D BIM models. The
algorithms are presented clearly and in detail in terms of the
alignment between the columns and the walls or the beams and
the walls, which will create the complete 3D BIM model with the
less modelling time (see Fig. 1b).

2. ALGORITHMIC WORKFLOWS BASED ON DYNAMO
SCRIPTS

All nodes that are used in Dynamo scripts to build up the
algorithmic workflows are explained briefly. The option of nodes is
extended here by popular packages such as Clockwork, Strings,
Rhythm, etc. (Dynamo 2018).

2.1. For correcting the height of wall elements

There are six Dynamo scripts to build up the algorithmic
workflow involved the correction of the height of architectural
walls in 3D BIM model (see Fig. 2).

The first script is to select and filter properly the compound
elements of architectural walls corresponding to each level. Here,
this selection can either be one element or all similar elements
based on the distinctness in Revit hierarchy (Autodesk 2020). In
this script, a programming code named "Walls" is authored in order
to connected to a node of mathematics notated "==" node. This
will return a true value for the wall elements that need to be listed
before other elements. Moreover, the connection of nodes such as
All Elements at Level, String from Object and List.FilterbyBoolMask
is able to sort and group a list of the wall elements associated with
their levels

The second script is to look up a list of beam elements placed
at the top constraint of wall elements respectively. According to
Revit hierarchy, the beam elements coordinate with a specific
category of the structural framing elements. Therefore, a list of
the beam elements can be accessed by using Categories node in
which the structural framing elements in Revit model need to be
selected. Further, other node called
Element.GetParameterValueByName node is applied to support
this access. The node syntax requires a Parameter Name as its
secondary input, in which a programming code, "Reference
Level", is also created by the Code Block node to output a list of
all the beam elements associated with their levels. Next, this list
needs to be grouped into a more proper list of the beam
elements corresponding to the above level of the wall elements.
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Level.Name, String.Contains and
interconnected.

The third script is adopted to edit the parametric height of the
wall elements in Revit project. This is done with
Elements.SetParameterByNameTypeOrinstance node possessed
three input ports. The first port links to a list of the wall elements at
specific level, the second embeds the Code Block written as "Top
Constraint" that is a level datum for the top of the wall in Revit, and
the third connects to a parametric value that is up to determined
level. This algorithm can drive automatically the height of walls to
the top edge of beams so that the actual height of walls is edited
effortlessly by the subtraction of the corresponding depth of
beams from this specific elevation according to the next scripts.

The fourth script tests the geometry intersection of the wall
elements and the beam elements in order to query the
intersecting elements. The main node for building this script is
Geometry.DoesIntersect node to detect the intersection of
elements. If two elements are in contact with the points of overlap,
the output port of the node will return true; whereas, the results
are all false if the elements do not intersect actually. Attention to
the List.GetltemAtindex node, the first input port of the node is
added the List@Level functionality to isolate a specific level of
data. The fifth script is to calculate precisely the height of walls
with accordance to the depth of beams. To read the value of the
depth of beams,
Elements.GetParameterValueByNameTypeOrinstance  node s
adopted. The node syntax looks for a list of the beam elements,
and for a Parameter Name in terms of the height of beam written
exactly as "h" by the Code Block node.

The final script can automatically attach/detach the top of
selected walls to the underside of beams in Revit models. This
script is built by two central nodes from the Springs and the
Rhythm packages named Springs.Element.SetParameterToNone
and Elements.SetParameterByNameTypeOrintance node,
respectively.

2.2. For correcting the length of wall elements

There are four Dynamo scripts to build up the algorithmic
workflow involved the correction of the length of architectural
walls in 3D BIM model (see Fig. 3).

The first script works for the purposes of querying the start and
end points on the central axis of the wall elements. Querying all of
the elements of architectural walls in the project uses also the
same nodes as querying the grids. From these wall elements,
Element.GetLocation node allows to extract the base curve of the

List.FilterbyBoolMask is
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String from Object §
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Code Block
eren:e Level = s Code Block

| I I ri
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Code Block
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Code Block

[*Top Constraint™; |>|
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“Unconnected Height"; |>|

Figure 2. Algorithmic workflow corrects the height of architectural walls
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Figure 3. Algorithmic workflow corrects the length of architectural walls
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The second script is to group vertical grids and horizontal grids
into separate lists in order to sort out intersecting points of the
grids in the project. Before creating the separate lists, the gridlines
need to be grouped through their parallel vectors so that the
output of the intersecting points is precisely unique without
duplicates or self-intersections between the gridlines. This desired
output is owned by Geometry.Intersect node which plugs in
List.Firstitem node and List.Lastltem node.

Next script, the points on the axis involved new coordinate
systems are paired with the intersecting points of grids by
Geometry.DistanceTo node. Finally, the length of wall elements is
extended to the intersecting points of the grids by using
Element.SetLocation node, and joining geometries between the
walls and the structural columns is to create their actual length of
the walls.

3. RESULTS AND DISCUSSION

To validate the algorithmic workflows for correcting the height
and length of the wall elements by Dynamo scripts, a comparison
of the modelling time and performance level between 3D BIM
models is surveyed based on an actual residential building (see
Fig. 4). This is a two-story building that was designed by one of the
authors, and was located in Kien Giang province of southern
Vienam. The building possesses a total floor construction area of
720 m? with a length of 30 m, and a width of 12 m. The structure is
reinforced concrete frame with the typical column size of 200 x
200 mm, the depths of the beams of 300 mm and 400 mm
depended on the spans of the columns. The architectural walls
include a core structure layer built by hollow clay bricks with a size
of 8 x 8 x 19 cm and the finish layers depended on the specific
location of each wall type, e.g. exterior/interior painting
corresponding to outdoor/indoor surfaces of the wall, or the tile
corresponding to the surfaces of restroom and kitchen.

Figure 4. Actual residential building in the Mekong delta

Particularly, the first survey involved complete 3D BIM model
(see Fig. 5) that was precisely produced with the highest accuracy
of the intersecting locations of architectural walls to
beams/columns, and this model took up 20 h 15 min to produce
(see Table. 1). Next survey in Fig. 6, the modeling time of
incomplete 3D BIM model was 9 h 17 min in order to simulate

simply the shape of architectural walls. The height and length of
each wall were not modified, and the walls were created to
overlap/open with the structural elements. Final survey was to run
the Dynamo scripts of algorithmic workflows on the incomplete
3D BIM model with running time of approximately 1 min. This
method generated also the complete 3D BIM model as shown in
Fig. 5 with the total time of 9 h 18. It can be said that the
modelling time of the incomplete 3D BIM model enhanced by
Dynamo scripts was still 50% faster than that of the complete 3D
BIM model.

Figure 6. Incomplete 3D BIM model
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The main reasons of the longer modelling time of the
complete 3D BIM model are lack of necessary tools of the
software to correct automatically the overlaps or gaps of
intersecting locations between the walls and the columns and
lack of a proper definition in terms of the length of the walls
intersected to the beams as well. To solve the lack, modelers
need to split, trim or extend manually at such intersection.
This leads to a time-consuming task to model the accurate
length and height of individual walls in Revit models.

Table 1. The modeling time of 3D BIM models

Models and scripts Time
Complete 3D BIM model 20 h 15 min
Incomplete 3D BIM model 9h 17 min
Running Dynamo scripts 1 min

On the other hand, the incomplete 3D BIM model is
produced with a less time but this model is extremely
unusual. If the walls have no a specific dimension as their
actual shape, this model will exclusively produce 2D drawings
without concern of the quantity takeoff because the
overlapping elements cause surely the inaccurate quantities
of the walls. These quantities can be insufficient or excessive
of required numbers when compared to the actual
construction.

All in all, Revit software can play an important role in the
development of BIM models so its next versions will be
upgraded to fully digital technology. For the scope of this
study, the algorithmic workflows based on Dynamo scripts
have corrected automatically the overlapping elements of 3D
BIM model. Further, the study will use a such model to
perform the process of digital quantity takeoff of 5D BIM
model involved in the construction estimate norms of
Vietnam (Angi et al. 2020; Construction Law 2014).

4. CONCLUSIONS

The incomplete 3D BIM model is caused by the lack of
necessary tools of the software to correct automatically the
overlaps or gaps of intersecting locations between
architectural walls and the structure elements. In order to
model accurately the model, each wall needs to be edited
manually at the intersections. However, this modeling
method is time-consuming. This research presented clearly
and in detail in terms of the algorithmic workflows based on
Dynamo scripts, which not only improves the accuracy of the
connections of architectural walls to the structural elements
but also reduces the half modelling time of the complete 3D
BIM model. In addition, the paper can be useful for anyone
interested in the application of Dynamo scripts in Revit
projects in order to make the optimization of the automatic
routine workflows for the design of BIM models such as 4D
BIM for project planning, 5D BIM for quantity takeoff and cost
analysis, 6D BIM for energy consumption analysis and 7D for
facility management. Finally, the results of the study will
premise to conduct the generative design of BIM models for
the AEC industry of the Mekong delta.
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ABSTRACT:

To develop sustainably the construction industry under climate
change in the Mekong Delta, the use of fiber-reinforced polymer
(FRP) bar strengthened reinforced concrete (RC) structures by
Near-Surface Mounted (NSM) method plays a key role because
this method leads to positive effects on external strengthening
and reinforcing of the structures. Static and dynamic tests for RC
beams strengthened by FRP bar was carried out to identify their
actual behaviors. In all experimental cases, using externally
bonded FRP bar to the tensile region of RC beams has improved
significantly the flexural strength of RC beams. Additionally, the
numerical simulation had been done to reproduce the static and
dynamic behaviors of RC beams with and without the
strengthening of FRP bar. The reliable constitutive models and
contact conditions were adopted adequately in LS Dyna software.
As expected, the results in numerical simulation compared well to
that in experiment.

Keywords: RC beams, FRP bar, experiment, and numerical
simulation.

1. INTRODUCTION

Nowadays, applying the technique of externally bonded fiber-
reinforced polymer (FRP) bars by Near-Surface Mounted (NSM)
method becomes widespread in order to strengthen and reinforce
existing concrete structures (A Naaman et al. 1977; Abdullah and Kadir
2016). The number of projects using FRP bars worldwide has increased
significantly a few 20 years ago because this reinforcement was
developed as an alternative method to traditionally external
reinforcing techniques such as steel plate bonding and steel or steel
column jacketing. Technique including external post-tensioning and
epoxy-bonding steel plates have been applied successfully to increase

the strength of slab, beam, and column in existing bridges and
buildings. High strength composite plates are known as an extension
of the steel plating method. The advantages of composite materials
involved in immunity to corrosion, a low volume to weight ratio, and
many delivery shapes (Jung et al. 2017; Xue et al. 2010).

The codes of externally bonded FRP systems have been
developed in Europe and the United States (ACI 440.1R 2015; ACI
440.2R 2005 and ACI 318 2005). The main types of fibers used in
civil engineering applications are Carbon fiber reinforced polymer
(CFRP), Glass fiber reinforced polymer (GFRP), and Aramid fiber
reinforced polymer (AFRP). There are companies produced these
materials including CarboDur (Sika Corporation), Forca Tow Sheet
(Tonen Corporation), and Replark (Mitsubishi). The shape of FRP
can be divided into bars, cables, 2-D and 3-D grids, sheet, plates,
etc. CFRP material appeared at first to be one of the best
approaches for the external strengthening of concrete structures.
CFRP is composite materials built from the combination of carbon
fiber and the epoxy resin matrix. Therefore, the composite
possesses very high strength and elastic modulus in the fiber
direction. Its fatigue properties are also outstanding, and the
transversal strength of the composite is low, however, this
drawback is not relevant for strengthening the application (Parretti
and Nanni 2004; Thong. MP and Hong Hao 2016)

In Vietnam, the first project strengthened by externally bonded
CFRP method to improve its strength was Tran Thi Ly Bridge in Da
Nang city. After that, this method has been applied widely to other
bridges such as Loi Bridge in Nghe An province, O Song in Quang
Ngai, Sa Dec in Dong Thap, Van Thanh and Tra Noc in Ho Chi Minh
city. Especially, Sa Dec Bridge in Dong Thap province (see Fig. 1)
was built since 1983 with the length of 222 m and the load-
carrying capacity of 30 tons. Under climate change in the Mekong
Delta and the aging of structure, the capacity decreased
dramatically to 12 tons in 2011. This caused restrictions in the
region in which there was high traffic density, so building a new
bridge or repairing the old bridge was necessary. Herein, the
proposed method was the use of CFRP to strengthen externally
the surface of beams in 2017. After the reinforcement, the bridge
increased the capacity up to 30 tons, and had been operated well
until today (Giacoketcau 2018).
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Figure 1. External strengthening for Sa Dec Bridge by CFRP method

This study involves in investigating the static and dynamic
behaviors of reinforced concrete (RC) structures strengthened by FRP
NSM method. Particularly, this paper presents the tests of
strengthened RC beams and normal RC beams. Experimental results
are evaluated focusing on cracks patterns and the value of
displacement corresponding to the loads. In addition, the assumptions
of the constitutive models and contact conditions of the beams are
adopted adequately in numerical simulations, and the results in
simulation compare well to that in experiment. This can constitute an
effective and reliable design tool in order to study the behavior of
general structures.

2. EXPERIMENTAL PROGRAM

2.1. Test specimen detail

Test specimens were RC beams with a length of 2.2 m and a cross-
section of 200 x 300 mm. The name of test specimens is presented in
Table 1. For each test case, there were two normal RC beams without
reinforcement of FRP NSM method, and two beam groups with the
different reinforcement involved the sheets of carbon fiber. The total
number of small strands in the sheet consisted of two types, 48 and 72
carbon fiber strands (see Fig. 2a). There were different stages to
strengthen RC beams with the initial shape of fiber as a sheet by NSM
method. Firstly, this sheet was mixed with epoxy resin as shown in Fig.
2b. After that, it was bonded into grooves made on the bottom
concrete surface of beams as shown in Fig. 2¢, in which the surface of
grooves was prepared carefully as removing all dust and weak
concrete. Finally, the FRP bar was buried in the groove as a rectangular
bar with a length of 1.5 m (see Fig. 2d)

1 - i
Mixed with epoxy resin

f-"=

a.The sheet of FRPs 7 b.

c. Bonded into the grooves d. FRP bars with a length of 1.5m
Figure 2. Reinforced method

Table 1. Name of test specimens

Reinforcement Test specimens

Static Dynamic
Normal SN1; SN2 DN1; DN2
FRP bar with 48 DR48-1;
strands SRA8-1; SR48-2 DR48-2
FRP bar with 72 SR72-1; DR72-1;
strands SR72-2 DR72-2

JEWVIRININE 10.2021 | ISSN 2734-9888

2.2, Testing procedure

First test, the loading test was performed to confirm the static
behavior of RC beams strengthened by FRP bar and normal beams
as shown in Fig. 3. The static tests involved testing six the beams
and measuring their responses to a monotonically increasing load.
The beams were simply supported by two rollers, creating an
effective span of 1.6 m. A 3000 kN hydraulic jack and one load cell
were placed the middle of span for applying and measuring the
maximum loading (Pmax). In order to obtain the deflection
properties of the entire specimen, displacement meters were
installed vertically at the loading position. Furthermore, strain
gauges were also installed to confirm the strain variation of
concrete, steel and FRP bar.

e —
T !

ANk
Figure 3. Static test
Second test, drop-weight impact tests were conducted by
dropping a steel weight from a certain height onto the mid-span of
the six beams using the impact test tools. The free-falling devices
for impact experiment were set up in shown Fig. 4. The shape of
the weight used in the collision including a box solid,
(800x300%x240) mm with mass of 450 kg and a cylinder solid with r
= 1.4 m in radius of curvature to contact. In addition, the positions
of supports were installed by tie-down steel frames that can hold
tightly on specimens with an effective span of 1.6 m, and prevent
RC beams from bouncing out of the supports when occurring the
impact.

Figure 4. Drop-weight impact test
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Beam SN-2, Pmax = 151 kN
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Beam SR48-1, Pmax = 179 kN
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Beam SR48-2, Pmax = 188 kN

Beam SR72-1, Pmax = 190 kN

Beam SR72—2, Pmax = 199 kN
Figure 5. Distribution of cracks under static load

Regarding the impact velocity (Vo) for each specimen, Beam
DN-1 was carried out the repeated impact with Vo = 1 m/s, 2 m/s,
3 m/s, 4 m/s, 5 m/s respectively. Whereas, the remained beams
were tested only the initial impact, such as Beams DN-2; DR48-1;
DR72-1 with Ve = 5 m/s, and DR48-2, DR72-2 with Ve = 6 m/s. In
addition, an accelerometer was installed at the center of the
weight to measure its acceleration. There were four lasers put
under the specimens in order to measure the displacement of the
beams (3max). The impact force and reaction forces were confirmed
by respective load cell, and the strain of concrete, steel and CFS
were determined by the data from strain gauges. All output data
was recorded by digital recorder with a rate 20 kHz for 0.5 second.
Especially, the high speed camera (300 frame/s) was placed at the
most appropriate positions to monitor the failure processes.

2.3. Experimental results

Fig. 5 and Fig. 6 present the crack patterns of specimens. From
the figures, it can be seen that the crack patterns of the tested
beams under static and impact load have shifted from vertical
(flexural) cracks to diagonal (shear) cracks. Most flexural cracks
occurred around the bottom of the specimens; conversely, the
formation of shear cracks appeared far away from the position of
applied load and next to supports. It means that failures of all
beams tested under static and impact load were governed by both
flexural and shear modes. In addition, the crack patterns of both RC
beams strengthened by FRP NSM method and normal RC beams
were distributed in two-thirds from the middle span of the beams.
These cracks were observed carefully for all beams, their widths
developed gradually when increasing the load and their lengths
extended from the bottom to the top of the beams. Especially, the

= EERSSN SIS N
Beam DN-1, 8max = 29.5 mm

e Sosiil st
Beam DN-2, dmax =27.9 mm

e

Beam DR48-1, dmax = 24.5 mm

Figure. 6 Distribution of cracks under impact load

crack patterns of SR48-1, SR48-2, and SR72-1 exhibited smaller
width and shorter length of flexural crack than that of normal
beams when surveying at the center of the beams in Fig 5.
Similarly, the crack patterns of DR72-1 were also less than others in
Fig 6. As a result, the strengthening of FRP bar by NSM method
can lead to effective resistance to the expansion of cracks. It is also
interesting that all beams under impact load possessed more
diagonal cracks than that of all beams under static load. This
observation means that the failure of the impacted beams was
governed by the shear capacity, so it is recommended that the
shear failure form should be carefully considered in impact cases.
Regarding to the outcomes of maximum loads and displacements,
the range of maximum loads of SR48 and SR72 was from 179 kN to
199 kN. While, the maximum load of SN2 and SN1 are 151 kN and
153 kN, respectively in static tests (see Fig 5). Therefore, the
increase in the maximum load of the strengthened beams was
from 1.18 to 1.31 times compared with the normal beams. For the
maximum displacements in Fig 6, this data of Beam DR72-1 was
unfortunately lost due to a malfunction of the control computer.
As expected, the maximum displacement (8max = 24.5 mm) of Beam
DR48-1 was clearly 12% smaller than that of Beam DN-2, §max = 27.9
mm, and the maximum displacement (8max = 42.5 mm) of DR72-2
was also 17% smaller than that of DR48-2 (8max = 51.2 mm) as well.
In general, the comparisons of max load and max displacement
between the different beam groups indicated that the flexural
strength of the beams strengthened by FRP bar is greater than that
of normal RC beams under static and impact load. Moreover, an
increase in the number of strands of FRP bars can leads to an
increase in the flexural strength of RC beams.
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Applied load

RC beamn

Reinforcing bars
4 /

a. Static Model
Figure 7. Technical sketch of the RC beam built in LS-DYNA

3. NUMERICAL SIMULATION

For purposes of numerical simulation in Fig.7, the
simplest possible assumptions in terms of the choice of,
constitutive laws and contact conditions is presented in order
to reproduce adequately the static and dynamic behaviors of
RC beams with and without the strengthening of FRP NSM
method. Moreover, this finite element method (FEM) can be
useful not only for someone who is interested in modeling
the general structures by using LS-DYNA, but also for the
addition or replacement of full-scale tests which normally
require large budgets, and sometimes elicit poor results.

3.1. Formulated assumptions

In terms of constitutive laws, LS-DYNA provides a number
of the constitutive models (e.g. MAT 16, 25, 72, 84/85, 145 and
159) to model the concrete behavior under static, impact and
blast loads. Some of these available models and their
verification has been published (Jiang and Zhao 2015; Jiang
et al 2015 and Yoten et al. 2005). In this study, the material
models of Concrete Damage Rel3 (MAT_72_REL3) and
Continuous Surface Cap (MAT 145) were used to simulate the
complex behavior of concrete in static model and impact
model, respectively. The mechanical properties of concrete
consisted of mass density p = 2500 kg/m3, Young’s modulus E
= 28.43 MPa, Poisson’s ratio v = 0.167, compressive strength
f/=35.81 MPa and tensile strength f;= 2.81 MPa.

Regarding the constitutive model of reinforcing bars, an
elastic-plastic material model called “Mat Piecewise Linear
Plasticity” (MAT 24) was adopted to model the reinforcing
bars. The kinematic hardening behavior was considered in
this model, which is predicted the yield surface remains
constant in size and translates in the direction of yielding (LS-
DYNA, 2016). The properties of steel material were used
including mass density p = 7850 kg/m3, Young’s modulus E =
210 MPa, Poisson’s ratio v = 0.3. In addition, the constitutive
model of FRP bars was shown as elastic behavior via
experimental observation. Therefore, the LS-DYNA material
model named “Mat Elastic” (MAT 001) was selected, in which
the ultimate strength f,, strain & and Young’s modulus E were
3990 MPa, 0.0168 m/m and 237 GPa, respectively.
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b. Impact Model

In terms of contact conditions, these models consisted of
different components such as concrete, reinforcing bars, FRP
bar, supports and the load. Therefore, the precise
reproduction of contact behavior between those components
can be an essential factor. The interactions used in the models
were divided into two following groups. (1) Automatic surface
to surface, assigned for reaction between the load and
concrete, support and concrete; (2) Automatic surface to
surface tiebreak, contacted between concrete and FRP bar. On
the other hand, the method of incorporating reinforcing bars
into the concrete was described by Constrained Lagrange in
Solid technique (LS-DYNA, 2016).

3.2. Numerical results

Fig. 8a shows the relations of static load to displacement
in the experiment (Exp) and finite element method (FEM) for
Beam SR72-2. The maximum load of Exp (Pmax = 199) kN was
3.5 % larger than that of FEM, Pmax = 192 kN. For the impact
force of Beam DR48-1 in Fig. 8b, the maximum value of Exp
(699.7 kN) was also 3.5 % greater than that of FEM, 675.2 kN.
Both static and impact models, the deviations of the
maximum loads were minimal when comparing between
experimental and numerical values. It became clear that the
static and dynamic behaviors of models SR and DR in
numerical simulation is similar that of the test.

On the other hand, the comparison of fulcrum reaction
force between Exp and FEM is shown in Fig. 8c. The shape of
reaction force from the simulation seems to be a little
difference than that from the test. The maximum values of
this force in the simulation is higher and its waveform ends
earlier than that in test. This difference can be caused by the
contact between the rollers of support and the surface of the
concrete, which was not perfectly flat and smooth in the test
as compared to that of the numerical model.

4. CONCLUSIONS

In this study, the static and dynamic behaviors of RC
beams with and without the strengthening of FRP NSM
method performed in experiment and numerical simulations.
From the observation of the crack patterns, it has been
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Figure 8. Comparisons between Experiment (Exp) and Finite Element Method (FEM)

concretely shown that externally bonded FRP bars to the
tensile region of RC beams by NSM method has enhanced
clearly in the flexural strength of RC beams, and resisted to
the expansion of cracks under static and impact loads.
Especially, it is necessary to pay attention to the shear failure
when carrying out impact studies. Moreover, numerical
results agreed fairly well with experimental results, and this is
considered to be preliminary in reference to the use of
numerical models for replacing or modifying the parameters
of the full-scale tests with externally bonded FRP systems.
Finally, the results of the study are also premise to conduct
the further studies of FRP NSM method for the sake of
sustainable construction development in the Mekong delta.
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CONG TY NHIET PIEN SON PONG - TKV

KHONG LUI BUOC TRUOC THACH THUC, KHO KHAN

Mic dit da xdy dung va ban hanh "Dé dn xu Iy tiéu thu tro, xi”, lidng tro, xi cia Cong ty Nhiét dién San Ding -
TKV déu da hgp chudn, hgp quy tuong sing vdi cdc tiéu chudn, quy chudn ky thudt hudng dan tiing muc dich si
dung lam nguyén vit liéu xdy dung phit hap, nhung Cong ty Nhiét dién Sdn Dong van khé ddu ra béi nhitng nguyén

nhan khdach quan.

Vc’ri nhiing né lyc phdn ddu cha can bd cong
nhan vién, cung nhing chién lugec va giii
phip ding din, dén nay, Céng ty Nhiét dién Son
Bong da gat hai dugc nhiing thanh cong nhat dinh
trong nim 2018.

Nhim ddy manh cong tdc tiéu thu tro, xi, nadm 2020
Cong ty da xdy dyng va ban hanh Bé dn, xii ly tiéu thy
tro, xi , thach cao cha Cong ty Nhiét dién Son Déng.
Cong ty da no lyc tim kiém, lién hé, dam phan voi cic
doanh nghiép, té chiic va ci nhan ¢6 nhu cdu st dung
tro, xi ditng chin trén dia ban tinh Bac Giang va cic
viing lan cdn dé chuyén giao tro, xi clia nha mday lam
nguyén liéu san xuat vat liéu xdy dung, san lap mit
bing, lam dudng giao thong, san 1dp cic cong trinh
xdy dung dian dung, cong nghiép, ha ting ky thudt, tuy
nhién van con gip rit nhiéu khé khan,

Hi¢n cong tac quan ly tro, xi dugc Cdng ty Nhigt
dién Son Déng- TKV thuc hién ding theo cac quy dinh
chia phép ludt vé bao vé méi trudng. Cong ty cling da xay
dung quy trinh thuc hién thu gom, vin chuyén tro, xi,
luiu trii tai bai va trinh Uy ban nhin dén tinh phé duyét.

Trong hién tai va tudng lai, ngoai nhiing tic
dong khach quan thi hon ca chinh la nhiing chién
luge dung dan, phu hgp trong tiing thai diém cia
lanh dao Céng ty, cing vdi sy nd luc cha tip thé cin
bé céng nhan vién lao dgng don vi. Cong ty Nhiét
di¢n Son Pong da va dang tiing budc maé rdong tim
ki€m ddu ra, bat chip khé khan, thdch thic, quyét
tim xay dyng don vi trd thanh diém sang vé san
xudt kinh doanh va cham lo doi s6ng ngudi lao
déng, déng thoi khang dinh su phdt trién khong
ngiing ctia Cong ty dé déng gop vao san lugng dién
chia qudc gia dam bdo an ninh nang ldgng trong
béi canh hién nay.

Bé lam dugc diéu dé, cong ty cin ¢ sy ho trg
tii UBND tinh Bic Giang, UBND huyén Son Béng
v6i nhing chinh séch khuyén khich, thic ddy cic
don vi san xudt vat liéu xay dung, cac du én ddu
tu xay dung co sd ha tdng trén dja ban cé nhu ciu
st dyng tro, xi cia nha may, day manh tiéu thi cdc
nguyeén vat liéu xay dung phi hgp va dam bao chat
ligng, ddm bdo tiéu chudn nha nudc.




CONG TY TNHH XAY DUNG CONG TRINH HOANG HA

BUGC CHUYEN MINH MANH ME

hanh lap thang 12 ndm 1992, Céng ty TNHH

Xay dyng cong trinh Hoang Ha d3 trai qua 29

nam hinh thanh va phat trién. Thoi gian dau

thanh 1ap, Céng ty gap nhiéu khoé khan. S6 can
bo va cong nhéan lam vige chi 25 ngudn, Tir ndm 1994, do
nha nuée bo ché do bao cap nha &, chuyén sang ché do
kinh doanh nén Céng ty da chuyén hudéng sang dau tir xdy
dung nha dé ban. Cong ty da phoi hop lién doanh lién két
ldp duw an, dé trinh ho so xin céc cap chinh quyén mé mot
khu d6 thi mdi véi mot Cong ty cua nha nude thude huyén
Thanh Tri (Khu d6 thi méi Pai Kim — Dinh Céng ) vai
dién tich dat 1 24ha.

Tir nhimg kinh nghiém cua dy an khu do thj Pai Kim -
Dinh Céng, Céng ty tiép tuc phoi hop véi mét s6 don vi
khéc, trién khai nhiéu di an nhir Dy 4n Dich Vong - Cau
Gidy (22 ha): Dur én mé rong phia Bic va Tay Bic Pai
Kim - Dinh Cong (100,9 ha); Dy 4n duomg vanh dai 2,5
(Pam Héng quoc 16 1A thude quin Hoang Mai). Khéng

chi vy, Cong ty con la chu déu tw ciia cac du an nhur: Nha
@ cdn bg chien si cong an quan Hoang Mai, dy dn nha ¢
25 tang phudmg Thanh Xudn Béc, quan Thanh Xuan, du
an BOT duong so 70 noi Song Hoa Binh ra Lién Ninh
thudc huyén Thanh Tri véi tong chiéu dai tuyén duomg
27km.

Trai qua 29 ném hoat dong, vdi duong 16i kinh doanh
ding dan, chinh sach ché dé quan Iy pha hop. Cﬁng ty
TNHH tay dung cong trinh Hoang Ha tro thanh nong
cot trong viéc thanh lap Tap doan Hc}ang Ha. Tap doan
Hoang Ha la doanh nghiép cé phan ¢o fr cach phap
nhéan, trong do Cong ty TNHH xay dyng cong trinh
Hoang Ha nam giir 60% von cd phan tai cdc cong ty.
Véi muc tiéu ban tron san pham cho nguoi tiéu dung.
Tap doan Hnémg Ha no1 chung va C&-ng ty TNHH
xdy dung cung trinh noi rieng dd va dang timg budc
phét trién va hoan thién dwong 16i kinh doanh, chinh
sach quan ly cua minh.

! TRU SO: LO SO 2 KHU BTMPAI KIM - BPINH CONG,
: PHUONG DAI KIM, QUAN HOANG MAL HANQI @
i Phong giao dich: 79 Butmg Thanh Dam, Phudng Thanh Tri, :
¢ Qudn Hoang Mai, Ha Noi. :
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DIA CHi: s6 44 duang Nguyén Van Huyén, té 37, P. Nghia D, Q. Cau Gidy, TP. Ha Noi.

VPGD - LAS XD 468: sd 7, Ngd 397/2/17 Pham Van Déng,
P. Xuan Dinh, Q. Bac Tt Liém, TP. Ha Néi. ‘ TEL: 02466583921 HOTLINE: 0837323366 | WEB: uhpc.com.vn
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New Galaxy Nha Trang I t6 hop cén hé bién s& hiiu lau dai véi vi thé doc ban "luc giac kim cuong - y son huéng hai”
mang dén vugng khi va tai l6c, toa lac ngay trung tam Khu dé thi An Vién va két néi truc ti€p dén cac tién ich

thuang mai, du lich, y té, giao duc, tai chinh... ctia vinh ngoc chi trong vai phut di chuyén.
Vi thiét ké vi nhan sinh thau hiéu nhu cau vé khong gian sdng bao vé stic khde, chul trong dau tu' t6 hgp tién ich tron ven
tlr Hung Thinh Land, New Galaxy Nha Trang mang dén cho gia cht mét cudc séng trong lanh,
tao nén nhiéu gia tri stic khde va tinh than vé gia cung nhiing trai nghiém an cu nhu nghi duéng méi ngay.

8 CHU PAU TU TIEP TH] & PHAN PHOI TONG THAU XAY DUNG

WWW.newgo\oxynhoirang.com.vn HUNG THINHLAND
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