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TGM TAT

Bai bao nghién ctu tdng quan vé nén mang mit dudng cing sén
bay, cho théy dudi tac dung cia tai trong tau bay va céac digu kien
bét Iyi tai Cang hang khang (CHK), san bay d& gy ra céc hu hang
céu tric cia mat duéng cing san bay, lam suy gidm cudng dd cia
toan ket cau. Diéu nay, dai hai cd nghién ciu vé cac phueng phap
danh gia su suy giam cudng di va gidi phap xtr Iy nén mang mat
duang cimg san bay trong diéu kien bét i & Viet Nam.

Tir khéa: Mang; mang dudi; nén duang; mat duéng cimg sén bay.

ABSTRACT

The article provides an overview study about base, subbase and
subgrade of airport rigid pavements, showing that under the effect
of aircraft load and adverse conditions at airports, causes
structural damage to the airport rigid pavement, causing the
decrease of strength of the pavement structure. This problem
requires research about methods to evaluate the decrease of
strength and treatment solutions for base, subbase and subgrade
of airport rigid pavements under adverse conditions in Vietnam.
Keywords: Rase; subbase; subgrade; airport rigid pavement.

1. DAT VAN BE

Két cdu mat dudng cling san bay thudng dugc thiét ké co tudi
tho véi cudng d6 va suic chiu tai nhat dinh. Dudi tac dong lau dai cda
tai trong tau bay, trong nén méng sé tich lay bién dang du, gay ra
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Ung suat tap trung trong nén mong; anh hudng dén su én dinh, mat
dan kha nang chiu lyc va lam suy gidm tudi tho ctia mat dudng [1].

Mat dudng ciing tai cac CHK, san bay & Viét Nam, hau hét chiju
anh hudng clia ché d6 thay nhiét bat Igi, gay ra cac hu hdng thudng
bat dau tir nén mong. Véi luu vuc 16n, thoat nudc mat khéng tét,
nén thap sé tao diéu kién cho nudc thdm vao nén mong lam tang
d6 8m, tham chi dan dén bao hoa nén dat bén dudi, lam suy giam
kha nang chiu luc ctia nén méng, dnh hudng nghiém trong dén cac
1&p phia trén clia mat dudng.

& nudc ta, ngoai CHK Van Pén méi dugc xay dung thi nhiéu két
cdu mat dudng cling san bay da xudng cap, tiém &n nhiéu nguy co
mat an toan hang khéng [2]; can thiét cé nhiing nghién cliu vé nén
mdng mat dudng cling san bay, phuong phap danh gia su suy gidam
cudng dé va giai phap xt ly nén méng mat dudng cing san bay
trong diéu kién bat Igi & Viét Nam, gép phan nang cao tudi tho két
cdu mat dudng, dam bao an toan trong khai thac CHK.

2. TONG QUAN VE NEN MONG MAT DUONG CUNG SAN BAY

2.1. Két cau nén méng mat dudng cling san bay

Theo tiéu chudn TCVN 10907:2015 [3] va TCCS 39: 2022/TCDBVN
[4], mat dudng cling san bay théng thudng cé két cdu nhu Hinh 1
bao gém:

e LGp trén con goi la “mat dudng” thudng lam bang BTXM co
kich thudc hiru han, lién két véi nhau bang cac khe néi, dé tranh nut
v& tdm do (ng suat nhiét ctia méi trudng [4].

v
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Hinh 1. Két cdu nén mong mat dutng cling san bay [4]
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e L&p phan cach: thudng bo tri giltta cac I6p mat dudng hodc
gilra tdng mat véi ting moéng; c6 vai trd tao phdng, ddm bao tam
BTXM c6 thé di chuyén tu do véi I6p méng khi cé thay d6i vé nhiét
d6 gay co dan tam va triét tiéu lyc ma sat.

e L&p moéng: cé 16p mdng trén (Road base) va I6p méng dudi
(Sub-base). L&p mong trén thudng lam bang bé téng nghéo hodc
bdng cét - da gia c6 xi mang. L&p méng dudi chi bé tri khi quy mo
giao théng 16n va thudng bang cap phéi da dam gia ¢é xi mang.

o L&p ddy mong: tao mét long dudng chiu luc ddng nhat, co suic
chiu tai t6t; ngan chdn &m tham tu trén xuéng nén dat va tu dudi
Ién 16p méng; tao “hiéu ng de” dé€ bdo ddm chat luong dam nén
cac I6p mong phia trén; tao diéu kién cho xe may thi cong di lai.

e L&p nén dat trén cung hay 16p nén thuong (Subgrade): Ia phan
nén dudng trong pham vi 80 cm - 100 cm, ké tur day I6p mong
dudi tré xudng. Pay la khu vuc tac dung clia nén dudng, tham gia
chju tdc dung cla tai trong tau bay.

e Khe noi: dugc bé tri cac loai khe co (khe doc va khe ngang) va
khe dan, dé€ giam thiéu anh hudng cla Ung suat nhiét xuat hién
trong tdm BTXM. Véi khe doc, c6 bé tri cac thanh lién két dé gilr cac
tam khit lai nhau; véi khe ngang, ¢ bé tri cac thanh truyén luc, dam
bédo kha nang truyén luc gilra cac tam.

2.2. Théng sé danh gia stic chiu tai cia mat dudng cling san
bay

Sutic chiu tai mat dudng clng san bay dugc xac dinh theo
phuong phap chi s6 phan cap tau bay - chi s6 phan cdp mat dudng
(ACN-PCN) [5] hay (ACR-PCR) ap dung tu ngay 28/11/2024 [6]. Trong
dé, ACN (ACR) la chi s6 biéu thi tac dong tuong déi clia tau bay lén
mat dudng tuang Uing véi mot cap nén mong tiéu chuan, PCN (PCR)
la chi s6 bi€u thj kha ndng chiu luc ctia mat dudng san bay khi tau
bay hoat dong.

Thong sé danh gia suic chiu tai PCN cia mat dudng cling san bay
dugc théng bao dudi dang t6 hgp ma hoa gém 5 sé va chir cai nhu
Béng 1, biéu thj cac théng tin sau: “Gia tri bdng s6 cla PCN(PCR)/Loai
mat dudng san bay/cap d6 chiu luc ctia nén dudng/ap suat banh
hoi tau bay cho phép/Phuong phép xac dinh PCN (PCR)".

Bang 1. Théng s suc chiu tai PCN tai CHK Qudc té Tan Son
Nhat [2]

Thing so site chiu tii POV mét duimg aimg tai CHK Q‘lm.

TP S PON: S0RBWT
te Tan Som Mhiat, dwimg CHC 25RA07L (3.050m x 45.72m):

Thing so sirc chiu t2i PCW mt dwimg cimg tei CHK Quoe

P R - ) PCN: 63RBAT
te Tan Som Nhat, dmmg CHC 23L/07R (3.828m x 45m):

Gia tri bang sé ctia PCN xac dinh theo phuong phap ky thuat
hodc phuong phap s dung kinh nghiém tau bay khai thac [5]. Tuy
tiing phuang phap, khi cé dac trung vat liéu nhu moé dun dan héi E
clia cac 16p két cau mat va méng, hé sé nén k hoac CBR (California
Bearing Ratio) hoan toan tinh toan dugc tri sé PCN [7].

3. CAC DANG HU HONG CUA KET CAU MAT PUONG CUNG
SAN BAY

Cac dang hu hong clia két cau mat dudng ciing san bay [8], bao
goém:

*/ét nut (doc - ngang - chéo): tdm BTXM bi chia thanh 2 hodc 3
manh; do suc chiu tai khédng du, diéu kién nén méng bi hu hdng;
lam @6 bang phéng bi gidm sat, vat liéu bi bong bat, gay tham nudc
vao két cau mat dudng, lam gidm stic chiu tai ctia tam BTXM.

*V/ét nut & goc - gdy & goc: tam BTXM bi gay lam 2 manh, tai chd
giao nhau clia vét nut véi mép tdm; do nén méng khong tot, kha
nang truyén luc kém, sut cuc b, @6 b&ng phang bi giam, vat liéu bi
bong bat dan dén tham nudc vao két cau mat dudng.

*Su phd huy do gi@n né: mép clia tam BTXM bj pha hay tai céac
khe néi hodc vét nit ngang; do dd rong khe khong da cho tdm
BTXM gidn nd& nhiét, vat liéu cliing tham nhap vao khe néi hoac vét
nit ngang; tao thanh bac thang, dut gay tam, nudc ngdm xuéng
lam yé&u nén, cac diéu kién hoat déng clia tdm thay déi, dan téi suic
chiju tai gidm sut.

*Ddp: tdm BTXM c6 thé bi dut thanh hon 4 manh, cac vét nat
theo chiéu doc, ngang, chéo; do stic chiu tai ciia tam khéng dd, nén
mong bi hu hdng lam thdm nudc vao két cau mat dudng, cac diéu
kién hoat déng ctia tdm bi thay d6i, sut cuc bo, vat liéu bi bong bat,
d6 bang phdng gidm sut, d6 két dinh yéu.

*Phui bun: mdt dudng BTXM c6 tinh trang cdc hat min phun trao
I&n trén mat dudng qua cac khe hodc cac vét nut; nguyén nhan do
nén mong yéu khi bi bdo hoa nudc; cac tam bi bap bénh dudi tac
dong clia tai trong, nudc & bén dudi chiu ap luc trén bé mat tiép
giap gilta tdm va mong bi ddy Ién mang theo cac hat min phun trao
I&n trén bé mat, lam cho kha nang truyén lyc gilta cac tam khong
tot.

*Cdp kénh - Bac: la su chénh léch cao trinh gitia 2 tam ké ti€p 6 2
mép cla vét nut; do c6 thé co hién tugng phui bun, vi lin cda dat
nén, mat thanh phan hat min, dat truong nd, két cau khong déng
déu cua vat liéu cac 16p mong; tir d6 lam mat kha nang truyén luc
gilta cac tdm, d6 bang phang, d6 dinh bam suy gidm, diéu kién hoat
déng cla tam thay déi.

Cac trudng hop hu hdng cau trac ké trén, déu cé lién quan it hay
nhiéu t&i tinh trang clla nén mong mat dudng cling san bay, trong
d6 hu hdng lién quan téi hién tuong “phui bun” va “cép kénh - bac”
nhu Hinh 2 la hai trudng hop lién quan ch yéu dén mat dudng cling
san bay trong diéu kién bat lgi & Viét Nam la tinh trang nén méng bi
bao hoa nudc [9].

Hur hong dang “Cip kénh - Bjic”
Hinh 2. Dang hu hdng cdu tric clia mdt dutng clng san bay [21]

g r |
Hir hing dang “phili bin”

4, CAC PHUONG PHAP DANH GIA SU SUY GIAM CUONG PO
CUA NEN MONG MAT PUGNG CUNG SAN BAY

Hién nay, dé danh gia su suy gidm cudng doé clia nén mong mat
dudng cing san bay c¢6 02 phuang phéap chinh la phuong phéap pha
hdy va phuong phdp khong phd hiay (NDT - Non-Destructive
Testing).

Véi phuong phéap pha hay, viéc danh gia thuc hién thong qua
viéc Idy mau va thuc hién cac thét nghiém pha hay trén mau, tur dé
dua ra cac phan tich, danh gia va két luan [9]. Phuong phap pha hay
c6 uu diém cung cap két qua chinh xac va phan anh tinh trang thuc
té€ clla mau, tuy nhién thudng ton kém, yéu cau thiét bi chuyén dung
va ky thuat vién cé kinh nghiém dan dén chi phi cao va phuc tap,
viéc khoan 18y mau ciing c6 thé gy ra nhiing hu hdng cuc bé cho
nén méng mat dudng.

Phuong phap NDT la ky thuat danh gid tinh trang va cudng dé
cGa nén mong mat dudng ciing san bay ma khong gay hu hong
hodc thay déi ciu tric cta vat liéu; cac phuang phap NDT phd bién
la radar xuyén dat (GPR - Ground Penetrating Radar) nhu Hinh 3, thi
nghiém siéu am (Ultrasonic Testing), thi nghiém phan xa bé mat
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(Surface Wave Testing), thi nghiém phan héi rung dong (Resonance
Testing). Phuong phap NDT cé thé cung cdp théng tin chi tiét vé cu
trac bén trong va phat hién sém cac khuyét tat, du doan cac tinh
huéng bat Igi ctia nén moéng, quy trinh thuc hién nhanh chéng,
giam thiéu thdi gian gidn doan khai thac.

sl b IS M1 1-bd 04

Hinh 3. Phuong phdp NDT st dung thiét bi GPR [10]

Trong diéu kién hoat dong thudng xuyén va lién tuc tai cac CHK,
san bay & Viét Nam, khi danh gia su suy gidam cudng do cda nén
moéng mdt dudng cling san bay, xem xét lya chon 02 phuong phap
NDT la GPR [10] va phuong phap NDT bang céc thiét bi HWD, SHWD
[111 nhu Hinh 4.

Hinh 4. Phuong phap NDT st dung thiét bi HWD [9]

5.CACGIAIPHAP XU LY NEN MONG MAT PUGNG CUNG SAN
BAY

Gidi phap trudc tién va phé bién nhat dé dam bao duy tri cudng
dd cta nén mdéng mat dudng cling san bay la han ché nudc xam
nhap trén mat dudng, xdy dung hé théng ranh ngadm hodc ap dung
phuong phap ha thdp muc nudc ngam dé dam bao kha nang thoat
nudc clia nén moéng [9].

Trudng hgp cac tdm BTXM bi hu hdng nédng, giai phap xu ly tam
phai dugc dat ra, thudng c6 2 giadi phép sau: (1) Pha d& tdm BTXM
xudng cap va thay thé bang tam mdi, xt ly lai nén mong phia duéi
cho t6t, giai phap nay thudng kho kha thi déi véi cac CHK, san bay
béi diéu kién khai thac lién tuc va chi phi kha tén kém; (2) Giai phap
XU ly gia cudng nén mong bén dudi, day la giadi phap tich cuc, kha
hiéu qua vdi thai gian thi cdng nhanh, dugc st dung & nhiéu nuéc
trén thé gi¢i nhu My, Canada...[9]; & Viét Nam, cdng nghé nay bat
dau dugc nghién ctu dp dung nhu giadi phap céng nghé phun viia
polymer gia cudng nén mong va gia c6 nén méng mat dudng ciing
san bay bang phuong phap phut viia silica siéu min.

5.1. Céng nghé gia cuéng nén méng mat dudng cliing san
bay biang phuong phap phun vita polymer

Ban chat cia phuong phap phun vita polymer la gia cudng nén
mong mat dudng cling san bay bi suy gidam cudng d6 bdng cach
tién hanh bom mot lugng vira 2 thanh phan polyurethane vao trong
nén mong, théng qua cac 16 khoan trén tdm BTXM c6 dudng kinh
12 mm hodc 16 mm, dugc b6 tri theo dang luéi hinh vuéng hodac
hinh tam giac cach nhau ti 1 dén 2 m. Sau khi bom khoang 20-30
gidy, viita polymer truong nd thé tich [én khang 30 Ian, tao nén x8p
chén ép dat, ddy nudc ra ngoai. X6p va dat dugc nén chat, cing chiu

96| XAYDUNG 09.2024 | ISSN 2734-9888

Iuc v6i nén moéng tao nén mét nén mong 6n dinh cho mat dudng
cung san bay nhu Hinh 5[12-15].

Trén thé gidi, cong nghé nay thudng st dung bang vat liéu nhu
Uretek, khi dugc bom vita xu6ng nén méng, khéi lugng clia vat liéu
tdng theo ty | 20:1, thé tich vat liéu c6 thé truong nd dén 30 1an, tao
ra ap suat khoang 50 tan/m? - 170 tan/m2 Trong vong 15 phut sau
khi bom, thi vita Uretek cé thé dat 90% cudng do6 va c6 thé cho cac
phuong tién luu thong trén mat dudng [12-13].
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Hinh 5. Gia ¢6 nén mong mat dudng cting san bay bang phuong phap phun vita
polyurethane [9]

& Viét Nam, c6 mét s6 cong trinh va bai bdo nghién ctiu vé vat
liéu vira polymer nhu: nghién ctiu ting dung chdéng ldn cong trinh
bang cong nghé bom viia polymer [16], phuong phap gia c6 nén va
nang san bang via polymer Uretek [17], nghién ctu budc dau vé
phuong phap phun vita xi mang polymer dé x(t ly nén mat dudng
san bay tai CHK Qudc té Noi Bai [18], nghién ctu st dung nhua hai
thanh phan Penopolyurethane trong stia chita va nang cap dudng
cat ha canh, dudng lan san bay [19]. Dac biét, nghién ctu thu
nghiém tién hanh tai CHK Quéc té€ Noi Bai nhu Hinh 6, véi viéc st
dung vla polymer xtt ly trén 2 tam BTXM (25 m?) da cho thdy cong
nghé bom viia polymer la cong nghé tién tién, mot giadi phap phu
hgp dé gia cudng nén méng mat dudng cling san bay, trong diéu
kién can thi cdng nhanh, vira sra chiia vira khai thac tai cac CHK, san
bay [9].

Bng din hudng

Boshn o o Ll
lambom 1 Lin bom 2

H, : Chidu day tim BTXM

H,~40cm

H;~20cm

NEn dit

H, : Chigu diy méng cat GCXM

Hinh 6. Phuong an phun viia polymer x{t Ij nén méng tai CHK Qudc té Noi Bai [9]

5.2. Cdng nghé gia cuéng nén méng mat dudng cliing san
bay bang phuong phap phut vita Silica siéu min

Silica fume la bét min thu dugc tu viéc khir thach anh d6 sach
cao bang than trong 16 dién hay 16 cao & nhiét do trén 2000°C trong
qua trinh san xuat ra silicon hay hgp kim silicon sat. Silica fume cé
tac dung hod hoc, tao ra lién két chat ché hon vdi cét liéu, lam tang
cudng d6 tng thé va dd bén ving cao cho bé tong. Silica fume
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clng déng vai tro 1a chat két dinh vat ly, d6 siéu min cho phép né
18p day cac 16 réng vi mé gilia cac hat xi mang, tir d6 lam gidm manh
kha ndng thdm nudc va tang manh lién két gilta c6t liéu vai ho xi
mang.

Cong nghé phut vifa silica siéu min da phat trién & nhiéu quéc
gia trén thé gidi nhu Nhat Ban, Han Quéc, Na Uy, Canada, Phap, Nga
va Trung Quéc vai y tudng st dung hé théng bom phut nhiéu lan
v(ia silica hat siéu min (dé min 13,000 cm?/g) bang mot thiét bj loai
nhd nham thdm thau, nén ép, dién day vira vao cac ké nit nhu Hinh
7, tlr d6 cai thién dé bén, gia cudng cho nén méng hodc nang tam
BTXM lén bang vai cao d6 ban dau nha ap luc tao ra dudi day tam
va |dp day khe h& bén dudi bang via silica.

Céng nghé nay c6 thé 4p dung dé gia cudng nén moéng mat
dudng culng san bay, gitp cai thién suic chiu tai ctia nén moéng, cé
thé phun tai nhiéu diém dé dang, nhanh chéng, thi céng trong
khéng gian hep, khéng lam tén hai dén cong trinh dang st dung.

TR

Hinh 7. Gia c6 nén méng mat dudng cling san bay bang céng nghé phut vita silica siéu
min [9]

Tai Viét Nam, cdng nghé nay dugc thir nghiém cho mét doan
dudng BTXM dai 200 mét, bi sut Iin nghiém trong, nam trén tuyén
dé thudc dia ban huyén Tran Van Thai, tinh Ca Mau ném 2021 do
chuyén gia (Yoon) va céng ty VICT thuc hién nhu Hinh 8 [20]. Két qua
buéc dau rat kha quan va khang dinh céng nghé cé tinh ting dung
dé phat trién hudng nghién ctu trong x ly gia cudng nén moéng
clla mat dudng cling san bay & Viét Nam.

[ R RS X
Hinh 8. Mt bang thi cdng va thl nghiém cdng nghé phut vita silica siéu min tai Ca
Mau [20]

6. KET LUAN

K&t cau mat dudng cling san bay dudgi su tac dong lién tuc cda
tai trong tau bay va diéu kién ché do thay nhiét bat Igi sé tao ra cac
dang hu héng cu trdc ctia mat dudng, trong dé “phui bun” va “cap
kénh-bac” la hai truong hgp hu hong lién quan chl yéu dén mat
dudng cling san bay trong diéu kién bat Igi ¢ Viét Nam khi nén
moéng bi bao hoa nudc.

D& d3m bao hoat dong khai thac tai cac CHK, san bay an toan,
nén mong mat dudng cling san bay phai dugc danh gia su suy gidm
cudng dé bang cac phuang phap pha hay va phuong phap NDT.
Trong diéu kién & Viét Nam c6 thé xem xét, a4p dung phuang phép
NDT nhu GPR hodc NDT st dung thiét bj do HWD, SHWD.

Khi nén méng mat dudng ciing san bay tai CHK bi suy giam
cudng do, can co giai phap xt ly nén mong nhu giai phap cong nghé
nhu phun vita polymer gia cudng nén mong mat dudng ciing san

bay hay gia ¢6 nén méng mat dudng cung san bay bang phuong
phap phut vira silica siéu min.

Véi gidi phap phun vita polymer c6 thé nghién ctiu ap dung
trong trudng hgp nén moéng mat dudng cing san bay bi bao hoa
nuéc & miic dé cao, can xu ly dé€ gidm t8i da lugng nudc, gilp tang
kha nang chiu lyc clia nén mong; vaéi giadi phap phut viia silica siéu
min c6 thé nghién cdu ap dung khi mdc 6 nén méng ngap nudc it,
chd yéu do tich iy bién dang du trong méng gay mat n dinh cla
t&m BTXM, phucng phap nay c6 thé tiét kiém chi phi khi tan dung
vat liéu trong nudc.

TAI LIEU THAM KHAO

[1]. Pham Huy Khang, Mdt duting sn bay theo quan diém hién dai, NXB Xay dung, Ha
Noi, Viét Nam (2017).

[2]. Theo cdc 56 liéu bdo cdo ctia Cuc Hang khong Viét Nam.

[3]. TCYN 10907:2015, Sdn bay dén dung - Mdt duong sdn bay - Yéu cdu thiét ké (2015).

[4]. TCCS 39: 2022/TCDBVN, Thiét ké mdt dutng bé tong xi mdng thong thudng cd khe
ndi trong xdy dung cdng trinh giao thdng, Tong cuc Duding b Viét Nam (2022).

[51. TCYN 8753-2011, Sdn bay ddn dung yéu cdu chung vé thiét ké va khai thdc (2011).

[6]. Quyét dinh 1006/QD-CHK, Ban hanh tai liéu huéng ddn cdc ngi dung lién quan dén
thiét ké, khai thdc, bdo ddm an toan khai thdc tai san bay, Cuc Hang khong Viét Nam (2023).

[7]. TCVN 11365:2016, Mdt dudng sdn bay: Xdc dinh s phan cdp mdt duong bang thiét
bi do vong bding qud ndng tha roi (2016).

[8]. TCCS 06:2009/CHK, Quy trinh bdo duéng duy tu sdn bay ddn dung Viét Nam, Cuc
Hang khéng Viét Nam (2009).

[9]. Nguyén Trong Hiép, Pham Huy Khang, Nguyén Van Lap, Ngo Van Quan, Nghién ciiu
gidi phdp xt I nén va mang mdt ducng ciing sdn bay khi bdo hoan nudc bang cong nghé tién
tién, Tap chi Giao thong van tai, s6 Thang 3/2022 (2022).

[10]. Nguyen Trong Hiep, Pham Huy Khang, Tran Thi Thuy, Pham Quang Thong, Ho
Thanh Trung, Application of georadar method for detecting base and subgrade distresses of
rigid pavement at noibai international airport, Science Journal of Transportation (2022).

[11]. Nguyén Thi Ngan, Nghién ciu dnh hudng cda nhiét d dén két qud xdc dinh mgt s¢
thdng s& mdt duong bé tong xi mdng sdn bay bdng thiét bj gia tdi dong, Luan an Tién si Ky
thudt, Dai hoc Xay dung Ha Noi (2022).

[12]. URETEK, Uretek Ground Engineering, URETEK Worldwide.

[13]. URETEK, The URETEK™ Advantage for Public and Private Infrastructures, URETEK
USA, Inc (2005).

[14]. W. Ellis, Assessment of Uretek Deep Injection Process, Vermont Agency of
Transportation, Research & Development Section, Initial Report (2015).

[15]. Steven Soltesz, Injected Polyurethane Slab Jacking, Oregon Department of
Transportation Research Group, Final Report (SPR 306-261) (2002).

[16]. Truang Van Tai (2012), Nghién ctiu ting dung chdng ltin cong trinh bdng cong nghé
bom vita polymer, Tap chi Sai gon Dau tu & Xay dung, s6 Thang 9/2012 (2012).

[17]. Doan Binh, Truang Van Tai, Phuang phdp gia cd nén va ndng san bdng vita polymer
Uretek, Tap chi Sai gon Dau tu & Xay dung, s6 Thang 9/2012 (2012).

[18]. La Vin Tan, Nghién ctiu butc dau vé phuang phdp phun viia xi mdng polime dé xir
Iy nén mdt duong sdn bay tai Cdng hang khong qudc té Ngi Bai, Ludn van Thac si ky thuat, Dai
hoc Giao thdng van tdi (2022).

[19]. Nguyén Thi Hong Diép, Nghién ciu sir dung nhua hai thanh phdn
Penopolyurethane trong stta chita va ndng cdp dudng cdt ha cdnh, dutong lin sdn bay, Tap chi
Cau dudng Viét Nam, so Théng 4/2022 (2022).

[20]. Bao cdo thuc nghiém cla Cng ty TNHH CS GEOTECH VINA, Cdng nghé phun silica
va thuc nghiém tai Ca Mau (2021).

[21]. Bdo Tién phong, “Budng béng sdn bay Néi Bai toang hodc, trdi bun: (6 tién khong
dugc sira?” tai dia chi: https://tienphong.vn/duong-bang-san-bay-noi-bai-toang-hoac-
troi-bun-co-tien-khong-duoc-sua-post1131873.tpo (2019).

ISSN 2734-9888 | 09.2024 XAYDUNG |97



