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TOM TAT

Cong nghe thi cang hang duec chuyén giao vao Viet Nam khodng
40 nam trude day va ngay nay da trér nén phd bign va tng dung dé
thi cang nhiéu dang két céu cdu khac nhau nhu cdu dam lién tuc,
cAu khung. céu khung-dam, céu day vang (CDV)...Tuy nhign, do dic
diém khac nhau vé két céu cia méi cong trinh cdu va diéu kign thi
cing nén nguyén |y hang-céan bang khang phai lic nao ciing duge
duy tri dén dén phat sinh trang thai ngi lyc-bign dang phirc tap &
mat sd ba phan két cdu trong qua trinh thi cong. Bai viet da tdng
hop va phan tich mat sd van dé ky thuat nhdm kiém soét dn dinh
trong thyc t& ap dung cang nghé thi cong dic hang cho cac cing
trinh cdu day vang nham cung cap sd ligu va kinh nghiém gop phan
kigm soat tdt hon chét legng thi cang céac cang trinh COV nhip lan
& Viet Nam.

Tir khaa: Cau day vang; thi cong khang can bing; bé tang du ing
lyc; dic héng; phan tich két céu; kim soét trang thai ngi luc bign
dang trong cac giai doan thi cong.

ABSTRACT

Cantilever construction technology was transferred to Vietnam about
400 years ago and today has become popular and applied to construct
many different types of bridge structures such as continuous beam
bridges. frame ends, frame-girder bridges. ., cable-stayed bridge..
However, due to the different structural characteristics of each bridge
project and construction conditions, the cantilever-equilibrium principle
is not always maintained, leading to an internal state. complex force-
deformation in some structural parts during construction. This article
synthesizes and analyzes a number of technical issues for stability
control in practice applying cantilever construction technology to
cable-stayed bridge projects to provide data and experience that
contribute to good control. better than the construction quality of
large-span Cable-Stayeds projects in Vietnam.

Keywords: Cable stayed bridge; asymmetrical construction;
prestressed concrete; cantilever casting; structural analysis;
control the state of internal forces and deformation during the
construction stages.

1.GIGI THIEU

Do ¢6 dac diém néi bat 1a bé tri cdu tao hop ly, hinh thic
thdm my, phu hgp vdi cong nghé xay dung hién dai, cé chi
tiéu kinh té&-ky thuat t6t nén két cau CDV cé xu thé ngay cang
dugc ting dung rdéng rai trén cac tuyén giao théng quan trong
trén thé gigi va ¢ Viét Nam. Phuang phap dic hang can bang
déi xtting 1a mot ky thuat hién dai dugc st dung phd bién
trong thi céng dam chinh cta CDV bé tong du dng luc
(BTDUL) [1,3-4].

Nguyén ly co ban clia cong nghé duic hang can bang la tuan tu
duc hang lién tiép theo phuong doc cau cac dét dam chu bang
BTDUL, véi van khuon di dong (xe duc) d6i xing, can bang & ca hai
bén cla tru thap cau. Cac day cap dugc cang dong thoi va déi
xung nhd vay ma tan dung t6i da cong dung clia cac day cap vang
ca & giai doan thi cong va khai thac.
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D& dam bao tinh can bing ddi xiing, yéu cau cau tao cla két
cdu, phan chia kich thudc cac dét dam can duoc du tinh tir khau
thiét k€ va cung Ung da thiét bj khi trién khai thi cong xay dung.
Tuy nhién, do trinh d6 c6ng nghé ciing nhu dé tiét kiém chi phi,
trong giai doan thi cong cac CDV, trong d6é cé mét cong trinh &
Viét Nam da khong thé sit dung gidi phap cung Uing thiét bi déng
bd dé cac bd van khuodn di déng (xe duc) cé thé di chuyén déng
thdi theo phuong doc cau vé 2 phia cta tru thap. Giai phap thuc té
la di chuyén lan lugt xe duc vé mot phia trudc réi méi di chuyén xe
duc ctia phia ngugc lai. Nhu vay sé c6 nhiéu thai diém trong suét
qua trinh thi cong sé khong dam bado nguyén ly dic hang can
bang do6i xtiing ma roi vao trang thai can bang dgi xing khong
hoan toan hay c6 thé goi la khéng d6i xting can bang. Thuc té thi
c6ng nhu vay ré rang da dat ra van dé diéu chinh cong nghé, kiém
soat an toan va chat lugng cong trinh.
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2. CAC NOI DUNG CHU YEU CUA CONG NGHE THI CONG
PUC HANG CAN BANG POI XUNG KHONG HOAN TOAN CDV
BANG BTDUL

2.1S0'dé CDV va két cdu phu tro thi céng

Thuc té xay dung nhiéu CDV & Viét Nam da chi ra rang viéc
xudt hién céac thdi diém trong giai doan thi céng ma két cadu &
trang thai d6i xing khéng hoan toan la kha phé bién. Trudng hap
phai di chuyén 1an lugt xe duc vé méi phia cGia canh hang dan dén
mat can bang la thudng gap. Vé mat ly thuyét, dé dadm bao én dinh
hé théng két ciu trong giai doan thi cong cé thé dung nhiéu giai
phap, bao gém ca xay dung tru tam. Tuy nhién, do muc tiéu gidam
chi phi xay dung da dan dén rat it trudng hop ap dung cac giai
phap phuc tap, chi phi cao ma phé bién nhat la dung cac cap én
dinh thi cong cang phia duéi va neo vao bé tru chinh. Trén hinh 1
gidi thiéu so d6 CDV 3 nhip c6 s6 d6 (150+350+150)m c6 bé tri cap
gili 6n dinh chéng gi6 trong giai doan thi céng, 4p dung kha phé
bién dé thi cong mét s6 CDV & Viét Nam nhu My Thuan 1, My
Thuan 2, Cao Lanh... Ngoai chiic nang én dinh chéng gi6 giat
(buffeting) c6 thé xay ra trong giai doan thi céng, cac cap chéng
gié cling gép phan gitt 6n dinh khi xay ra trang thai can bang déi
xuing khong hoan toan.
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Hinh 1. So d6 bé tri chung va thiét bi 6n dinh chdng gid dién hinh cho CDV trong giai
doan thi cong (don vi m)

2.2 Diéu chinh cdc buéc thi c6ng phi hop véi trang thdi can
bdng déi xirng khéng hoan toan

Nghién ctru mot cong trinh CDV c6 dam chia bang BTDUL trén
thuc té, vi du cau Cao Lanh cé dang mat cat chi M véi (hay con goi
la T kép) vGi 2 sudn dac lién két véi nhau bang cac dam ngang, kich
thudc chi tiét nhu trén Hinh 2.
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4 Lap dat thanh bar cta 1/2 khéi duc K; (ca 2 phia déi
xung Kic va Kis)

5 Cang cap day vang & vi tri dot duc Kis phia nhip bién
lan 1

6 L3p dat thanh bar ca 1/2 d6t dic Ki con lai, d6 bé
tdng dam ngang thudc dét thi Kis phia nhip bién

7 D4 bé téng dot dam va dam ngang cla dot Kic &
pham vi nhip gilta

8 D3 bé téng dét Kig dSi xting & nhip bién

9 Cang c6t thép DUL va cang cap day vang cho dot
duc Kic 8 nhip gitia lan 2

10 Cang c6t thép DUL va cang cap day vang cho dét Kis
ddi xiing & phia nhip bién lan 2

11 Di chuyén xe duc & nhip chinh va nhip bién, thi cong

cac dot duc Kisr tiép theo

Bang 2: Cac budc thi cong diéu chinh dé duc dét hgp long nhip

gitia
Céc budc No6i dung céng viéc
thi cong
1 Di chuyén xe duc dé duc d6t hop long & nhip giia,
neo dinh vi xe duc, 1ap dung van khuén, diéu chinh
cao d9, vi tri van khuén dét hgp long
2 -
3 Cang cap day vang & vi tri d6t hop long nhip gidra lan
1
4 Lap dat, can chinh thanh bar ctia @6t hgp long
5 Cang cap day vang & vi tri d6t dau nhip d6i xtng
phia nhip bién lan 1
6 -
7 D4 bé tong d6t dam va dam ngang dét hop long &
nhip gilra
8 =
9 Cang cot thép DUL va cang cap day vang cho dot
hop long nhip gitta lan 2
10 Cang c6t thép DUL va cap day vang & vi tri dot dau
nhip doi xiing phia nhip bién lan 2
11 Di chuyén va thao dé& xe dlic

Hinh 2. Cdu tao mt it ngang dang chi 11 dién hinh bang BTDUL (CDV Cao Lanh)

Khi khéng st dung dong thaoi 2 bé xe dic dong b, quy trinh
thi cdng sé diéu chinh phu hgp trén nguyén tac giam thiéu muc dé
mat can bang qua tru thap. Cac budc thi céong diéu chinh tuong
Ung vdi giai doan dic hang cac d6t dam théng thudng ghi trong
bang 1, tuong tng véi thi cong dét hop long ghi trong bang 2.

Bang 1: Cac budc thi cong diéu chinh cho dlc hang cac dét

dam théng thudng
Céac budc No6i dung céng viéc
thi cong
1 Di chuyén xe duc dé duc hang dét Kic & phia nhip
gilra, neo dinh vi xe duc
2 Di chuyén xe duc dé duc hang dét Kis & nhip bién,
neo dinh vi, Ldp dung vén khuon, diéu chinh cao d9,
vi tri van khudn dé duc dot thi i phia nhip bién
3 Cang cap day vang 6 vi tri dot duc Kic & pham vi nhip

2.3 Cdc vdn dé ky thudt, céng nghé khi thi céng diic hdng can
bdng déi xirng khéng hoan toan

Vi diéu kién thi cong thuc t€ nhu trén cac van dé ky thuat
phat sinh bao gobm:

(1) Trong qua trinh thi cong duc hang déi xing khéng can
bang hoan toan, do chiéu dai cac dét duc kha Ién (10,4m) véi trong
lugng 4590 kN va xe duc c6 dd cuing I16n va trong lugng 2650 kN
nén khi di chuyén khéng déi xiing gay ra mét tai trong khéng can
bang dang ké & ca hai dau clia dam chinh.

(2) Do bi anh huéng bai su thay d6i luc cap, phan mép trén va
mép dudi clla ddm chi va bién cla tru thap chiu su thay déi ing
suat dang ké trong méi budc thi céng, dic biét la trong giai doan
d6é bé tong.

(2) Ung suat 1én cap tam thdi dé gill n dinh thi cong thay d6i
rat phuic tap va anh hudng dén Gng suat va dd vong cta dam
chinh va tru thap.

(3) Dudi tai trong khong can bang, d6 vong ctia dam chinh va
chuyén vi ngang cla cot cap thay déi dang ké.

D& dam béo 6n dinh, an toan va kiém soat chat lugng thi
cdng can phan tich Ung x ca toan hé két cau vai tat ca cac giai
doan thi céng, xem xét than trong moi trang thai nguy hiém cé
thé xay ra.
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3. PHAN TICH KET CAU CDV & GIAI DOAN THI CONG

3.1 Mé hinh phan tich két cdu

Mé hinh khéng gian ba chiéu (3D) clia két cdu téng thé cau &
giai doan thi cong dugc thiét 1ap bang phan mém phan t& hiu han
MIDAS Civil, nhu trong Hinh 3. Trong s8 d6, cot cap, dam chinh, tru
cau va méng coc dugc mé phong bang phan ti thanh khong gian.
Ban mat cau dugc mé phong bang cach sir dung cac phan tr tam
khong gian. Phan t cap chi chiu luc cang dugc mé phong bang
cap day vang va cap chéng gié tam thai. Su tuong tac gilta cac
phan ti dugc mo phong bang cac lién két dan héi. Diéu kién bién
st dung lién két 16 so d&€ mé hinh hoa tuong tac gilla coc va dat.
Cau ¢6 2.757 nut, 2.670 phan tt, 232 méi ndi cling, 36 méi néi dan
héi va 1.380 g6i d& dan hoi. Theo so d6 céc giai doan thi cong, 238
giai doan xay dung dugc chia ra dé phan tich va tinh toan moé
phong tuyén tinh.

3.2 Cdc tham sé ddu vao cdn diéu chinh phii hop thuc té

DE& dam bao do tin cdy cla két qua phan tich, mét s& tham s6
dau vao can diéu chinh phu hgp thuc t&€ gém:

+ M6 dun dan héi cta bé téng dam va thap: Thap, dam chi va
tru clia cau day vang Cao Lanh dugc lam bang bé tong C50 (nhan
bé tong dac tinh ky thuat), gia tri thiét ké cia mo dun dan hoi la
38007 MPa. Cac thit nghiém mau tiéu chudn dugc tién hanh trong
phong thi nghiém hién trudng dé xac dinh mé dun dan héi thuc té
cla bé tdng tai chd. Md hinh tinh toan da xét dén dudng cong lap

Bang 3: GiGi han Ging suat phat sinh trong thap va dam chu

mo6 dun dan héi dua trén s6 liéu thi nghiém theo tudi bé téng. M6
dun dan héi ctia bé tong do sau 28 ngay la 40.380 MPa.

+ Bién dang co ngét cla bé tong: Dugc do dac truc tiép tai
hién truong.

+ DO cling clia két cdu xe duc va van khuon: tham sé nay phu
thudc vao quy trinh chat tai dé khir bién dang dan héi do qua trinh
I3p rap nén dod cung cla xe duc va van khuén dugc hiéu chinh
bang viéc nhan véi hé s6 0,77.

Hinh 3. M6 hinh phan tit hitu han dung dé phan tich két ciu trong giai doan thi cong

3.3 Két qua phan tich két cdu CDV Cao Lédnh trong giai doan
thi céng

3.3.1 Kiém soét (ng sudt trong cac bd phan chinh clia hé két cau

B6 phan két cau Vi tri Ung suat 16n nhat trong giai doan thicong | Ung suat I6n nhat & thai diém hoan thién
(Mpa) cau (Mpa)
Nén Kéo Nén Kéo
Thép cau Dinh thap 19,77 2,23 17,22 0
Chan thap 16,34 3,80 15,29 0
Dam chu Mép trén 12,23 1,65 11,38 0,49
Mép dudi 19,91 3,90 19,20 1,25

Céc gidi han (ing suat cta thap va dam cha trong giai doan thi
c6ng va giai doan hoan thién cau dugc liét ké trong Bang 3. Ung
sudt nén va tng suat kéo cho phép véi bé téng C50 trong thiét ké
bé téng lan lugt la 25 MPa va 4,1 Mpa theo chi dan ky thuat thi
céng. Két qua phan tich cho thdy ting sudt phat sinh trong thap va
dam chu trong gidi han an toan.

3.3.2 Chuyén vi trong céc bo phan chinh clia hé két ciu

Trong suét giai doan thi cédng, chuyén vi ngang doc cau I6n
nhét cda dinh thap cau thay déi trong khodng -199mm vé phia
nhip bién va 592mm vé phia nhip gitfa. D6 véng thdng ding Ién
nhat dao dong -777mm (huéng xudng) va 752mm (hudng lén).
Bién dang dai han theo thoi gian ciing dugc udc tinh theo phuong
thang dung vai thap la 58mm va véi dam chi la 55mm va - 613mm
(do thay d8i luc cing trong day vang va cac hiéu tng thi cap).

3.3.3 Luc cdng trong cép day vdng va cap neo tam thai

Bang 4. Luc va Ung sudt I6n nhat cla cap trong giai doan thi
cong va giai doan hoan thién

Loai cép Giai doan thi cong Giai doan hoan thién cau
Luccang | Ungsudt | Luccang Ung suat
(kN) (Mpa) (kN) (Mpa)
Cac cap 6548 883,10 6495 733.8
day vang
Cap tam thi 1597 887,10 - -
cong

Luc cang va ung sudt |6n nhat cta cap day vang va cap tam
thai trong cac giai doan thi cong va hoan thién cau dugc ghi trong
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Bang 4. Ung suit kéo cho phép cua thiét ké trong cap day vang la
0,55x1860=1023 MPa theo chi dan ky thuat thi cong, dat yéu cau
an toan.

4.CAC SO LIEU CAN CHINH TRONG QUA TRINH THI CONG
DE DAM BAO YEU CAU THIET KE

4.1 Kiém sodt hinh dang, kich thuéc thdp cdu

Trong qua trinh xay dung va khai thac van hanh, thap sé phat
sinh bién dang theo phuong diing va chiéu ngang do céc yéu t6
nhu trong lugng ban than, thay déi luc cap, do co ngét va tu bién.
D& dam bao tru thap duy tri hinh dang, kich thuéc dap ung yéu
cau thiét ké sau khi cau hoan thanh, trong qua trinh thi cong can
phai tinh dén viéc bu dap trudc cho céac bién dang nay. Dé xét téi
anh hudng cla tu bién va co ngét trong thai han 10000 ngay, do
nghiéng cua thap can dugc xac dinh gia tri can bl (ALdinn £70)mm
va dugc thuc hién trong qué trinh can chinh van khuén leo thuay
luc dé thi cong 33 d6t cla thap cau bang viéc dua vao cac gia tri
bu (AL) khi thi céng méi dét. Véi cing nguyén ly nhu vay sé diéu
chinh bu dap bién dang theo phuong ding cla thap (AHdinn
+10)mm Vi cdc muc bu (AH) tuong Ung. Thuc té thi cong da thuc
hién bu d6 léch nghiéng la 142mm va duy trt d6 cao thap la 65mm,
chénh léch giira tinh toan va thuc t€ dugc kiém soat trong sai s&
cho phép theo chi dan ky thuat thi cong.

4.2 Kiém sodt dé véng, dé véng dam chi

Tao vong trudc ctia dam chinh dugc xac lap khéng xét dén anh
hudng cua tai trong 6 t6 va chi xét dén anh hudng co ngét, tur bién
sau 10.000 ngay hoan thanh cau. Chuyén vi tich Gy cda dam chinh
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tur khi bat dau thi céng dén 10.000 ngay sau khi hoan thanh cau
dugc thé hién trén Hinh 4. Chuyén vi tich ldy theo phuang thang
dung 16n nhat va nhé nhat la 17mm (d6t dam Kiss cha nhip bién va
-675mm (d6t dam Kiss cGa nhip gilta). D6 vong trudc clia dam chu
dugc thé hién trén Hinh 5. Gia tri do véng trudc t6i da va téi thiéu
lan lugt la 104mm (d6t dam Kies & nhip gitia) va 6mm (d6t dam Kios
& nhip bién).
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Hinh 5. D vong trudc cia dam chd 6 thai diém hoan thanh ciu

4.3 Kiém sodt toa dé truc dim bdng cdp tam gii én dinh gié

Cap tam chéng gio6 can dugc 13p dat theo trinh tu hop ly dé
dam bao an toan khang gié déng thai dong vai tro gidm thiéu
sy mat can bang d6i xing do chat tai léch 8 méi dau canh
hang. Mat khac cap tam chéng gié con dong vai trd hiéu qua
dé kiém soat toa dé tim doc cta ddm chu trong qua trinh thi
cong. Trinh tu 13p dat cap tam nhu sau: sau khi thi cdng dét Ks
ti€n hanh 13p cac cap tam s6 1 va 2; sau khi thi céng xong dét
Kio d€n Ki2 tié€n hanh l&dp cac cap tam 3,4 va 5. Qua trinh thao
cap tam theo trinh ty ngugc lai: sau khi hgp long nhip bién va
truéc thi cong dét Kiss & nhip gilia sé thao bd cac cap tam 2, 3,4
va 5; Cap tam 1 chi dugc thao bd sau khi hgp long nhip chinh
va thdo d& xe duc. Bién dang cia dam chu sau khi théo bo cac
cdp tam trong pham vi nhip bién, cao d6 nhip bién tang
109mm va d6 vong canh hang & nhip gitta tang 110mm, dugc
udc tinh dé tinh toan diéu chinh cao dé trdc doc dam cha.

4.4 Kiém sodt chdt luong thi céng khéi hop long nhip giita

Chiéu dai dét hop long nhip gitta clia cau day vang Cao
Lanh la 6m, dai han so véi dét hop long thudng dugc thiét ké
cho nhiéu CDV khac chi dai 2m. Bong thdi, do diéu kién thi
cobng ¢o6 dac thu riéng nén qua trinh thi cong xay ra trang thai
khéng can bang déi xiing & nhiéu giai doan va cao d6 dam chu
c6 nhing thay d6i dang ké trong sudt qua trinh thi cong. D&
dam bao su can chinh ém thuan trac doc cta dam chu sau khi
hgp long nhip gita va phan bd ndi luc hap ly, can phai kiém
sodt chinh xac viéc cdn chinh trudc khi thi céng hop long nhip

gilta. Diéu nay da dugc gidi quyét bang viéc kiém soat chit ché
cao dd cac dot dam, dac biét |a d6i vai cac dét Kisg dén Kisc &
nhip gitra. Cac yéu t6 ky thuat dugc ap dung la: kiém tra cao do
cac d6t dam & thai diém tu 2 - 6 gid sang dé loai bé anh hudng
do nhiét va chénh léch nhiét do; diéu chinh cao dé van khuén
va luc cdng cap dé hudng téi gia tri chénh léch gilra 2 canh
hang & nhip gi(ra nhé hon 30mm. Két qua dé chénh léch thuc
té gitta dau 2 canh hang la 23mm, dat yéu cau ky thuat.

5. KET LUAN VA KIEN NGHI

- Do tinh chat phtc tap vé cdu tao két ciu, thudng vuot
nhip I6n, bi anh hudng bdi nhiéu yéu t6 tic ddng trong suét
qué trinh thi céng nén van dé kiém soat 6n dinh, an toan va
chat luong khi thi cong cac CDV bang BTDUL la van dé can
dugc khong ngung quan tam va hoan thién.

- Thuc té thi cong nhiéu CDV & Viét Nam néi chung va cau
Cao Lanh noi riéng chi ra rang trang théi can bang déi xing
khéng hoan toan (khéng can bdng d8i xing) hoan toan cé thé
xay ra do nhiéu nguyén nhan. Tuy nhién cac cong cu phan tich
két cau va kinh nghiém thi céng ctia cac Nha thau xay dung cho
thay d0 kha nang xt ly linh hoat cac van dé phat sinh trong qua
trinh thi céng cac CDV bang BTDUL theo c6ng nghé duc hang
bao gom ca céc tinh huéng khéng dam bao can bang déi xing
dé dam bdo an toan, 6n dinh va chat lugng thiét ké.

- Cac kinh nghiém thuc té vé 1ap so dé chi tiét cac budc thi
cong, phan tich diéu kién trang thiét bi thi céng, diéu chinh céac
buéc céng nghé va phan tich két cdu CDV theo dung cac mo
hinh trong giai doan thi c6ng |a rat quan trong, can dugc téng
két va phé bién rong rai € cac Tu van, Nha thau tham khao khi
lap ké hoach thi céng cac cong trinh CDV dam bao chat lugng &
Viét Nam.
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