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KHOA HOC - CONG NGHE

PHAN TICH SU LAM VIEC CUR HE GIANG BAN CANH TREN
TRONG CAU DAM HOP THEP LIEN HOP BAN BTCT

KS.NGUYEN NGOC KHANH
Khoa Céng Trinh Truong Bai Hoc Céng Nghé giao théng vén tai

TOM TAT:

Giai doan thiét ké quan trong dbi véi dam thép xay ra trong qua trinh
dtc ban mat cau bé tong, khi mat cét thép khong lién hop phai d& bé
tong wét va toan bo tai trong clia cong trinh. Mac du dam hop lién hop
c6 dd clrng x0dn cao trong ciu da hoan thién, nhung trong qua trinh thi
cdng, mét cat hé twong dbi yéu vé kha nang chiu xoén. Hé gian ngang
thuwong duwoc 18p d&t & ban canh trén dé ting dd cirng xodn va tao
thanh mat cét gan nhuw khép kin. Bai bao nay trinh bay két qua nghién
clru phan tir hitu han vé hé théng giéing trén trong dam hop thép trong
qua trinh xay deng. Két qua cho thay Iwc I&n co thé phat trién trong
hé gian ngang do ddm hop bi ubn doc. Béi v&i hé théng gian c6 mot
duwong chéo, lwe trong cac thanh chéo thay ddi Ién hon dbi véi trdng
hop dung hé théng gian dang chir X.

Tir khéa: mat cdu, khéng lién hop, mat cit hé, gidng ban canh trén,
hé giéing chir X

ABSTRACT:

A critical design stage for steel girders occurs during casting of the
concrete bridge deck, when the noncomposite steel section must
support the wet concrete and the entire construction load. Although
a composite box girder has a high torsional stiffness in the completed
bridge, during construction the open section is relatively flexible in
torsion. A horizontal truss system is usually installed at the top flange
level to increase the torsional stiffness and form a quasi-closed section.
This paper presents results from a finite-element study on the bending
behavior of the top flange bracing in steel box girder systems during
construction. The results show that large forces can develop in the
horizontal truss system due to vertical bending of the box girder. For
truss systems with a single diagonal, force in diagonal bars varies
larger than when using X-type truss system.

Keywords: bridge deck, noncomposite, open section, top flange
bracing, X-type truss system

1. G101 THIEU

Céc ly thuyét tinh toan thanh cong
va dam cong ngay cang hoan thién
nhung van chua thé miéu ta hét
dwoc nhirng sy lam viéc phire tap
bén trong két ciu, nhw phuwong
phap M/R van dang dwoc s& dung
rbng rai hién nay [1]. Bén canh do,
sy phat trién cla phwong phap
Phan t& hiru han (PTHH) da gop
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phan khéng nhd cho viéc hoan
thién céng viéc tinh toan dang két
chu phirc tap nay. Trong huwong
dan cho cac phuong phap phan
tich ciu thép cong va chéo cla
My (bdo céo 725) [2] ciing da dé
cap sy can thiét cua viéc s dung
phuwong phap PTHH dé tinh toan.
Bén canh do nhiéu cac nghién ctru
trén thé gidi ciing st dung phuwong

phap PTHH dé& nghién ciru cau
dam thép cong [3].

Cau dam hop lién hep thuwéng bao
gdm cac dam thép tiét dién hinh
thang v&i hai ban canh trén va mot
ban bé téng. Mé&t cat hinh hdp kin
trong cay cau da hoan thién c6 do
cleng xodn co thé gap 100 dén hon
1000 lan d6 clrng cia mat c4t dam
ch | twong duwong. D6 cling xodn
I&n 1am cho dam hép tré nén hap
dén d& &ng dung trong cac ciu
cong theo phwong ngang, trong
do6 hinh dang cau c6 thé dan dén
momen xo0an lon trén ddm. Ngoai
ra, con c6 mét sé wu diém vé két
cau, bao duwdng va thdm my khac
gilp dam hop hap dan s dung
cho ca cau cong va cau thang.

Mac du dd clng xodn cia dam
hop lién hep trong cau da hoan
thién l1a I&n, nhwng trong qua trinh
van chuyén, ap dwng va thi cong,
dam gém mét cét hé cé do cing
xoan twong déi thap. Didu nay dat
ra van dé |&n trong giai doan dau
xay dwng cau khi mét cét thép co
thé phai chiu lwc mémen Ion. Hinh
1 cho thdy mét sb hé théng giding
dién hinh dwoc st dung trong dam
hop dé ting dd clng xodn cla
mat cat thép. Khung chir thap bén
trong [Hinh. 1 (a)] hoac cac dam
ngang duoc st dung dé kiém soat
sy bién dang odn cla tiét dién to
lwc xodn dwoc ap dung. Mac du
cac dam ngang bén ngoai gitra cac
dam lién ké co thé duoc st dung Gé
tang do cirng xoan cla cau, nhwng
chiing cht yéu chi dwoc st dung &
cac gdi do do lo ngai vé thdm my
va moi. Mot gian ngang dwoc gén
chat vao hép gan cac ban canh
trén thwong duoc st dung dé tang
dé clrng xodn cha mat cat thép.
Dam c6 gian ngang nhw hinh 1 (b)
hoac hinh 1 (c) thwdng dwoc goi la
dam hép ban kin.
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(a)

Top Flange ¥

Diagonal

{ Top Flange 1

Hinh 1. Hé gidng cho dam hép
thép: (a) Khung ngang ngoai; (b)
Hé gian ngang loai thanh chéo don;
(c) Hé gian ngang loai chir X [4]

Hinh 2. Anh cau dam thép truéc
va sau khi xay ra sw ¢é [ngudn
vietnamnet.vn 2018]
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M6t sw ¢b cong trinh da xay ra ddi
vGi viéc xay dwng ciu dam thép
lién hop nhw hinh 2, khi dam chiv
| chuwa lién két cling v&i ban mat
cau bang bé téng cbt thép ddng
thdi cau ciing chwa dwoc 1ap cac
hé lién két ngang va lién két doc.

Mac du viéc phan tich thiét ké cau
dam thép khéng phai & bai toan
m&i nhwng viéc phan tich chi tiét
sy lam viéc cla hé gidng ban canh
trén trong cdu dam hop thép la
bai toan can thiét, qua viéc phan
tich thay ré hon sw lam viéc theo
phuwong ngang cau déng thoi thay
rd sw can thiét cla cac hé giang
theo phwong ngang cau.

Bai bao nay tap trung vao cong
viéc phan tich sw lam viéc cta hé
gidng ban canh trén cta cau dam
hdép theo cong (ban kinh cong
R=1500m) dwé&i tac dung cua tai
trong ban than va cac treong hop
tai trong cuc bd. Viéc tinh toan sé
dwoc thue hién trén md hinh phan
t&r hiru han 3D.

2. 00 SO LY LUAN

Sw phan bd mémen xoén trong
dadm hop cong c6 thé thu duwoc
bang cach si dung chwong trinh
may tinh cho dam cong, hodc
bang cac phwong phap gan dung
nhu phuwong phap M/R da dwoc
Tung va Fountain (1970) thao
luan. M&c du phan tich phan t
hiru han ba chiéu cé thé duoc
thwc hién trén dam hop, nhung
hau hét cac chwong trinh hién tai
cho dam cong déu dwa trén phan
tich mang dam st dung cac phan
tr dwong dé lap md hinh dam.
Mbt chuwong trinh dya trén phan
tich mang dam thudng yéu cau
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cac thudc tinh mat cét ngang nhu
mdémen quan tinh va hang sb xoén
lam ddu vao cho chwong trinh.
M0t giai doan kho d& mé hinh hoa
trong cac chuong trinh nay la hoat
déng cta dam thép trong qua trinh
xay dung khi gidng ban canh trén
tao thanh mét dam hop kin. Phan
tich lwc xodn ctia mot ddm hop
ban kin thuwdong dwoc thwc hién
bang phwong phap tdm twong
duwong (EPM) do Kollbrunner va
Basler (1969) phat trién. Hai loai
hé théng gian thuwong duoc xem
la bao gdbm mét hé théng duwdng
chéo don (loai SD) nhw trong Hinh
1 (b) hodc hé théng X (loai X) nhu
trong Hinh 1 (c). B6i v&i muc dich
thdo luan trong bai bao nay, cac
dwong chéo trong panel cla gian
kiéu X sé duoc goi la dwdng chéo
X, hoac duong cheo X, nhuw trong
Hinh 1 (c). Theo EPM, hé thong
gian ngang trén dwoc coi nhw mot
tdm hw ciu dé cac dac tinh xoén
ctia hop c6 thé dwoc tinh gan dung
trong qua trinh phan tich két cau.
Khi biét s phan bé cua lwe xodn,
phan bb cét, q, c6 thé duwoc xac
dinh bang ly thuyét xodn truyén
théng dbi véi ddm hép. Hinh 3
(a) cho thdy g la mét ham cla lwc
x0an tac dung, T va dién tich kin
cta hinh hdp, A,. Dong (ng suét
cat tac ddng lén tam hw cau sau do
dwoc bién dbi thanh cac lwc thanh
phan chéo trong gian ngang, nhw
dwoc minh hoa trong Hinh. 3 (b) va
3 (c). Cac dwdng chéo duorc thiét
ké dé mang cac lyc thanh phan
doc truc thu duwoc tr phan tich
lwc xoén. Nhiéu hwéong dan thiét
ké (Heins 1975; Highway 1982;
Guide 1993) dé xuat EPM cho viéc

DX2
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Hinh 3. Lyc trong thanh chéo ter
phuong phép tdm tuong duong (EPM) [4]
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thiét ké cac dudng chéo cla gian
ngang.

Céac thanh chéng cho gian ban
canh trén thwong duoc thiét ké
dé mang thanh phan ndm ngang
clia tai trong tac dung la két qua
cla swon nghiéng clia dam hop
hinh thang. Hinh 4 thé hién sw
bién d@bi cla tai trong thang ding
thanh lwc cét swon va thanh phan
nam ngang, p. Huwéng dan thiét ké
(Highway 1982; “Chapter” 1997)
dua ra cac khuyén nghj vé thiét
ké thanh chéng cho thanh phan
tai trong ngang va tinh dén do ubn
ngang cua cac ban canh gilra cac
thanh chéng. M6t trong nhivng
gia dinh trong cac khuyén nghi
nay dé danh gia cac lyc can thiét
trong thanh chéng va (rng suét uén
ngang trong ban canh trén la céac
ban canh trén va dwédi cing chéng
lai mét nira cac thanh phan swon
ngang cula tai trong tac dung (p/2).
M6t nlra tac dong lén ban canh
duadi khoéng tao ra bat ky (rng suét
hoac lwc ubn nao dbi véi ban canh
trén trong thanh chéng. Dbi v&i
chiéu dai doan dam la s, do d6 lwc
kéo thiét ké dwoc dé xuét cho cac
thanh chéng bang p*s/2.

DPé chirng minh d6 chinh xac cla
EPM, dam thang thé hién trong
Hinh 5 da dwoc phan tich véi mo
hinh phan t& hitu han ba chiéu.
Sw xo0én cla ddm da duwoc ngin
chan & cac dau va mot mo-men
xoan phan bd déu 22,2 kN.m/m
dwgc ap dung. Lyc trong céac phan
t&r gian dwoc xac dinh bing EPM
dwa trén gia tri clia moé-men xoan
& gitra doan dam twong trng. Mot
giang kiéu SD va mét giding kiéu X
da duwoc xem xét. Hinh 6 cho thdy
EPM c6 twong déng tuyét voi voi
FEA. Cac diém dir liéu tir EPM va
FEA gan nhu tring khop. Gia tri
am cha lyc gian cho biét luc nén.
Tai trong xodn lam cho cac dwdng
chéo trong doan dam kiéu X co
do 1&n lwc bang nhau; tuy nhién,
mot duwdong chéo bi nén trong khi
dudng chéo kia bi kéo. Buong
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Hinh 4. Thanh phén ngang cua luc tac dung 1én ban canh trén [4]

m=22.2 kN-m/m
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Horizontal Truss
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Bracing Members

in Horizontal Truss:
Struts: .4x 4 x5/16
Diagonals in X-type
Truss: WT 6 x 13
Diagonals in SD-type
Truss: WT 6 x 20

1.6 cm

1 2 3 45 6 7 89 1011
Bracing Panels

(d)

Hinh 5. Xodn thuén tuy trong cdu dam hop thép thdng
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Hinh 6. Lwc doc trong thanh chéo do m6 men xodn: (a) Gidng loai X; (b)
Loai don thanh chéo [4]
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chéo clia cac doan lién k& trong
gian kiéu SD thudng xen ké gitra
lwc nén va lwc kéo.

Dam thang trong hinh 5 chi chiu
moémen xodn do mémen phan bd
déu. Tuy nhién, tai trong xoan déi
vGi hdu hét cac ting dung 1a do tai
trong ban than lén cac dam cong.
EPM cing da dwoc thlr nghiém
trén ddm cong duoc thé hién trong
Hinh 7. Ban kinh cong clia dam la
291m, dan dén mét géc phu 19,77°
cho méi 100m chiéu dai ddm. Dam
v&i hai dang mat cat ngang - mét
catPvaN - dwoc st dung trong cac
vung md men duong va am twong
&ng nhu dwoc thé hién trong Hinh
7. Tai trong phan bd 24,1 kN/m
trén mdi ban canh trén mé phéng
tai trong ban than cla bé tong wot
cling nhw céac tai trong xay dwng
khac. Giang trén cung ndm ngang
13 mo6t hé théng kidu chir X voi 64
tdm doc theo chiéu dai cha cau
va kich thuwéc thm khodng 3,05m.
Mémen xoan trén dam do hién
twong cong ngang gay ra. Biéu dé
moémen do udn va xodn dwoc thé
hién trong Hinh 8. Vi dam dbi x(rng
vé diém C nén biéu dd chi cho mot
nlra chiéu dai dam duoc thé hién.
Giang ban canh trén bao gébm cac
mat c&t WT6 3 13 cho cac dudng
chéo va L4 3 4 3 5/16 thanh phé"m
cho céc thanh chéng. Cac thanh
phan nay dwoc chon bang cach st
dung EPM dwa trén mo-men xoén
cwe dai 836 kN.m xuét hién & bén
trai ctia gbi d& tai diém B.

Dam hép ban kin da dwoc phan
tich véi mé hinh phan t& h*ru han
ba chiéu. Hinh 9 cho thay dé thj cta
cac Iwc cau kién doc theo chiéu dai
dam do EPM dy doan va cac gia
tri thu dwoc tir két qua FEA. Gia tri
am cla cac lwc thé hién lyc nén.
D4 thi cta lwc thanh chéo cho thay
két qua dw doan bang EPM khéng
phi hop véi két qua FEA. EPM
danh gia thap dang ké lwc thanh
phan tai mot s6 dia diém doc theo
chiéu dai. Cé6 mét sb vi tri trong
doé EPM dw doan sy kéo cla cac

| S6 4 nam 2021

KHOAHOC-CONGNGHE ST Z S

[, SectionP ,Section N, Section P, 57.91 m_, Section N i, SectionP

[ 4115m | 27.43m | 172743 m’ | 41.15m >'I
w=48.2 kN/m

YV VYV vV Vvd vy Y \ A AL2RAR ¥ ¥

A B C

’(—54.86 m—)}(— 85.34m >%<

R=291 m (19.7°/100 m)

54.86 m-—){

24.1kN/m  24.1 kN/m
v v

R (Symmetric) ; ;

|<— 304.8 cm—-l

61.0 em x 5.7 cm each

]-— 3048:m—-l

3565mx22cmeach

Hiorsontal Tross Pisinintiel
13cm 13cm
228.6 cm 190.5 cm 228. 6 cm
}1——-190 5 cm—-ll J' ST 9"35
1 1.6 cm t4.8cm
Section P Section N

Hinh 6. D4m hép thép cong lién tuc [4]
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Hinh 7. Biéu d6 mé men uén va mé men xodn: (a) M6 men udn; (b) M6
men xoan [4]
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Hinh 9. Céc luc trong hé gidng déi véi dam cong ba nhip: (a) Luc doc
trong thanh chéo X1; (b) Lwc doc trong thanh chéo X2; (c) Lurc doc trong
thanh chong [4]
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thanh phan nhwng thwe sw bi nén
tr két qua FEA, do do cé thé dan
dén cac van dé tidm an v& mét on
dinh cla giang. Biéu db trong Hinh
9 (c) cho thay rang cac lyc trong
thanh chéng tir cac két qua FEA
I&n hon dang ké so voi cac gia tri
dwoc dw doan bang phwong phap
thiét ké hién tai. Ngudn gbc chinh
cho s khac biét gitva két qua FEA
va phuong phap thiét ké hién tai
cho dudng chéo va thanh chéng
la do (rng suat ubn doc trong dam
hdp. Ngoai ra, mét phan sai sb déi
v&i e thanh chéng la do gia thiét
sai lam rang ban canh dwéi ciing
chiu mét nlra thanh phan tai trong
ngang, p. Ngoai triv trong lwong
ban than coa dam, toan bd thanh
phan ngang do tai trong tac dung
phai duwgc tac dung Ién ban canh
trén. Cac két qua bd sung chirng
minh anh hwéng cla viéc udn dam
ciing nhuw phwong phap xac dinh
thanh phan chiu udn sé dwoec trinh
bay & phan sau cla bai bao.

3. KET QUA TiNH TOAN S0
3.1. Cac théng s6 tinh toan

Trén co s& sw lam viéc cla dam
hép cong da duwoc trinh bay & trén,
néu s dung cac phan ti thanh
théng thudng (6 bac tw do mdi nat)
thi khi phan tich sé khong thé hién
dwgc ro sy lam viéc cha hé gidng
ban canh trén trong cdu dam hop
thép. Do dé, bai bao sé di phan
tich chi tiét mot s6 vi du cu thé
thdng qua s& dung phan ti tAm
bang phuwong phap phan ti hitu
han dé tinh toan.

Céc s liéu co ban cla ciu: Chiéu
dai nhip khéng déi 52m; mat cat
dam hop thép nhw sau: dadm cao
2m; day rong 3m; dinh hdp dang
h& rong 4m; ban canh trén b tri
rong 0.4m; ban thép swdn day
0.03m; ban thép day dam va ban
canh trén day 0.02m; thép loai
A36, nhw hinh 10:

o SHUTR

Hinh 10. Mé&t cat ngang dam st
dung trong phén tich

Bai bao di phan tich lic doc trong
thanh chéng, thanh chéo va thanh
xién trong hé gidng don va giéng
chlr X &rng voi trwdng hop R=
1500m.

Tai trong tac dung goém trong lwong
ban than, tai trong gay ubn, va tai
trong gay xodn nhw hinh 11

o

Hinh 11. Céc trudng hop tai trong
nghién ctru
3.2. Két qua tinh toan

S¢ dung phuong phap PTHH
(phan mém Midas Civil) phan tich
véi cac sb liéu & trén, thu dwoc két
gua nhw sau.
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Hinh 12. Lyc doc trong thanh
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Két qua trén cho thdy Iwc doc trong thanh chéng 1a
dang ké, Iwc doc thanh chéng cé xu hwéng tang dan
vao gilra nhip va cac vj tri cé chiu mdé men udn va
x08n cyc bd. Két qua trén cling cho thay luc doc trong
thanh ch» X gidm bang khoang ¥z lyc doc trong thanh

chéo don.

4. KET LUAN

Nhuw phan tich & trén cho thay sw can thiét hé gidng
ngang trong qué trinh thi cong cho dang mat cét hé
ndi chung va dang mat c&t dam hép hé (trwong hop
khdo sat). Két qua ciing cho thdy dwoc wu nhuoc
diém cula cac dang giéing lién két ban canh trén trong
tredng hop dang mat cat dam hop hé. Phan tich trén
ciing chi ra sy thay ddi néi lwc theo cac vj tri clia hé
giang lién két qua do gilp cac ky sw thiét ké cé cac

phwong an téi wu cho bai toan clia minh. m
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