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Anh huong goc cheo den ung xu 
ket cau cau dam thep lien hop gian don 

I TS. NGO C H A U PHl/ONG;ThS. N G U Y I N DANH HUY 
Trudng Dgi hpc Giao thdng van tdi - Phdn hieu tgi TP Hd Chi Minh 

TOM TATr Boi v6i tinh toan cac ket cau cau cheo, 
goc xien la tham so quan trong, su thay doi goc 
xien se anh hudng den ung xd ket cau. Bai bao 
trinh bay ket qua nghien cuu ly thuyet theo mo hinh 
phan td huu hsn (PTHH) anh hudng cua goc xien 
c lu cheo den ung xd cua dam thep lien hop b in 
be tong cot thep nh|p giln dan, Cac nhan xet, ket 
luan ve quy luat thay doi noj Ipc, dp vong, sy phan 
bd ngang (PBN) tai trong trong cau cheo khi goc 
xien thay doi duoc dua ra dpa tren cac ket qua tinh 
toan va cac bieu do so sanh vol cau thing cung 
khau dp 

TL/ KHOA: Phan td huu han, cau cheo, dam thep 
lien hpp, he so phan bo ngang 

ABSTRACT: In design of skewed bridges, skew 
angle is an important parameter, changing of the 
skew angle will effect on behaviour of structures 
In this paper, the effect of the skew angle on 
composite steel bridges is presented using finite 
element models (FEM). Basing on comparison of 
forces, deflection, load distribution factors, which are 
calculated form skewed bridges and the reference 
nonskewed bridges, the conclusions are given 

KEYW/ORDS: FEM, skewed bridges, composite 
steel girders, distnbution factors 

I .DATVANDE 
Bdi vdi eau thang, dudng tim eau vudng gdc vdi 

dudng th^ng ndi lien cic gdi, tai trpng tac dung tren ban 
mat cau truyen den cac dam ehu va di xudng gdi eau theo 
hudng eae dam ehu. Trong khi vdi eae cau cheo, dUdng 
truyen tai trong den cle gdi eau ed sU khac biet, cac tai 
t i c dung len ban mat cau ed xu hudng eat ngan den 
eae gdc tu cua ban mat eau. Su thay ddi hUdng truyen 
t l i trpng nhu vay Inh hUdng Idn den dng xd ket eau, sU 
phan phdi ndi lUc trong dam, b in va phin lUc gdi. Cle 
cau cd gdc cheo cang Idn thi Inh hudng nay eang rd ret, 
mpt sd die tinh l lm viee cO bin eua eau cheo: 

- Tai cle gdc tu cd sU tap trung cua phan lUc, lUe elt 
tai gdi t i ng len; 

-Tai cae gde nhpn phan lUe giam xudng; 
- Md-men udn dpe dam va dp vong gi lm; 
- Mat elt ed dp vdng Idn nhat elc d i m g i ln don cd 

xu the tien gan ve phia gdc tu khi gdc cheo t ing len. 

Hinh 1.1: Oudng truyen tii trong cau cheo 

Ndi dung bai bao trinh bay ket qua nghien cUu ly 
thuyet anh hudng eua tham sd gdc xien ddt vdi cau dam 
thep lien hop gi ln dPn. PhUPng phap PTHH dng dung 
trong phan mem Midas/Civil se dupc sd dung de xay 
dung md hinh phin tich ket eau. Ket qu i tinh to ln vdi 
gdc cheo khac nhau dupc so sanh vdi cau thang (gdc xien 
bang 0"̂ ) de phin tich ket qu i . 

2. CAC TRl/dNG HOP KHAO SAT 
Nghien cdu khao sat dng xddam gian don chd I lien 

hop b in be tdng edt thep, ed tdng be rdng mat elt ngang 
8.2m, phan xe chay 7.5m, khdng cd le bd hanh, bao gdm 
hai lan xe cO gidi, tiet dien ngang gom 4 dam ehu, hoat tai 
HL93, cac dam ngang bd tri hai dau nhjp, khung ngang 
d gida dam. Md hinh ket eau dUOe xiy dUng eho khau dp 
nhjp 20m, 25m, 30m vdi gde xien 0", 15", 30" va 45°. 

Bang 2.1. Cac trudng hop khio sat 
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Thong so vat lieu sCr dyng trong mo hinh: Be tong 
ban mat cau: C6000 - ASTM, Ec = 3.077E+07 kN/m', dam 
thep' A36 - ASTM. 

Oae trung hmh hoc dam, ban mat cau thoa man cac 
yeu cau cau tao, ti'nh toan theo Tieu chuan Thiet ke cau 
dudng boTCVN11823:2017. 

51 



KHOA HOC-CONG NGHE-

Bang 2.2. Thong s&dam khio sat 

1. 
3. MO HINH P H A N T I C H KET CAU 
3.1. Xay dong mo hinh 
Tieu chuan AASHTO LRFD [1] quy djnh he sd PBN t l i 

trpng cau cheo dUpc tinh bang each sd dung he sd dieu 
ehinh nhan vdi he sd PBN tai trpng eau thing cung khau 
dp. Phuong phap sd dung he sd PBN duoc eho la thien 
ve an to ln, viec tinh to ln ndi lue mdi chi xet den do cdng 
dam, ban; dp lech tam gida dam va bin, khoing caeh tim 
dam va chieu dai nhjp va gde xien. 

De xay dung md hinh tinh toln theo phuong phap 
PTHH, dam 1 lien hpp dupe xem xet la ket eau ket hpp 
eua hai loai vat lieu be tdng va thep, viec xay diJng md 
hinh duoc tien hanh theo trinh tu sau: Dua ra md hinh 
phu hpp eho phan tieh ban mat cau va dam rieng biet va 
de xuat mo hinh hieu dng lien hpp dam bao sU lam viee 
chung bing lien ket eua ban va dam. 

Trong ly thuyet phan tich PTHH, ban mat eau thudng 
dupc md hinh bang phan td Shell hoac Solid. Phan td 
Shell dupe sd dung phd bien do dng xd ban mat cau 
chit yeu la chiu udn. Phan td Solid eho ket qui tinh to ln 
ehinh xlc nhUng khdi lupng tinh toln Idn. Ngoai ra, cac 
nghien cdu trude day ehi ra ly thuyet tinh xet den bien 
dang cat truot Mindlin-Reissner Plate cd do chinh xlc eao 
hon Kirehhoff Plate [2,3].Trong chuong trinh Midas/Civil, 
ca hai ly thuyet tren deu duoe xay dung va ap dung cho 
phan tich tam, ban. 

Khi phin tieh dam, thudng sd dung phan td Beam, 
Shell va Solid, phan td Solid phu hpp eho cle md hinh 
phin tieh cue bp. Trong tinh toan dam theo chUOng 
trinh Midas/Civil da dUa vao ly thuyet Timoshenko xet 
den bien dang cua mat cat de tinh toan dp cdng cua ket 
eau. Vdi cac dang dam thep thudng tiet dien manh, ed 
bien dang Idn thi viee tinh toan theo ly thuyet tren dam 
bao duoc dp chinh xac eao hon so vdi tinh toan bang ly 
thuyet dam ed dien Euler-BernouHi thong thudng vdi gia 
thiet mat eat ngang vudng gde vdi true dam [2,3,4]. Vdi 
mue tieu so sanh cac ndi lue trong dam, phan td Beam 
duoc lua ehpn de md hinh dam thep. 

Md hinh lien ket dam va ban mat eau: Hieu Ung lien 
hop toan phan gida ban be tdng va dam thep bang cac 
neo lien ket (chdng elt) thudng dupc md hinh bang lien 
ket dam edng (Rigid Links) hoac ed the sd dung chung 
nut [2,3], Vdi phuong phap chung nut cd hai dang sai sd 
khi phin tich: Thd nhat do hai loai phan td mo hinh dam 
ban la khae nhau nen cd the gay nhieu loan lien quan den 
bien dang va dng suat do sat khac ve bac tu do tai vj tri 

.tiep xue, ngoat ra edn sat sd lien quan den tinh toan dae 
^trUng hinh hoc do vung chdng lan cua ban va dam. 

Ddi vdi eae phien b in cua ehuong trinh Midas/Civil 
Irude V.6.7.1 tam/ban khdng cd bac tu do quay quanh 
^ u e Z ngoli mat phang, do do lien ket cdng (Rigid Link) 

gida elc cau kien dam va b in se dan den sai sd, nhigu 
loan tai vung tinh to ln . Vdi elc phien ban sau phien bSn 
V.6.7.1 thl bae tu do eua tam/bin da dupe bo sung, m6i 
mdt niit se ed 6 bac tUdo, lien ket dam cdng dam bao m6 
phdng su lam viec chung cua loai phan tCf eho md hinh 
dam va b in [2]. 

""ItiiMiBi 

Hinh 3.1: Md hinh ket cau vi md hinh Udn kit dam bin 

3.2. Xep U i tren mat cat ngang cau 
Khi xep tai theo phuong ngang cau tieu chuan 

AASHTO LRDF quy dinh cd hai trUdng hop: Mot la xep 
t l i dung tam, hai la xep t l i Ieeh tam [1,5]. Trong ndi dung 
nghien edu nhim tao ra hieu dng bat Ipi nhat, phuong an 
xep t l i lech tam dupe lUa chpn. 

72.5KN 72 5KN 72.5KN 72.5KN 

n 

-m 

--tl 
Hinh 3.2a: Mat cit ngang eiu 

Hinh 3.2b: Mit bing cau 

4.KETQUANGHI§NCLrU 
Ket qua td md hinh PTHH duac phin tich bang each 

xem xet gia trj cUe dai eua md-men, lUe d t , phin li/c gdi 
va do vdng dudi t ic dyng hoat t l i . Ky hieu Ma/Mo, Ra/Ro, 
Da/Do va So/So l ln luot la ti so gida gia tn cue dai Md-men/ 
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Phan luc/Dp vdng va Luc eat eua cau cheo so vdi cau thing. 
Ket qu i tinh to ln va so sanh cu the cho tdng thinh phan 
the hien trong muc 4.1 den 4.4. 

Ngoli ra, nghien cdu ve PBN t l i trpng duoc tien 
hanh b ing each so sanh he sd PBN tinh theo tieu ehuan 
TCVN 11823:2017 [6] va theo md hinh PTHH. 

4 .1 . Anh hudng cija goc cheo den md-men 
Tren bteu do Hinh 4.1, Hinh 4.2 va Hinh 4.3. md-men 

Idn nhat trong dam cCia cau cheo gi lm so vdi vdi eau 
thing, khi gdc xien eang Idn md-men eang giam manh. 
Quy lu l t g i lm md-men eua 3 khau dp nhjp la tuong tu 
nhau. Tl sd Mo/Mo thay ddi trong khoing td 0.64 den 
0.98, vdi gdc cheo 45", g i l tri md-men trong dam 1 g i lm 
xap xi 20% so vdi eau thiing thdng thudng, trong khi dam 
4 gi lm manh xap xi 35%. 

—«—Cauthang 

—•—Goc xien 15 do 

j —a—Goc xien 30 do 

—M—Goc xien 45 do 

Vj t r i dam dpc 

Hinh 4.1: Ma/Mo nhip 20m 

-Cau th ing 

—Goc xien 15 do . 

-Gocxien 30do 

—Goc xien 45 do 

Vi t r i dam dpc 

Hinh 4.2: Ma/Mo nhip 25m 

I ^ 
-Cau thang 

-Goc xien 15 do 

nSOdp 

n45do 

V| trf dam dgc 

Hinh 4.3: Ma/Mo nhip 30m 

4.2. Anh hudng cua goc cheo den do vong 
Tuong tu md-men, do vdng Idn nhat giam khi gde 

xien tang, xu the thay ddi dp vdng trong cle dam tuong 
tu. Clu cheo vdi gdc xien 45° cd ti sd Da/Do Idn nhat td 
0.67 den 0.79, nhU vay kht gde cheo cing tang len, su 
phan phdi t l i trpng theo phuong ngang cing phdc tap. 

Bd vdng Idn nhat xuat hien gan vj trf gde tu khi gdc 

xien t ing. Ket qua tinh toan chuyen vj eung ehi ra tai gdc 
nhpn khi gdc xien cang Idn dp vdng cing nhd dan tiem 
can g i l trj b ing 0. 

Vi tri dam doc 

Hinh 4.4: Da/Do nhip 20m 

1,25 

0,75 

^_*] ^--^ 

^^^-^^ 

- . - c l u thins 

—•—Goc xien 15 dg 

—•—Goc xien 30 do 

—»*—G6cxiin45a6 

Vi tr i dam doc 

Hinh 4.5: Da/Do nhip 25m 

cau 

Goc 

Coc 

G6c 

thing 

xien 15 do 

men 30 do 

xien 45 do 

Vitri dam doc 

Hinh 4.6: Da/Do nhip 30m 

4.3. Anh hudng cua goc cheo den phSn lUc goi 
Khae vdi md-men v l dd vdng, phin lUc gdi cCia cau 

cheo Idn hon cau th ing. Hinh 4.7 den Hinh 4.9 eho thay 
gia tri phan lue thay ddi trong pham vi Idn, sU ehenh 
Ieeh cang Idn khi gdc xien tang. Dam 1 va 4 thay doi Idn 
nhat, khi gdc xien 45" phan lUc tang xap xi 50% tai dam 
1 v l 125% tai dam 4. Cae dam 2,3 (dam gida) chenh Ieeh 
khdng dang ke. Hinh 4.9 the hien xu the tang giam phan 
luc gdi tai cac gdc tCi va gdc nhpn, vdi gde xien IS'' thay 
ddi phan luc khdng ding ke. Khi gde xien tang len, phan 
luc gdi tai gdc tu tang nhanh va g i lm manh tai gdc nhpn. 

Vi tri dam dpc 

Hinh 4.7: Ra/Ro nhip 20m 
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^ : 

2,50 -I 

2,25 

2,00 

o 1.75 

•=1.25 
1,00 
0,75 
0,50 

—Cau thang 

—Goc xien 15 do 

- Got xien 30 do 

—Goc xien 45 do 

Vi t r i dam dpc 

Hinh 4.8: Ra/Ro nhjp 25m 

2,50 ^ 
2,25 
2,00 

ol .7S 
^1 ,50 
= 1,25 

1,00 
0,75 
0^0 

ic xien 15 do • 

ic xien 30 do j 

Vi t r i dam dpc 

Hinh 4.9: Ra/Ro nhip 30m 

• • Goc nhon, L=30m 

— Goc nhon, L-ZSm 

— G6clLi,L-25m 

- Goc nhon, L-20m 

Hinh 4.10: Phin lue gSi 

4.4. Anh hUt!mg cua goc ch^o den lUc cit 
Hinh 4.14 the hien quy lult thay ddi ciia lue eat gdi 

dam dpc, khi gdc xien tang, lUe elt gdi tang tai elc gde tii 
va giam xudng tai elc gde nhon. Cau cheo vdi gdc xien 
45" cd luc elt gdi tai gde tCi tang khoing 30% va tai gde 
nhpn giam xap xi 25%. Ngoai ra, Hinh 4.11 den Hinh 4.13 
cho thay luc eat thay ddi Idn tren mat eat ngang cau, cac 
dam giUa 2,3 thay ddi khdng ding ke so vdi vdi eau thang. 

k. 
— \ X X , ^ j -'-Gdc xien 15 36 

^ O S I -*-Gdixien30a6 

Vi tr i dam dgc 

Hinh 4.11: Sa/So nhip 20m 
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—•-Goc Xien IS 6^ 

- r -G6cuFn30d4 

-M-GAcilien4Sd& I 

V| t r i dam dgc 
Hinh 4.12: Sa/So nhip 25m 

VI tri dam dgc 

Hinh 4.13: Sa/So nhip 30m 

Hinh 4.14: Luc cit goi 

4.5. Anh hudng cua goc cheo den h4 so PBN 
t l i trong 

HesdPBN,gtheoTCVN11823:2017dUPctinhtoantheo 
myc 6.2.2, edng thde tinh h§ sd PBN theo md hinh FTHH: 

F^^g.F, 0) 
Trong dd: 
- F; - Md-men, lUc eat Idn nhat trong dam theo mo 

hinh PTHH. 
- F, - Md-men, lue eat Idn nhat trong dam khi xep 1 \ht\ 

hoat t i l tren dam don theo phuong phap dudng Inh hudng. 
Ky hieu gTC, gFEM lan lUOt la he sd PBN (md-men, 

luc eat) tinh theo tieu chuan v l md hinh PTHH. 
Ket qua tinh he sd PBN md-men va lUc cat cho 

trudng hpp 1 v l 2 lan chat t l i theo tieu chuan va md hinh 
PTHH the hien tren elc bieu dd dUdi day. 

He so PBN mo men nhjp 20m - 1 lan ch|u t i i 

Illi llil llil III. 
• gTC-Dambien • EFEhrtffimbiJn HgTC-Dlmtrong «gFEt*Olmtrong 

——s 
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1^ so PBN m o m e n n h i p 2 S m - 1 l an c h j u t a t 

i'j llil nil III 
ssgTC-DSmlrong sf gFEM-Dim ttong 

so PBN m o m e n n h j p 3 0 m - 1 I a n c h j u t a i 

IL 111 llil M 
ben agFEMDjinbiSn ssgrcDamtiDng ^gFEMDl 

c) 
so PBM lu-c ca t n h i p 2 0 m - 1 l an c h i u t a i 

lien •gFEM-Dambien wgTC-Damtrong BgFEM-Dl 

d) 
iS PBN l i re c a t n h i p 2 5 m - 1 tan c h i u t a t 

II II II 
il it I I 

0 15 30 45 

xen •gFESMtem bien j-gTC-Oam trong Sf gFE(i,H5am t ior^ 

e) 
SO PBN lu'c ca t n h j p SOm - 1 fan c h i u t a i 

II "- Ip 
I I 

Theo bi^u dd Hinh 4.15 (a-c) va bieu do Hinh 4.16 (a-
c): Quy lult thay ddi he sd PBN md-men theo tieu ehuan 
va theo phuong phap PTHH tuong tu cho ea 3 khau dp 
nhip va hai trUdng hpp xep t l i , he sd PBN theo tieu chuan 
va theo md hinh PTHH gi lm khi gdc xien tang. Gia tri tinh 
toan theo tieu ehuan Idn hon (50 - 70%) so vdi theo md 
hinh PTHH. 

H e s o P B N m o m e n n h j p Z O m - 2 l a n c h j u t a i 
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• gTC-Dam bien • gFEM-Ddm bien -s gTC-Dam i rong « gFEIul-Dam trong 

3) 

H e s o P B N m o m e n n h i p 2 5 m - 2 l a n c h m t a i 

m m m M 
• gTC-Dambien MeFEM-Oambien agTC-Dannrong sgFEM-Damt rong 

H e s o P B N m o m e n n h i p 3 0 m - 2 l a n i ^ j u t a i 

•:F1 III III 
• gTC-Dam bien •gFEM'Dambien B gTC-Dam trong «eF£M-Dam t rong 

H e s o P B N lu'c c a t n h j p 2 0 m - 2 l a n c h j u t a i 

II II 
Hinh 4.15 (a-f): So sinh hi so PBN md-men, 

luc cit trudng hop mdt Iin xep tii 

• gTC-Dam bien •gPEIW-Dam bien -•! gTC-Oam irong « gFEIul-Dam t rong 
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H e SO PAN l i / c eat n h j p 2 5 m • 2 l an c h m U 

m 
• gTC-Dam ij i in • eFEM-Dam bien eeTC-DamUong agFEM-Damirong 

He so PBN l i / c cat n h j p 3 0 m - 2 l an c h i u t a i 

Hinh 1.16 (a-f): So sinh he so PBN md-men, 
luc eit trudng hap hai lan xep tii 

Theo bieu dd H/n/i 1.15(d-f)va bteu do Hfnf? 1.16 (d-
f): Quy luat thay ddi he sd PBN lUe cat theo tieu ehuan 
va md hinh PTHH cd khac biet. Theo tieu chuan he sd 
PBN tang khi gdc xien tang, theo mo hinh PTHH thay ddi 
khdng dang ke, bien thien trong pham vi nhd. Phan Idn 
he sd PBN lUc cat dam bien theo tieu chuan nhd hon theo 
md hinh, d hudng ngUOc lat he sd PBN lUe eat dam trong 
theo md hinh Idn hon gia trt tinh theo tieu chuan. Ngoai 
ra, dua tren ket qua tinh toan theo md hinh PTHH thi he 
sd PBN cau thang khi chieu dat nhip thay dot khdng phai 
la hang sd nhu gia tri tinh theo tieu ehuan. 

5. KET LUAN 
i jng xd eua dam thep lien hpp ban be tdng vdi 

khau do nhjp 20m, 25m va 30m dupe khao sat vdi thay 
ddi cua gdc xien, ket qua tinh toan duac so sinh vdi cau 
thing cung khau dp va dupe the hien tren bieu do ket 
qua nghien cdu chi ra: 

- Bien dang trong dam va b in ed su thay ddi ding 
ke so vdi eau thing thdng thudng. Bien dang khdng ddi 
xdng xuat hien trong dam va ban. Khi gde xien tang len, 
dp vdng Idn nhat dieh gan vi tri gde tu, trong khi d phia 
gde nhon do vong nay giam xudng, Suphan phdi tat trong 
theo phuong ngang se phdc tap khi goc cheo tang len. 

- IVld-men Idn nhat trong cac dam eau cheo giam so 
vdi vdi cau thang, kht goc xien eang Idn md-men eang 
giam manh. Ddi vdi lUe eat, goc xien tang len dan den 
tang luc elt gdi trong gdc tu va giam luc eat gdi trong 
gde nhpn, sU thay dot nay ding ke ddi vdi eae eau eheo 
hon 15°. 

- Phan lue gdi tat eae gde til, gde nhpn cd sUthay ddi 
trong pham vt Idn, su ehenh Ieeh eang Idn khi gdc xien 
eang tang. 
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- Nghien edu ve he sd PBN cho thay quy luat bien ddi 
he sd PBN theo tieu ehuan va md hinh PTHH khic nhau. 
He sd PBN md-men theo tieu chuan thien ve an toan, 
trong khi ddi vdi lUe el t nhieu trudng hop tinh toln theo 
md hinh PTHH Idn hon theo tieu chuan. Nguyen nhan 
ehinh la do viec tinh to ln theo tieu chuan mdi chi xet den 
mdt sd yeu td (dd edng dam, b in ; dd l^eh tam gida dim 
va ban; khoang each tim dam, chieu d l i nhjp va gde xien) 
ma chua xet den he lien ket ngang eau v l cle yeu td khac 
Inh hudng den do cdng ket eau. 

Vdi ket qua khao sit b ing md hinh PTHH cd the 
khang dinh gdc xien ed Inh hUdng d ing ke den ndi li/c 
cau dam 1 thep lien hpp gian dOn. Vi^e nghien cUu tinh 
toan bang phUOng phap PTHH dUa ra dupc elc gdc nhin 
day du ve dng xd ket cau, do dd khi thiet ke cau eheo 
phuang phip PTHH nen dUoc xem xet de dUa ra thiet ke 
hpp ly. 
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