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Anh hirong cua tai trpng xe qua tai 
den phan bo cac vung nut tren ket cau nhjp cau 
bang be tong cot thep 
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TOM TAT: Bai bao thyc hi$n cac tinh toan mo 
phdng ung xd co hoc cua ket cau nhip cau bing 
be tong cdt thep (BTCT) dudi tac dgng cua xe qua 
tai Mo hinh phan tich xet toi su lam viec ehung 
giua b^n mat cau va cac dam do duoi tac dong cCia 
xe tai 3 true dien hinh sd dung trong thuc te Vi tri 
cua true xe qua t^i se duac xem xet nham danh 
gia dng xd cua ket cau mat cau va cac dam da. Ket 
qua nghien cdu cung cap cac sd li#u ve dae diem 
phan bo cac vung ndt tren ket cau nhip cau bang 
BTCT khi t^i trong tren cau tang dan. 

T O KHOA: Phan tich phi tuyen, be tong cot thep, 
cau, qua tai, nut. 

ABSTRACT' This paper performs computational 
analysis on the mechanics behavior of reinforced 
concrete bridge deck under overload vehicle 
Calcualation model considered the monolithic 
system in which slab and supported girders working 
together to carry typical three - axles truck used in 
reality. Position of overload axle was considered to 
evaluate the behavior of reinforced concrete slab 
and giders Results of this study provide information 
on the distribution of crack zones on reinforced 
concrete bridge deck under overload vehicle, 

KEYV\/ORDS: Analysis nonlinear, reinforced 
concrete, bridge, overloading, crack 

1. OAT VAN B^ 
Trong ket eau nhip cd sudn, ban mat cau dUpc ke 

tren cac dam dpc, dam ngang hoac sudn dam. SU lam 
viec ehung gida ban mat cau, dam doe va dam ngang 
ve ban chat la ket eau ndi sieu tinh bae eao. Viec phan 
tieh ket eau theo md hinh khdng gian thudng rat phdc 
tap De don gian hda, viee phan tich tinh toan ket eau 
nhip thudng don gian hda td so dd khdng gian ve so do 
phang. Dam dpc duoc tinh vdi so do dam gian don ma 

d do hoat tai tac dung len tdng dam eu the dUOc tinh 
thdng qua he sd phan bd ngang. 

Cd nhieu phuong phap tinh he sd phan bd ngang 
song thudng tinh thien ve an toan, chUa tiet kiem vat 
lieu, Ben canh dd, ban mat eau dupe tinh theo so dd ban 
ke tren 02 eanh hoac ban ke tren 4 eanh, so do dai dam 
lien tuc ke tren eae gdi edng. Odi vdi so do ban ke tren 
02 canh ehua cd su nhat quan ve mdt sd van de nhu 
khau dd ban, dieu kien bien. Ve khau do ban thudng 
dupe tinh bang khoang each tim gida cac sudn dam.Tuy 
nhien, theo quan diem khac thi khau dd ban ed the lay 
bang khoang each gida cae mat trong cua sudn dam, 
Ve dieu kien bien thudng duoe coi la bien ngam, quan 
diem nay hop ly khi do cdng chong xoSn cua dam dd 
Idn va lien ket cdng gida ban mat cau va dam dd. Mat 
khae, sO do ban ke vdi tai trong tae dung la true xe dOn 
la hgp ly khi khoang each gida cac true Idn nhu doi vdi 
xetai thiet ke [1], 

Trong thUc te khai thae, khoang each gida true 
gida va trye sau thUdng nhd nen dat ra phai xet tdi 
hieu dng tai do eac true xe tac dung ddng thdi. Bai bao 
phan tieh dng xd ndt cua cac vung tren ket cau nhjp 
cau bang BTCT theo md hinh khdng gian, xet den sU 
lam viee ddng thdi cua ca ban mat eau va eae dam dd 
de khac phuc mdt sd tdn tai tren. Md hinh khdng gian 
ket cau nhip BTCT dUpc tinh toan theo phuong phap 
phan td hdu han de phan tieh phi tuyen ndt cd khdi 
lugng tinh toan rat Idn dae biet la khi xet tdi sU lam viee 
ehung gida cdt thep va be tdng. Trong bai bao sddung 
phan mem chuyen dung Midas FEA cd dd tin cay eao 
de phan tich ket eau. 

2.M6TABAITOAN 
Ddi tupng xem xet trong nghien edu nay la mdt ket 

eau nhip eau BTCT cd 01 lan xe ehay. Chieu dai nhip 9m, 
be rdng cau 4,5m, khoang each tU dau dam tdi tim gdi 
0,2m, Ban mat cau BTCT ed ehieu day 175mm ke tren 3 
dam dd, khoang each dam 1,5m. Ban mat eau dUpc bd 
tri 02 ludi edt thep, lUdi tren va dudi. Sd dung thep Dl 3 
budc cdt thep 150mm. Cau tao ehi tiet xem trong Hinh 
2.1 dudi day: 
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Hmh 2.7; Cau tao chi tiet cot thep ket cau nhip BTCT 

Tai trong tren eau xem xet la dang xe tai dUOc sd 
dyng phd bien trong thUc te. Cu the xem xet d day la xe 
HOVi/0 4 tryc [3], Khoang each gida cac true va tai trpng 
tdi da eua eac trye xe dUpc ghi rd tren Hinh 2 2. 

Xep xe tai vj tri bat loi eho dam, ban mat cau, Theo 
phuong doc eau trye gida cua xe la true nang nhat tai vj 
tri gida nhjp; theo phuong ngang eau cd mdt hang banh 
xe d chinh gida eae dam dd nhU Hinh 2.2. 

Tai trong true cua xe tai xem xet duoe xet lang dan 
trong qua trinh tinh toan nham danh gia dng xd cua ket 
cau ban mat cau dudi tac ddng cua xe qua tai. 

Ket eau nhip chiu tae dyng ddng thdi eua tinh tai 
va hoat tai, Tinh tai bao gdm trong luong ban than ket 
eau nhip, lan ean, Idp phu mat eau, Hoat tai la xe qua tai 
trong thue te khai thae. Cd nhieu nguyen nhan xe qua tai 
nhu chd vat lieu xay dung nang, may mdc thiet bi edng 
nghiep, eoi ndi thiing. 

thdng tin Midas (MIDAS Information Technology Co., Ltd) 
cua Han Qudc [8]. 

3. DANG PHAN Tl> VA MO HINH VAT LIEU 
Phan td be tdng: Chia khdi be tdng thanh cae phan 

td khdi hinh hdp, dung cho eae ket cau khdi chiu tai 
trpng 3 chieu, cac phan tdcd kieh thUdc trung binh bang 
50x50x50mm nhU Hinh 3.1. 

Phan tdcdt thep: Chia cdt thep ra thanh cae phan td 
thanh. IVldi phan td thanh ed ehieu dai 50mm nhu Hinh 
3.2. Ngoai ra, md hinh tinh xet den su lam viec ehung 
gida cdt thep, be tdng vdi gia thiet cdt thep dinh bam 
hoan toan vdi be tdng. 

Hinh 3.1: Ma hinh phan tdbe tdng 

Hmh 2 2 SadSxep xe qua tii ogiOa nhip 
• xe HO\i\lO 4 true trin cau 

Ap lUc banh xe banh hoi cd dang phan bd deu dUOc 
tinh bSng tai trong banh xe chia cho dien tich tiep xue gida 
banh xe vdi mat eau. Mien phan bd eua tai trong banh xe 
la hinh chd nhat cd kich thUdc 658x398mm khi da xet tdi 
anh hudng cua Idp phu mat eau day 74mm, Trong thuc 
te khai thae, xe di chuyen tren cau thi ngoai tai trong xe 
cdn phat sinh them (Uc xung kich. Chuyen bai toan xe di 
chuyen tren cau sang bai toan xe xep tinh tuong dUong 
bang each nhan tai trong xe vdi he sd xung kich. Trong 
pham vi bai bao nay, he sd xung kieh dUpc gia dinh bSng 
vdi tieu ehuan thiet ke eau hien hanh, 1 + IM ̂  1,33 [1 ], 

21,45x10x1000x1,33 
= 0,545 N / mm' 

Phan mem dupe sd dyng trong cac tinh toan sd 
la Midas -FEA dUOc phat trien bdi Cdng ty Cdng nghe 

*•* . sis*' 

Hinh 3.2: Md hinh phan tu thep 

Dae diem pha hoai ndt trong be tdng duac md ta theo 
md hinh vet nut phan tan (smeared crack model), trong do 
anh hudng eua ndt duoc phan anh qua viee lam giam dp 
cdng cua cua be tdng theo phUOng vudng gde vdi vet ndt 
[7], Md hinh vet ndt dupe minh hpa nhu tren Hinh 3.3. 

Discrete Smeared 

Hinh 3.3: Md hinh vet nut [6] 
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Vat lieu lam eau gom cd be tdng va cot thep. Md 
hinh vat lieu trong cac tinh toan sd dugc lay nhu sau: 

Md hinh cua thep: U'ng xd cua cot thep trai qua 3 
giai doan dan hdi - deo - hda cdng. Qua trinh phan tieh 
cho thay md hinh nay cd dp tin eay eao han khi md ta day 
du eac giai doan lam viec cua thep va dam bao khdng 
anh hudng den tdc dp hdi ty cua bai toan phan tich [5]. 
Cdt thep CB400-V cd cac chi tieu co ly: E - 200.000MPa, v 
= 0,3, y = 0,000785 N/mm^ fy - 400MPa [1,2], 

Md hinh eua be tdng: Gia thiet be tdng chiu keo theo 
md hinh Hordijk va chju nen theo md hinh Thorenfeldt 
nhu tren Hin/7 3.4. 

Hordijk [5] Thorenfeldt [6] 

Hinh 3.4: Mo hinh ciia be tdng 

Tinh chat CO ly cua be tdng sd dyng trong md hinh 
phan tieh nhutrong Bdngi.?. 

Bang 3.1. Cie thdng so cua vat liiu be tdng [1,8] 
f\ 

( N / m m ' 

28 

V 

0.2 
WC) 

0,000108 

Ghi chu: F̂^ - CUdng dp keo doc true; h - Khoang each 
gida cac vet ndt; G, - Nang lUpng ndt; £ - Md-dun dan hdi; 
g - Trpng lUOng rieng; f'̂  - CUdng do chju nen; v - He sd 
Poisson; a - He sd gian nd nhiet. 

4. P H A N TiCH KET QUA TINH T O A N 
4.1. Danh gia do vong Idn cua ket cau nhjp va 

litig suat Icm nhat trong cdt thep 
Vj tri xep xe tai gida nhip sinh ra do vdng va dng suat 

bat Iqi nhat. Ket qua tinh nhU trong Bang 4.1. 
Bing 4.1. Kit qua phan tich phi tuyen tinh 

khi xe qua tii dat gida nhip 
P h i n t ^ ~ Ket qua phSn tich tU phan mem MIDA5 FEA "''?.n_*Jt 

• ^ U ZZZ'. Do uong Ion r hat 

^tidTT Kgl q u i phSn tich W p h l n mem MIDAS FEA Nhan 

-^^ 

4.2. Ket qua phan tich nijft khi true xe qua tai dat 
dau nhjp 

Ket qua khao sat vdi cac cap tai trong trye tang dan 
tUOtdiPmax^ 21,45 tan: 

Sudn dam bj ndt d cap tai trpng nhd hon so vdi 
ban mat cau. Ban mat cau bi ndt khi tai trong true bang 
0,45P^^_, eac vet ndt dau nhjp xuat hien trUdc cac vdt 
ndt d khu vue phia trong. Khi tang tai vung ndt md rdng, 
cac vet nut phan tan tap trung thanh eae dudng ndt Idn 
(dang 0 va 0!) khi tai trpng true bang 0,65P^^_, Neu tiep 
tue tang tai, cac dudng ndt Idn phat tnen theo phuong 
dpc cau nhutren Winrt 4,7, d khu vuc dau dam ed nhieu 
dudng ndt Idn nam d gida ban va ca khu vUc tiep giap 
vdi sudn dam. Tuy nhien, khdng xuat hien cae vet ndt 
doc keo dai gida cae vi tri dat banh xe nhU trUdng hop 
dat xe d gida nhjp nhutren Hinh 4.2. 

MJt 
a) - Cap tai 0.45P^_ b) - Cap tai 0.5P„^^ c) - Cap tii O.BP^^ 

Vil. 
d) - Cap tai 0.65P^^^ e) - Cap tii 0.8P ,„ F) Cap tai 0.95P^^^ 
Hinh 4.1: Suphat tnen cua nut khi tang tii - Xe dat dau nhip 

b) - Phan bd vet ndt theo phuang ngang cau - Xe d$t dau nhjp 
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# 

I 

c) - Mgt bing phan bo vet nut d day Ic&t cau nhip - Xe 3$t dau nhip 
Hinh 4.2: Phan bo cac vet ndt dcap tii trong true P^̂ , 

- Xe dat dau nhip 

4.3. Ket qua phan tich nut khi true xe qua tai dat 
giuTanhip 

Ket quS khao sat vdi cac cap tai trong true tang dan 
tdOtdiP^^,- 21,45 tan: 

Sudn dam bi nut d cap tai trong nhd hon so vdi ban 
mat cau. Ban mat eau bi nut khi tai trpng true bang 0,5P^^ .̂ 

Vung be tdng ed eac vet ndt nhd, phan tan (P- Partially 
open) phan bd tren dien rdng d ca phan sudn dam, ban 
mat cau, (H ban mat cau cac vet ndt Idn (0 - Fully open 
loading, 0! - Fully open unloading) xuat hien d vj tri dat tai 
banh xe, gida cac banh xe theo phuong doe cau. Vet nut 
xuat hien theo nhieu phuong trong do phuong dpc cau la 
phuong ndt chinh. Cae vet nut Idn keo dai gida eae true xe 
nang. Hang banh xe dat chinh giUa cac sudn dam gay nut 
nghiem trong hon hang banh xedat lech nhutrdn Hinh4.3. 

b) - Phan bd vet nut theo phuong doc cau Xe d$t giua nhip 

m Jim' 'f'" " ^ 

c) - Mgt bang phan bd v^tnutd day liet cau nhip - Xe d0t gida nhip 
Hinh 4.3: Phan bo cac vet nut & cap tai trpng true P̂ _̂ 

- Xe dSt glOa nhjp 

5. K^T LUAN VA KI^N NGHj 
Dudi tac dung eua xe qua tai thl dd vdng va dng suat 

trong cdt thep eua ket cau nhip van nam trong gidi han 
cho phep trong khi be tdng da bi ndt. 

Ket qua phan tich nut phi tuyen ket cau nhjp BTCT 
cho thay, sUdn dam nut d cap tai trpng nhd hon so vdi 
ban mat cau. Tuy nhien, trong cac cdng trinh eau thUc te 
neu sudn dam hoac dam dd BTCT dupe thay the bang cau 
kien BTCT dU Ung lUc thi van de cdn lai la nUt ban mat cau. 

Ban mat cau d cac khu vUc khae nhau cd tai trpng gay 

ndt, phan bd ndt, su phat trien ndt khdng gidng nhau. u 
khu vuc gida nhjp, eac vet nut nhd xuat hien khi tai trpng 
xe Idn hon so vdi khu vUe dau nhjp (0,5Pmax > 0,45Pmax), 
Ban mat cau d khu vUc dau nhip cd eac dUdng ndt dpc d 
gida cac sudn dam va tai sudn dam do hieu dng ngam cua 
sudn dam. Trong khi do, ban mat cau khu vUc gida nhip cd 
cae dudng ndt doc d gida cac sUdn dam do sUdn dam da bj 
xoan lam hieu dng ngam cua sUdn dam. Mat khae, khi tSi 
trpng xe qua tai Idn xuat hien eac dUdng ndt doc keo dai 
gida eac banh xe gan nhau d khu vUe gida nhjp ma khdng 
xuat hien d khu vuc dau nhjp, Vi vay, khi phan tich ndt ban 
mat cau neu sd dung md hinh duge don gian hda la dai 
ban lien tyc hay md hinh ban ke thi ddi vdi phan ban d khu 
vUc dau nhjp chi can xet tdi tae dyng eua trycxe nang nhat, 
phan ban d khu vUe gida nhjp phai xet tdi tac dyng dong 
thdi cua cac true xe gan nhau. 

Phan tieh ndt ban mat eau lam viec ehung cung sudn 
dam eho ket qua tin cay dUa tren md hinh 3D ket cau nhjp 
bam sat vdi thue te song khdi lugng tinh toan la rat Idn bSng 
phan mem ehuyen dyng. Rat can cd nhdng nghien cdu bo 
sung de dOn gian hda viee tinh ndt b^n mat cau, sUdn dam, 
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