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Fig. 1 Temporal distribution of traffic flow
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Fig. 3 Vehicle time interval probability distribution in
two differences period of time
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Tab.1 GMM parameters of vehicle weight
i M; w; 1 of
1 0. 26 22.5 67.40
Vs 2 0.27 5.50 3.80
3 0.47 13.70 13.70
1 0.58 31.77 78.71
Vs 2 0.24 17.22 6. 80
3 0.18 70. 67 181. 89
1 0. 29 25.38 20. 34
Vi 2 0. 20 33.32 93. 64
3 0.52 61.01 196. 43
1 0. 34 27.74 25.68
Vs 2 0.42 62.06 383.07
3 0.24 66.07 54.99
1 0. 31 71.03 501.59
2 0. 20 75. 04 78.92
Ve 3 0.19 74.09 97.70
4 0.29 33.34 41,15
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Tab.2 Parameters of 7;, Log-normal model

R Ve Vs Vi Vs Vs
e 0.42 0.55 0.65 0.73 0. 80
o, 0.02 0.03 0.05 0.08 0.12

2.4 EFENMAMEHEE

iy RS TR 7 B 8 A Y R 57 O AR T A g
S8 IR S A A0 Y 5 RAC ALY R B B . X T
B far A BE AL PR L AL 3 A SRR S R T
FH AR A A I (] (6] BT, 4 0 28 2o 0 A5 A ] <,
AR §, o X T S5 A B A7 000 B AL 2o e A5
T, Pk o255 L 14 BT 16 [ B 5 R 08 7 4 ) ek 1] T
BT ARG BE o AT 5 — YDk b 280 4 455 52 1 [ 5 42
Bz a0 R A P TR] p, A R . R FH B 25 23 A K A
B AR B0 55 N T Y R 57 I8 ) BE AL
i PRI ] R R

M N;(»)

s()=>) > F (g, s T 1(t57,,) (8)
0

K FCg,» To AR 2R T, B, 42580 far
g, ME N S5 R 20 AN T R R A

kS BRAnT BR 5 N RN 22 [ Ak fE ANSY'S
B IESS T NAE RS R
Jal AR B ST R Ay R R 2, S T B R, T
A R A PR e, SR solid45s PR IT A
shell63 HLIC 53 B E A 5 VR AR 2 450 1 I 5 TR
B LB E AN AR R OE S . X TR R
B2 TR R AR Ul SR AR B 2R 1T R0 A% K
a3 BB AR FH = MO8 R AT S S 43 . s 2 R 4%
I TE 7K A2 2240 A 8 R R A= 1 3 6 B RN 2 B
JURELT AT B 6 AN H B E TR, A2
T Ry 20 °C B, W 7 TR B 1 M AT R RN YA A L
S3AR 6147 MPa f10. 2. U [l B9 AR | & A AR
MR 4358 14 mm, 8 mm Al 10 mm, U Jj A%
PERLE FA RS HE 20 58 210 GPa #1 0.3, £
Jri iR FROCAL RN 4 TR .

%005
% /\/
N
1] 250
/W/ \/X\

4 B bR A R T A

Fig.4 Finite model of steel box girder
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Fig.5 Comparisons between the measured stress data
and FEA results
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Fig. 6 Illustration of semi-elliptic fatigue crack propagation
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Fig. 7 Two types of plastic zone under the cycle loading
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Fig. 8 Illustration of fatigue crack random propagation
for details
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Fatigue crack stochastic growth assessment of the orthotropic steel bridge

deck based on Nonhomogeneous compound Poisson process model

ZHANG Hai-ping™', LIU Yang”’, LUO Yuan', ZHENG Hui', DENG Yang’
(1. School of Civil Engineering, Hunan University of Technology,Zhuzhou 412007 ,China;
2. School of Civil Engineering ,Beijing University of Civil Engineering and Architecture,Beijing 100044 , China)

Abstract: The traditional fatigue damage assessment of orthotropic steel decks (OSD) commonly used
deterministic and reliability analysis methods. The effect of stochastic fatigue crack propagation was
ignored. For this reason,the article proposed a new stochastic fatigue crack propagation analysis method
for OSD welds. Taking Nanxi Yangtze River Bridge as the project background, the non-homogeneous
compound Poisson process model for the vehicle load was established based on the long-term vehicle load
monitoring data. The finite element model of a steel bridge deck was established. Then,the OSD fatigue
stresses under the vehicle loading were analyzed using a transient analysis. The time-varying differential
equations for fatigue crack propagation from U rib to deck were derived based on the linear elastic
fracture mechanics theory. Then, the macroscopic relationship fatigue stress amplitude times-fatigue
damage was converted to the microscopic relationship stress time series-fatigue damage. The influences of
vehicles order and overload on fatigue crack propagation are discussed. The research shows that the
nonhomogeneous compound Poisson process model fit the operation state of random traffic flow well.
The loading sequence is influential, for example, crack propagated faster when the higher vehicle load
was at the front of a vehicle sequence. An overload correction factor of 0. 804 is proposed for the Nanxi

Yangtze River Bridge.

Key words: bridge engineering;orthotropic steel deck;overload;nonhomogeneous Poisson process model;

stochastic fatigue
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