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Data-Driven Fatigue Life Assessment of Cracks in RD Joints of Orthotropic Steel
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Abstract: To overcome the limitations of traditional S-N curves and nominal stress methods in precisely
characterizing the complex local stress state at the rib-to-deck (RD) joint and their significant susceptibility to
manufacturing processes, a data-driven method for assessing crack initiation life at RD joints is proposed. By
integrating BiGRU and self-attention mechanisms into a CNN framework and utilizing a dataset constructed from
simulation experiments, this study achieves accurate prediction of fatigue crack life in RD joints. The specific
research process is as follows: First, a finite element model of the rib-to-deck (RD) joint was developed in ABAQUS,
and fatigue crack growth analysis was performed using FRANC3D software to construct a corresponding dataset.
Second, a CNN-BiGRU-SA model is constructed, where the CNN extracts local features from the dataset, the
BiGRU captures temporal dependencies in crack propagation, and the SA suppresses irrelevant information while
ghlighting critical features, thereby obtaining more salient feature representations. Finally, the trained CNN-BiGRU-
SA data-driven model is employed to predict the fatigue crack life of RD connections. The results show that the
average error on the validation set is approximately 350,000 cycles, with the maximum error controlled within 1.24
million cycles. On an independent test set, the error converges to around 20,000 cycles, with the peak error not
exceeding 46,000 cycles. Ablation experiments confirm that the synergistic effect of BIGRU and SA significantly
enhances prediction accuracy. This study provides an efficient and precise data-driven solution for evaluating the
fatigue crack life of critical details in orthotropic steel bridge decks.

Keywords:OSDs; Data-driven; Numerical simulation; Crack propagation; Fatigue life prediction
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Fig.4 CNN Network Architecture
1.3.2 BiGRU
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1.3.4 CNN-BiGRU-SA
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Fig.11 Crack Propagation Detailed Model



1 PHRAY R Paris B

Tab.1 Paris parameters for fatigue crack growth

C m BI{E Ka/( MPa-m''?) B Ke/(MPa-m''?)

4.552x10°"7 4.1987 3.16 191.4

R 2 INGEAE
Tab.2 Partial training data

TR /(mm) K5/ (mm) 77 #if /(MPa) KA/ (mm) F e/ (DO
0.5 0.5 0 0.32 0.061058 3834733
0.5 1.0 0 0.64 2.349916 17365180
0.5 1.0 0.1 0.32 0.688487 6343692
1 1 0 0.32 1.534611 6857223
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Fig.12 CNN-BiGRU-SA model training results
3.3 JHRASEIEER
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Tab.3 Validation set results
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Fig.13 Ablation study comparison

3.4 REFUNER

FE_EIRBE R HEAE b, G R A AR AR RD 5 s i RTS8 (U R fp sk
) KRS WA KE . RE . REOEKMES) , HHME S 20 ABERAMariiale. Kilgse
Ji% ) CNN-BiGRU-SA ¥l JX s A R B ] 1104, JT g RD ™5 i R0 57 75 i TG 5234 0 00 45 2R e
R RO VRS B S0 RREE, 7l W 14 53K 4.

MEl 14 77 )L, CNN-BiGRU-SA BAS7E AL e I H AR I G B2 . IR ER R 2208l T 2 T3 IRAG
WhA, HUEEIRERHIE 4.6 JTRGEH LN £ 4, SRENRAY RIIKE: HIE 07 JEMR
LY BN ML, Bl AR 52 (A s ORI 55 75 dm s PUIMEL I DA AS BT FU 4 Hh T VA DT AR a3



BT N RE A RIRZERR R, 3R 4 MTUME . 07 B8 S HR ZE MRS i 2 /N s =4, FE 0 IniE
TR IEAZ SN AR RD 7 s AU 57 75 i (4 7 5 T ¢ /)

1.5x10° 6.0x10*
x WME
HfE 4
4.0x10° |
~51.0x106 - # w X 2.0x10* |
~ ~N
ﬁ ﬁ 0.0 |-
R #R
£:9 = B
5.0x10° | N -2.0x10* |
b4
-4.0x10* |
X
. R
0.0 - 1 X 1 —6.0x10* ! ! !
0 10 15 20 0 5 10 15 20
e NERS HERFS
(a) WREE T 25 (b) Mk RZ=
P 14 CNN-BiGRU-SA BRI IR 45 5
Fig.14 Test results of the CNN-BiGRU-SA model
x4 WNARZE ST
Tab.4 Prediction error analysis
K& /mm R/ mm i 3/ MPa VWAL B KA /mm B ToRE W%
1.5 1 0.64 0 3.42 1.009x10° 1.011x10° 0.198
0.5 0.5 1.6 0.1 0.60 5.121x10° 5.106x10° 0.286
1.5 1.5 0.64 0 1.55 6.544x10° 6.481x10° 0.963
2 1.8 0.48 0.1 1.05 2.059%10° 2.069x10° 0.523
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