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Prediction Method for Fatigue Crack Propagation Behavior of Arc-Shaped
Cutouts in Transverse Diaphragms Based on Fracture Mechanics

Zhang Wengqiang, Deng Caiyan, Gong Baoming
(School of Materials Science and Engineering, Tianjin University, Tianjin 300350, China)

Abstract: Orthotropic steel bridge decks (OSBDs) , owing to their high load-carrying capacity and outstanding span-
ning ability, have been widely used in bridge engineering applications. However, during service, fatigue cracking
is prone to occur at the arc-shaped cutouts of transverse diaphragms due to stress concentration. Based on linear elastic
fracture mechanics (LEFM) , the stress intensity factors at the crack tip of the arc-shaped cutout under mixed-mode
loading (mode 1 and mode II)are calculated using the contour integral method. The deflection angle is then deter-
mined according to the maximum tangential stress criterion. Fatigue crack growth is simulated dynamically through
mesh redefinition, enabling the prediction of fatigue crack propagation behavior at arc-shaped cutouts under moving
axle loads. The results indicate that the arc-shaped cutouts are subjected to a complex stress state under moving axle
loads. The adoption of dynamic crack propagation techniques enables accurate tracking of crack paths. By incorporat-
ing experimentally determined crack growth rates for Q420qD steel, the propagation paths and fatigue life of cracks
at the arc-shaped cutout in the transverse diaphragm can be predicted.
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Fig.1 Arc-shaped cutout in the transverse diaphragm
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Fig.2 LEFM-based theoretical framework for fatigue crack growth

Ky . 6( 0 30)
o, =— sin—| 2+ cos—cos—
21 2 2 2
o = Ky cosgsingcosﬁ 2)
T 2mr 2 2 2
T = Ky cosg(l—singsinﬁj
Y 2 2 2 2

TERBURIN 13 HT SR, i i -RIR AR bR
FRAGIRAAR R Z A I EEAR G AR -
0,=0,cos’ o+ o, sin” a + 27, cosasina
0,=0,sin’ o+ o, cos’ ar — 27, cosasina 3)
7, =(0,—0,)cosasina+7, (cos’ o —sin’ o)
B H R R Aebs & b i =X (D) R () i A A B
I, o 2 AT (1 BURN T AY) 24800 B 1] 13 )
(RS

1 0 ,0 3 .
0, =——=cos—| K;cos"———K;sin&
= pcos?| Koo S 2kysino| @)

O S AR, BN TR T T BT RR
D1 T35 R PR 75 i [ T4 J, R T s i
(R P2 R RS L f B

3K} +\/K4 +8KK?
0= arcco{ 1 ! L (5)

K; +9K;

K -n2<6<mn2.
TEAHEAE ARG D7 I BREZR I, TR AR

(B0 1 55 B PR L2

K =4nBJ 6)
Kb K=K Ky Kyl s T, =[5, T T 1" ARAEL R
P W54 7 2 b Rk 5 3[R 4 AR A, LR B T R4k
JxRIE, B

(1—v2)/E 0 0
B= 0 (1-v*)/E 0 (7)
0 0 1/2u

Ao v oIS L E RTRERLEL; u=E/[20+v)]| N
BYYIRAE
FET T B IE L, i — e o T AHE
YERRSY I
Jo =}_iLI})C.frn-M”~qd1" =1 T, 1 (8)

Krp: roFEZER R B AR AR n W FY
FAE ERYINE R 55 q KRR R RS SR T 1, AN
Bl 2 fis s Mo A EAERTR R 4562 (6) #R R
BRI TR B K LK
IJaghG Paris 3, TONGE 557 R F i

(N) SRS (a) Z KRN

da m

ﬁ:CAK )

FHPAK 38 (1413 7 58 B S, 9% 55 44T



2026 4 6 H

SKICHR A FET IR )~ R AR IO L) 11 5 57 24808 Jj A oAy Tt 7y i - 609 -

PIBIMAME N AK, <AK |, W FEARAMLE, K=

VK +K; .
1.2 BEXEREERESAN

AT ST T4 0 B 55 240 A 7 R T i, 2
T LEFM FEISHT MTS AEI] DL K R Y] 20 A
TR, BRI SER AR 3 iR, 15 e g 57
A A T 5 R )02 55 A I 67, DT o 480 i 2
DrE, TR EIREAKIE R a) BRIRZRLS. K5 LT
FHEAE RT3 52 22 07 1 RS TR 24804305 1) 1 7
SREER T K, . Ky MK, FRHIWT S A U6 L
Paris 4404 R4 (AK, <AK ). #570H RR8Y e 5%
1, A4 MTS HE 0 S0 A 6, R IR Tl 2
QLY JESE R Aa 10 FTHERERECAT S, [R]INHRA T A% B
R I Br s R, IRk RAay Rl i, B
IR B B L A BB RAGEI , DT S B 57
24804 A TR R T

92 55 T I B 1 T
i B A L
WE SR Fa,
K=4nBJ,,
J,:,=1ir£1§rn M qdlM(Ca=1,11,1TI)
Tl i 70 23 L
HH R Faq+Y, Aa,
VR 3 AL I
151 7 8 )52 [ SLECY B b Aa 1V 1)
WS L R RN,
Wi A R A,

ST A s
L3 IR AR Vb

i Paris 7 7

9 7 2L Y R B AR A
P9 5 74 i T 44 2

B3 EFRYY BITABNAGERE
Fig.3 Flow chart of fatigue crack propagation behavior
prediction method
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