Fig. 1 Spatial location diagram of three-dimensional element and crack face
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Fig. 2 three-dimensional J integral region!'¥



Stalt

- i element in V'
.odb files obtained
by XFEM e l
: j" Gauss integral point in i element
Extract integral elpment number, l
node number, node coordinates,
normal horizontgl set function Calculate partial derivative of the
and displacement result nodal weight function in the original
coordinate system based on the
l distance from node to crack tip
Calculate coordinates of crack tip l
and position of ¢rack surface . . .
Calculate isoparametric partial
# derivatives of nodal displacement
Convert nodal coordinates and and weight function at integral point
displacements to a coordinate system l
parallel to the crack surface Calculate stress at the integral point
i i according to Hooke's law
Real nodal v.irtua modat .lotal nodal l
. displacement | | displacement . .
displacement e U3=U1+12 Calculate strain energy density W
Ul
| | !
Calculate Jj integral of integral point
Yes
=,
] No
Discard
Yes
J=J+J
Calculate interaction Calculate Jintegrals | yes
integral I=J3-J2-J1 of UL, U2 and U3 -
J1,J2 and J3

v

based o

Obtain /, 7, and I,

K,

1

n U2

Calculate K, K;; and

End

\4

Fig. 3 Implementation process of interaction integral

Diaphragm

U-rib

Fig. 4 Welding analysis model of the joint of U-rib and diaphragm plate
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(a) Thermophysical parameters of Q345 steel (b) Thermodynamic parameters of Q345 steel

Fig. 5 Thermodynamic analysis parameters of Q345 steel
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Fig 6. Runyang multi-scale finite element model of cable!8ef¢td bridge
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Fig. 8 The loading position of vehicle with fatigue crack at U-rib welding toe
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Fig. 9 Von Mises stress (unit: Pa) at the connections Fig. 10 Path diagram of the connections
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Fig. 11 Distribution curve of residual stress at the junction of U-rib-diaphragm



(a) Initial crack surface
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Fig. 12 Fatigue crack propagation path at U-rib welding toe without considering residual stress field (plastic

material)
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Fig. 13 Fatigue crack propagation path at U-rib welding toe considering residual stress field (plastic material)
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Fig. 14 Fatigue crack propagation path at U-rib toe under different conditions
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Fig. 15 Crack opening stress intensity factor K; at U-rib weld toe without residual stress field
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Fig. 16The equivalent plastic strain in the crack tip area of U-rib welding toe when the residual stress field is

introduced



Fig. 17 Cumulative stress intensity factor of fatigue crack in U-rib toe when residual stress field is introduced
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Fig. 18 Fatigue crack propagation rate of U-rib weld
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Fig. 19 Fatigue crack propagation rate of U-rib



