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Abstract

To investigate the effectiveness of iron-based shape memory alloy (Fe-SMA) patch reinforcement in sup-
pressing fatigue cracks in butt welds of U-ribs on steel bridges with porosity defects, a three-dimen-
sional numerical analysis model that accounts for damage in the bond layer was established using
ABAQUS finite element software. The mechanical behavior at the bonded interface was simulated based
on cohesive force theory, the crack propagation process was modeled using the Extended Finite Element
Method (XFEM), and Fe-SMA activation prestress was applied via the equivalent temperature load
method. The influence of porosity defects on stress distribution and the amplitude of the stress inten-
sity factor at the crack tip was systematically analyzed, verifying the effectiveness of Fe-SMA reinforce-
ment. The results indicate that significant stress concentration occurs at the porosity defects, with the
stress around the crack increasing by 33.64% compared to defect-free specimens, and the stress inten-
sity factor at the crack tip rising by 56.89%. After reinforcement with Fe-SMA, the stress at the crack tip
decreased by 53.55%, and the amplitude of the Type I stress intensity factor decreased by 81.77%, ef-
fectively suppressing fatigue crack propagation; fatigue crack propagation in U-rib butt welds is primar-
ily dominated by Type I cracking. Fe-SMA reinforcement significantly improved the Type I cracking
mode without introducing new fatigue damage modes; unevenness in the adhesive layer thickness does
not alter the direction of stress transfer but leads to asymmetry in stress distribution. This study pro-
vides a numerical analysis basis for the engineering application of Fe-SMA reinforcement technology
in the repair of fatigue cracks in steel bridges.
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Figure 1. Adhesion-separation model
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Figure 2. Adhesive-slip model
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Figure 3. Numerical model of the test specimen
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Figure 5. Mesh partitioning results
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Figure 7. Stiffness degradation process of the bond layer
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Figure 8. Stress distribution near the crack
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Figure 9. Stress distribution diagrams for each test specimen under different loads
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Table 1. Stress changes in the test specimen under a 60 kN load
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Figure 10. Comparison of stress at the crack edges of various test specimens
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