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Fatigue Performance of Single-Edged Cracked Steel Plates Repaired with Combined
Stop-Hole and CFRP Plate
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Abstract: The stop-hole method is a commonly used technique for repairing fatigue cracks of steel
structures in engineering practice; however, it suffers from issues such as unreliable repair effectiveness
and damage to the cross-section. By combining externally bonded CFRP plates with the stop-hole to form
a combined repair method, the limitations of a single method can be compensated for, achieving efficient
repair of fatigue cracks. To investigate the enhancement effect of CFRP plates on stop-hole repair, a
numerical analysis of the fatigue performance was conducted on single-edged cracked steel plates
repaired with combined stop-hole and CFRP plate, based on the local stress-strain approach and fracture
mechanics theory. A two-stage fatigue life assessment method for combined repaired steel plates was
established and validated through comparisons with existing experimental studies. The results showed
that, compared with the stop-hole repair, the combined repair method significantly reduced the stress
around the hole edge and the stress intensity factor after crack re-initiation, thereby delaying crack

propagation and significantly reducing the crack growth rate. Compared with CFRP plate repair, the
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combined repair method provided additional crack initiation life, demonstrating its high repair efficiency.

Keywords: stop-hole; CFRP plate; cracked steel plate; fatigue performance; numerical simulation
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Fig.2 Representative finite element model
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Table 1 Main parameters of the bilinear cohesive model
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Table 2 Key fatigue parameters of materials
MAEE K'/MPa n' o' /MPa b g, ¢
Q345 1096.50  0.1840 961.4 -0.091  0.19 -0.458
0235 999.76  0.1992 630.0 -0.080 0.16 -0.462
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Table 3 Comparison of predicted and experimental results
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Ua 18000 12777 0.71 30597 1.11 45500 43374 0.95
1281 S1 65000 64750 1.00 91828 0.98 159000 156578 0.98
C28-H 4287 3218 0.75 5833 0.68 12900 9051 0.70
[29] C28-HF 25086 19066 0.76 31664 1.07 54557 50730 0.93
C28-DHF 272833 327874 1.20 125625 181859 1.45 398458 509733 1.28
CU-1 — — — 142600 134376 0.94 142600 134376 0.94
CS-1 — — — 672200 765349 1.14 672200 765349 1.14
CS-2 — — — 547300 510377 0.93 547300 510377 0.93
[17] CS-3 — — — 478100 456269 0.95 478100 456269 0.95
EU-1 — — — 67596 0.90 74800 67596 0.90
ES-1 — — — 654600 651979 1.00 654600 651979 1.00
ES-2 — — — 846800 697359 0.82 846800 697359 0.82
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Fig. 4 Comparison of crack propagation curves
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