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Evaluation of Fatigue Crack Growth Rate on the Surface of Steel Members
Using COD(Crack Opening Displacement) Measurement
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Abstract

Steel structures have been allowed to have fatigue damage tolerance in fact. If it would be assessed whether fatigue
crack is growing or not and How fast fatigue crack is propagating, we should make a rational decision on methods and a
period of reinforcement in the maintenance. In this study, fatigue crack growth tests on two kinds of through—thickness
cracked steel plates and a out—of—plane gusset welded joint were conducted to evaluate fatigue crack growth rate using
the COD(Crack Opening Displacement), and COD measurement using strain gauges was examined to offer a practical
method. As a result, we proposed a reasonable assessing method for fatigue crack growth rate using the COD and it was

experimentally proved practical to estimate the COD through measuring strains.
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Fig. 1 Typical Fatigue Cracks in Steel Bridges(K. Nishikawa et al.,
1998)
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Fig. 2 Center Cracked Plate Tension Specimen(CCT)
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Fig. 3 Single Edge Cracked Plate Tension Specimen(SECT)

Table 1 Chemical Composition of Through—thickness Cracked

Steel Plates
Chemical Composition (%)
Material
C Si Mn P S
SM400B 0.15 0.16 0.91 0.019 0.009

Table 2 Mechanical Properties of Through—thickness Cracked
Steel Plates

Mechanical Properties

Material Yield Strength | Ultimate Strength Elongation
(MPa) (MPa) (%)
SM400B 280 430 30
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Fig. 4 Applied Load Conditions of Through—thickness Cracked
Steel Plates

270l oisl) AAE Heatd AR AR el A
HHEsk0] W Ll9l 3=l Fig. 48} Table 3¢l
eslelet. thekst wddole} AL T A COD
23 BA o7, 3] WErd APE B 7L
AZole] u} —LZ‘—"—%}H*HQ W3 Tk 7dx
Al@elXE= £1000kN &%<] 9| ZAA717F AHEE S
o, WHESE2] Ask;Es oF 16 Hzolth

fo = &

2.1.3 COD2] &7H]

B AR YoM COD S4L tAY dn) 4
HEE Alo]A] (strain gauge) S ©]E3+ 2714 Ao
Al =33t

Fig. 5 COD Measurement Using a Microscope

Table 3 Applied Load Conditions of Through—thickness Cracked

Steel Plates
Specimen Prax Prin ol
(kN) (kN) (MPa)
CCT 1 70 10 ~ 50 20 ~ 60
SECT 1 98 10 ~ 76 20 ~ 80
SECT 2 98 10 ~ 87 10 ~ 80
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Fig. 6 COD Measurement Using Strain Gauges
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Fig. 7 COD Formula for SECT(Y. Murakami, 1987)
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Fig. 8 Comparison between Measured COD and Analytical Studies
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S, 2010)
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Fig. 10 Stress State in the Vicinity of the Strain Gauges
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Fig. 12 Comparison between Measured Data and Guidelines
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Table 5 Chemical Composition of the Welded Joint

) Chemical Composition (%)
Material
C Si Mn P S
SS400 0.16 0.19 0.87 0.015 0.004

Table 6 Mechanical Properties of the Welded Joint

Mechanical Properties

Material Yield Strength | Ultimate Strength |  Elongation
(MPa) (MPa) (%)
S5400 302 455 29
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Fig. 15 Fracture Surface in the Welded Joint
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Table 7 Calculated and Measured da/dN for Point A

Guidelines or 4COD/ ¢ da/dN
Test Data (v/mm) (mm/cycle)
B 2.94x107*
(in seawater)
B 6.66%107
(m all’) 7.66x10-3
W 6.39%107
JSSC 5.45%107
Test Data 2.66x107°
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