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Creep-Fatigue Crack Growth at CrMo Steel Weld Interface
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Abstract

Creep-fatigue crack growth behavior was experimentally measured particularly when a crack was
located in the heat affected region of 1Cr-0.5Mo steel. Load hold times of the tests for trapezoidal
fatigue waveshapes were varied among 0, 30, 300 and 3,600 seconds. Time-dependent crack growth
rates were characterized by the Crparameter. It was found that the crack growth rates were the highest
when the crack path was located along the fine-grained heat affected zone(FGHAZ). Cracks located in
other heat affected regions had a tendency to change the crack path eventually to FGHAZ.
Creep-fatigue crack growth law of the studied case is suggested in terms of (d@/dt)eyy vs. (Ciay for
residual life assessment
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Table 1 Chemical composition of 1Cr-0.5Mo steel

Element C Si Mn P S Ni Cr Mo | Cu Al Fe
wt. % 0.18 0.27 0.68 0.016( 0.014| 0.095; 0.94| 0.44| 012} 0.008| bal
Table 2 Tensile properties of 1Cr-0.5Mo steel at 24°C and 538°C

Yield Stress Tensile . Reduction Young's
Tes: ;(F:e)mp. (0.2%) Strength Elor;(ia)tlon of Area Modulus (M]]’)a"" ) m
(MPa) (MPa) ’ (%) (GPa)
24 291 477 35.6 72.8 188.0 4.48E-12 3.80
538 214 344 32.9 79.0 127.9 3.21E-17 5.96
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Table 3 Test conditions under triangular fatigue waveshapes

. . Measured Measured Predicted | Prediction
Spec.| Rise time/ | Max. load | Min. load | Total . . .
. Initial crack | Final crack | Final crack Error
no. | decay time (KN) (KN) | cycles
(mm) (mm) (mm) (mm)
A8 1/1 5 0.5 4,035 13.62 15.78 15.51 -0.27
B1 1/1 5 0.5 5,450 13.14 15.74 15.55 -0.19
B2 1/1 5 0.5 5,400 13.71 16.57 16.39 -0.18
Cl 1/1 7 0.7 19,270 7.83 15.27 15.46 I 0.19
Table 4 Test conditions under trapezoidal waveshapes
Rise time/ . Measured Measured | Predicted | Prediction
Spec. ) Max. load | Min. load | Total . . .
hold time/ Initial crack | Final crack | Final crack Error
no. . (KN) (KN) | cycles
decay time (mm) (mm) (mm) (mm)
A0 1/30/1 5 0.5 3,000 13.15 15.33 15.14 -0.19
A3 1/30/1 5 0.5 4,002 13.10 16.45 16.54 0.09
B7 1/30/1 5 0.5 3,407 13.42 16.23 16.23 0.00
Al 1/300/1 5 0.5 2,583 13.17 15.88 16.07 0.19
A6 1/300/1 5 0.5 2,414 12.83 15.26 15.09 -0.17
Cs 1/300/1 8 0.8 10,602 6.79 14.23 13.73 -0.50
A7 1/3600/1 6.5 0.65 39 13.50 14.79 15.15 0.36
B5 1/3600/1 5.8 0.58 148 13.14 15.26 15.46 0.20
Ci1l 1/3600/1 10 1 235 8.53 12.53 12.75 022
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Triangular Waveshape
1Cr-0.5Mo steel

at538 °C
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Fig. 2 Regression results of fatigue crack growth
rates for 1Cr-0.5Mo steel at 538°C under
triangular waveshapes
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(b)

Fig. 6 Crack growth path (a) for C1 specimen
under triangular fatigue waveshape (b)
for C11 specimen under trapezoidal
waveshape with 3,600 sec hold time
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Fig. 8 Crack growth path when fatigue precrack
tip is located exactly at FGHAZ region
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