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Characterization of Creep-Fatigue Crack Growth Behavior for HAZ Crack Using C,
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Abstract

Creep-fatigue crack growth behavior at the heat affected zone of 1Cr-0.5Mo steel weldment has been
experimentally studied. 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 C,
estimated with the equation proposed by the previous finite element analysis work. It was concluded
that the C, values calculated from the properties of parent metal were quite comparable to the accurate
C, values calculated from both of weld and parent metals. Scatter of data was claimed due to the
difference of exact location of the cracks in HAZ. The cracks have a tendency to change their path from
the original location eventually to the relatively soft HAZ(ie, near-FGHAZ region, fine grained heat
affected zone).
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Table 1 Chemical composition of the 1Cr-0.5Mo steel.

Element C Si Mn P

Ni Cr Mo Cu Al Fe

wt. % 0.18 | 0.27 | 0.68 | 0.016

0.014

0.095] 094 | 044 | 0.12 | 0.008 | bal.

Table 2 Welding process specification for the tested 1Cr-0.5Mo block.

761

Filler Metal Polarity/Current Voltage Travel Speed
Process ) .
AWS Class| Size(mm) | Type |Amp. Range| Renge(V (em/min)
GTAW ERB0S-B2 924 DCSP 100-180 12-16 8-15
¢ 3.2 80-130
SMAW E8016-B2 ¢ 4.0 DCRP 110-180 22-28 8-15
Table 3 Chemical composition of filler metal (AWS E8016-B2).
Element C Si Mn Cr Mo Fe
wt. % 0.06 0.47 0.65 1.31 0.52 bal.
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Fig. 1 Specimen location in welded joint.
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Table 4 Creep-fatigue crack growth test conditions.

Measured

Measured

Predicted

igeymes | Mo | M | opr | VY [Meged [ Prteed [ prodicion
decay time (KN) (KN) cycles gﬁéﬁ %ﬁr‘;}% fgj‘r%k) {mm)
1/0/1 5 0.5 4.035 13.62 15.78 15.51 -0.27
1/0/1 5 0.5 5,450 13.14 15.74 15.55 -0.19
1/0/1 5 0.5 5,400 13.71 16.57 16.39 -0.18
1/0/1 7 0.7 19,270 7.83 15.27 15.46 0.19
1/30/1 5 0.5 3.000 13.15 15.33 15.14 -0.19
1/30/1 5 0.5 4.002 13.10 16.45 16.54 0.09
1/30/1 5 0.5 3,407 13.42 16.23 16.23 0.00
1/300/1 5 0.5 2.583 13.17 15.88 16.07 0.19
1/300/1 i 5 0.5 : 2414 12.83 15.26 15.09 -0.17
1/300/1 8 0.8 | 10,602 6.79 14.23 13.73 -0.50
1/3600/1 6.5 0.65 39 13.50 14.79 15.15 0.36
1/3600/1 5.8 0.58 ] 148 13.14 15.26 15.46 0.20
1/3600/1 10 1 235 8.53 12.53 12.75 0.22
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Fig. 2 Microstructures of 1Cr0.5Mo weld joint (a) Parent Metal. (b)Weld Metal. (C)Simulated CGHAZ
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Fig. 3 Schematic diagram of the unique heat-affected zones expected in a low-alloy steel.
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Table 5 Creep properties of the 1Cr-0.5Mo steel at

538TC.
reep Constant A
Material (MPa™ - h") n
Parent 1.235E-24 9.18
CGHAZ 1.787E-17 5.52
Weld 3.358E-30 10.70

Table 6 Tensile properties of the 1Cr-0.5Mo steel

at 538T.
Yield | Tensile al i Reduction D
Material | Stress | Strength or(lga) 0 of Area (Mpa™ | ™
(MPa)| (MPa) ’ (%)
Parent | 214 344 32.9 78.9 |3.207E-1715.96

CGHAZ | 323 461 28.0 75.5 | 1.091E-22(7.73

Weld | 408 461 30.0 81.1 |5.310E-46(16.92
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Fig. 4 Creep curves of parent, HAZ and weld metals.
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Fig. 5 Creep-fatigue crack growth rates related with C,
estimated from parent metal creep properties.
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Fig. 9 Crack path for test with 300 second.
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Fig. 10 Crack path for test with 3.600 second.
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