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Abstract

Cracking problems which high temperature plant components suffer during long-term service,
occur very often at welded locations. The crack occurs due to accumulated creep damage near
fusion line or at heat affected zone (HAZ). However, most of the studies on creep crack growth
behavior have been performed with matrix metal not with welded metal due to the difficulty of
interpreting the test results.

In this study, creep crack growth rates were measured with C(T) specimens whose cracks
were formed along the fusion line or HAZ. The measured crack growth rates were characterized
by C.—parameter derived for elastic-primary-secondary creeping material. Since contribution of
primary creep was significant for the tested 1Cr-0.5Mo steel, its effect was carefully studied.
Effects of crack tip plasticity and material aging were also discussed.
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(3) Schematic creep behavior of a material subject to a constant stress.
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{b) Creep zones at tip of crack

Fig. 1 Creep behavior near the crack tip.
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Table 1. Chemical composition of the test material (in weight percent).

Elements C Si Mn P S Ni Cr Mo Cu Al Fe
Test Material | 0.18 | 0.27 | 0.68 | 0016 | 0014 |0.005| 094 | 044 | 012 | 0.008 | bal
ASTM A387 | 0.05~ | 0.15~ | 0.40~ 0.80~ | 0.45~

Gradelz | 0.17 | 0.40 | .65 | 035max |0.035max 115 | 0.60 bal.
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Fig. 2 Sampling location of a C(T) specimen from
the welded block.

Table 2. Creep crack growth test conditions.

Sycimen | Lood0) | AP T
NNN1 3920 672.7 261
NNN3 5880 1015.0 - 854
SNS2 3920 600. 9 571
SNS3 3920 694.8 266
SNS5 4900 766. 5 158
SNS9 2940 548.5 2136
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Table 3. Measured and predicted crack lengths.

Specimen | a,(mm) | a.(mm) | a.(mm) [error(mm)
NNN1 11.24 12,49 12,73 0.24
NNN3 11.23 13.12 13.23 0.11
SNS2 10. 20 11.83 11.69 -0.14
SNS3 11.38 13.98 13.94 -0.04
SNS5 10.69 13.20 13.43 0.23
SNS9 11.98 13.39 13.52 0.13
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Table 5. Primary and secondary creep constants of =4 1 10 100 1000 10000
the test material at 538 C. TIME (hr)
Material A n A o P Fig. 3 Comparison between measured creep data
New |1.828E-26| 9.03 [2.201E-24 6.19 | 1.46 and estimated data based on secondary
Serviced | 3.856E-25| 9.36 | 1.259E-20 | 5.42 | 1.51 creep modeling for new material.
Table 4. Tensile properties of the test material at 25C and 538T.
Cr-0.5Mo Test Young's Yield Stress | Ultimate Tensile
. Temperature Modulus Strength D m
Material c0) (GPa) (MPa) (MPa)
New 95 210 412.5 541.0 5. 89E-18 5.86
Serviced 282.0 494.5 2.54E-1 4,68
Ne.w 538 147 338.0 445.0 6. 46E-25 8.62
Serviced 258.8 308.0 4,95E-34 12.75
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