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A Case Study of Remaining Life Assessment for Boiler Header
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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 Cerparameter. 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 (@@/dfag vs. (CJuwg 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

Cu Al Fe

wt. % 0.18 0.27 0.68 0.016

0.014

0.095| 0.94

0.44

0.12 | 0.008] bal

Table 2 Tensile properties of the 1Cr-0.5Mo steel at 24°C and 538°C

Material Test DTemp. Yield Stress|Tensile Strength|Elongation |Reduction of Area D . m
(T) (MPa) (MPa) (%) (%) (MPa ™)
Parent 24 291 477. 35.6 728 4481E-12 | 3.80
538 214 344 32.9 789 2.797E~-17| 597
HAZ 24 387 573 33.1 73.3 5.393E-19| 6.21 |
538 323 461 28.0 755 1.091E-22 | 7.73
Weld 24 588 661 21.2 712 }.889E—26 3.58
538 408 461 30.0 81.1 5.310E-46 | 16.29
stazp shgich I, A AdE Wi gt WA AE o185
o W9 delHE Skl Alzhol wel 7 FE
2. Al & AFsAY. AZ Ageg AT A-Hy F
21 AR e ANG-HEE FHoz waet 5, zF g4 a
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o A2 Q1AAH-S ASTM E8 A6 #3ha] 4l A Uz 7l A A" A e T e 8
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X o) Mz A2ART D me AARBH Table 3 Creep properties of the 1Cr- 0.5Mo steel
Table 20l 37 A v} &+ v} at 538C
Creep Constant A
23 Fel= AE Material (MPa" b "
AbstE 4 A Al 7S AL&ste] ASTM E139 Parent 1235E-24 | 9.18
Tt A wet 538 Coll A d@skich 2= AgH HAZ 1.787E-17 | 552
o W9 SAHE A AGAE AgHe s Weld 3.358E-30 | 10.70
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Triangular Waveshape

1Cr-0.5Mo steel

at 538 °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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Fig. 3 Comparison of crack growth rates of
1Cr-0.5Mo steel at 538°C under trapezoidal and
triangular waveshapes.
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