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Abstract

This paper proposed the method of fracture integrity evaluation for semi-elliptical crack. Plane

strain fracture toughnesses are used to compare with the thermal shock stress intensity factors
for semi-elliptical crack obtained by Vainshtok weight funtion method. The method is applied to
the finite Cr Mo V and 2.25Cr Mo steel plates with semi-elliptical crack under the thermal shock.

For the purpose, tensile property and fracture toughness with respect to the temperature are
measured. To verify the method, thermal shock experiments are carried. The theoretical predic-
tions are in good agreement with the experiments.
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Fig. 1 Uncracked plate under thermal shock loading
(a) Uncracked plate at time t=0
{b) Uncracked plate at time t=t,
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Fig. 2 Semi-elliptical surface crack in a plate
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Fig. 3 Flow chart of integrity evaluation
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Table 1 Chemical composition and Material characteristics of Cr Mo V steel®® (weight %)
C Mn Si P S Cr Mo \% Fe
0.26 0.67 0.12 0.005 0.003 1.13 1.38 0.27 Base
Temperature(C) 38 121 204 316 427
Density (kg/m?3) 7850
Specific heat(J/kgC) 449 492 526 569 621
Thermal conductivity (W/mC) 37.2 38.1 37.9 36.9 35.0
Thermal expansion coefficient (10~*m/mC) 10.0 11.0 11.9 12.9 13.7

Table 2 Chemical composition and Material characteristics of 2.25Cr Mo steel"®

(weight %)

C Mn Si P S Cr Mo A% Fe
0.12 0.4 0.22 0.007 0.003 2.18 0.97 0-.03 Base
Temperature(C) 25 100 200 300 400
Thermal conductivity (W/mC) 36.36 36.36 36.36 36.36 33.50
Thermal diffusivity (m?/h) 0.038 0.037 0.036 0.030 0.027
Thermal expansion coefficient (10~*m/mC) 11.7 12.4 13.8 14.2 14.6

— N » Y ' 835
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| - i' - 127
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b 10 oy (3 — 1 /1 $127 I
100 ¥ 66 L/ 305
unit + mm ?% il o
Fig. 4 Tensile specimen t 2 3
280000 -}
b f— 25.4 —=f unit : mm
9200000 . .
g Fig. 6 Compact tension specimen
%uaooo o
§|m- ‘éi] flc"P°l°ﬂ—‘C— ;}'%34 7!%‘% 5:’1'75”7]- 2)\5}.
)
2 ool Kfc=TE{% (70)
ol— vE 0.2992 39S o Cr Mo V7l 2.25Cr

N I
200 300 400 800
Temperature( C)

Fig. 5 Young’s modulus vs. temperature
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Table 3 Fracture toughness at each temperature
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CrMoV 2.25Cr Mo
Temper ature(C) Jic(MPam) | Kic(MPam'?) | Jic(MPam) | K;.(MPam'?)
100 0.024 71.00 - -
150 0.033 76.64 - -
200 0.063 95.70 0.185 148.25
300 0.195 152.50 - -
375 ~ - 0.192 145.79
400 0.135 103.10 - -
538 0.280 122.80 - -

200

| References (20,21} — ~ ~ —
| present curve fitting line —————

_. ..
8 8
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Fig. 7 K, vs. temperature curve for Cr Mo V & 2.25

Cr Mo steel
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