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Abstract

In the process of integrity evaluation for nuclear power plant components, a series of fracture
mechanics evaluation on surface cracks in reactor pressure vessel(RPYV) must be conducted. These
fracture mechanics evaluations are based on stress intensity factor, K. However, under pressurized
thermal shock(PTS) conditions, the combination of thermal and mechanical stress by steep temperature
gradient and internal pressure causes considerably high tensile stress at the inside of RPV wall
Besides, the internal pressure during the normal operation produces high tensile stress at the RPV wall.
As a result, cracks on inner surface of RPVs may experience elastic-plastic behavior which can be
explained with J-integral. In such a case, however, J-integral may possibly lose its validity due to
constraint effect. In this paper, in order to verify the suitability of J-integral, two dimensional finite
element analyses were applied for various surface cracks. A total of 18 crack geometries were
analyzed, and ( stresses were obtained by comparing resulting HRR stress distribution with
corresponding actual stress distributions. In conclusion, HRR stress fields were found to overestimate
the actual crack-tip stress field due to constraint effect.
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Fig. 1 A schematic illustration of the Q stress
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Fig. 2 A schematic illustration of the model

Table 1 Material properties of base and clad material. (GRS, 1997)

Base material Clad material
Tem[pfcr;““re 20 | 100 | 200 | 300 | 350 | 20 | 100 | 200 | 300 | 350
Modulus of elasticity 206 | 199 | 190 | 181 | 172 | 200 | 194 | 186 | 179 | 172
[GPa
Poisson's ratio 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 03 0.3
Thermal conductivity 444 | 444 | 432 | 418 | 394 | 160 | 160 | 160 | 17.0 | 18.0
[W/m K]
Specific heat capacity 045 | 049 | 052 | 056 | 0.61 | 05 | 05 | 05 | 054 | 0.59
[J/g K]
Thermal expansion coefficient | o5 | 1y 1 | 124 | 129 | 135 | 150 | 160 | 160 | 19.0 | 21.0
/K %109
a 1
Elastic-perfectly plastic behaviour
n 10
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Table 2 Finite element analyses matrix

Crack R; t S
No at
direction| [mm)] [mm) [mm]
1] 1/8
2 0 1/6
3 1/4
4 | 1/8
5 | Axial 3.18 1/6
6 | 1/4
7 1/8
8| 476 | 1/6
9 1/4
0] 1993.9 | 200.15 8
11 0 1/6
12 1/4
13 Circum- 18
14 _ 3.18 1/6
15 | ferential s
16 | 18
17 4.76 1/6
18 | 1/4
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Fig. 3 Temperature, pressure and heat transfer
coefficient distribution for MSLB

(a) Axial crack

S— contour
(b) Circumferential crack (c) Crack tip mesh

Fig. 4 A typical finite element mesh
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Table 3 J.4J ratio for various cracks

Crack S gt

alt
direction | [mm] Pressure | MSLB

1/8 0.126 0.051

0 1/6 0.125 0.060

1/4 0.121 0.083

1/8 0.129 0.072

Axial 3.18 1/6 0.128 0.071

1/4 0.119 0.090

1/8 0.129 0.079

4.76 1/6 0.126 0.080

1/4 0.124 0.087

1/8 0.208 0.103

0 1/6 0.229 0.139

1/4 0.283 0.194

1/8 0.227 0.143

Circum-
3.18 1/6 0.269 0.160

ferential 1/4 0.290 0.221

1/8 0.264 0.161

4.76 1/6 0.281 0.178

1/4 0.293 0.230
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