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Evaluation of the Crack Tip Fracture Behavior Considering
Constraint Effects in the Reactor Pressure Vessel
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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 vesselRPV) 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 intemal 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 crack. Total of 18 crack geometries were analyzed,
and Q '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 model.
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Table 1 Finite element analyses matrix
Crack R t S

Noj . | 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 4.76 1/6

9 19939 | 200.15 14

10 1/8
AL o [ W6

12 1/4

13 Circumf 18

14 i 3.18 1/6
15 | erential 14
16 s

17 4.76 1/6

18 - 1/4
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Fig. 2 A typical finite element mesh
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Fig. 4 Comparisons of () stress distributions for
axial crack (pressure)
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Fig. 5 Comparisons of Q stress distributions for
circumferential crack (pressure)
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Fig. 6 Comparisons of  stress distributions for
axial crack (MSLB)
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