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For reactor pressure vessels (RPVs) in the light water reactors, the fracture toughness decreases due to
the neutron irradiation embrittlement with operating years. In Japan, to prevent RPVs from a nil-ductile
fracture, deterministic fracture mechanics methods in accordance with the codes provided by the Japan
Electric Association are performed for assessing the structural integrity of RPVs under the pressurized
thermal shock (PTS) events by taking the neutron irradiation embrittlement into account. On the other hand,
in recent years, probabilistic methodologies for PTS evaluation are introduced into regulations in Europe
and the United States. For example, in the United States, a PTS screening criterion related to the reference
temperature derived by the probabilistic method is stipulated. If the screening criterion is not satisfied, it is
approved to perform the evaluation based on the probabilistic method by calculating numerical index such
as through-wall crack frequency (TWCF). Here, the probabilistic method is a structural integrity
assessment method based on probabilistic fracture mechanics (PFM) which is rational in calculating the
failure probability of components by considering the statistical uncertainties of various factors related to the
aged degradation due to the long-term operation.

Based on these backgrounds, we developed the guideline on a structural integrity assessment based on
PFM by reflecting the latest knowledge and expertise. The objective of the guideline is that persons who
have knowledge on the fracture mechanics can carry out the PFM analyses and obtain probabilistic
numerical index such as TWCF for a domestic RPVs by referring to the guideline.

This report consists of five chapters. Chapter 1 describes the background and outline of this report. In
Chapter 2, the framework and scope of the guideline are explained. The details on how to perform PFM
analyses for RPVs using the guideline are summarized in Chapter 3. Basic matters on the methodology and
variables which are necessary for PFM analyses are described in main body and their technical bases are
provided in commentary. In addition, some verification examples of the PFM analysis code PASCAL are
also shown in this chapter. In Chapter 4, analytical methods and data which are considered as appropriate
ones to calculate TWCF for domestic RPVs based on the guideline are described. Finally, a summary of
this report is given in Chapter 5.

Keywords: Probabilistic Fracture Mechanics, Reactor Pressure Vessel, Neutron Irradiation Embrittlement,
Pressurized Thermal Shock, Structural Integrity Assessment, Through-Wall Cracking Frequency
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NR—t o H A Ll Microsoft Excel® PASCAL3™ (B-A)/A*100[%]
EHLA - A T TRR B
1 6.9525 6.9400 -0.18
5 7.8452 7.8475 0.03
50 10.0000 10.0018 0.02
95 12.1548 12.1404 -0.12
99 13.0475 13.0488 0.01
*1: 7Y 7% 0 100,000
# 4 Ky oA OMREICE T 545 SR O B
AR p Microsoft Excel® PASCAL3™ (Pi-p)/p*100
T A TV A BAERMER P [%]
(K;. [MPay miZ %)
0.01 37.21 0.01001 0.10
0.05 46.18 0.05048 0.96
0.5 75.72 0.49836 -0.33
0.95 107.70 0.94972 -0.03
0.99 120.45 0.98916 -0.08
T-RTypr=-38.275 [°C]
*1: 7 U > 7% 100,000
#S5 BHERNELAABEO B X ITET 216 B %R O F
1537 A PN fih 7 1) 12 = 2
[77] K; K. K, K.
[MPay m] [MPay m] [MPay m] [MPay m]
32 2 70.47 72.80 - -
32.5 2 70.68 70.87 - -
33 0 70.86 69.09 153.79 143.73
33 0 - - 157.28 -
10N BRAE, 2 AR VWAR

*2 0 PN 2 i A PN T AR R
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# 6 JEAC4201-2007[2013 4E3B#i 1" o Wb T W12 B 9 2 12 45 M e 28 o fl

o - TR W & W & & Hifi [ fiE PASCAL3
[10' n/cm?] oM R Ve R ovE R ARTNpr[°C]
1.0x10" 2.0x10"" 1.5x10"

ARTxp1[°C] ARTNpr[°C] ARTNpr[°C]

(Microsoft

Excel®)
1.0 56.2 54 54.91308 54.91308
1.5 65.5 64 64.62256 64.62256
2.0 71.6 71.1 71.30752 71.30752
2.5 76 76.4 76.23399 76.23399
3.0 79.6 80.7 80.24346 80.24346
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