=9 71713553
A1A A1z 20153 62 pp. 69-73

B X dEmiE Sy SEFL WE =SA42| o mizof
D|X|= ZH788 A Chapy V-X| %2.'01IL‘III9I Yok nE

MT.Z1 *

o [=]

Z1

[=]

O
o

A
L

Investigation on Effects of Residual Stresses and Charpy V-Notch Impact
Energy on Brittle Fractures of the Butt Weld between Close Check Valve
and Piping, and of the Valve Body in Nuclear Power Plants
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ABSTRACT

The study investigated effects of residual stresses and Charpy impact energy on brittle fractures of the butt weld
between the valve and the piping, and of the valve body in nuclear power plants via a linear elastic fracture mechanics
approach in the ASME B&PV Code, Sec.XI and finite element analysis. Weld residual stress in a butt weld between
close check valve and piping, and residual stress in the valve due to casting process were assumed to be proportional
to yield strength of base metal. Operating stresses in the butt weld and the valve body were calculated using approximate
engineering formulae and finite element analysis, respectively. Applied stress intensity factors were calculated by
assuming postulated cracks with specific sizes and then by substituting the residual stresses and the operating stresses
into engineering formulae presented in the ASME B&PV Code, Sec.IIl. Plane strain fracture toughness was derived
by using a correlation between Charpy V-notch impact energy and fracture toughness. Structural integrity of the
weld and the body against brittle fracture was assessed by using the applied stress intensity factors, plane strain
fracture toughness and the linear elastic fracture mechanics approach. As a result, it was identified that the structural
integrity was maintained with decreasing the residual stress levels and increasing the Charpy V-notch impact energy.

Key Words : Nuclear Power Plant (¥A}2] 74, Brittle Fracture (3]/33+3), Close Check Valve (&% W H),
Piping (H]3), Butt Weld (7] 85, Valve Body (M H. #4)), Residual Stress (8% ZH7-5-3)

7|5MH K. = Plane strain fracture toughness
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B = Thickness of section to thickness 25 mm
Cy = Charpy V-notch impact energy
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K; = Mode I applied stress intensity factor
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Fig. 1 Schematic configuration of the close check valve
in the main feedwater system.
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Fig. 2 Finite element model of the close check valve
body.
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Fig. 3 Mechanical boundary conditions.
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Table 1 LEFM analysis results of the close check valve- piping weld in the main feedwater system.

. ) Residual stress level to yield srength (%)

Crack depth ratio (%) SIF/Toughness ratio ” 2 P e 100

10 KK C,=10.94] 0.75 0.83 1.00 1.22 1.40

e C,=1847] 0.57 0.63 0.76 0.92 1.09

20 K /K, C,=10.94]) 1.08 1.20 1.44 1.75 2.05

te C,=1847]) 0.82 091 1.10 1.33 1.55

5 K /K, C,=10.94]) 1.21 1.35 1.62 1.96 2.30

v C,=1847]) 0.92 1.02 1.23 1.49 1.75
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Table 2 LEFM analysis results of the close check valve body in the main feedwater system.

. ) Residual stress level to yield strength (%)
Crack depth ratio (%) SIF/Toughness ratio

20 30 50 75 100
C,=10.94] 0.71 0.87 1.19 1.62 2.10

10 Ki/ Ky
C,=1847] 0.56 0.68 0.93 1.27 1.64
C,=10.94] 1.03 1.26 1.74 2.37 3.07

20 I(I / K-lc
C,=1847]) 0.81 0.99 1.36 1.85 2.40
C,=10.94] 1.18 1.44 1.98 2.71 3.52

25 KI/KIC
C,=1847] 0.92 1.12 1.55 2.11 2.75
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