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Evaluation of Fracture Toughness for SA508 Gr. 3 Reactor Pressure
Vessel Steel Using Bimodal Master Curve Approach
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ABSTRACT

The standard master curve (MC) approach has the major limitation because it is only applicable to homogeneous
datasets. In nature, materials are macroscopically inhomogeneous and involve scatter of fracture toughness data
due to various deterministic material inhomogeneity and random inhomogeneity. RPV(reactor pressure vessel) steel
has different fracture toughness with varying distance from the inner surface of the wall due to cooling rate in
manufacturing process; deterministic inhomogeneity. On the other hand, reference temperature, Ty, used in the evaluation
of fracture toughness is acting as a random parameter in the evaluation of welding region; random inhomogeneity.
In the present paper, four regions, the surface, 1/8T, 1/4T and 1/2T, were considered for fracture toughness specimens
of KSNP (Korean Standard Nuclear Plant) SA508 Gr. 3 steel to investigate deterministic material inhomogeneity
and random inhomogeneity. Fracture toughness tests were carried out for four regions and three test temperatures
in the transition region. Fracture toughness evaluation was performed using the bimodal master curve (BMC) approach
which is applicable to the inhomogeneous material. The results of the bimodal master curve analyses were compared
with that of conventional master curve analyses. As a result, the bimodal master approach considering inhomogeneous
materials provides better description of scatter in fracture toughness data than conventional master curve analysis.
However, the difference in the T, determined by two master curve approaches was insignificant.
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7| Ko = scale parameter(MPa v/m )
pr = cumulative probability of failure
W = height of specimen L = maximum likelihood function
a = crack depth f. = probability density function
m = Weibull slope S. = survival function
oys = yield strength(MPa)
T ﬂ% ﬂ-j—%ﬂx a7 AR s Ty Ty = reference temperature(°C)
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TEL: (042)868-4495 FAX: (042)868-8549 d = normalized distance from the inner wall

T A AAE AT AAHA A TR Kuin = threshold fracture toughness(MPa +/m )
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Kjc = fracture toughness(MPa +/m )
Ko = Weibull mean fracture toughness(MPa +/m )
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Fig. 1 Investigated RPV block and locations of specimen

extraction
1000
r ® Yield Strength
900
L 6,~450.74+32.83exp(-1/73.14)
800
E L
700
e
w
b> 600 -
500
400 1 " 1 " 1 " 1 " 1 "
-200 -150 -100 -50 0 50
Temperature(°C)

Fig. 2 Variation of yield strength over the temperature
range from room temperature to -196°C
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Table 1 Summary of conventional master curve analysis

K.IC(O.‘)S) KJC(O.OS) Weibull

Location | N To
n n Slope

Surface | 29 | -131.7 | 5(17.2%) | 2(6.9%) | 2.9

18T | 25 | -116.1 | 4(16.0%) | 3(12.0%) | 2.2

1/4T 23 | -103.9 | 1(4.3%) | 3(13.0%) 3.1

12T 23 -96.2 1(4.3%) | 3(13.0%) 2.6
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