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Evaluation of Probabilistic Fracture Mechanics for
Reactor Pressure Vessel under SBLOCA

Jong Wook Kim', Gyu Mahn Lee’ and Tae Wan Kim'

ABSTRACT

In order to predict a remaining life of a plant, it is necessary to select the components that are critical to
the plant life. The remaining life of those components shall be evaluated by considering the aging effect of
materials used as well as numerous factors. However, when evaluating reliability of nuclear structural
components, some problems are quite formidable because of lack of information such as operating history,
material property change and uncertainty in damage models. Accordingly, if structural integrity and safety are
evaluated by the deterministic fracture mechanics approach, it is expected that the results obtained are too
conservative to perform a rational evaluation of plant life. The probabilistic fracture mechanics approaches
are regarded as appropriate methods to rationally evaluate the plant life since they can consider various
uncertainties such as sizes and shapes of cracks and degradation of material strength due to the aging effects.
The objective of this study is to evaluate the structural integrity for a reactor pressure vessel under the small
break loss of coolant accident by applying the deterministic and probabilistic fracture mechanics. The
deterministic fracture mechanics analysis was performed using the three dimensional finite element model.
The probabilistic integrity analysis was based on the Monte Carlo simulation. The selected random variables
are the neutron fluence on the vessel inside surface, the content of copper, nickel, and phosphorus in the
reactor pressure vessel material, and initial R7xpr.

Key Words : Small break loss of coolant accident (ATF% WZA] “4H42A}aL), Probability fracture mechanics
BEE3 93798, Reference nil ductility transition temperature(7]5=5-143H o] %)

7|e MYy c = crack length
t = vessel wall thickness
Kje = critical stress intensity factor r = vessel inner radius from reactor center
T = temperature at which Aj, is permitted
RTyyyr = reference nil ductile temperature 1. M E
a = crack depth
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Fig. 1 Schematic illustration of postulated crack

Table 1 Thermal material properties®

Temp. [C] fj;evré itiasl Cladding
Thermal expansion 20 10.9 16.4
(x107%)[1/C] 300 12.9 17.7
Conductivity A 20 54.6 14.7
[W/mC] 300 458 18.6
Diffusivity p 20 14.7 4.1
(<10 %)[m?/s] 300 10.6 43
Density p
20~300 7600 7600
[kg/m"]
Table 2 Mechanical material properties®
Temp. [C] I:s;e“r?e itdasl Cladding
Yield Strength 20 588 380
S, [MPa] 300 517 270
Young's Modulus 20 204000 197000
E[MPa] 300 185000 176500
Poisson's Ratio v| 20~300 0.3 0.3

Table 3 Mean and standard deviation of random

variables?
Variable Deviation Base metal| Welds
] Initial RT) -20.0 -30.0
Ry, (C) ‘\.DT,
1 SD uncertainties 9.0 16.0
Content 0.086 0.120
Cu (%) .
2 SD uncertainties 0.02 0.02
Content 0.0137 0.0180
P (%) .
2 SD uncertainties 0.002 0.002
X Content 0.72 0.17
Ni (%) .
2 SD uncertainties 0.1 0.1

Table 4 ART),,, formula and standard deviation”

ARTy,,r = [17.34 1537 < (P—0.008)
Mean . 0.5
+238 X (G —0.08) +191 X Ni* i) X "%
Base
metal | 1 SD
uncert- 10.0C
ainties
ARTy = (184823 (P—0.008)
Mean 045
+ 148 X (Clu— 0.08) + 157 X Ni* Cu] X "4
Welds| | sp
uncert- 6.0C
ainties

ART);,,, normal distribution truncated between +3SD
and -3SD
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¢ : fluence in n/m?* divided by 10%
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Table S RT),;; according to neutron fluence

Base metal Welds

Fluence in| Mean |1 SD valug Mean |1 SD valug
10%n/m? |BRLyp(C) (C)  |RIyp(C)  (C)

3 33.7425 | 14.1179 | 23.8781 | 17.0222
300 5 442398 | 14.4931 | 37.7625 | 17.1668
——KI 7.5 54.0164 | 14.8917 | 51.2954 | 17.3376
E 50 —= RTNDT= 50C 10 61.8443 | 152426 | 62.5100 | 17.5008
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Fig. 5 Comparison of stress intensity factor curve
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Base metal Welds

Mean
RPV age| fluence
in year | value
10% n/m’

Mean 1 SD Mean 1 SD
RTypr | value | RTypp | value

(C)y | (©) | ¢y | (O)

10 3 33.6843 | 14.2901 | 23.8160 | 17.2611

20 5 44.1683 | 14.6297 | 37.6832 | 17.3926

40 7.5 53.9152 | 15.1597 | 51.1704 | 17.7798

60 10 61.7317 | 15.5116 | 62.3663 | 17.9908
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Fig. 6 Probability of crack initiation (Base metal)
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