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Abstract

The probabilistic fracture analysis is used to determine the effects of uncertainties involved in
material properties, location and size of flaws, etc, which can not be addressed using a deterministic
approach. In this paper the probabilistic fracture analysis is applied for evaluating the RV(Reactor
Vessel) under PTS(Pressurised Thermal Shock). A semi-élliptical axial crack is assumed in the inside
surface of RV. The selected random parameters are initial crack depth, neutron fluence, chemical
composition of materia (copper, nickel and phosphorous) and RTnpr. The deterministically calculated
K, and crack tip temperature are used for the probabilistic calculation. Using Monte Carlo simulation,
the crack initiation probability for fixed flaw and PNNL(Pacific Northwest National Laboratory) flaw
distribution is calculated. As the results show initiation probability of fixed flaw is much higher than
that of PNNL distribution, the postulated crack sizes of /10t in this paper and 1/4t of ASME are
evaluated to be very conservative.
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Table 1 Material properties of RV
Temp. Base Metal _
0 & Cladding
(O | welds
Modulus of 20 204000 197000
elasticity
(MPa) 300 185000 176500
Poisson’s ratio | 20-300 0.3 0.3
Thermal 20 54.6 14.7
conductivity
o 300 45.8 18.6
(W/m/°C)
Thermal 20 14.7 4.1
diffusivity .
<10 (m%/s) 300 10.6 4.3
Thermal 20 10.9 16.4
expansion coeff.
<10° (1/°C) 300 12.9 17.7
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Table 2 Chemical composition & initial RTxpT

-\ 1 SD”
Initial RTnor uncertainties
Base metal -20 °C 9 °C
Welds -30 °C 16 °C
2 SD
% Copper(Cu) uncertainties
Base metal 0.086 0.02
Welds 0.120 0.02
0 2 SD
% Phosphorous(P) uncertainties
Base metal 0.0137 0.002
Welds 0.0180 0.002
) . 2 SD
%6 Nickel(Ni) uncertainties
Base metal 0.72 0.1
Welds 0.17 0.1
) SD : Standard Deviation
Table 3 Shift formula & corresponding
uncertainties
B mean ARTnpT = [173*]537*(P*0008)+
o) 238*<cu—o.08>+191*Niz*(:u]*cp“-‘*°
1 SD 10 °C
mean ARTNpT = [18+823*(P*0.008)f
Weld 148%(Cu-0.08)+ 157+Ni’*Cul#¢""
1 SD 6 °C

ARTnpr normal distribution truncated
between +3SD and -3SD
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Influence Function
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S(X) = s + sx/t) + s(XM)? + ss(x/t)® (1)
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Table 4 Flaw depth & PNNL distribution

Flaw Depth(mm)| PNNL Dist.
2.1336 0.6446
4.2926 0.3037
6.4262 0.0413
8.5852 571E-03
10.7188 2.39E-03
12.8524 1.13E-03
15.0114 5.40E-04
17.145 2.72E-04
19.304 1.40E-04
21.4376 7.35E-05
23.5712 3.91E-05
25.7302 1.13E-05
27.8638 S841E-06
30.0228 5.52E-06
32.1564 4.13E-06

34.29 2.96E-06
36.449 2.2E-06
38.5826 1.46E-06
40.7416 1.19E-06
42.8752 1E-06
45.0088 7.66E-07
47.1678 4.06E-07
49.3014 2.63E-07

Ki = (1 8 soio+siis(@t)+sio(alt)+sdis(@t)’] ()

, a i
Kic (2]
(3~(5)
Kic = 36.5+3.1exp[0.036(T-RTnpr+55.5)] 3
(KIC)mean = 143*(K|(;) (4)
(K|c)s|3 = 0-15*(ch)mean (5)
(©)] (5) ASME Code[3]
, ©) 220 MParm’®
. (5) 15 MPam®® . T
, RTnpr
2.3 RTnot
RTnoT [2]
(6)
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RTnor = RTapro + RTapr + M (6) 3.
M = ERRTN\/ (0, )* + (0apr,,)* (D
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K 3 T
6  RTwn RTwor . RTwor (Kic) ®)
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