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The Effect of Analysis Variables on the Failure Probability of the Reactor
Pressure Vessel by Pressurized Thermal Shock

Jang Changheui, Jhung Myung Jo, Kang Suk-Chull and Choi Young Hwan
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Abstract

The probabilistic fracture mechanics(PFM) is a useful analytical tool to assess the integrity of reactor
pressure vessel(RPV) at the event of pressurized thermal shock(PTS). In PFM, the probabilities of flaw
initiation and propagation are estimated by comparing the applied stress intensity factor with the fracture
toughness calculated by the simulation of various stochastic variables. It is known that the results of PFM
analyses are dependent on the choice of the stochastic parameters and assumptions. Of the various variables
and assumptions, we investigated the effects of the RTypr shift equations, fracture toughness curves, and flaw
distributions on the PFM results for the three PTS transients. The results showed that the combined effects of
the RTypr shift equations and fracture toughness curves are complicated and dependent on the characteristics
of the transients, the chemistry of the materials, the fast neutron fluence, and so on.
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Table 1 Comparison of toughness curves

Toughness curve Mean value ) Standard deviation
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Master Curve [Ig:; gg } (1) gg }%
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T yc =0.2787-(K - (mear)—18.18) (12)
O p =0.2787- (K (mean)-18.18)
Ke 13 =(2727-2534-2) (13)

+(63.63~ 17.735~z)-exp(0019%(r ~T)

K 15=(2727-2534.2) (14)
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Table 2 Material properties of reactor pressure vessel

Material Propert Carbon Steel |[Stainless Steel
perty (Base & Weld) | Cladding

Thermal Conductivity,

biwhr.fi-deg F 29.0 9.6

Specific Heat, btu/Ib-deg F 0.1210 0.1206

Density, b/ft® 489.02 489.02

Modulus of Elasticity, ksi 28200 27050

Thermal Expansion

Coefficient, in/in-deg F 6615E-6 | 9470E-6

Table 3 Mean and standard deviation values for
toughness calculation

Parameters Mean Stargda_nrd
Deviation

Copper, wt % 0.12 0.01

Nickel, wt % 0.17 0.05

Phosphorous, wt % 0.018 0.001

Initial RTypy, (deg F) =22 34

Fluence on the inner 10 (at 60 years), 10%

surface, n/cm? 7.5,5,3,1 °

Flux Attgnuahon through 03175

Vessel, /in

RTNDT Shiﬁ, mean and .

standard deviation Shown in Egs. (1)-(6)

Table 4 Analysis cases

Variables Cases and Notation Remark

SBLOCA-SB,

Transient MSLB-MS
PTS repressurization—>PT

Materials Welds—»>W

Toughness ORNL Curve—=0, RQI .99 Rev. 2

Curve Master Curve>M will be used
PROSIR—P except PROSIR

RTpr Shift | Reg. Guide 1.99-5R, gﬁgh&ffspcs o

Eq. PROSIR (FIMFIS) 5P | .00

Flaw Single~>S.

Distribution | Modified Marshall>M

Flaw Circumferential >0,

Orientation | Axial->A

Fluence 5 levels Treated in a

Level single file

Total Cases 3x1x3x2x2x5 = 180 cases
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Table 5 Summary of effect of axial crack for SBLOCA

RTypr shiff  Kic  [Resulting! RTypyr shift Ko curve Resulting
Case | athigh Jeurveat| Kicat | atlow aZRRCT | Knat | Remark
fluence | RTypr | same T | fluence | same T
. . High initiation
PP large | low | low small high | high +Low failure
Medium
OR | small | low | mefim large low low | initiation +
Medium faiture
! . . , Low initiation
MR | small | high | high large high | medin + Low failure

Note) all notation are relative to other cases
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(b) High chemical composition
Fig. 7 RTyprshift by RG. 1.99 Rev. 2 and FIM/FIS
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