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As a part of the aging and structural integrity research for LWR components, new probablhs’uc fracture
mechanics (PFM) analysis code PASCAL-EC (PFM Analysis of Structural Components in Aging LWR —
Erosion/-Corrosion) has been developed. This code evaluates the failure probability of an aged piping with
a wall thinning by Monte Carlo method. PASCAL-EC treats the wall thinning due to erosion/corrosion or
flow accelerated corrosion (FAC) in piping. The development of this code has been aimed to improve the
accuracy and reliability of analysis by introducing new analysis methodologies and algorithms considering
the recent developments in the structural mechanics and aging researches.

This report provides the user’s manual and theoretical background of PASCAL-EC.

Keywords: Probabilistic Fracture Mechanics, Structural Integrity, Failure Probability, Erosion/-Corrosion,
FAC
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RFZ(FIR) FHE T 57— \— LR T — N —TR
Bl
y
1 9.076763485 9.20746888 8.914937759
2 9.132780083 9.20746888 8. 995850622
3 9.12033195 9.201244813 8.995850622
4 9.082987552 9.201244813 8.995850622
5 9.076763485 9.114107884 9.002074689
6 9.151452282 9.219917012 9.107883817
7 9.151452282 9.20746888 9.002074689
8 9.157676349 9.201244813 9.107883817
9 9.039419087 9.114107884 8. 989626556

KED TR S ITER ST 2 E ULRERZ o = 05((= 7 —— L) - (=7 =3 —TIR)}
ELTna,
KIRER LB 2T OB EITIE, (=7 —N"—ER) =(= T —"—TR)ERET D,

52 TJOUISLEITHE
DOS 2% K I A Y CASH— K7 7 4 (InputFileName) & HE L. LT & 5 ICELTT 2,

pascal_ec.exe InputFileName

53 MBWHEROHA
TR BT T B EHE SATRT I 7 A NVBMER EN D,

£ 52 MTERHAIZ AN

. HATZ 7 A4
W& (InputFileName: E{fTRICHEE L AN —RT7 74V =
R & InputFileName.chk
fRATHRE R InputFileName.rsl
(BB HER)
BHE InputFileNamel.csv, InputFileName?2.csv,... BHREH 175 7 TH
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53.1 MBFHEHITZ7AIL
FRAT 2 /8 (InputFileName.chk) D H /1 % F 5-31077,

# 53 MNTREHTZ 7 A 1H

swkkx  [NPUT PARAMETER sk

————— time & number ————

years : 40
pipe number : 100000

—— flag set ——
debug write : OFF
random number of EC : per pipe
failure criterion : Coffin's law
phase of fluid . single-phase
EC speed shift : consider

-———— erosion-corrosion parameter ————

parameter name : mean standard random number
value deviation flag
geometrical factor ke :  7.500000E-01 0.000000E+00 per pipe
flow velocity w : 5.181600E+00 3. 450000E-02 per pipe
pH value pH © 8.900000E+00 8.900000E-02 per pipe

oxygen content g ©1.200000E+00 8. 000000E-02 per pipe
content of Gr-Mo h : .000000E-02 5. 300000E-03  per pipe
density of steel rho_st : . 500000E+06 0. 000000E+00  per pipe
. 898500E+02 7. 720000E-01 per pipe
. 270000E+00 0. 000000E+00 per pipe
. 290000E+01 0. GO0000E+00  per pipe
.308785E+02 5.398785E+01  per pipe
hoop strain epsin_f . 700000E+00 3. 700000E-01  per pipe

8
8
temperature t 1
1
2
5
: 3
young' s modulus ygml : 2.000000E+05 0.000000E+00 per pipe
T2
2
6
1
1
1
1

initial thickness w_org :
pipe inner radius r
failure stress sig_uts

yield stress sig_y . 100000E+02 0. 000000E+00  per pipe
work hard value val_h . 000000E+03 0. 000000E+00  per pipe
reduction of area phi . 7150227E+01 0. 000000E+00  per pipe
mass flux dm . 000000E+00 0. 000000E+00  per pipe
density of water rho_w . G00000E+00 0. 000000E+00 - per pipe
steam quality xst . 000000E+00 0. 000000E+00  per pipe
void fraction alpha . 000000E+00 0. 000000E+00  per pipe

-——— normal operating condition ———
pressure © 1. 000000E+01
primary membrane stress : 1. 000000E+01
primary bending stress : 5.000000E+01

————— stratified monte-carlo parameter ———
number of layers : 1

layer numbe start position end position weight
(deg) (deg)
1 0.000000E+00  1.800000E+02 1. 00000OE+00

———— earthquake parameter ———

— 27'__




JAEA-Data/Code 2006-001

equation option : 3
total equation number : 1
equation number 1
total wave number : 1

cycle number max membrane min. membrane max bending win bending
stress stress stress stress
2000 1.800000E+02 0. 000000E+00 1.800000E+02 0. 000000E+00 0. 000000E+00

pressure

———— transient parameter ———

total transient number : 8
transient number 1
cycle number : 5. 0000
time interval 1. 000000E+00
primary membrane stress primary bending stress 'secondly membrane stress secondly bending
stress pressure )
(max) (min) (max) (min) (max) (min) (max)
(min)

1.534500E+02  0.000000E+00  1.550000E+00 —1.550000E+00 0. 000000E+00 0. 00000OE+00
0. 000000E+00 1. 000C0OE+01

(BITHRE)

0. 000000E+00
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532 BIERHAZ7AIL
fENTRER DO 7 7 A VB ER 541277,

Fx 54 FENTRERHAT 7405

Steady and Transients,
Year, Leak, Leak_std, Break, Break_std
- 0. 000000E+00, 0. 000000E+00,  0.000000E+00, 0. 000000E+00, 0. 000000E+00
1. 000000E+00, 0. 000000E+00, 0. 000000E+00, 0. 000000E+00, 0. 000000E+00
(&P AHER)
2.000000E+01,  7.452400E-01, 1.222617E-03,  1.790300E-01, 1.212346E-03

2. 100000E+01, 7. 658800E-01,  1.264128E-03,  2.013900E-01, 1. 268196E-03

LA
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Leak_std ‘ T2 WVERERERE
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Break_std e RIE R
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VBN 7 (MPa) EHE 425 HEIERZE 425
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