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Monte Carlo Simulation of Stress Corrosion Cracking on Smooth Surface
under Non-Uniform Stress Condition

by
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Guen Nakavama “** and Takashi Hirano *

ok

A Monte Carlo simulation model for the process of stress corrosion cracking (SCC) in structural metal materials
under non-uniform stress condition has been proposed. The possible number of crack initiations is set for a given
space and initiation times for all cracks are assigned by random numbers based on exponential distributions depending
on stress level. Sites and lengths of the cracks are assigned by random numbers based on uniform distribution and
normal distribution, respectively. Coalescence of cracks and subcritical crack growth are determined based on the
fracture mechanics concept. Through the SCC process in the model, the influence of semi-elliptical surface cracks is
taken into consideration. SCC simulations were carried out on a smooth surface under two kinds of non-uniform
stress conditions such as residual stress distribution around a weld line. Multiple parallel cracks and multiple cracks
along narrow high stress region were obtained depending on the stress distributions, respectively. Simulation results
exhibit the applicability of the model to describe the SCC behavior observed in real structures.

Key words : Stress corrosion cracking, Monte Carlo simulation, Crack initiation, Crack coalescence, Subcritical

crack growth, Surface crack, Non-uniform stress condition
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Fig.1 SCC on residual stress field.
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Fig.2 A model of SCC behavior.
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Fig. 3 Simulation area under non-uniform stress condition.
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Fig. 4 Flow chart of SCC simulation.
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Fig. 7 Simulation area under non-uniform stress condition.
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Fig. 8 Variation of crack distribution with time under the stress distribution of Fig. 3.
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function of time. (Stress distribution of Fig. 3)
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Fig. 10 Maximum crack length as a function of time.
(Stress distribution of Fig. 3)

EVEAE Z 55, Fig. 1113k 445 & AR L
URL2EDTH S, FEEHS L UIEREHE T2
LORAERMBLENDMERICEDEEL, YIab—V 3
VIZXBIE6DX /NX W, Fig 12 13K X AR X &
DEHOT AR ML EREORRERLZZEDTH 5.
WUNEZLITEAEMHC T 27 ML 1 OFPREm X &
HoTWaH, ART2ZLIk 72T MR
KT 5. 20%, WEHAHEET S7207 2
MG 5. ThaioRL, OSSR E & i
ﬂ@k%<&5 Lo T, TAXYZ 202 ~
4UIE T3, ZHIFFEFICR 55 SCC X ZLDREY
é;<£bfué@
5:2 oy BERICHHLTVIES
FNT, Fig. TR T LI o By HlTFANZ A LT
L\éi;aAd)/\;LI/ Vg VIERARLELY S, Fig. 13
R MORERNIIS T 22 LIz 5 Tid, 100 FRERTRE
ﬁﬁﬁ?i TN Z RPN AAIS CTRAELTED,
FRZEWIR I & &> T B R ye i ik 2 288 2855 <
5T\, 300 IEEIRGEBE TIE, XHIZEUIRETS
LB, HIHRICEFRHOAKREERIZID KRESIRE
L7z 2 MBI SN S K512k 5. 500 BRflRGHE Tk
¢%®ﬁﬁﬁ£%umofk%&%szﬁﬁfﬁéﬁ
THBER I NS, Fig. 14 OKREIRICEH T 2 2HOFRE

Time ¢ (hr)
0 100 200 300 400 500

[

Maximum crack depth b (mm)

0 0.4 0.8 1.2 1.6 2
Time ¢ (Ms)

Fig. 11 Maximum crack depth as a function of time.
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