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Fatigue Life Estimation of Fillet Welded Joints Considering Statistical Characteristics of Weld
Toe's Shape and Multiple Collinear Surface Cracks

Seung-Ho Han* and Jeong-Woo Han*

*System Engineering Research Division, Korea Institute of Machinery and Materials, Daejeon 305-343, Korea

Abstract

The fatigue life of welded joints is associated with crack initiation and propagation life. Theses cannot be easily
separated, since the definition of crack initiation is vague due to the initiation of multiple cracks that are distributed
randomly along the weld toes. In this paper a method involving a notch strain and fracture mechanical approach,
which considers the characteristics of welded joints, e.g. welding residual stress and statistical characteristics of multiple
cracks, is proposed, in an aftempt to reasonably estimate these fatigue lives. The fatigue crack initiation life was
evaluated statistically, e.g. the probability of failure occurrence in 2.3, 50 and 97.7%, in which the cyclic response of
the local stress/strain in the vicinity of the weld toes and notch factors derived by the irregular shape of the weld
bead are taken into account. The fatigue crack propagation life was simulated by using Monte-Carlo method in
consideration of the Mk-factor and the mechanical behavior of mutual interaction/coalescence between two adjacent
cracks. The estimated total fatigue life, (Ny)psos, as a sum of crack initiation and propagation life under the probability
of failure occurrence in 50% showed a good agreement with the experimental results. The developed technique for
fatigue life estimation enables to provide a quantitative proportion of crack initiation and propagation life in the total
fatigue life due to the nominal stress range, AS.

* Corresponding author : seungho@kimm.re.kr (Received March 22, 2005)

Key Words : Crack initiation life, Fatigue crack propagation life, Multiple surface crack, Probability of occurrence,
Monte-Carlo simulation

au, FEAASFHL SRS e wAsts B
Lo = gRFaze 24, @ L 4% 7S 2 S
Jsha Wy ¥ os Woldt
JeaEe we 497229 veswe pdud  =AN9SYe Hee da4 S= g Jle
ARFFoE Wroldi, M2 T A7l o8l A BASY 2 $UARSY m& 7 Bk

3 =

g-w— womz o nA@ FuHE el ARy of Bk L= A JleEEY ISR £
of Madw ok YiHen 8o FIWASY 24T FdAL] J1Pel etk 2 Holrh wﬂ EERE
e L oAgEd olE  F 2 FAY JHNE 9 wons 1wAWY
o W STREHE Y wAWIEY Yoz Bk 8Y A8E FN A4 A SHF v= Hure)

o)

280 Journal of KWS, Vol. 23, No. 3, June, 2005



MEYg B 25 ZAGY 384 59¢ ueld 23 £3% 9249 37 69

S WalE AZad, o2 B
wAAS Ko 8849 BEERS

sldsd wmee A9 2R Reo) 29F
PATlE ¥717z 2 §3vl=d] ofF EHTD
o XA SHBYAF 4
Sob d}. g B4 wRwdel 4, @A @
J& mAlslcl @ 2, 836l A4S E
FIL W= AU ge B BEshe, 2y
# Fdel 27] B FAE o 9 M3 gk

P

MBoox R o™ o
o S

i
-~

meb, QA SHE o) e 24 BUEY
o 2], 94 % BAUsel 48 PSS 17

g A2RIAAFE 71y HEo] a7
B dFdAe AAE g3, A FHolE ¥ W
g A S0l SHE AAsd, v= AdRe r)gE
Aol Wslel B FAUTHS s, 2AYa € g4
H ¥l 53 2L 3dE8d E45 a3 £3F I=

i B7HE TR
2. AEH NEAY Y EHEEAN

il o
2.1 AlgH

Fig. 1& & 7oA 283 HAd ", 7y &
HolE & T AN o3 Ygolth, AR
Me duk £372E A SM490Bolx, K-T71T
£H 90l Z o] 843 COx7tx Hials $402 Ald
AL AFsYct. Table 1€ AFR7ZAAY EAR ot}
S| MR Exsie 8AFsHES E5dd
2 AUy g o] 83t ASSH. Fig. 2& $
Azol 7P ZA TAHE $HEYE AddA AgH
doltek(alswary dx)o2 ASH £HIAFH
AE-o HEitst o] 2 Wi=E Jepd Aol

22 T ZAH

o1y HE

Aee] WAse B4 ERFE

Table 1 Chemical composition and mechanical properties
of SM490B

Chemical Composition (wt%)

C Mn P S Si Ni Cr | Mo
0.155] 1.304 | 0.0166(0.0104| 0.423 | 0.032|0.038| 0.018

Mechanical Properties

El. (%)
» (MPa) UTS (MPa) (G.L.=130mm)
359 514 29
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{c) Longitudinal stiffener joint

Fig. 1 Configuration of specimens(unit : mm)

Residual stress (MPa)

—-300F ®  Cruciform
P O Cover Plate
-400 ¥ Longitudinal Stiffener

~50 -40 -30 -20 -10 0 10 20 30 40 50
Distance of specimen in width (mm)
Fig. 2 Mean value of measured welding residual

stress with scatter-band
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Fig. 3 Probability of © and 8

Table 2 Probability of o and @ for specimens

P33% Ppog P o3%

p(mm) 0.87 2.19 3.54

Cruciform
ac) 29.5 36.9 445
p(mm) 0.68 1.11 1.52

Cover Plate
Q) 36.8 40.5 442
Longitudin | #(mm) 0.59 1.10 - 1.62
al Stiffener{ g 22.5 35.0 47.3
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Fig. 6 Statistical characteristics of a

Table 3 ©# and oof %, {, aand 2c

n(ea) |1, (mm)| e(mm) | 2¢(mm)

) u 4 34.1 0.43 2.51
Cruciform

o 2 17.1 0.2 1.37

Cover u 6 43.1 0.52 3.84

Plate o| 3 12.3 | 0.26 | 251

Longitudin| ,, 3 438 | 0.64 | 545

al
Stiffener o 1 6.9 0.42 3.37

* distance from the edge of specimen in width
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Table 4 Fatigue properties of heat-treated specimen

Cyelic strain hardening coefficient, K (MPa) 1187
Cyclic strain hardening exponent, #»’ 0.139
Fatigue strength coefficient, o 878
Fatigue strength exponent, & -0.083
Fatigue ductility coefficient, &, 1.632
Fatigue ductility exponent, ¢ -0.772
180
160¢ 2’:“1?‘5::;’:«,)"‘=131M%
No relaxation
/a 140 - = \AS=100MPB
o 120% X
= \
2 100F \
% AS Exp. from Han
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S o} S e
~ Lawrence’s mode)
40 N e
20F :\ ~ - Seeger's modet
N\ S
0 . e .
0 100 200 300 300

4S((MPa)

Fig. 8 Remaining residual stresses derived by relaxation
model and other equation
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