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FractureMechanicsAnalysュsOfTheFatigueStrengthofVarious

SpotWeldedJoints
破壊力学による各種スポット溶接継手の疲労強度の解析
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1.Introduction

ltisseriouslyrequiredtoestablishthemethodto

predictquantitativelythefatiguestrengthandlife

ofspotweldedthinstructuresinanautomobile

body.Manystudiesonthefatiguestrengthofspot

weldedjointspecimenssuchasatensileshearanda

crosstensionspecimenhavebeenreported.But110

reliableoruniversalmethodhasnotbeenestab-

lishedyettopredictthefatiguestrengthofspot

weldedjointspecimensaswellasthespotwelded

structures,becausethefatiguestrengthissigllifi-

cantlyaffectedby thetypeofspecimens,plate

thickness,nuggetdiameterandothers.

ItseemsthatfracturemechanicsisthelllOSt

possibleapproachtothisprobleml)･2),becausethe

spotweldedjointcanberegardedasacracklike

defect Pook3)･4) andDavidson5)･6) triedtoapply

fracturemechallicstothepredictionofthefatigue

strengthofaspotweldedjointspecimen.However

theirstudiesarelimitedtoatensileshearspot

weldedspecimenandthefracturemechanicsparam-

eterusedbythemseemstobedoubtful.Acrackin

thespotweldedjointisathree-dimensionalanda

lnixedmodecrackillgeneraL Itisimportantto

evaluateexactlythestressintensityfactorsfora

spotWeldedjoint.

In thisstudy,thestressintensity factorsfor

variousspotweldedjointspecimensareanalyzedby

three-dimensiollalelastostatlCfiniteelementana-

lyses. Thestressintensityfactorsforatensile

shear,acrosstension,aT-typetensionorbending,

a doubleshearalld allOut-Of-plalle bellding

*Dept.C･fAppliedPhvsicsandAppliedMechanics,

InstituteofIndustrialScience,UniversityofTokyo

specimenarepresented. Thefatiguestrengthsof

thesespecimensarecharacterizedbythestress

intensity analyzed with use ofa mixed mode

fracturecriterion andtheusefullleSSOffracture

mechanicsisdiscussed.

2｡AnalysesoftheStI･eSSIntensityFactors

ltisnecessaryforfracturemechanicsanalysesto

evaluatethestressintensity factorsfc･raspot

weldedjoint. Threedimensionalelasticanalyses

arecarriedoutonsixkindsofspotweldedjoint

specimensasshowninFig.1bymeansofafinite

elementmethod. Anexampleofthedivisionof

elelTlentSisshownil一Fig.2,wherequadraticisopar-

ametricsolidelementswith20nodesareused.As

showninFig3,thesymmetricsectioniszoomedup

nearacracktipWherethefatiguecrackisexpected

togrowandreanalyzedunderplanestraincondition

bytwo-dimensiollalelasticfiniteelementmethod.

The stressintensity factorsata crack tip is

determined by the displacement extrapolation

methodl)･2)

Table1showthestressintensityfactorsKIand

KitObtainedforstandardtensileshear (TS) and

crosstension (CT) Specimenswith a nugget

diameterOf5mm andequi-thicknessplates The

stressintensityfactorsarenormalizedbyP/a3/2,

WherePisanappliedloadandZαisailugget

diameter. ItisfoundthattheratioofKI/KHis

quitedifferentbetweenTSandCTspecimens. Itis

noteworthythatourresultsarequitediffererlt from

theapproximateequationforTSspecimenproposed

byPookl)･2)

Table2ShowsthestressintensityfactorsforTS,
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(a)Tensile shear specimen(TS)
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(b) Cross tension Specimen (CT)

(c)  T- t l 'pe specimen (TT)
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(d) T type bending specimen (TB) Double shear specimen

Various type specimens

(DS)

of spot、velded ioints

(f) Out-of-plane bending′ヽ
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Fig.2 Elements and boundary condition for a tensile
shear specimen

Table 1 Stress intensity factors for a tensile shear and a
cross tension specimen lr.ith equi-thickness

PIate l2a=5 mm)

Plate
Thicknes

TS Specimen CT Specimer

Ki′32/P KH′ン/P KN/  KI K′32/P KH′3を,P K‖/K〕

08-08 0 217 0 462 2 129 4 87 0 75 0 154

10-10 0 190 0 420 2211

12-12 0171 0 390 2 281 2 75 0 40 0 145

1 5-1 0 149 0357 2 396 1 96 0 29 0 148

20-20 0 118 0314 2 661 1 19 018 0 151

Fig 3 Zooming analysis and

speclmen

of TS

Table 2 Stress intensity factors for a tensile shear, a
cross tension and a T type tension specimen
u i th d i l lerenr p)ate th ickness '2a -S mm,

Specimen'1'l'pe
Plate

Thichness
t ,  t ? i m m )

Kl′3211P Kllα1 2/P Kl1/K〕

TS 08-12 0 236 0 474 2 061

CT 08-12 4 330 1 680 0 388

T T 08-12 10 600 0 220 0021

CT specimens and T-type tension (TT) specimen mm and a nugget diarneter of 5 mm. Table 3 also

、vith different plate thicknesses of 1 2 1nm al〕d 08     sho、 Is the stress intensity factor for a T― type
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Am iength
1 ' ( m m )

TB specimen

Kl´ (Pム, Kll′費≠IPム) Kl1/Kl

15 0 695 0 291 0 419

0731 0 324 0 443

0714 0 327 0 458

38巻 10号 (198610)

Plate
Thickne%
tl―t2(mm)

Out of plane Bending Specimen
K  a t  A

Iく:″57M KH″62/M KI/ KI

08-08 2 52 -089 -035

10-10 1 81 -062 -034

12-12 1 42 -0
45 0 32

15-15 1 13 -033 0 29

0-20 0 82 -021 0 26

08-12 37
-120 0 51

thicknesses are 1.2 and 1.6 mm respectivel)'. Table 4

and 5 show the stress intensitl. factor for a double

shear (DS) specimen and an out of plane bending
(PB) specimen u'ith various piate thicknesses and

a nugget diameter of 5 mm.

studl-  har-e a mode I  and a rnode l l  rn ixed modr

s t r ess  i n t ens i t r  f ac to r s  a t  a  c rack  t i p  i n  t he  s ) 'mme t -

ric section and hou.ever the ratio K11/I{, 1'21i6s 21

e\:erli specimen.
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fatigue strength and life. But it is noted that the

slopes of the time strength are nearly same with

each other.

Next these fatigue properties are tried to be
rearranged against the stress intensit}. factor anal-

condition. the foliou'ing mixed mode {racture crite-

rion after Erdogan and Sih'g) is empiol'ed. The

fatigue crack ri'i i l gror, in the direction of 0:0(,

v'here a tangential stress d0 at a cracks tip becomes

11111111111111 1111 1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111川‖|~IF 究

Table 3 Stress intensity factors for a T type bending

specimen (,2a:6 mtn.,

Table 4 Stress intensit)' factors for a double shear
specimen (.2a:5 mm)

Table 5 Stress intensitl' factors for a Out-of plane

bending specimen (2a:5 mm) Number of cycles, N,

Fig.4 The ,lP Nr curr.es for various spot u'elded joint
specimens

3. Fracture Mechanics Analyses of the Fatigue

Strength

Fig.4 shou's the fatigue properties for five kinds of
the spot welded joint specimens with different plate

thicknesses, nugget diameters and materials against

the applied load range lP. Here our experimental

conditions and procedures are omitted for the sake
bending (TB) specimens s'ith different arm lengths, of spacel)'?) and the data of DS specimen are quoted

which is specially der.eloped for this study. In this from FulimotOつ and Mizuitt  ln this figure,each

specimen, the nugget diameter is 6 mm and the plate specimen represents quite different property of the
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It is found that all specimens anal1'zed in this yzed b-v FEX4. Since a crack is under a mixed mode
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Plate
Thickness
ti t2(mm)

Double Shear Specimen

K  a t  A K at A'

K] 3́2/P KH′32/P K′32/P KH′32/P

10-10 0 0 1553 - 0 -01320

12-12 0 0245 0 1478 -00190 -01265

0 0328 0 1415 -00269 -0121

1 6-1 6 0 0427 0 1368 -00364 - 0

1 2-0 8 0 0293 0 1273 -00233 -01107

□ TT 0 8t-1 2t φ 5 SPCE

△
  △ CT
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zJK,  s in  0o+/K" (3  cos  do-1) -0  (1 )

where /Kr is the mode I stress intensity range and

/Ku is the mode II stress intensity range for a

crack before the fatigue crack grows and the values

of lKr and lKu can be calculated by the appiied

load range lP and the tabies above. The mode I

stress intensity range /Ku^u" at 0-00 is defined as

follows.
A . /  A ^  ?  \

/Ru^,,,  cos+ { /Krcos'?+ X zlKrr sin do )/  2 \
l \  I  z  /

It can be considered that this parameter /Ku*u*

should control the initiation and grot'th o{ the

fatigue crack under mixed mode condition. There-

fore /Ke*^* is employed in this study as the

universal parameter {or the fatigue strength of spot

welded joints.

Fig.5 shows the /Ka,u"-Ni curves for various spot

welded joint specimens. This figure contains all data

shown in Fig.4 and also the data for PB specimen

which can not be plotted in Fig.4. A part of the

data for this PB specimen is due to Nlabuchi'o)

Although the data for five kinds of specimens with

different plate thicknesses, nugget diameters and

materials are plotted in this figure, a1l data fall

within a narrow scatter band and the fatigue limit

on this curve seems to be nearly consistent u'ith the

threshold condition of the mode I fatigue crack

growth lKnn. It is confirmed that the stress

intensity factor with use of a mixed mode fracture

criterion is very useful for the evaluation of the

fatigue strength of spot welded joints. Moreover it

is possible to predict the direction of the fatigue

crack growing from the nugget by using the equa-

t i o n  ( 1 )

4, Conclusions

The fatigue strengths of various spot welded joint

specimens have been studied in this paper based on

fracture mechanics. The stress intensity factors for

these specimens are obtained by a finite element

method. It is found that the fracture mechanics

parameter /Ko^u" for a mixed mode crack can

characterize well the fatigue properties of the spot

welded joint specimens rvith different loading types,

plate thicknesses and nugget diameters. It is

Stress Specimen Plate Nugget tr later ial
rat io type thickness diameter
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F i g  5  T h e  z l Kθm a x―N i  c u r v e s  f o r

jOint specimens

10;

r.arious spot q'elded

confirmed that fracture mechanics approach is very

rrseful for the prediction of the fatigue strength and

life of the spot welded joints specimens. This

method can be also applied to the fatigue life

prediction of a spot ra.elded structure i{ the stress

intensity factor for a spot in the structure can be

calculated.

Th i s  s t udy  u ' as  pe r f o rmed  i n  t he  co -ope ra t i ve

activities of "Subcommittee on Reliability of Spot

Welded Structure" under "Committee on Fatigue

Strength and Structural Reliability" of JSAE.

(N4anuscript receir.ed, August 14, 1986)
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