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Abstract: The main objective of this paper is to assess the total  fatigue  lifetimeof  5083-O  aluminum  alloy
spot-welded joints including the crack initiation and propagation life. To this end, first, the nonlinear finite
element analysis was carried out to obtain the local stress and strain in the spot weld edge and then the
modified Morrow's damage equation was adopted to predict the crack initiation life. Next, three dimensional
finite element model based on the experimental observations of dominate fatigue kinked crack angle and the
crack path was used for simulating the fatigue crack in the spot welded joints. The linear elastic fracture
mechanics approach was used to obtain the local stress intensity factors related to fracture modes I and II in
the crack tip. Fatigue crack growth life was estimated using the Walker equation. Finally, the total fatigue life
of spot welded joint was obtained from the summation of fatigue  crack  initiation  and  propagation  phases.
To have a confirmation, the numerical predictions of total fatigue life of spot welded joints have been compared
with the available experimental fatigue test data. The results showed that there was a very good agreement
between theoretical propagation and experimental values of total fatigue lifetime. Therefore, one may conclude
that propagation phase plays very important role in evaluation of fatigue life. The initiation fatigue life can be,
also, neglected in evaluating the fatigue life since the values of experimental fatigue and propagation theoretical
fatigue lives were very close to each other.

Key words: Initiation and total fatigue life % Stress intensity factor % Crack propagation % Strain based
approach % Finite element analysis

INTRODUCTION McMahon and Lawrence separated out the nucleation

Spot weldingtechnique is widely used to fabricate work, the total fatigue life of tensile-shear spot welded
metal sheets in industrial applications, for instance, an joints was predicted using the strain-based and fracture
automobile contains hundreds or even thousands of spot mechanics approaches. To do so, first, modified Morrow's
welds in its body. Fatigue phenomenon is the most critical damage equation has been used to predict the crack
and important mode of fracture in spot welds. It is well nucleation lifetime. In this method, the interface of metal
known that, the total fatigue life in spot welded joints is sheets, where the fatigue cracks begin to grow, is
divided into three stages. Stage one relates to the crack considered to be geometric notches [3-4]. Totally, sharp
nucleation phase and continues whenthe crack appears in notches were supposed to have fatigue lives which were
the spot weld. Second, a kinked crack propagatesalong dominated by crack growth [5-6].
the sheet thickness and the last stage relates to the large Spot welded joints are a kind of sharply notched
crack growth leading to structural failure. Some members and their behavior is dominated by fatigue crack
researchers simplified the prediction of fatigue life by growth. The stress intensity factor approach has been
applying some assumptions. Cooper supposed that the used to estimate propagation fatigue life. Both mode I and
total fatigue life is only the propagation fatigue life [1]. II   stress    intensity   factors   has   been   extracted  using

and propagation fatigue crack lives [2]. In the present
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commercial software ANSYS. Then, the fatigue crack
propagation model of spot welds has been employed
usingWalker law to predict the fatigue crack propagation
life of spot welded joints. Finally, the predicted fatigue
initiation life has been added to the propagation life of the
joints to obtain the total fatigue life and then, the results
compared with the available experimental fatigue test data
of 5083-O aluminum spot welded joints. At the end, the Fig. 1: A schematic plot of a lap-shear spot weld
Scanning Electron Microscopy (SEM) photographs of the specimen
fatigued specimens have been used to verify to the
numerically predicted fatigue crack growth path of spot
welds. (6)

Theoretical Background Stress Intensity Factor Approach: One of the most
Strain-Based Approach: Strain-based approach is one of effective methods to estimate fatigue crack propagation
the most effective method to predict nucleation fatigue life is to apply fracture mechanics approach. In this
crack life. When a cyclic loading is applied, the method, stress intensity factors related to fracture modes
relationship between the strain amplitude g and the are estimated in points at which cracks emanate from thea 

fatigue crack nucleation life N should to be established to microstructural defects such as porosity, voids andi 

obtain N.Strain amplitude is the summation of elastic and discontinues. Moreover, there is an extensive study toi

plastic strain amplitudes: estimate stress intensity  factors  in  spot  welded  joint.

g  = g  + g (1) for tensile-shear specimen. Zhang supposed that notcha  ea  ep

Besides, the correlation between fatigue crack initial crack:
nucleation life and elastic and plastic strains are as
follows:

(7)
(2)

(3) (8)

In relations above, the , b,  and c are fatigue The other relation has been proposed by  Pook  [9].

strength coefficient, fatigue strength exponent, fatigue
ductility coefficient and fatigue ductility exponent,
respectively. By substituting relations (2) and (3) in
relation (1), the relation required to obtain nucleation
fatigue crack life is obtained.

(4)

Marrow modified the relation (4) using the equivalent
completely reversed stress amplitude.

(5)

Equation (5) is combined with equation (1) and an
equation for family of strain-life curves is obtained.

For instance, Zhang [7-8] proposed some useful relations

root at the faying surface is so sharp which can act as an

He supposed notch root as initial crack.

(9)

(10)

In relations (7-10), F, r, d and t are the applied stress,
radius and diameter of spot weld nugget and thickness of
metal sheet, respectively.

Here, the linear fracture mechanics parameters, K andI

K , along the Walker crack growth model has been usedII

to predict fatigue crack life.

(15)
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Fig. 2: A schematic plot of a half lap-shear spot weld
specimen

In the case of varying crack, the relation above
should be integrated from the initial kinked crack a  to the0

final crack length  in which 2 is the fatigue crack

growth path that is found from the relation below.

K  sin 2 = – K (3 cos 2 – 1) (16)I     II

It should be considered that the relation above is
valid only in the case of where K =0.III

Also, in relation (15) K  relates to equivalent stresseq

intensity factor that can be obtained as follows:

(17)

Finally, by integrating from the Walker equation (15),
the propagation fatigue crack life is obtained.

(18)

Finite Element Analysis: An accurate finite element
model in spot welded joint in lap-shear specimen is
required to obtain precise total fatigue life. So the most
complex three dimensional modeling including  single
rigid bar, multiple bar and solid nugget as shown in Fig. 3.
At present study, we used solid elements approach to
model the finite element analysis.

To obtain the values of stress intensity factor related
to mode I and mode II, opening and sliding modes and to
predict crack  path,  three  dimensional  modeling  has
been used. Fig. 4 and Fig. 5 show the front view and half
lap-shear three dimensional meshed model of welded
specimen.  In  Fig.  5, due to symmetry,  only  half  of  the

Fig. 3: Geometries of; (a) single rigid model, (b) multiple
bar model and (c) solid nugget model

Fig. 4: (a)Cross section view of finite element of spot
welded joint, (b)the region near crack with high
magnification

lap-shear specimen has been modeled.The original main
cracks have been supposed to be parallel to the sheet
interface of spot welds. Also, the length of fatigue kinked
crack was supposed to vary from 0.1mm to 0.5mm in
length from the nugget edge towards the plate thickness.

First we normalized data obtained from finite element
analysis, e.g. w/t, t/r, etc. and then used non regression
method. In this method, according to data, a formula has
been nominatedfor stress intensity factor with some
unknown coefficients and then using SPSS software,
these coefficients are calculated in a methodin which the
minimum error occurred. If the error is less than 2%, the
formula is accepted.On the other hand, when the error of
obtained relationship exceeds 2%, we have to change
ourformula to find other coefficients.

At present paper, the following relations have been
used to calculate fatigue crack life. This relations have
been obtained through the finite element analysis using
commercial software ANSYS and statistical software
SPSS.
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(19)

(20)

Fig. 5: The viewpoint of crack on the circumference of nugget

Fig. 6: Fatigue crack growth morphology of center part of cross section area of the spot weld specimen

Table 1: Mechanical properties 5083-O aluminum
Young Yield Tensile Elongation Poisson’
modulus (GPa) stress strength (%) ratio (()
70 145 290 22 0.33

where F, d, t and a are applied stress, diameter of weld
nugget, thickness of weld sheet and length of crack,
respectively.

Experimental Procedure: During the fatigue test, the time
and intensity of welding electric current were supposed to
be constant with 6 cycles (0.12 second) and 20KA,
respectively. In this investigation, the electron forces of
2500N and 3000N were used to prepare the test
samples.Dimensions of the test specimens based on the
mentioned welding process parameters are w=20mm,

v=40mm  and  r=3.7  as  in   Fig. 1. Two  spacers  have
been attached to the both ends  of  the  lap-shear
specimen  to  induce  a  pure  shear  to  the interfacial
plane of the nugget for the two sheets and to avoid the
initial realignment during fatigue testing. Details of
experimental  tests   can   be   found  in  reference  [10].
The constants of Walker law, C, ( and m have been
extracted from the diagram of da/dN versus  )K  for 5083-
O aluminum alloy [16] and their values considered as

 and m=3.3,

respectively. Also, the mechanical properties for  this
alloy have been shown in Table 1.

Typical fatigue crack growth morphology of crack
cross-section  of  a  spot weld specimen is shown in in
Fig. 6.
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Fig. 7: Comparison of the results of fatigue crack growth ACKNOWLEDGMENT
model with the experimental fatigue test data
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have been shown in Fig. 7. Most of previous studies REFERENCES
focused on the propagation fatigue  life  because
researchers believe that the initiation fatigue life is 1. Cooper, J.F. and R.A. Smith, 1986. Fatigue crack
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fatigue livs is not high and this is a confirmation to the crack initiation and early growth in tensile and shear
assumption of researchers who neglected from initiation spot weldments, Report 108, University of Illinois,
fatigue life. The most important point, as schematically Urbana.
seen in Fig. 7, is that the propagation fatigue life data is 3. Lawrence, F.V., P.C. Wang and  H.T.  Corten,  1983.
more realistic than those of total fatigue life because, in An empirical method for estimating the fatigue
each experiment, the experimental fatigue life is closer to resistance of tensile-shear spot welds, Society of
the propagation fatigue life than to the total fatigue life. Automotive Engineers, pp: 1-10.
This may be related to the existence of voids, inclusions, 4. McMahon, J.C., G.A. Smith and F.V. Lawarence, 1991.
other structural defects, regions with high thermal residual Fatigue crack initiation and growth in tensile-shear
stresses and regions with high stress concentration spot   weldments.  International   Journal  of fatigue,
factors which reduced the experimental fatigue life. 13: 362-368.
However, we see good agreement among all fatigue lives 5. Dowling, N.E., 1982. A discussion of methods for
especially the difference between the experimental fatigue estimating fatigue life.SAE International.
life and theoretical propagation fatigue life is very low. 6. Frost,   N.E.    and    D.S.   Dugdale,  1957. Fatigue
This leads to the conclusion that it may not be necessary tests  on  notched mild steel plates with
to evaluate initiation fatigue lifebecause of the low measurements    of     fatigue     cracks.    Journal  of
difference between the experimental fatigue life and the     Mechanics       and       Physics      of    Solids,
theoretical propagation fatigue life. 5: 182-192.

CONCLUSION Factors  and    Notch     Stresses    for   Common

This paper discussed the effect of nucleation fatigue supplement, 78: 173-179.
life on total fatigue life in 5083-O aluminum alloy in spot 8. Zhang, S., 1997. Stress Intensities at Spot Welds,
welded joint. The original main cracks have been 1997. International Journal of Fracture, 88: 167-185.

supposed to be parallel  to  the  plate  interface  of  the
spot  welds. The finite element results have been
validated with the available  experimental  fatigue  test
data. Also, there was a good agreement between
experimental and finite element results. But it has to be
considered  that  the theoretical fatigue life washigher
than that of experimental one. The initiation fatigue life
was low; however, this amount created a considerable
error in evaluating the total fatigue life. Therefore, it can
be neglected in evaluating the total fatigue life by finite
element analysis.
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