FATIGUE ANALYSIS OF LONGITUDINAL FILLET WELDED JOINTS
J. M. Ferreira® and C.M. Branco™

The paper presents results of a fatigue life
study carried out in single and double lap
longitudinal fillet weld joints loaded in
tension in the main plate only. Using weight
function methods the My factors of the
welded joint were computed for different
values of geometrical parameters of the
joint. A fatigue life analysis, both for
crack initiation and crack propagation 1is
also given. The 1ife for crack initiation
was predicted using the local stress-strain
approach. Agreement of theoretical
predictions of fatigue life with
experimental data is presented.

INTRODUCTION

Fatigue behaviour of welded joints is influenced by

many parameters including the geometry of the weldment,
plate and attachment. Recently, two text books by Maddox

(1) and Radaj (2) have reviewed the subject in detail.

The fatigue life of a welded joint is more accurately
assessed by the sum of a crack initiation period plus a
crack propagation 1ife. The crack initiation phase can be
described by the local strain method which application to
welded joints was described recently by skorupa (3). The
strain intensity factor approach,developed by Topper et
al (4), can be applied for cracks growing in highly
stress concentration areas. Recently, the authors have
verified the validity of this approach both for butt

joints (5) and fillet welded joints (6).

In this paper an analysis is presented concerning the
fatigue behaviour of lap joints (longitudinal fillet).
Both crack initiation and crack propagation predictions

were obtained.

RESULTS AND DISCUSSION

Figs.l a) and b) show the welded joints analysed. The

loading condition analysed was tensile stresses in

main plate (Fig.1l). The values of the geometrical

parameters studied are given in the tablel
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Table].Geometrical parameters

p /T 0 1 1
L/T 3 10
t /T 0.3 0.5 1

stress intensity factor determination

K was computed using the Bueckner weight function (7) for
cracks in the weld toe and for 0 /t=1 only (quarter
circular contour). The same weight function was used for
the cracks in the weld root. For cracks at the weld toe
in the case of >0 the Glinka weight functions were used

(8)-

N

(IR

Fig.1l - Wweld geometry- Fig.2 - Typical 2DFE mesh
a) Single lap joint.
b) double 1ap joint.

was obtained by the equation, M=K/K ¢ where Kr is @
reference stress intensity factor solution for a~ plate
with a side crack.In this work 2D isoparametric finite
elements were used and the typical mesh proportions are
shown in Fig.2.

" 1010



ECF 9 RELIABILITY AND STRUCTURAL INTEGRITY OF ADVANCED MATERIALS

is plotted in Fig.3 against a/t and for the three
assumed values of £/ D

For double lap joints and cracking at the weld toe
through the main plate the plot Mkobtained by the Glinka
weight function nethod, against a/T is shown in Fig.4 for
a straight face Jjoint ( p»0) and for the ratio L/T=3.
although My increases when the ratio t/T is decreased the
variation 1is smaller compared with Fig.3 (single lap

joint) .
FATIGUE LIFE RESULTS

The number of cycles for crack initiation in the weld
joints, N;, was obtained by the solution of the Morrow
(9) equaticn.

The equation of the cyclic stress—strain curve was used
to obtain the jocal stresses and strains 0o and OF. The
Glinka (10) equivalent strain energy concept was used to
relate the local stress and strains in the crack area.
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Fig.3 - M against a/t. Single lap joint. crack in
the weld root.

1011



X
=

ECF 9 RELIABILITY AND STRUCTURAL INTEGRITY OF ADVANCED MATERIALS

crack propagation life was obtained by integration of
paris law assuming K=MxK' where K' is the Raju (11)
stress intensity factor solution for semielliptical
cracks in a plate loaded in tension. The initial crack
size in the analysis was taken as ag0.15mm and the final
crack size, a§0.5T or 0.5t.

Results obtained for the single lap joint are shown in
Fig.5. In this figure the jocal, 0o, and the nominal
fatigue strength, NS, are plotted against t/T for a
fatigue life in crack propagation of 10°cycles and for a
joint with p/t=1 and L/T=3. The local stress (Fig.5) is
considerably above the nominal stress.

similar results as in Fig.5 are plotted in Fig.6 for the
double lap joint and assuming crack growth from the weld
toe and weld root. For cracks growing from the weld toe
the fatigue strength shows only a slight increase with
the ratio t/T. However when cracking occurs in the weld
root there is a great increase of fatigue strength with
t/T. For t/T=0.3 and L/T=3 fatigue. failure will occur
from the weld root. In all the remaining cases fatigue
failure initiated from the weld toe and through the
main plate.
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Fig.4 - Mcagainst a/T. Fig.5 - 0o and 0S vs.
crack ip weld root. t/T. Single lap joint.
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1T=3
c—sA:uT=3.1o

Number of cycles

Fig.6 - Qo against t/T Fig.7 - _N curves for N
for a double l1apP joint. and N. Exp. data also.
ag0.1l5mm.

Results of crack initiation and propagation are plotted

in Fig.? for a double 1apP oint failing from the weld

toe

and with t/T=1: L/T=3 and P/t=0- The resulting curve N &

1 . HigherT values of K occur usually for cracks at
the weld root. FOT the double jap joint M
decreases when p /t jncreases:

5 . Total fatigue 1ife results (crack initiation +
crack propagation) have shown that for double 1lap
joints with improved profile, crack initiation

_ gives @ good agreément with experimental results
obtai%ed by Ggurney (12) - Note that the number of cycles

the
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life is greater than crack propagation. Good
agreement was found between the experimental
results and the theoretical predictions.
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