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In load-carrying fillet welded connections, two distinct fatigue
failure modes are possible depending upon fillet weld leg size and
loading conditions. One is weld toe cracking through base plate
thickness and the other is through weld metal, often referred to as
weld root cracking. Based on a recent comprehensive fatigue
testing program in support of construction of lightweight ship
structures, this paper examines a number of stress based fatigue
parameters that can be used to formulate an effective criterion for
determining failure mode transition from weld root to weld toe. A
closed form solution has been developed for analytically deter-
mining the weld throat critical plane on which a traction stress
based fatigue parameter attains its maximum and can be
compared with that corresponding to weld toe cracking. It is found
that both an effective weld throat stress based criterion by
combining normal and shear traction stresses and an equivalent
effective stress based criterion based on the master S-N curve
formulation can be used for the determination of the minimum
fillet weld leg size beyond which weld toe fatigue failure domi-
nates. The proposed fillet weld sizing criteria are then validated
using a large amount of fatigue test data on load-carrying cruci-
form fillet welded specimens.
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Nomenclature

ag weld throat size along a hypothetical cut angle

f fatigue life scaling factor

fx line force in X’ direction

fy line force in y’ direction

fz line force in Z' direction

my line moment about Z’

my line moment about y’

foy line force in y’ direction at a hypothetical cut angle

Jono line force in x’ direction at a hypothetical cut angle

Mgy line moment about z’ at a hypothetical cut angle

p weld penetration

r bending ratio

A bending ratio corresponding to weld toe failure

8 bending ratio corresponding to weld root failure

S fillet weld size (weld leg length)

t thickness of intercostal plate

te effective crack path length

th crack path length corresponding to weld toe failure

tB crack path length corresponding to weld root failure

X; local coordination of node i

Fyi, Fy; nodal forces at node i in local coordinate system

T thickness of continuous plate

I(r) dimensionless life integral as a function of bending ratio r

oN total normal traction stress

Om membrane component of normal traction stress

ap bending component of normal traction stress

an(0) analytical expression of total normal traction stress

am(6) analytical expression of membrane component of normal traction stress
ap(0) analytical expression of bending component of normal traction stress
ae(f) analytical expression of effective traction stress

Ac, effective traction stress range

Aayp bending component of normal traction stress range

Aoy, membrane component of normal traction stress range

Adh effective traction stress range corresponding to weld toe failure
A8 effective traction stress range corresponding to weld throat failure
AS; equivalent traction stress range

ASA equivalent stress range corresponding to weld toe failure

ASE equivalent stress range corresponding to weld root failure

AS, nominal stress

T transverse shear traction stress

TL longitudinal shear traction stress

Tm membrane component of transverse shear traction stress

TLm membrane component of longitudinal shear traction stress

TLb bending component of longitudinal shear traction stress

TH(6) analytical expression of transverse shear traction stress

0 angle between a hypothetical cut and horizontal weld leg plane

critical failure angle
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