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Approach-based Simplified Formulae

Sudath C. Siriwardane
Department of Mechanical and Structural Engineering and Materials Science, University of Stavanger

Stavanger, Norway

A mesoscopic plastic strain-based fatigue model is introduced to evaluate the fatigue damage of typical fillet welded
details of orthotropic steel decks. Verification of the model is performed by comparing the experimental lives of structural
steels under biaxial random loadings. When the model was used to estimate the fatigue damage of fillet welded details of
an orthotropic steel deck, fatigue damages that significantly deviate from the nominal stress-based approach were observed.
Simplified formulae are proposed to predict the multiaxial fatigue life of fillet welded detail using only nominal stress-based
fatigue damage. Proposed relations show good agreement with the experimental fatigue lives of fillets welded joints.

INTRODUCTION

Most of the constructional details of steel structures are gener-
ally subjected to the effect of stress concentration. This is one of
the main reasons for fatigue damage (Fisher et al., 1987; Imam
et al., 2005, 2007). Inspections of orthotropic steel decks (i.e.,
fabricated steel decks that consist of a deck plate stiffened lon-
gitudinally with ribs) can often detect fatigue cracks in some of
the welded details (Xiao et al., 2006, 2008; Fu et al., 2019). The
current fatigue life assessments of these decks are usually cal-
culated using uniaxial fatigue theories (Sonsino et al., 2012; Fu
et al., 2019). The crack propagation directions are not perpen-
dicular to the nominal stress direction. This indicates that these
welded details are in a state of multiaxial stress and subject to
multiaxial fatigue damage.

A considerable number of multiaxial fatigue theories have been
published in the literature; they can be classified into a few
main approaches such as the equivalent effective stress approach,
maximum principle stress approach, critical plane approach,
strain energy approach, and plastic meso strain-based approach
(Carpinteri et al., 2003; Jabbado and Maitournam, 2008; Siri-
wardane et al., 2009). This classification is mainly based on the
fatigue damage variable. The equivalent effective stress approach
or maximum principle stress approach is mostly used in steel
design codes. The fatigue lives calculated according to these two
approaches deviate from the experimental fatigue lives, whereas
those calculated according to the critical plane and plastic meso
strain-based approaches give good agreement with experimental
fatigue lives (Carpinteri et al., 2003; Siriwardane et al., 2009).
However, applications of these approaches to fillet welded details
of steel structures are few because of the difficult process of
model parameter determination and the complexity of algorithms
(Fu et al., 2019).

The majority of welded details of the orthotropic steel decks
are subject to variable amplitude random loading. The sequence of
random loading histories significantly affects accumulated fatigue
damage (Suresh, 1998; Pavlou, 2002, 2017, 2018) apart from the
stress amplitude and the mean stress. This is generally termed
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the “loading sequence effect” or “loading interaction effect”; that
is, the damage dependence of a low or high stress cycle occurs
first in the loading spectra (Suresh, 1998; Pavlou, 2002, 2017,
2018; Aeran et al., 2017; Rege and Pavlou, 2017). The reason
for this effect is the nonproportionality between the accumulated
meso plastic strain and macroscopic stress amplitude. The soft-
ening possibility of the material increases with the increment of
total strain. This causes a decrease in fatigue life as a result of
plastic deformation (Walter et al., 2006; Zakaria et al., 2016).
Miner’s rule, which was considered the fatigue criterion in the
previous method, has always been acknowledged as a simplifi-
cation that is easy to use in design where the detailed loading
history is unknown. However, under many variable amplitude or
random loading conditions, life predictions have been found to be
unreliable because the rule does not properly take into account the
loading sequence effect (Suresh, 1998; Pavlou, 2002, 2017, 2018;
Mesmacque et al., 2005; Siriwardane et al., 2009). As a result,
Miner’s rule underpredicts the fatigue life for increasing loading
situations and overpredicts for decreasing loading. The Miner’s
prediction is quite uncertain for variable amplitude loadings histo-
ries. Therefore, a multiaxial fatigue model that can accurately take
into account the loading sequence effect is required for welded
details of orthotropic decks.

The objective of this paper is to propose simplified formulae
to determine the multiaxial fatigue life of typical fillet welded
details of orthotropic steel decks based only on multiaxial stresses
and uniaxial nominal stress-based fatigue damage. A plastic meso
strain-based multiaxial fatigue model is presented, and its validity
for multiaxial random proportional loadings is verified. The model
consists of a new damage indicator that replaces the Miner’s dam-
age law in the previous model and takes into account the loading
sequence effect accurately. The model is then applied to selected
fillet welded details of orthotropic steel decks, and hence the for-
mulae are proposed.

MULTIAXIAL FATIGUE MODEL

The considered failure mechanism (damage process) of this
multiaxial fatigue model is in the mesoscopic scale, and the dam-
age variable is accumulated plastic meso strain. The considered
mesoscopic scale is defined as the scale of metal grains of a metal-
lic aggregate (Morel, 1998; Papadopoulos, 1999). In the high-
cycle fatigue region, some grains undergo local plasticity while
the rest of the matrix behaves elastically. The accumulated plas-
tic meso strain of the matrix behaves elastically. The accumulated
plastic meso strain (�pcs 5 per stabilized cycle under constant ampli-
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