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a b s t r a c t

An experimental investigation was conducted on the fatigue crack growth (FCG) behavior
of an extruded AZ31B magnesium (Mg) alloy in ambient air. Compact tension (CT) speci-
mens oriented in three different directions with respect to the extrusion direction were
employed in the study. The influences of overloading and two-step high-low sequence
loading on FCG were investigated in detail. Single tensile overloads with three overload
ratios (1.5, 1.75, and 2.0) were applied during otherwise constant amplitude loading. A sin-
gle overload retarded the crack growth rate in all the three specimen orientations. The
crack growth rate decreased immediately to a minimum value right after the application
of a tensile overload and increased quickly to a stable value expected at constant amplitude
loading. No visible torn fracture was observed at the crack tip right after overloading but
the crack tip was clearly blunted. Results from the two-step high-low sequence loading
reveal that FCG retardation occurred at the beginning of the lower amplitude step when
the maximum load was lowered in the second loading step, which is similar to the case
of a single overload. Walker’s model can correlate well the crack growth experiments with
different R-ratios. Wheeler’s model can reasonably predict the influence of overload and
high-low loading sequence on the FCG in the AZ31B Mg alloy.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Magnesium (Mg) alloys are the lightest structural metal and are environment-friendly. Due to their exceptional physical
properties such as high specific strength, good machinability, and excellent recyclability, they are being adopted as structural
components in transportation vehicles, electronic apparatus, and aircraft industry [1–3]. Structural components are inevita-
bly subjected to cyclic loading, and fatigue fracture is the most frequent form of material failure. In the last decade, extensive
studies have been carried out to study the fatigue behavior of Mg alloys.

Cast Mg alloys usually show low fatigue strength under cyclic loading, which is caused by casting pores and inclusions left
from the casting process [4–8]. Wrought Mg alloys exhibiting superior fatigue properties are typically free of casting defects.
Consequently, wrought Mg alloys are more appropriate for the study of the intrinsic fatigue mechanisms [9–33]. The strain-
life curve of a Mg alloy often exhibits a detectable transition from the low-cycle fatigue regime to the high-cycle fatigue re-
gime and two Manson-Coffin equations can be used to fit these two parts [24,26–30]. The fatigue properties of Mg alloys are
significantly affected by factors such as heat treatment [34,35], environments [36], and loading condition [30,37]. Addition-
ally, the fatigue properties of wrought Mg alloys are anisotropic due to initial texture and microstructure [37–40].
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The fatigue life of most structures and materials are composed of two stages: crack initiation and crack propagation. Fa-
tigue crack growth (FCG) under constant amplitude loading is often described by the crack growth rate (da/dN) as a function
of the stress intensity factor range (DK) in a log–log scale. Similar to other metallic materials, the FCG curve of a Mg alloy
consists of three stages: slow crack propagation (threshold), stable crack growth, and unstable crack growth. The FCG rate
is largely influenced by the microstructure of Mg alloys. Fine grains and precipitates in Mg alloys can increase the tensile
strength and the FCG resistance [41–44]. Inhomogeneous microstructure leads to a low FCG rate in wrought Mg alloy
[37,41–45]. In addition, extensive investigations reveal that the FCG rate of a Mg alloy increases with decreasing loading fre-
quency [44,46] and increasing load ratio [47–49]. It is also found that wet atmosphere and distilled water can accelerate the
FCG rate while oxidation will retardate crack propagation [50,51].

In engineering applications, a structural component is often subjected to variable loading rather than constant loading. In
order to evaluate the fatigue property of structural components under realistic loading spectrum, FCG experiments have
been conducted for aluminum (Al) alloys [52–55], carbon steels [56–59], stainless steels [60–63], and Mg alloys [64–66] un-
der variable amplitude loading. A tensile overload usually results in retardation in FCG and the FCG behavior after overload-
ing is material-dependent. For an aluminum alloy [55], the FCG rate decreases immediately to a minimum value right after
the application of the overload and increases as the crack extends. For some steels, the FCG rate decreases gradually to a
minimum value before increasing to reach the stable growth rate [56,58,60]. Crack growth acceleration is observed to occur
immediately after the application of a tensile overload in some other materials [54,57,59,61,63]. On the other hand, accel-
eration in FCG rate are usually observed by application of a compressive underloading [62,67,68].

The influence of overloading and sequence loading on FCG is commonly interpreted by crack closure, crack blunting, and
compressive residual stresses ahead of the crack tip induced by the application of overload [52–65]. Based on the crack clo-
sure concept, Elber [69] proposed an effective stress intensity factor range to evaluate the retardation effect caused by over-
loading. Considering of crack closure and residual plastic zone size, Matsuoka [70] developed a model to explain the
retardation induced by single and multiple overloading. Wheeler’s model [71] introduces a retardation factor in the Paris
law by taking into account the enlarged yield zone in front of the crack tip induced by overloading. Based on experiments
on mild steel specimens, Lu and Li [72] proposed a semi-empirical model for the consideration of overload effect on FCG.

Nomenclature

ah crack length at the end of the first loading step
ao initial crack length measured from the line of action of the applied load
af crack length at termination of experiment
aOL crack length at overload applied
C material constant
da/dN crack growth rate
FCG fatigue crack growth
Kmax maximum stress intensity factor in a loading cycle
KOL stress intensity factor caused by overload
K effective stress intensity factor
L extrusion direction
n material constant
Pmax maximum load in constant amplitude experiment
POL overload
R radial direction
R1-ratio load ratio of higher load amplitude
R2-ratio load ratio of lower load amplitude
RROL ratio of the FCG rate right after the application of the overload to the FCG rate right before the application of the

overload
T direction perpendicular to the L–R plane
W specimen width measured from the line of action of the applied load to the edge of the specimen
a material constant
Daoizs overload influencing zone size which is the crack length measured from the moment of overloading to the mo-

ment when the FCG rate returns to that of the stable FCG expected under constant amplitude loading
DKf stress intensity factor range at termination of experiment
DKop stress intensity factor range before overload
DK+ positive part of the stress intensity factor range
DP1/2 load amplitude in first loading step
DP2/2 load amplitude in second loading step
DKH stress intensity factor range of last loading cycle in the first step
DK stress intensity factor range in a loading cycle
k effective stress intensity factor
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