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Abstract: Fatigue strength, crack initiation and propagation behavior of rolled AZ31B magnesium alloy plate were investigated. 
Axial tension−compression fatigue tests were carried out with cylindrical smooth specimens. Two types of specimens were machined 
with the loading axis parallel (L-specimen) and perpendicular (T-specimen) to rolling direction. Monotonic compressive 0.2% proof 
stress, tensile strength and tensile elongation were similar for both specimens. On the other hand, monotonic tensile 0.2% proof stress 
of the L-specimen was slightly higher than that of the T-specimen. Moreover, monotonic compressive 0.2% proof stresses were lower 
than tensile ones for both specimens. The fatigue strengths of 107 cycles of the L- and T-specimens were 95 and 85 MPa, respectively. 
Compared with the monotonic compressive 0.2% proof stresses, the fatigue strengths were higher for both specimens. In other words, 
the fatigue crack did not initiate and propagate even though deformation twins were formed in compressive stress under the cyclic 
tension−compression loading. The fatigue crack initiated at early stage of the fatigue life in low cycle regime regardless of specimen 
direction. The crack growth rate of the L-specimen was slightly lower than of the T-specimen. Consequently, the fatigue lives of the 
L-specimen were longer than those of the T-specimen in low cycle regime. 
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1 Introduction 
 

Magnesium alloys are the lightest structural 
materials with high specific strength and stiffness. 
Therefore, this advantage makes magnesium alloys 
attractive for the automobile and aircraft industry[1−2]. 
It is necessary to investigate the cyclic loading behavior, 
especially high cycle fatigue properties for use of 
structural parts. It is well known that magnesium and its 
alloys have a hexagonal close-packed (HCP) structure 
and strong texture formed by processing. In poly- 
crystalline magnesium alloys, basal planes are distributed 
parallel to extrusion direction by extrusion processing. 
On the other hand, basal planes are aligned parallel to 
rolling direction by rolling processing. Depending on the 
HCP structure and strong texture, deformation twins 
easily form when the material is subjected to 
compressive stress in loading direction parallel to 
extrusion direction at room temperature. This behavior 
causes lower compressive yield strength compared with 
tensile one for extruded AZ31[3−4] and AZ61[5] 
magnesium alloys. Previous studies also reported the 
asymmetric stress— strain hysteresis loops in strain- 

controlled low cycle fatigue behaviors of extruded 
magnesium alloys[6−9]. On the other hand, load- 
controlled high cycle fatigue properties of AZ31 
magnesium alloy[3−4, 10−13] and AZ61 magnesium 
alloy[14−15] were reported. However, the relationships 
among mechanical properties, fatigue strength and 
fatigue crack initiation/propagation mechanisms of 
polycrystalline magnesium alloys are not clear in detail. 

The purpose of present study is to investigate the 
axial tension−compression fatigue behavior (fatigue 
strength, crack initiation and propagation behavior) of 
rolled AZ31B magnesium alloy plate. 
 
2 Experimental 
 

Material used in the present study is commercial 
rolled AZ31B magnesium alloy plate with a thickness of 
16 mm. Chemical composition is listed in Table 1. Two 
types of specimens were machined with the loading axis 
parallel (L-specimen) and perpendicular (T-specimen) to 
rolling direction. Fatigue specimens with a gauge length 
of 10 mm and a diameter of 5 mm were machined as 
shown in Fig.1. Axial tension−compression fatigue tests 
were performed on an electro-hydraulic testing machine 
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(capacity: 9.8 kN) at a stress ratio of R=σmin/σmax=−1 and 
a frequency of 10 Hz at room temperature in air. Here, 
σmax and σmin are the maximum and minimum applied 
stress, respectively. Crack initiation and small crack 
growth were monitored with replication technique. After 
fatigue tests, the fracture surfaces were observed by 
scanning electron microscope (SEM). 

Table 1 Chemical composition of specimens (mass fraction, %) 

Al Zn Mn Fe Si Cu Ni Mg

3.13 0.98 0.35 0.01 0.005 0.004 0.002 Bal.

 

 
Fig.1 Shape and dimensions of specimen for axial tension− 

compression fatigue tests (Unit: mm) 

 
3 Results and discussion 
 
3.1 Microstructure and mechanical properties 

Fig.2 shows the optical microstructure of the rolled 
AZ31B magnesium alloy plate. The average grain size of 
this alloy was approximately 20 μm. SEM-EBSD 
analysis indicated that this alloy was of typical texture of 
rolled magnesium alloy; and basal planes are aligned 
parallel to rolling direction. Mechanical properties of this 
alloy are summarized in Table 2. Monotonic compressive 
0.2% proof stress, tensile strength and tensile elongation 
were similar for both specimens. On the other hand, 
monotonic tensile 0.2% proof stress of the L-specimen 
was slightly higher than that of the T-specimen. 
Moreover, monotonic compressive 0.2% proof stresses 
were lower than tensile ones for both specimens. 
 

 

Fig.2 Microstructure of rolled AZ31B magnesium alloy 

Table 2 Mechanical properties 

Specimen

Compressive 
0.2% poof 

stress, 
σ0.2,comp/MPa

Tensile 0.2% 
proof stress, 
σ0.2,tens/MPa 

Tensile 
strength, 
σb/MPa 

Elongation, 
δf/% 

L-specimen 75 145 253 17.5 

T-specimen 76 128 251 16.9 

 
3.2 Fatigue strength 

Fig.3 shows S—N (stress amplitude (σa)—number 
of cycles to failure (N)) curves obtained from axial 
tension−compression fatigue tests. It is well known that 
fatigue limit does not exist in nonferrous alloys. As can 
be seen in Fig.3, rolled AZ31B magnesium alloy seemed 
to possess a definite fatigue limit regardless of specimen 
direction. Similar S—N curves were also reported in 
Refs.[3−4, 10−12]. Fatigue strengths (σw) of the L- and 
T-specimens were 95 and 85 MPa, respectively, and the 
fatigue ratio σw/σb were 0.38 and 0.34, respectively. The 
fatigue strength and the fatigue ratio of the L-specimen 
were higher than those of the T-specimen. In addition, 
the fatigue lives of the L-specimen were longer than 
those of the T-specimen in low cycle regime. Moreover, 
the fatigue strengths were higher than monotonic 
compressive 0.2% proof stresses. It is emphasized that 
the fatigue crack does not initiate and propagate even 
though deformation twins are formed in compressive 
stress under cyclic tension−compression loading. 

 

 

Fig.3 S—N curves of axial tension−compression fatigue 
tests 
 
3.3 Crack initiation and propagation behavior 

Fig.4 shows the surface crack length as a function 
of cycle ratio N/Nf (Nf: fatigue life) at stress amplitude of 
110 MPa. Fatigue crack initiated at early stage of cycle 
ratio (N/Nf =0.03 for the L- and T-specimen) regardless 
of specimen direction. It was found that the crack length 
of the T-specimen was longer than that of the L-specimen 
at the same cycle ratio. 
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Figs.5 and 6 show the fatigue crack growth 
behaviors of the L- and T-specimen at stress amplitude of 
110 MPa. Figs.5(a) and 6(a) show the crack growth rates 
as a function of crack tip location. It could be seen that 
the crack growth rate of the L-specimen was slightly 
lower than that of the T-specimen. Figs.5(b) and 6(b)  
 

 

Fig.4 Crack length as function of cycle ratio at σa=110 MPa 
 

 
Fig.5 Fatigue crack growth behavior of fatigue tested 
L-specimen at σa=110 MPa: (a) Crack growth rate; (b) Small 
crack growth path; (c) Fracture surface 

 
Fig.6 Fatigue crack growth behavior of fatigue tested 
T-specimen at σa=110 MPa: (a) Crack growth rate; (b) Small 
crack growth path; (c) Fracture surface 
 
show the fatigue crack path profiles of the specimen 
surface. The white arrow shows the crack initiation site. 
After initiation, the fatigue crack path was tilted to 
30−45˚ from the loading axis up to a certain crack length 
for both specimens. Figs.5(c) and 6(c) show typical SEM 
images on the fatigue crack initiation site and 
propagation zone of the fatigue tested specimen. The 
black arrow shows the crack initiation site. It was found 
that the fatigue crack initiated at the specimen surface 
regardless of specimen direction. 

Fig.7 shows the typical SEM image on the fatigue 
crack initiation site of the L-specimen at stress amplitude 
of 110 MPa. Secondary particle or other defect did not 
exit at crack initiation site. When the maximum stress 
amplitude was higher than compressive yield strength, 
{ 1201 } deformation twins were observed on fatigue 
tested specimen of extruded AZ31 magnesium 
alloy[3−4]. Moreover, microcracks were found to initiate 
along twin bands on fatigue tested specimen surface in 
Ref.[13]. Thus, the deformation twins can play an 
important role in fatigue crack initiation in fatigue test. 
This tilted flat surface of the fatigue crack initiation site 
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has not been identified as the evidence of deformation 
slip or deformation twin, so further investigation of 
crystallographic analysis must be required to clarify the 
relationship between fatigue crack initiation/propagation 
mechanisms and deformation twins. 
 

 
Fig.7 Typical SEM micrograph of crack initiation site of 
L-specimen at σa=110 MPa 
 
4 Conclusions 
 

1) Fatigue strengths of 107 cycles of the L-specimen 
and the T-specimen were 95 and 85 MPa, respectively. 
The fatigue strengths were higher than monotonic 
compressive 0.2% proof stresses.  

2) Fatigue lives of the L-specimen were longer than 
those of the T-specimen in low cycle regime. 

3) Fatigue crack initiated at the specimen surface 
regardless of specimen direction. Fatigue crack growth 
rate of the L-specimen was lower than that of the 
T-specimen. 
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