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Abstract: 

This study on the Bauschinger effect of extruded magnesium AZ31B during 
low-cycle fatigue (LCF) addresses the limited quantification of cyclic plasticity 
and tension–compression asymmetry in biodegradable Mg alloys for 
temporary orthopaedic fixation. Fully reversed (Rε = −1), strain-controlled 
LCF tests were conducted at strain amplitudes of 0.006, 0.008, and  
0.010 mm/mm (n = 3 per level) to characterize the Bauschinger response 
through stress-, strain-, and backstress-based indices. The Bauschinger effect 
factor decreased monotonically from 0.984 to 0.947, the normalized 
Bauschinger strain ratio fell from 0.843 to 0.680, and the backstress indicator 
rose more than threefold, from 0.93 to 3.18 MPa, with increasing strain 
amplitude. SEM fractography confirmed this trend, showing a transition 
from rough, serrated ridges at 0.006 mm/mm to facet-dominated, heavily 
torn surfaces at 0.010 mm/mm, consistent with intensifying slip–twinning 
heterogeneity and grain-boundary strain incompatibility underlying the 
Bauschinger effect. An empirical strain-life relation achieved a leave-one-out 
MAPE of 7.24%, closely matching the Coffin–Manson–Basquin fit (in-sample 
MAPE = 1.45%). Together, these results quantify how the Bauschinger effect 
in extruded AZ31B intensifies with strain amplitude and link this behaviour 
to fatigue-life prediction, offering a mechanistic basis for LCF-based 
screening of Mg-alloy implant candidates.  
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1. INTRODUCTION 

Magnesium (Mg) alloys are promising 
candidates for temporary orthopaedic fixation 
because their density and elastic modulus are closer 
to those of cortical bone than those of conventional 
metallic implant materials, and because they can 
gradually degrade after temporary mechanical 
support is no longer required [1]. It possesses 
advantageous biodegradability, typically consisting 
of Al (2.71%), Zn (0.69%), Mn (0.32%), Fe (0.002%), 
Si (0.18%), Cu (0.001%), Ni (0.001%), and Ca 
(0.001%) [1, 2]. This remarkable property positions 
Mg as a promising alternative to conventional 
human bone screws, as biomaterial implants have 
the exceptional ability to fully degrade without the 

need for external factors [3, 4]. The cost and 
associated risks of manufacturing traditional bone 
screws highlight the need for biodegradable 
alternatives [5, 6]. To ensure the suitability of Mg 
material for conventional bone conditions, 
extensive research and testing are essential to 
evaluate claims regarding hardness, tensile 
strength, and fatigue properties [7, 8].   

Implants are used to correct deformations 
caused by diseases or accidents in human bones [9, 
10]. However, significant plastic deformation occurs 
when the material's endurance against sustained 
pressure is exceeded, leading to fatigue and 
eventual failure of the biomaterial [11, 12]. Fatigue, 
a type of material failure, manifests in structures 
subjected to dynamic loads that exhibit fluctuations 
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[13, 14]. Several previous studies have explored the 
low-cycle fatigue characteristics of extruded Mg-
AZ31B alloys for bone implant applications [15, 16]. 

Low-cycle fatigue (LCF) is particularly relevant 
when local implant regions undergo repeated 
plastic strain. Previous investigations of wrought 
AZ31 alloys have identified cyclic softening, cyclic 
hardening, and asymmetric hysteresis; however, 
quantitative assessment of the Bauschinger effect 
together with strain-life modelling remains limited 
[17–19]. The present study therefore examines 
extruded AZ31B under fully reversed strain control 
at total strain amplitudes of 0.006–0.010 mm/mm. 
The study is designed as a controlled material-
screening investigation and does not reproduce the 
complete physiological environment of an 
implanted device. 

The objectives of this study are to: (i) quantify 
the Bauschinger effect during fully reversed LCF 
using stress- and strain-based indices; (ii) estimate 
a macroscopic backstress indicator from forward 
and reverse yield stresses; (iii) calibrate empirical 
and Coffin-Manson-Basquin strain-life relations 
from the mean half-life data; (iv) assess the 
empirical relation by leave-one-out cross-
validation; and (v) define the limitations associated 
with the restricted strain-amplitude range, the 
absence of replicate-level dispersion data, 
laboratory-air testing, and the absence of direct 
electron backscatter diffraction evidence. 

 
2. MATERIALS AND METHODS 
 
2.1 Materials and specimens 

 
The investigated material was a cold-extruded 

AZ31B magnesium alloy with the chemical 
composition listed in Table 1. Cylindrical stock with 
an initial diameter of 16 mm and a length of 130 mm 
was machined into tensile and fatigue specimens. 
Tensile specimens Mg1T–Mg3T were prepared in 
accordance with standard ASTM B557/B557M.  

 
Table 1. Chemical composition of Mg AZ31B (wt.%) 

Al Zn Mn Fe Si 

2.71 0.69 0.32 0.002 0.18 

Sn Cu Ni Ca Mg 

<0.001 <0.001 <0.002 <0.001 Bal. 

 
Fatigue specimen groups Mg8, Mg10, and Mg12 

were prepared in accordance with standard ASTM 
E606/E606M and corresponded to total strain 

amplitudes of 0.006, 0.008, and 0.010 mm/mm, 
respectively, as shown in Fig. 1. The longitudinal 
specimen axis was parallel to the extrusion 
direction. Three tensile specimens and three 
independently machined fatigue specimens per 
strain amplitude were tested; thus, the LCF program 
comprised nine tests. 

 
(a) 

 
(b) 

Fig. 1. Specimen shape and size: (a) tensile test and (b) 
low-cycle fatigue test (dimensions in mm) 

 
2.2 Tensile and LCF tests 

 
The experimental program comprised 

monotonic tensile testing, fully reversed strain-
controlled LCF testing, optical metallography, and 
scanning electron microscopy (SEM) of selected 
fracture surfaces. Mechanical tests were performed 
using an MTS Landmark servo-hydraulic test system 
with a 100 kN load capacity and MTS Multipurpose 
Elite control software. An MTS axial extensometer 
with a 10 mm gauge length (model 632.13F-20) was 
attached to the specimen gauge section. Tensile 
tests were conducted at a crosshead speed of  
0.15 mm/min. LCF tests were performed in 
laboratory air under a strain ratio Rε = εmin/εmax = −1 
at total strain amplitudes of 0.006, 0.008, and  
0.010 mm/mm (dimensionless strain). The imposed 
strain rate was 0.00627 s⁻¹; the corresponding 
frequencies are given in Table 3. Gauge surfaces 
were machined to an arithmetic mean roughness 
Ra < 0.2 μm.   

Elastic strain amplitude, plastic strain amplitude, 
stress amplitude, and elastic modulus were 
evaluated at half-life (0.5Nf), and fatigue life Nf was 
defined as the number of cycles to specimen 
fracture. Three independent specimens were tested 
at each strain amplitude. The values reported in 
Tables 2-6 and the summarized cyclic responses are 
arithmetic means of these replicate tests. The 
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processed dataset available for this revision 
contains the mean values but not the individual 
replicate values; therefore, standard deviations, 
confidence intervals, and error bars cannot be 
reconstructed without the original replicate 
records. 
 
2.3 Fracture Analysis 

 
Metallographic specimens were etched using an 

HNO3-alcohol solution and examined with a Carl 
Zeiss Axio Vert A1 Mat optical microscope. Fracture 
surfaces were examined using a Zeiss EVO MA10 
SEM in secondary-electron imaging mode. Electron 
backscatter diffraction (EBSD) and transmission 
electron microscopy were not performed; 
consequently, interpretations involving twinning, 
detwinning, dislocation accumulation, and grain 
orientation are based on the measured cyclic 
response and published mechanisms rather than 
direct orientation-resolved evidence [20, 21].  

The test matrix used three strain-amplitude 
levels to capture the transition from lower to higher 
plastic-strain response while maintaining a feasible 
material and machine-time requirement. Triplicate 
testing at each level provides repeat observations 
and reduces reliance on a single specimen; 
however, three replicates and three amplitude 
levels remain insufficient for robust probabilistic 
fatigue-life modelling. Future work should preserve 
the individual replicate datasets and report 
standard deviation, confidence intervals, and error 
bars at each strain amplitude. 

 
2.4 Analytical Framework and Predictive Models 
 

The mean half-life (0.5Nf) elastic and plastic 
strain amplitudes were used to identify cyclic 
parameters and construct strain-life relations. 
Cyclic softening and hardening were quantified 
using Eqs. (1) and (2). Stress amplitude was 
estimated from elastic strain amplitude using Eq. 
(3), and the stabilized cyclic stress-strain response 
was represented by the Ramberg-Osgood relation 
in Eq. (4). The empirical total strain-life relation in 
Eq. (5) was fitted by ordinary least squares in 
logarithmic coordinates.  

Its predictive stability within the measured range 
was examined by leave-one-out cross-validation 
(LOOCV), in which each mean point was predicted 
using a relation fitted to the other two mean points. 
For comparison with an established strain-life 
formulation, the elastic and plastic strain 
components were fitted separately using the Coffin-

Manson-Basquin (CMB) relation in Eq. (6). The 
backstress indicator in Eq. (7) was calculated from 
the forward maximum stress and the magnitude of 
the reverse yield stress. 

The cycle softening ratio S is: 

𝑆 =  1 −  
𝜎𝑝𝑒𝑎𝑘𝑁𝑓/2

𝜎𝑝𝑒𝑎𝑘𝑁=1
. 

(1) 

Cycle hardening ratio H is: 

𝐻 =  
𝜎𝑝𝑒𝑎𝑘𝑁𝑓/2

𝜎𝑝𝑒𝑎𝑘𝑁=1
 −  1. 

(2) 

The stress amplitude at half-life σa (MPa) was 
estimated from the elastic strain amplitude using 
Hooke’s law: 

𝜎𝑎  =  𝐸𝜀𝑒,𝑎 . (3) 

The total strain amplitude εa in the stabilized 
cyclic stress–strain response was described using 
the Ramberg–Osgood form for stabilized cycling: 

𝜀𝑎  =  𝜀𝑒,𝑎  + 𝜀𝑝,𝑎  =  
𝜎𝑎

𝐸
 +  (

𝜎𝑎

𝐾′
)

1

𝑛′. (4) 

For fatigue-life prediction in the investigated 
regime, the total strain amplitude εa was fitted 
using an empirical strain-life relation in log-log 
space: 

𝜀𝑎  =  𝐶(2𝑁𝑓)𝑚. (5) 

For comparison with an established strain-life 
model, the total strain amplitude εa was fitted using 
the Coffin–Manson–Basquin relation, in which the 
first term represents the elastic component εe,a and 
the second term represents the plastic component 
εp,a: 

𝜀𝑎  =  
𝜎𝑓′

𝐸
(2𝑁𝑓)𝑏  +  𝜀𝑓′(2𝑁𝑓)𝑐 . (6) 

To relate the macroscopic Bauschinger response 
to kinematic hardening, the backstress indicator X 
(MPa) was calculated from the forward maximum 
stress σF and the magnitude of the reverse yield 
stress σR after load reversal: 

𝑋 =  
𝜎𝐹 − 𝜎𝑅

2
. (7) 

In Eqs. (1)–(7), (σpeak) N=1 and (σpeak) Nf/2 are 
the first-cycle and half-life peak stresses, 
respectively; E is Young’s modulus (MPa); εe,a, εp,a, 
and εa are the elastic, plastic, and total strain 
amplitudes, respectively; K′ is the cyclic strength 
coefficient (MPa); n′ is the cyclic strain-hardening 
exponent; C and m are empirical total strain-life 
constants; σf′ is the fatigue-strength coefficient 
(MPa); b is the fatigue-strength exponent; εf′ is the 
fatigue-ductility coefficient; c is the fatigue-ductility 
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exponent; Nf is the number of cycles to fracture; 2Nf 
is the number of reversals to fracture; X is the 
backstress indicator (MPa); σF is the forward 
maximum stress (MPa); and σR is the magnitude of 
the reverse yield stress (MPa). 

 

3. RESULTS AND DISCUSSION 
 

3.1 Mechanical Properties 
 

Fig. 2 shows the engineering stress-strain 
response of the three extruded Mg AZ31B 
specimens in tension. The elastic modulus was 
calculated using a least-squares fit applied to the 
initial linear region (approximately the first 20% of 

the curve). The yield strength was obtained using 
the standard 0.2% offset method, and the tensile 
results are summarized in Table 2. 

The mean 0.2% offset yield strength from the 
three tensile tests was 186.01 ± 2.13 MPa, and the 
mean ultimate tensile strength was 269.62 ±  
0.72 MPa (mean ± sample standard deviation, n = 
3). The representative elastic modulus used in the 
strain-life calculations was 43.72 GPa. Fatigue 
results were also obtained from three specimens 
per strain amplitude, but the processed fatigue 
dataset available for this revision contains only the 
arithmetic means; therefore, fatigue standard 
deviations are not reported.

Table 2. Tensile properties and energy parameters of extruded Mg AZ31B 

Specimen 
Stress (MPa) Plastic energy 

(kJ) 
Elastic energy 

(kJ) 
Reduction of area 

(%) 
Total elongation 

(%) Yield (0.2%) Ultimate 

Mg1T* 185.15 270.45 0.0130 0.0070 – – 

Mg2T* 188.44 269.29 0.0120 0.0080 25.38 16.44 

Mg3T* 184.45 269.13 0.0133 0.0079 24.23 16.45 

STDEV 2.13 0.72 0.00068 0.00055 0.81 0.007 

 
Fig. 2. Engineering stress-strain curves of extruded Mg 

AZ31B under tension 
 

3.2 Strain-Life and Cyclic Plasticity Parameter 
Identification 

 

Using the mean half-life elastic strain amplitudes 
in Table 3 and Eq. (3), the stress amplitude σa was 
estimated for each strain level. The empirical 
relation in Eq. (5) was calibrated over 2Nf = 624–
1790 reversals, giving C = 0.220 and m = −0.482. The 
stabilized cyclic stress-strain relation in Eq. (4) 
yielded K′ = 999 MPa and n’ = 0.252 by fitting the 
paired σa–εp,a data, with the plastic strain amplitude 
calculated as the difference between the total and 
elastic strain amplitudes. The empirical relation 

predicted fatigue lives of 885, 487, and 307 cycles, 
corresponding to an in-sample mean absolute 
percentage error (MAPE) of 1.89%. LOOCV 
predictions were 809, 494, and 288 cycles, with 
errors of −9.63%, +4.52%, and −7.56%, respectively, 
and a MAPE of 7.24%. The CMB fit in Eq. (6) gave σf′ 
= 525.5 MPa, b = −0.1214, εf′ = 18.37, and c = 
−1.2889. It predicted 903, 463, and 316 cycles, 
corresponding to errors of +0.90%, −2.15%, and 
+1.30% and an in-sample MAPE of 1.45%. This 
comparison shows that both power-law forms 
describe the three mean data points within the 
tested range. Because the CMB relation contains 
four fitted parameters and was calibrated using the 
same three mean fatigue results, its small in-sample 
error does not constitute independent validation. A 
Morrow mean-stress correction was not applied 
because stabilized mean-stress histories and 
replicate-level mean-stress data were not available 

Table 3 lists the mean strain components, test 
frequency, elastic modulus, and fatigue life for each 
strain-amplitude group. Table 4 summarizes the 
mean half-life stress amplitudes and the predictions 
obtained from the empirical strain-life relation. 
Table 5 reports the LOOCV predictions and 
prediction errors for the empirical relation. Table 6 
compares the experimental mean fatigue lives with 
the Coffin–Manson–Basquin predictions. 
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Table 3. Mean low-cycle fatigue results of extruded AZ31B (n = 3 per strain amplitude) 

Specimen group 
Strain 

amplitude 
(mm/mm) 

Frequency 
(Hz) 

Plastic strain 
(mm/mm) 

Elastic strain 
(mm/mm) 

Elastic modulus 
(GPa) 

Fracture 
cycles, Nf 

Mg8 (n = 3) 0.006 0.2613 0.001166 0.004834 36.76 895 

Mg10 (n = 3) 0.008 0.1959 0.002753 0.005248 45.68 473 

Mg12 (n = 3) 0.010 0.1568 0.004510 0.005490 44.80 312 

 
Table 4. Mean half-life stress amplitudes and empirical strain-life predictions (n = 3 per strain amplitude) 

Strain amplitude, εa 
(mm/mm) 

Stress amplitude, σa 

(MPa) 
Plastic strain, εp,a Nf (experimental) Nf  (predicted) 

0.006 177.7 0.001166 895 885 

0.008 239.7 0.002753 473 487 

0.010 246.0 0.004510 312 307 

 
Table 5. Leave-one-out cross-validation of the empirical strain-life relation based on mean fatigue data 

Strain amplitude (mm/mm) Nf  experimental Nf  LOOCV predicted Prediction error (%) 

0.006 895 809 −9.63 

0.008 473 494 +4.52 

0.010 312 288 −7.56 

 
Table 6. Coffin-Manson-Basquin predictions based on mean fatigue data 

Strain amplitude (mm/mm) Nf  experimental Nf  CMB predicted Prediction error (%) 

0.006 895 903 +0.90 

0.008 473 463 −2.15 

0.010 312 316 +1.30 

Fig. 3 presents the mean maximum- and 
minimum-stress evolution with cycle number at 
the three strain amplitudes. The asymmetric 
tensile and compressive responses and the initial 
reduction followed by an increase in stress range 
support the identification of early cyclic softening 
and subsequent cyclic hardening. 
 

 
Fig. 3. Maximum and minimum stress-cycle 
relationships at different strain amplitudes 

3.3 Cyclic Stress-Strain Responses 

Fig. 4(a–c) shows the evolution of the mean 
stress-strain hysteresis loops at each imposed 
strain amplitude. At 0.006 mm/mm, peak stress 
decreases slightly during the initial cycles and 
subsequently increases. The same sequence occurs 
at 0.008 and 0.010 mm/mm, while loop width and 
plastic strain increase with strain amplitude.  

The tensile-compressive asymmetry is 
consistent with the texture-dependent activation 
of basal slip and [22, 23] extension twinning in 
extruded AZ31B. Load reversal may promote 
detwinning and reactivation of favourably oriented 
slip systems, thereby reducing the reverse yield 
stress.  
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(a) 

 
(b) 

 
(c) 

Fig. 4. Hysteresis stress-strain curves at strain 
amplitudes of (a) 0.006, (b) 0.008, and (c) 0.010 

mm/mm 

Continued cycling can increase dislocation 
density and internal backstress. These mechanisms 
are interpretations supported by the literature; 
they were not directly resolved in the present 
specimens because EBSD and transmission 
electron microscopy were not performed. The 
mean softening and hardening ratios calculated 
using Eqs. (1) and (2) are presented in Fig. 5. 

Fig. 5 compares the calculated cyclic-softening 
and cyclic-hardening ratios as a function of total 
strain amplitude. 

 

 
Fig. 5. Softening and hardening ratios of magnesium 

during the LCF test at a constant strain rate of 0.00627 s⁻¹ 

At total strain amplitudes of 0.006 and  
0.008 mm/mm, the mean cyclic response changes 
from softening to hardening before fracture. At 
0.010 mm/mm, the larger plastic-strain component 
is accompanied by a stronger increase in peak 
stress after the initial transient. This response is 
consistent with competition between reversible 
twinning/detwinning, which facilitates early 
reverse deformation, and progressive dislocation 
accumulation and twin-boundary interactions, 
which increase resistance to subsequent plastic 
flow [24–26]. Direct confirmation requires 
interrupted-cycle or post-fatigue orientation-
resolved microscopy. 

The wider hysteresis loops at higher strain 
amplitude indicate greater plastic-energy 
dissipation per cycle. Twin boundaries and 
dislocation pile-ups can produce heterogeneous 
internal stresses and impede slip, thereby 
contributing to cyclic hardening and the 
Bauschinger response [27–29]. Prismatic and 
pyramidal slip may also become increasingly active 
as plastic strain rises. The present macroscopic 
measurements do not resolve the relative 
contributions of these mechanisms. 

Fig. 6 defines the forward loading, unloading, 
reverse yielding, and strain quantities used to 
calculate the Bauschinger-effect parameters. 

 

 
Fig. 6. Stress–strain curve under reverse loading 

showing backstress 
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Extruded AZ31B exhibits a measurable 
Bauschinger response, as indicated by non-linear 
unloading and a reduced yield stress after load 
reversal. The Bauschinger effect factor (BEF), 
defined in Fig. 6, is the ratio of the reverse yield-
stress magnitude to the preceding forward 
maximum stress. A BEF of 1 denotes no reduction 
in reverse yield strength, whereas BEF < 1 indicates 
a Bauschinger response. The Bauschinger strain β is 
the additional strain required after reversal to 
recover the preceding maximum stress, and the 
normalized Bauschinger strain ratio βε is β divided 
by the preceding maximum tensile strain [30–35]. 
These definitions are used for the mean 
Bauschinger-effect parameters reported in Table 7. 

Fig. 7 illustrates the plastic pre-strain and 
reverse-loading path used to interpret the 
Bauschinger response. 

 

 
Fig. 7. Bauschinger cycle with plastic pre-strain 

Fig. 8 distinguishes non-linear unloading, 
transient reverse yielding, and the reduction in 
reverse yield strength that characterizes the 
Bauschinger effect. 

 
Fig. 8. Illustration of the Bauschinger effect under 

reverse loading 

Table 7 shows that the mean BEF decreases 
from 0.98379 to 0.94667 as total strain amplitude 
increases from 0.006 to 0.010 mm/mm. Over the 
same range, the normalized Bauschinger strain 
ratio decreases from 0.84344 to 0.68023, whereas 
the backstress indicator increases from 0.93 to  
3.18 MPa. These trends indicate a larger reduction 
in reverse yield strength and stronger internal-
stress development at higher plastic strain. In 
wrought and other metallic systems, comparable 
Bauschinger behaviour has been associated with 
dislocation-slip reversibility, backstress 
strengthening, heterogeneous or gradient 
microstructures, and kinematic-hardening 
evolution [35–44]. The present study quantifies the 
macroscopic response; orientation-resolved 
microscopy is required to relate these indices 
directly to grain reorientation, as illustrated by the 
SEM observations in Fig. 9 and reported in other 
studies [45, 46]. 

 

Table 7. Mean Bauschinger-effect parameters (n = 3 per strain amplitude) 

Strain amplitude 
(mm/mm) 

σF (MPa) σR (MPa) β εp α (BEF) βε 

0.006 114.45 112.60 0.00612 0.00726 0.98379 0.84344 

0.008 117.28 113.53 0.00804 0.01096 0.96799 0.73289 

0.010 118.94 112.59 0.01000 0.01470 0.94667 0.68023 

3.4. Fractographic Analysis 
 
SEM fractographs of LCF specimens tested at 

strain amplitudes of 0.006, 0.008, and 0.01 mm/mm 
(Fig. 9a–c) consistently exhibit fracture 
morphologies dominated by tearing ridges, 
crystallographic facets, and localised plastic 
deformation, with the intensity of these features 

progressively increasing with strain amplitude. The 
fracture surface evolves from a relatively rough and 
serrated morphology at 0.006 mm/mm (Fig. 9a), to 
more widely distributed facets and tearing features 
at 0.008 mm/mm (Fig. 9b), and ultimately to a 
pronounced planar central facet surrounded by 
intensive tearing at 0.01 mm/mm (Fig. 9c).  
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(a) 

 
(b) 

 
(c) 

Fig. 9. SEM images of the LCF specimen tested at 
different amplitudes (mm/mm): (a) 0.006, (b) 0.008, and 

(c) 0.010 

 
The fracture’s progressive evolution indicates 

that increasing strain amplitude promotes 
increasingly heterogeneous activation of 
crystallographic slip and deformation twinning 
among differently oriented grains in the Mg AZ31B 
alloy microstructure [47], thereby intensifying 
plastic strain incompatibility at grain boundaries. 
Such incompatibility promotes dislocation 

accumulation and interactions with grain 
boundaries and twin boundaries, leading to the 
development of internal back stresses. 

Furthermore, during load reversal, these 
internal back stresses facilitate reverse dislocation 
motion and reduce the resistance to plastic yielding 
in the opposite direction, providing a 
microstructural basis for the Bauschinger effect 
[40]. Accordingly, the increasing prominence of 
crystallographically controlled deformation 
features from the lower- to higher-strain-amplitude 
conditions provides fractographic evidence 
consistent with enhanced back-stress accumulation 
and a progressively stronger Bauschinger-type 
response associated with increasing cyclic plasticity. 
A direct quantitative correlation between the 
observed fracture morphology, grain-scale 
deformation, and the Bauschinger response will be 
further investigated through EBSD characterization 
and cyclic stress–strain analysis in a subsequent 
study. 

  
4. CONCLUSION 

 
This study quantified the Bauschinger effect in 

extruded Mg AZ31B alloy under fully reversed 
loading (Rε = −1), strain-controlled LCF. During LCF 
testing, the material exhibited initial cyclic softening 
followed by cyclic hardening until fracture. As strain 
amplitude increased from 0.006 to 0.010 mm/mm, 
the mean Bauschinger Effect Factor decreased from 
0.984 to 0.947, and the normalized Bauschinger 
strain ratio fell from 0.84 to 0.68, while the 
backstress indicator rose more than threefold, from 
0.93 to 3.18 MPa. SEM fractography supported 
these trends, showing a progressive transition from 
rough, serrated surfaces at 0.006 mm/mm to facet-
dominated, heavily torn surfaces at 0.010 mm/mm, 
reflecting increasingly heterogeneous slip–twinning 
activity and grain-boundary strain incompatibility 
that underlie the observed Bauschinger response. 

The empirical strain–life relation, εa = 0.220· 
(2Nf)-0.482, achieved a leave-one-out MAPE of 7.24%, 
indicating adequate predictive capability, though 
the in-sample Coffin–Manson–Basquin model 
performed better (MAPE = 1.45%). Collectively, 
these results establish a quantitative link among 
backstress evolution, reduced reverse-yield 
resistance, and strain-amplitude-dependent 
fracture morphology in extruded AZ31B, offering a 
mechanistic basis for preliminary screening of Mg-
alloy implant candidates. Given the absence of 
replicate-level dispersion, direct EBSD evidence, 
and physiological corrosion-fatigue testing, the 
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findings represent an initial screening benchmark 
rather than a predictor of in vivo performance; 
further EBSD-based and corrosion-fatigue studies 
are needed for validation. 
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