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ABSTRACT 
 

The ratcheting behaviour of a metal matrix composite with different contents of reinforcement particles is studied. Load-
control low cycle fatigue test was conducted on the flat specimens with dog-bone geometry made of Al 2124 alloy 
reinforced with 5% and 25% of SiC particles with the diameter of 3 microns. In addition, 2D Digital Image correlation 
technique was employed to monitor the surface strain of the specimens to locate the damage initiation region. Results 
showed an immediate transition from stage I to stage II of ratcheting phenomenon. Ratcheting strain remained almost 
constant in the second stage. Stage III, where the ratcheting strain increases progressively to final fracture, was very 
short for fractured sample. DIC method successfully determined the strain localization in macro scale for aluminum alloy 
Al2124 with 5% and 25% SiC reinforcement. 
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RESUMEN 
 

En este trabajo se estudia el comportamiento de ratcheting de un material compuesto de matriz metálica con diferentes 
contenidos de partículas de refuerzo. Se realizó un ensayo de fatiga a bajo número de ciclos con control de carga en 
muestras planas con geometría de hueso de perro de la aleación de aluminio Al 2124 reforzadas con un 5% y un 25% de 
partículas de SiC con un diámetro de 3 micras. Además, se empleó la técnica de correlación de imágenes digital (DIC) 
2D para obtener los campos de deformación en la superficie y localizar la región de inicio del fallo. Los resultados 
mostraron una transición inmediata de la etapa I a la etapa II del fenómeno de ratcheting. La tensión de ratcheting se 
mantuvo casi constante en la segunda etapa. La etapa III fue muy corta porque la tensión de ratcheting aumentó 
progresivamente hasta la llegar a la fractura. La técnica DIC determinó con éxito la localización de la deformación en 
escala macro para aleación de aluminio Al2124 con 5% y 25% de refuerzo de SiC. 
 
PALABRAS CLAVE: Ratcheting, fatiga a bajo número de ciclos, correlación de imágenes digital, material compuesto 
de matriz metálica. 
 
 
 
 

 INTRODUCTION 
 
Non-contact measurement techniques are growing very 
fast these days due to unique advantageous such as 
providing full-field measurement. That is to say, unlike 
conventional point-wise data collection methods, full-
field techniques provide a field record of a quantity [1].  
Therefore, they enable experimentalists to study not only 
the global material response but also local measurement 
of quantities [2]. These include techniques such as 
caustics, Moiré interferometry [3], photoelasticity [4], 

thermoelasticity [5], electronic speckle pattern 
interferometry [6] or Digital Image Correlation (DIC) 
[7]. Among non-contact full-filed techniques, (DIC) has 
become extremely popular during last two decades due 
to being easy to implement in practice, minor need for 
sample preparation and being scale-free [8–10]. This 
method consists of tracking points in the digital images 
which are taken during the deformation of the surface of 
a specimen. The output of the DIC is a full-field 
displacement array which can be used to compute the 
full-field strain map. 
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A number of studies has been conducted to develop the 
DIC method either in hardware aspect or correlation 
solutions [11]. These include a different techniques for 
surface finish [11–13] so that different levels of 
magnification can be analysed [7,14,15]. Further details 
about the principles of the method and its applications 
can be found elsewhere [14–16].  
 
Strain localization can extremely affect the mechanical 
behaviour of a material under structural application [17]. 
Perhaps the best example for strain localization is the 
necking region in a conventional tensile test where 
excessive strain localized in a small region. Such 
localization in deformation can also be seen in the crack 
tip region in fracture and fatigue crack propagation as 
well [17]. It has been shown that strain localization plays 
a crucial role in fatigue crack initiation and fatigue crack 
propagation. Abusaid et al. [18] have employed DIC 
method to measure a high resolution deformation of 
polycrystalline Hastelloy X subjected to fatigue loading. 
They observed a clear relation between the location and 
the length of fatigue micro-cracks with localization of 
plastic strains in early loading sequences.  
Although a number of works has been done to determine 
the effect of strain localization on fatigue crack initiation 
and propagation in conventional engineering materials, a 
very little knowledge is available about strain 
localization in advanced lightweight metal matrix 
composites. In the present paper, we employed DIC 
technique to monitor the strain localization process 
during low cycle fatigue loading on a lightweight 
Aluminium Matrix Composite (ALC).  
 
 

 MATERIALS AND METHODS 
  

Low cycle fatigue test is conducted on 2124 aluminium 
alloy reinforced with 5% and 25%  SiC particles with the 
average diameter of 3 microns. Fig. 1, shows the 
microstructure and the specimen geometry.    
 
Table 1. General Mechanical Properties of Al 2124 alloy 
with different contents of reinforcement particles 
SiC  Content 

(%) 
E 

(GPa) 
σys 

(MPa) 
UTS 

(MPa) 
Ef 

(%) 
5 76 115 122 11.8 

25 109 238 407 3.5 
 
Considering the geometry of the specimen, the cyclic 
loading was applied in a tension–tension mode to avoid 
the buckling phenomenon in the presence of compressive 
loads. MTS servo-hydraulic fatigue test machine is used 
to apply cyclic loads under load control. Fig. 2 shows the 
schematic of the loading sequences.  
 
 

 
 

Figure 1. The geometry and the microstructure of Al 
2124 alloy + 5% SiC reinforcement particles. 

 
Figure 2. The Schematic of the loading and capturing 

condition for LCF test. 
 
 Samples were loaded in different stress values to select 
a proper loading condition to apply to both of specimen 
condition (with 5% and 25% of SiC). Loads were 
selected so that the cyclic loading starts at a plastic strain 
of about 1.4 %. To this end, the applied stresses to 
specimens with 5% and 25% of SiC were 215 and 375 
MPa, respectively. The stress rate was 50 MPa/sec. Strain 
values were recorded using an MTS extensometer with 
the gauge length of 20 mm. Digital images were taken 
using a 5 Megapixel CCD camera with a resolution of 
2448×2050 pixel. A Schneider Kreuznach Xenon macro 
lens was employed to obtain the required field of view. 
Using this setup, 40 images were taken in the first cycle 
and one image at the maximum load for the rest of cycles. 
To have a random pattern on the surface of the sample 
for correlation affairs, white and black paints were 
sprayed on the surface. The correlation calculations were 
made by using the commercial GOM Correlate software. 
 
 
RESULTS AND DISCUSSION: 

 
Fig. 4, shows the stress-strain curve for successful tests. 
It can be seen from this figure that by increasing the 
number of cycles, cyclic loops have been shifted to the 
positive direction, gradually. This is due to the ratcheting 
effect [19].  
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Figure 3. Stress-Strain curve for specimens under cyclic 

load. 
In strain-controlled with mean strain cyclic loading 
condition, when material experiences a plastic 
deformation, mean stress relaxation takes place. 
Ratcheting phenomenon occurs in materials subjected to 
cyclic stress-controlled conditions with mean stress when 
the applied cyclic stress stays larger than the yield 
strength of the structure material. In this case, ratcheting 
strain is accumulated over stress cycles inducing plastic 
deformation in materials. Ratcheting strain is produced 
because of asymmetrically cyclic stressing results in an 
extra fatigue damage and shortens fatigue life of 
components. Ratcheting phenomenon occurs in three 
stages (Fig. 4).  

 
Figure 4. Triphasic stages of ratcheting strain over 

fatigue cycles [19].  
This deformation mechanism is associated with plastic 
slip, dislocation movement and cell formations. 
Ratcheting strain accumulation begins quickly in stage I 
and by increasing the number of cycles the rate of 
ratcheting decreases gradually because of reduction of 
the number of active dislocations. The ratcheting rate 
reduction continues until the rate of the accumulation of 
the strain become stable. Secondary region commences 
with steady-state ratcheting rate. In this stage, gradual 
stabilization of dislocations takes place as cycling 
continues. The later stage of ratcheting process is typified 
as ratcheting strain rate increases. Deformation at this 
stage is related to the formation of dislocation cells as the 
number of cycle increases. The ratcheting accelerates 

uncontrollably in successive cycles during stage III 
resulting in the cross-sectional area reduction. This 
increases maximum true stress, leading to necking and 
ductile fracture in materials. 
 
Figure 5, shows the evolution of ratcheting strain by 
increasing the number of cycles. Ratcheting strain is 
estimated based on the following equation:  
 

    

      (1) 
 It can be seen from this graph that the second stage of 
the ratcheting progress has started immediately after 
about 10 cycle. This stage has been the dominant stage 
for the next 1000 cycles. Rapid transition from stage I to 
stage II has been also observed by Gao et al. [20]. This 
trend has been observed for all specimens except for 
Al2124_25%SiC under the maximum stress of 375 MPa. 
This specimen broke after 366 cycles. A closer look at 
the cyclic behaviour of this sample showed that the 
ratcheting strain has been gradually decreased after 30 
cycles. This can be attributed to an error in recording the 
strain data (e.g.  Sliding the extensometer).    
 

 
Figure 5. Ratcheting strain evolution in different 

loading condition and SiC content.  
 
 
SURFACE DEFORMATION MONITORING BY 
DIC 
 
Figure 6 shows the deformation evolution of 
Al2124_25%SiC sample during fatigue process. It can be 
seen that the strain localization has been started from the  
very early cycles (white arrow in the Fig. 7). It means that 
this sample had a flaw in the localized strain region made 
during manufacturing the sample.  
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Figure 6. Strain map of the Al2124_25% SiC showing 
the evolution of strain localization until sample break.  

 
It worth noting that for this specimen, images were takes 
with an interval of a number of cycles about 50. 
Therefore, the cycles just before of the fracture were not 
captured. Fig. 8, shows the evolution of surface strain for 
Al2124_5%SiC specimen for the first 1000 cycles. 
Localization of strain can be seen clearly from the very 
first cycles. Although this sample was not broken after 
5000 cycles, but it can be predicted from DIC analysis 
that fracture will probably happen from the strain 
localized regions.  
The main advantage of DIC is that the localized strain 
regions can be determined in the very first cycles of the 
LCF, as it can be seen from Figs. 6 and 7.  
 

 
Figure 7. Strain map of the Al2124_5% SiC showing the 

evolution of strain localization for 1000 cycles.  
 

CONCLUSION 
 
Ratcheting effect due to stress-controlled LCF test was 
examined for aluminum alloy Al2124 with 5% and 25% 
SiC particles with diameter of 3 micron. Results showed 
an immediate transition from stage I to stage II of 
ratcheting phenomenon. Ratcheting strain remained 
almost constant in the second stage. Stage III, where the 
ratcheting strain increases progressively to final fracture, 
was very short for fractured sample. DIC method 
successfully determined the strain localization in macro 
scale for aluminum alloy Al2124 with 5% and 25% SiC 
reinforcement.  
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