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Abstract- In this work, the fatigue crack behavior of V- notched Aluminum 7075-T6 plates, of 2mm thickness, bonded with 
single side carbon composite patch configuration was experimentally investigated. This covers the study of the repair 
efficiency and fatigue life of cracked samples patched with three different patch thicknesses consisting of 4, 6 and 8 plies. Also, 
different stress ratios (R=0 and R=0.1) were applied. Furthermore, a complete set of similar tests on unrepaired configurations 
to compare and calculate the efficiency of bonding, were studied. In general, the obtained results showed that the repair 
efficiency is affected by the stress ratio and the thickness of the patch. Also, the life and load carrying capacity of adhesively 
bonded specimen were increased. Moreover, the bonded patch increases the fatigue life off all repaired samples ranging from 
2.27 folds for 4 and 6 plies to 4 folds for 8 plies.  
 
Index Terms- Bonded composite repair, Fatigue life, Constant amplitude loading. 
 
I. INTRODUCTION 
 
The advanced Bonded Composite Repair Technology 
(BCRT) is widely used to reinforce damaged metallic 
structures in various applications, particularly for 
repair of aging aircrafts in aerospace industries. This 
technology offers significant advantages over 
conventional repair methods.  Due to high demand, 
bonded composite repair has been receiving 
substantial attention. Several studies have investigated 
this technique, both numerically and experimentally, 
for different materials and different specimens’ 
configurations [1-4]. Bonded composite repair is the 
bonding of boron or carbon fiber reinforced epoxy 
patch onto a cracked or weakened structure. The 
bonded composite repair increases the load carrying 
capacity efficiently. This method is very efficient 
because the composite laminates are non-corroding, 
easy to fabricate, easy to install and light weighted. 
These patches have strength higher than the adherend. 
This technique has been widely used and accepted 
since the early 70’s, when A. Baker initiated the 
technique. Since then, intensive work has been 
conducted and reported in literature. One of the major 
factors affecting the fracture parameters and crack 
growth life of the single-side repaired panels is the 
crack-front shape during the crack propagation [5]. 
In the last few decades, some scattered research works 
on the patch thickness effect [12-14] are found in 
literature. Most of these early investigations were 
carried out on thick aluminium plates [6, 7]. The 
results reported show that there is significant effect of 
thickness on repair efficiency of composite patch. 
However, there is not adequate work present in the 
literature on effect of patch thickness in thin 
aluminium plates. BachirBouiadjra et al. [8] showed 
numerically that for a single patch repair, the increase 
of the patch thickness about 50% reduces the SIFs at 
the same order and they affirmed that for a better 

distribution of the stresses, it is preferable to use a 
multiple layers of bonded composite patch. In this 
work, this issue is addressed with a systematic 
investigation on the effect of patch thickness, 4, 6 and 
8 plies on the repair efficiency for thin aluminium 
plates (Al 7075-T6), subjected to different stress ratios 
(R=0 and R=0.1) as well as for different initial crack 
lengths (a0=3, 6 and 9mm). Single side repair has been 
studied in this investigation, which is advantageous 
when it is not possible to access both sides of a 
weakened structure. Moreover, in single side repair, 
disassembling of structure is not needed.  In this 
investigation, it is important to state that we cannot go 
beyond 8 plies because, it exceeds the thickness of the 
plate. 
 
II. EXPERIMENTAL TECHNIQUES 
 
A. Specimen 
The experimental program conducted in this study 
includes constant amplitude fatigue tests on 
unrepaired and repaired single edged notched tension 
(SENT) specimen. Specimen were prepared from thin 
7075-T6 plates of thicknesses 2mm. The sheet were 
cut in to dimensions of 150x50x2 mm. Then, v-notch 
of 6mm depth at 600 angle was cut in the center of each 
specimen by milling as shown in theFig.1 as per 
ASTM E647 standards [9]. The specimens were 
pre-cracked to 3mm before reinforcing the patch. The 
pre-cracking was accomplished by cycling the 
specimens at a maximum stress of 70 MPa and 20 Hz 
frequency. This pre-cracking process was 
accomplished to ensure that the effect of the machined 
starter notch is removed. Once the desired crack length 
is reached, pre-cracking was stopped. Then, the 
specimen was cleaned to adhesively bond the 
composite patch on it. 
The specimens were repaired with bonded composite 
patch of different thicknesses (tp comprises of 4, 6 and 
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8 plies) and initial crack lengths (a0 = 3, 6 and 9mm). 
Material properties for the plate and composite patch 
are shown in Table 2. 
 

 
 
B. Patch Preparation 
Patches are made of unidirectional carbon/epoxy 
pre-pregs of different layers at zero degree one over 
the other. The plies were then cured at 1200C for 90 
minutes in a hot press. Three different ply 
configuration, 4, 6 and 8 plies were used in this 
investigation. Square shaped patches of 50x50 mm 
were used to patch the cracked aluminum panels. The 
surface of SENT specimens was prepared using Bell 
Process Specification method [10]. The pre-cracked 
specimens were repaired with the composite patches 
bonded to the specimens using the adhesive araldite 
such that the lay-up principal direction is along the 
loading direction, as shown in Fig.2Error! Reference 
source not found.. 
 

 
Fig.1 Specimen Geometry 

 

 
Fig.2 Repaired Al 7075-T6 Specimen 

III. TEST PROCEDURE 
 
Fatigue experiments were carried out on a 100 kN 
capacity Instron 8801 servo hydraulic machine. The 
experimental setup used is shown in the Fig. 3. All 
tests were performed at room temperature using a 
sinusoidal waveform at a loading frequency of 20 Hz. 
The SENT specimens, both unrepaired and repaired, 
were loaded cyclically at two different stress/load 
ratios of R = 0 and R = 0.1. The specimens were 
pre-cracked to different lengths before repairing with 
composite patch. The pre-cracking was accomplished 
by cycling the specimens. This pre-cracking process 
was accomplished to ensure that the effect of the 
machined starter notch is removed. All samples were 
bonded under same pressure and temperature 
conditions to ensure the adhesive quality, constancy 
and thickness. Three samples at least were tested for 
each condition to ensure the result constancy and 
accuracy. For each test, the number of cycles with 
respect to crack length was recorded using high-speed 
camera for later processing. Then, the data obtained 
was processed to produce the fatigue behavior of the 
samples as displayed in the results section. 
 
IV. RESULTS 
 
The results obtained from the tests on repaired and 
unrepaired specimen, subjected to constant cyclic 
loading with maximum stress of 70 MPa were 
processed first for extracting the values of crack length 
(a) and respective number of cycles (N). The plots for 
two different stress ratios R0 and R0.1 are presented in 
Fig.3 and Fig.4 respectively. All the tests were 
repeated twice to observe the consistency. A 
difference of less than 10% was observed in the 
fatigue lives. Fatigue lives and fatigue crack growth 
rates of unrepaired plates are compared to their 
counterparts of repaired plates. It is evident from the 
comparison that the repaired aluminum plates 
performs much better than the unrepaired ones. 
 

 
Fig.3 Effect of patch thickness on fatigue life of unrepaired and 

repaired specimen 
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Fig.4 Effect of patch thickness on fatigue life of unrepaired and 

repaired specimen 
 
We can clearly see in Fig.3and Fig.4 that there is huge 
effect of thickness on the fatigue life of thin aluminum 
sheets. As stated earlier, three different thicknesses 
(i.e. 4, 6 and 8 plies) have been investigated in this 
study. The specimen was repaired after creating an 
initial crack of 3mm length under cyclic loading. Patch 
with 8 plies gives the maximum fatigue life which is 3 
times that of unrepaired configuration. For our 
investigation, we cannot go beyond 8 plies because, 
the thickness of the patch will become more than that 
of the parent material (i.e., plate) which is 2 mm thick. 
The figures also shows that patches with 4 and 6 plies 
are not quite efficient. Thus some caution should be 
considered in their application in order to avoid 
un-necessary wastage of cost, time and material. 
 

 
Fig.5 FCGR of unrepaired and repaired specimen with patches 

made of 4 plies 
 

 
Fig.6 FCGR of unrepaired and repaired specimen with patches 

made of 6 plies 

 
Fig.7 FCGR of unrepaired and repaired specimen with patches 

made of 8 plies 
 
The fatigue crack growth rates variation with crack 
length for different patch thicknesses is shown in 
Fig.5-7 for both unrepaired and repaired specimens. 
The pre-cracks were also made by subjecting the 
specimen to constant cyclic loading. The data obtained 
from experimental analysis is plotted on log scale to 
observe the fatigue crack growth rates. The figures 
also display the data fitted with linear regression 
which matches with Paris law. It can be observed that 
the rate of fatigue crack growth is higher for 
unrepaired specimen compared to specimen repaired 
with different patch thickness, see Fig.5-7. 
 
CONCLUSIONS 
 
Fatigue crack growth behavior of cracked aluminum 
7075-T6 plate with bonded composite patch repair 
was experimentally investigated. The fatigue behavior 
of 2 mm thin SENT specimens repaired with 
unidirectional carbon/epoxy patch using Araldite 
adhesive has been investigated. The main conclusions 
drawn from this study are: 
• Patch thickness has significant effect on fatigue life 
of repaired specimen.  
• The fatigue life for bonded patch increases almost 
three folds for 8 plies patches. 
• Fatigue crack growth rates (FCGR) were higher for 
unrepaired specimen. 
• FCGR reveals beneficial effect of composite patch 
even for thin plate to extend the life of the damaged or 
weakened structure. 
• Single-sided patch repair can be a very effective 
method for a thin cracked plate, while such a 
significant improvement in fatigue life cannot be 
expected when single-sided repair is applied to a thick 
cracked plate. 
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