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Abstract: Composites are inherent to many damages in which delamination is quite possibly the extreme harm. The delamination interaction as often as 
possible happens in composite materials. In most causes’ delamination occur due to mode-I mode-II or mixed mode-I/II. In real life, delamination in 
composites structure often works under mixed mode fatigue loading. This research shows an experimental presentation of the initiation of crack and its 
proliferationdue to mode-I, mode-II and mixed-mode I/II of fatigue loading of a fiber-reinforced composite material. The aim/purpose of this experimental 
work is to find out the initial graph of fatigue delamination sequence, to know the required number of fatigue cycles to generate crack, rate of crack 
growth for various mode mixites.Crack surfaces are inspected on a Scanning Electron Microscope (SEM) and the damage mechanisms are identified 
and correlated to the strain energy dissipated. The outcomes show that with the increasing loading level, the rate of the strain energy release also 
increases for different modes.However, the crack rate growth is different for different mode mixites level. This change in the material behavior might be 
because of changing of mode-I loading on delamination measure. 
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1. INTRODUCTION 
The utilization of composite materials has developed 
generally Since the 1990s. Application variety of composite 
materials is particularly because of its great weight stiffness 
and strength to weight proportion. This utilization builds 
Lead to expanded interest for information and 
understanding the conduct of these materials under various 
loads, regardless it is simple or compound to find their cycle 
life and additionally suitable working environment. The 
crack investigation of composite material properties 
depends on the hypothesis of Griffith and Ingris. [1,2]. 
These clarify that material fails  because of fracture, crack 
or micro fracturecaused by accompanying reasons i.e. 
defects in the material under working or load conditions. 
That is a definitive reason for part or structure failure not 
due to elastic limit at one point or region, but since the 
presence and proliferation of cracks, at last fracture part or 
structure is totally lost its strength. Accordingly, it is 
imperative to know the characteristics of the material and 
configuration parts in any way. The distortion will not be 
excessively huge, and no cracks will happen. [3-5]. Model 
support us to study the life of materials, regardless of 
whether it is static or under fatigue loading, considering 
fracture mechanics. [6-8]. As compared to metal materials, 
failure of laminated composites identified with a few 
appearances damage system, [9] the most 
commonincluding: 
1)  Fiber-matrix interface fracture commonly referred to as 

rebounding, produces sliding between Fiber and matrix. 
2)  Under high stress level fiber normally breaks. 
3)   Cracks are shaped in the matrix.  
4)  Delamination, which is produce due to   failure in 

laminated interference.  
 
As mentioned above in last, which is the delamination is 
one of the important parameters on grounds because that it 
will affect the   exertion of components and their prediction 
in service. [10, 11]. In damages, delamination is the 
extremetypein all types. The strength and stiffness of 
composite structures diminish because of delamination, 
conceivably failure of structure. The reasons for 
delamination are dreadful layups of plies during 
assembling, low speed effect of apparatuses during 
gathering and administration, overstressing or fatigue. 

Fatigue is a significant reason for delamination 
development in composite materials, making it an essential 
plan concern. For the selection of damage tolerance design 
configuration approaches in essential composite 
constructions in aviation applications, the improvement of 
exact fatigue growth valuation tools is required. 
Delamination can be started and proliferating under three 
loading modes as demonstrated in Figure 1. Mode I is the 
most common mode of fracture called opening mode due to 
uniaxial loading. In mode I fracture, occur due to plane 
tensile loads. Mode II is due in-plane shearing or sliding 
loads cause the material to fail. Mode III is due to out of 
plane shear, but mode III is not common in practical 
applications. The delamination process occurs in composite 
materials results in mode I, mode II and mixed mode I + II, 
but composite materials normally fail under mixed mode or 
in combination mode loading. Genuine delamination in 
composite designs frequently occur under mixed mode 
loading.  Many researchersstudy the fracture behavior of 
composites materials under mixed-mode loading. These 
investigations are examined in the next section. 

 
Fig.1. Modes of Delamination [4] 

 
The literature contains different examinations on 
delamination. Mixed mode-I/II proposed by Crews and 
Reeder in 1988. [12-14]. These writers planned and 
revealed one of the test models, Mixed mode bending 
(MMB) testing, which improved in 2001, was incorporated 
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as the ASTM standard, [15][16]. This test can be viewed as 
cover of mode-I and mode-II fatigue with the other two tests 
load, specifically double cantilever beam (DCB) [17, 18] and 
the end notched flexure test (ENF), [19] separately. Bennati 
et al. [20,21] proposed an improved beam hypothesis for 
the mixed-mode bending (MMB) test, where the covered 
composite material is viewed as a bunch of two sections 
overlaid. In 2005, Szekrenyes [22] delivered analysis of 
various test strategies for cracks between various layers of 
composite materials. This article reports that MMB testing is 
the most strategy method utilized in mixed-mode uni-
directional laminates I-II. Notwithstanding, regardless of a 
few benefits, this test additionally has numerous 
disadvantages, including the way that this technique isn't 
appropriate for multidirectional and deviated composite 
materials. Investigate fatigue phenomena in mixed modes 
I/II fractures still lack literature and test methods [23, 24]. 
Norbert Blanco and others [25] utilized mixed-mode end 
load split (MMELS) powerfully to test mode-mixity changes 
with expanding length of crack, beginning from a bigger 
mode-I to mode-II cracks utilizing various approximations. 
Zhang Jianyu et al [26] suggest quantitative appraisal of the 
impact of opposition delamination contributes to fatigue 
growth in composites materials with changing mode mixity 
levels. The essential reason for this research is to extend 
our empathetic of fatigue comportmentof mixedmode I/II 
fractures laminated glass fiber composite material. To this 
finally, the interaction of beginning of crack between layers 
is deliberated;determine the fatigue curve through 
experiments and corresponding fatigue limit of the two 
modes of mixing 0.24 and 0.42. Curves characterizing the 
delamination rate of the composite material under 
investigation is additionally examined through experiments 
for entire fatigue analysis for both mode-mixity. through 
tests for whole weariness examination for both mode-mixity. 

 
2. EXPERIMENTAL SECTION 
 
2.1  General principles MMB Test:  
This test strategy, which is regularized by ASTM standard 
test technique D-6671/D-6671 M-06, permits portrayal of 
uni-directional lamination composite materials agonize from 
mixedmode I/II fracture.Hypothesis of Linear mechanical 
model can be considered as Double cantilever beam (DCB) 
cover with end notched flexure (ENF) test. Hence, the 
previously mentioned test can be utilized to decipher the 
MMB test results; particularly to decide the commitment of 
energy release rate at various crack modes of G andG  . 
The mixed mode bending apparatus were specially 
designed for investigation of fracture behavior and mode 
ratio. The MMB test is essentially a bendingapparatus 
accomplished on laminated composite sample with 
parameters having width b, thickness 2h, and initial crack is 
a which simply supported detached by length 2L. Non-
adhesive Teflon supplement of 12.5μm thickness set 
between the mid layers of two equivalent sub-laminates. By 
changing the distance c, load on the yoke also changes 
which vary the mode mixity. The test getup is schematically 
appeared in Figure 2. 

 
Fig. 2. Diagram of MMB test specimen [7]. 

 
The test permits the assurance of the interlaminar fracture 
toughness with a mixed-moderatio from practically modeI to 
modeII. By applying loadon yoke, surface tensilemovement 
produces at where thesample is fixed betweenhinges and 
compressive movement on the upper roller at length 2L 
from the loading.  
 
2.2    Test Specimen and Materials 
In this research, specimens are made from E-glass fabric 
mate-200 and z-epoxy 300. The fabric mate-200 and Z-
Epoxy. There are two components in z-epoxy, one is 
hardener and other is base. The combination is mixed with 
1:2 ratios mean for 100-gram epoxy 50-gram hardener are 
used.The specimens were made according to ASTM D5528 
standard [42] as in figure 3. Thirty specimens are made. For 
these specimens we made three panels of dimensions 
300x250 mm. To achieve thickness of 6.4 mm we use 26 
layers of 300x250 mm dimensions. Through hand layup 
technique by using z-epoxy we were join these 26 layers. 
 

 
Fig. 3.  Dimensions of specimen according to standard 

D5528 
 
The specimen used in this investigation for MMB test shape 
is of  width b 25mm, thickness 2h is 5mm, length 2L is 
150mm, insert with a Teflon of 12.5μm thickness placed 
between the mid layers of the composite, which is used in 
the process of making samples as shown in figure 4. 
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Fig.4.  Samples achieved from panel after cutting 

 
After cutting the panel into specimens piano hinges were 
attached on both sides of specimen for griping in mixed 
mode bending apparatus for testing in UTM, as shown in 
figure 2. The mixed mode bending apparatus were specially 
designed for investigation of fracture behavior and mode 
ratio.  

 
Fig. 5.  Specimens with piano hinges attached and piano 

hinges on right side 
 
To visualize the growth of crack during delamination, 
whitener is applied on sides of specimen. To investigate 
and measure the crack distance, a graph paper, which have 
each box of 1mm, was attached also on sides of specimen.  
 
2.3 Experimental   test Procedure 
All fatigue tests were conducted according to ASTM 5528 
[42] on universal testing machine. Model of UTM machine is 
(Make Zwick Roell Germany Model HC 25). The machine 
has maximum loading capacity of 250 kN, minimum strain 
rate of 0.005 mm/min and maximum strain rate was 500 
mm/min.The tests were performed at the room temperature 
at 15º.The existence of cracks is determined directly 
observing of the specimen. In addition, the rate of crack 
growth (ΔG - da/dN) was resolved forvarious parts of static 
Gc assessing progression of the length of crack with a 100x 
amplifying instrument. This was arranged on one side of the 
sample and was placed on a device whose movement 
micrometers that permit perception and direct assessment 
of the crack obliged. While playing out the test under these 
circumstances it will in general be inconvenient, work 
concentrated considered a sufficiently strong method, and 
the information gave is seen as generous regardless, 

considering think about contrasts in break improvement 
across the width of the exampleTo find the crack growth 
rateat the beginning of delamination was recognized, the 
test halted after each 1000 cycles and the samplewas 
moved to the mean position.Now the circumstance of the 
crack front was find utilizing the microscope and its growth 
was estimated, giving the propagation speed (da/dN). 
Around the energy release rate in the last 1000 cycles, the 
normal crack length and the load value at maximum and 
minimum level were taken. All tests were completedat 
frequency 4Hz [27]. 
 
2.4 Test data analysis 
For determination of the energy released rate G and G   
equation 1 and 2 are used which was obtained from 
Modified Beam Theory. 
The test data was analyzed for the fracture toughness and 
the terminologies of energy release rate for mode I and 
mode II components are [18] 

G = 
      

 

     
(1) 

 
Where G  is strain release rate or fracture toughness in 
mode I, ―a‖ is pre crack length, ―b‖ is width and ―h‖ is height 
of specimen, ―E‖ is young’s modulus of glass fiber 
composite.   

G  = 
9a P  

 

b h E
(2) 

P  and P   are the mode I and II load components 
 

P = (
3C− L

4L
)P(3) 

P  = (
C + L

L
)P  (4) 

Where L is the half of distance between lower loading 
points and C is the lever length. 
G = G + G  (5) 
Mixed mode ratio is described by 

   

 
=

   

      

(6) 

 

3. EXPERIMENTAL RESULTS AND DISCUSSION 
 
3.1 Fatigue Classification 
The aim of the fatigue test was twoway.On one side the 
objective was to determine the initiation of crack in the 
material (calculation of fatigue curves ΔG-N, for energy 
relaxation rate the required number of cycles) crack 
nucleation.On the other side when the delamination 
interaction started,its advancement over the samplelength 
wasdeliberated as a component of applied number of 
cycles. 
 
3.2 Fatigue Delamination 
The average results for each test level are listed below. The 

two-degree load for the mode mixity 
   

 
:   0.42 and 0.24   

whose equivalent lengths of the lever arm C used is   75mm 
and 108mm respectively in this test. Figure 6 shows the 
curve defining the material behavior in the initial stage of 
fatigue delamination. These plots show the fatigue life 
cycles and the maximum rate of energy releaseG   for 
mode ratio at 0.42 and 0.24. The fatigue limit is in any case 
considered one million cycles. Therefore, no delamination 
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occurs by keeping the load level below 40% for 
   

 
 = 0.24 

and less than 45% for 
   

 
= 0.42. 

 
Fig. 6.  Initiation of fatigue plots for two degree of mode 

mixity ratio 0.42 and 0.24 
 
Figure 7. describe the fatigue behavior of the material under 
mixedmode load I/II using the MMB test method for two 
mode-mixity ratios (0.24 and 0.42).The plot shows number 
of cycles vs the total energy release rate: G      = (G  + G  ) 
applied to the test specimen. 
 

 
Fig.  7. Fracture toughness vs Fatigue life cycles of  

specimen  
 
Figure 8. Total fracture toughness and delamination length 
for dry specimen at C=108 mm were plotted. The maximum 
fracture toughness achieved was 1474.189 J/m2 with the 
corresponding delamination length of 47 mm or 0.047 m. 
The pre-crack is up to 30 mm. The fracture toughness 
decrease after 30 mm pre-crack limit and reach up to 
593.153  J/m2 with the corresponding delamination length 
of 55 mm. 

 
Fig.  8. Fracture toughness vs delamination length of 

specimen at C=108 mm 
 
Figure 9. show total fracture toughness and delamination 
length for dry specimen at C= 75 mm were plotted. The 
maximum fracture toughness achieved was 689.07 J/m2 
with the corresponding delamination length of 48 mm or 
0.048 m. The pre-crack is up to 30 mm. The fracture 
toughness decreases after 30 mm pre-crack limit and reach 
up to 265.189 J/m2 with the corresponding delamination 
length of 55 mm. 
 

 
 

Fig. 9. Fracture toughness vs delamination length of dry 
specimen at C=75 mm 
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Fig. 10.  Crack growth rate vs delaminationpropagation for 

C = 75mm 
 
Figure 10 shows the plots delamination length (a) verses 

crack growth rate (da/dN) mode-mixity 
   

 
= 0.42. at C 

=75mm. 

 
Fig. 11. Crack growth rate vsdelamination propagation for C 

= 108 mm 
 
Figure 11 displays the curves of the rate of crack growth 
curves (da/dN) verses length of delamination (a) which  
shows that the  rate of crack growth as a  function of crack 

proliferation  for mode-mixity 
   

 
= 0.24.  (C =108 mm). 

Clearly, these samples left to a more elevated level of 
growth rate. As for the general example for all load levels 
estimated here can be seen that the delamination 
development rate during the first millimeters lean towards 
lower growth rate than in the zone where the length of 
delamination is respectably high. It can moreover be seen 
for different levels of weariness load for instance, the 
delamination association occurs in a consistent way. 

 
4.   FRACTOGRAPHIC ANALYSIS 
To perceive the presence and importance of various 
damaged components that impact the material during 
testing, a fractographic study was performed using a 
Scanning Electron Microscope (SEM). Utilizing Scanning 
Electron magnifying lens (SEM), the fracture surface of the 
tested specimen material was studied. The tests were 

performed in advanced electronics lab of International 
Islamic University Islamabad. Test were conducted on 
Scanning Electron Microscope KYY EM6900 as shown in 
figure 3.23 having minimum resolution power of 3nm at 30 
KV electron beam and with the magnifying power of 6X to 
300,000X.This investigation was performed on specimens 
separated from the tests: at the edge of the and from center 
part of specimens. 
 
4.1 Fractographic study of start of Fatigue 

Delamination 

 
 
 

 
 
be seen, the crack surfaces have capacities identified with 
both mode-I mode-II crack, the consequence of the mix of 
the two modes in MMB preliminary. [28, 29]. 
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Fig.  12. Micrographs of the fracture surface of fatigue at the beginning of delamination, next to the supplement, for a mode 

mixity 
   

 
= 0.42 a)   and 0.24 b).

 
4.2. Fractographic examination of fatigue delamination 
growth 
Figure 12 shows the crack geomorphologiesdetected in 
start zone of both mixed-modes of fatigue delamination. 

The best applicable are: for 
   

 
= 0.42 a specific structure of 

the matrix isdeformed around the fibers, called river 
markings, which appear to show plastic creep of the matrix, 
normal for mode-I. On account of modeII crack, there are 
cups because of shear stresses in the break level and 
matrix rollers, which are broken resin buildups brought 
about by the contact between the upper and lower crack 
surfaces during the fatigue interaction, what separate the 
jaws. [29.30]. 
 

 
 
 
 

 
 
For G_II/G= 0.24 with river markings, due to development 
of fiber bridges broken fiber and extract  fiber can be seen 
in figure 12 (b).This shows that the preference the 
development of fracture is delivered by means of the 
fiber/framework interface related with mode I fracture. With 
mode II fracture matrix rollers and cups can be seen. [31} 
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Fig.  13. Micrographs of the fracture surface of fatigue in the center of delamination region for mode mixity 
   

 
= 0.42 a) and 0.24 

b). 
 
Figure 13 shows the crack geomorphologies toward the 
start of the region of the delamination procedure for both 
mixed mode. 

For 
   

 
= 0.42 the Huckle markingis the most agent 

morphology because of the arrangement of cusps, related 
to mode II crack. River markings, normal for mode I 

fracture, can in like manner be seen. For 
   

 
= 0.24 river can 

be seen ruined fibers, extracts fiber  and river markings 
normal for fracture mode I, regardless of whether there are 
cups identified with mode-II crack are not critical. 
Crackgrowth of fatigue lines can be seen for this situation. 
These made it workable for the rate of crack growth to be 
straightforwardly estimated through the distance between 
two sequential lines and the test recurrence. [32]. 

 
5. CONCLUSIONS 
This article portrays the main consequences results of 
fatigue testing used to find the interlaminar toughness of 
fracture for  mode mixity 0.24 and 0.42 under mixed-mode 
I/II loading for  find the impact mode-mixity on delamination 
measure in both start and developing stages. The 
accompanying ends can be squeezed from the 
experimental test. During the beginning time of the fatigue 
interaction, the degree of mode I load applied to the test 
obviously is the biggest limit in the arrangement, the higher 
the degree of mode-I the lower load levels at which 
delamination the cycle is begun. As far as possible got for 
   

 
=0.24 is beneath 40% of the basic energy emanation 

rate and underneath 45% for 
   

 
= 0.42. Albeit the break 

may start beneath these now and again, in the event that it 
develops, it will spread so gradually that its development 
can be viewed as unimportant. Regarding the impact of the 
mode mixture as for the delamination length, it is shows 
that when the delamination interaction spreads or mode-
mixity of 0.42, the development crack growth is upper. For a 
mode-mixity of 0.24, the cycle is having a tendency to be 
constant. This appears to show when the spread of mode II 
loading is low, the cycle is all the more consistent, will in 

general be steady. With respect to the fractographic 
investigation, the fracture exteriors are described principally 
by river markings (mode I) and presence of cups (mode-II), 
which affirms the impact for both mixed-mode I/II. Matrix 
rolls aggregate in the break regions close to the addition, 
conceivably because of the more one friction time among 
higher and inferior crack surfaces, which the delamination 
start zone is liable to all through test measure. Broken fiber 
and fiber separates (mode-I) are fundamentally originate in 

the samples tried for  a mode mixity 
   

 
= 0.24, however not 

in 
   

 
= 0.42, where they are hardly detectable. The 

micrographs for 
   

 
= 0.42 show that crack surfaces display 

for mode-I and mode-II break attributes to an equivalent 

degree. For 
   

 
= 0.24, anyway regardless of whether the 

properties of both crack mode are available, the impacts 
related with modeI crack (fiber extract) are more noticeable 
because of the more noteworthy impact of this mode. 
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