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ABSTRACT 

The experimental results of low-energy drop-weight impact tests on woven-roving Glass Fiber Reinforced 
Polymer (GFRP) type C-glass/Epoxy 600 g/m² and Type E-glass/Epoxy 800 g/m² are presented. The effects of specimen 
thickness based on the number of plies and impact energy are investigated. Impact damage and response was observed for 
eight levels of impact energies, 6, 12, 18, 24, 30, 36, 42 and 48 J. From the experimental studies, it can be concluded that 
for each type of GFRP, the impact energy showed excellent correlation with the impact response. The difference in the 
number of plies fabricated and the mechanical properties for both types of GFRP do affect the impact response and impact 
damage of the specimens tested. It can be concluded that GFRP type E-800 is higher in strength compared to GFRP type 
C-600.  
 
Keywords: glass fiber reinforced polymer, low velocity impact, drop weight test, fiberglass, impact damage. 
 
INTRODUCTION  

Composites are well known for their excellent 
weight/strength and weight/stiffness properties and they 
are the materials of choice for light-weight structures. 
Fiber Reinforced Plastics (FRP) composites are widely 
used in aircraft components such as spoilers, wings and in 
subsystems such as turboprops and turbofans. Composites 
have now replaced light alloys in aircraft components 
since they are lighter and have a lower maintenance 
control surface (cleaning and polishing). Laminated fiber-
reinforced composite materials are also known for their 
good environmental resistance and fatigue resistance. 
Glass Fiber Reinforced Polymer (GFRP), Carbon Fiber 
Reinforced Polymer (CFRP), Kevlar and hybrid 
composites are commonly used for aircraft structures and 
components. However, these materials are at risk of 
experiencing damage. 

There are different types of damage possible in an 
aircraft such as fatigue, corrosion, accidental (impact) 
damage, and associated repairs; it is reported that at least 
13% of 688 repairs to 71 Boeing 747 fuselages were 
related to impact damage [1]. Impact damage is an 
important type of failure in aircraft structures. Vlot [2] 
reported that impact damage is usually located around the 
doors, on the nose of the aircraft, in the cargo 
compartments and at the tail (due to tail scrape over the 
runway). Impact damage on aircraft is caused by sources 
such as: runway debris (in the order of 60 m/s), hail (on 
the ground 25 cm and 60 m/s and in flight in the order of 
hundreds of meters per second), maintenance damage or 
dropped tools (less than 10 m/s), collisions between 
service cars or cargo and the structure (the velocity is 
low), bird strikes (high velocities), ice from propellers 
striking the fuselage, engine debris, and ballistic impact 
(for military aircraft) [2]. Impact damage occurs due to 
impact loading on the structure. 
 

Fibreglass 
In general, fibreglass is a low cost material and 

has good electrical insulation. However, it has a short 
fatigue life due to the low stiffness of glass reinforcement. 
In a humid environment, the strength of fibreglass is 
reduced under sustained loading, as the moisture absorbed 
onto the surface of the flaw reduces the surface energy. 
Glass fiber is commonly chosen in impact sensitive 
applications even though it has a lower elastic modulus 
and lower resistance to fatigue. It has the higher impact 
damage tolerance of laminates and a lower raw material 
cost compared to carbon fibers [3-5]. GFRP laminate has 
great impact resistance since it has higher energy 
absorption due to its higher strain to failure ratio compared 
to a carbon fiber reinforced material [6, 7]. Table-1 shows 
the mechanical properties of C-glass and E-glass [8]. The 
density, tensile strength and modulus of elasticity of E-
glass is higher than that of C-glass. 
 
Table-1. Mechanical properties of C-glass and E-glass [8]. 
 

 
 

Type E- glass fiber with a mass of 800 g/m² is 
thicker compared to Type C-glass fiber with a mass of 600 
g/m². The hardness of Type E fiber with a mass of 800 
g/m² is high compared to Type C fiber with a mass of 600 
g/m² since its fiber composition is greater. There are only 
a few research studies that have been done on Type C-
glass/Epoxy 600g/m²and TypeE-glass/Epoxy 800 g/m².  
This paper investigates the low-velocity impact behaviour 
of GFRP Type E-glass/epoxy and Type C-glass/epoxy 
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reinforced composites, so that GFRP usage can be 
widened in aircraft structures. There have been similar 
work done before using drop test rig to evaluate impact 
damage. However, none of the work is comparing between 
this two material GFRP type C-glass/Epoxy 600 g/m² and 
Type E-glass/Epoxy 800 g/m². 
 
Low velocity impact  

There are a few categories of impact loading, and 
specifically these are: low velocity (large mass), 
intermediate velocity, high/ballistic velocity (small mass), 
and hyper velocity impact. Low velocity impacts occur at 
a velocity below 10 m/s, intermediate impacts occur at 10 
m/s and 50 m/s, high velocity (ballistic) impacts have a 
range of velocity from 50 m/s to 1000 m/s, and hyper 
velocity impacts have the range of 2000 m/s to 5000 m/s 
[9]. Sjoblom et al. [10] and Shivakumar et al. [11] defined 
low velocity impacts as events which can occur in the 
range 1–10 m/s depending on the target stiffness, material 
properties and the impactor mass and stiffness. A low 
velocity impact event can occur in-service or during 
maintenance activities and can be considered one of the 
most dangerous loads on composite laminates. It is an 
unsafe type of load since it affects the performance of 
composites. 

For low velocity impact events, the use of 
pendulums like the ones present in the Charpy test, the 
Izod test and drop towers or drop weights have become 
standard. A drop weight impact testing unit enables the 
simulation of a wide variety of real-world impact 
conditions and collects detailed performance data [12]. 
One of the advantages of this test with respect to the 
Charpy and Izod tests is that a wider range of test 
geometries can be examined, thereby enabling more 
complex components to be tested [13]. In this paper, 
although testing is generally undertaken using a 
hemispherical impactor, it is possible to use other impactor 
shapes such as blunt cylinders or sharp points. 

 
Non-destructive testing 

According to a composite aircraft design 
handbook [14], damage criteria are classified into five 
categories depending on the severity of the damage. The 
first category is barely visible impact damage (BVID), and 
the second category is visible impact damage (VID). 
Visible impact damage (VID) is a clear damage on the 
specimen that can be easily seen using the naked eye. 
Barely visible impact damage (BVID) is damage that can 
seldom be seen using the naked eye. Both types of damage 
can be evaluated using post impact testing. There are 
various methods available for detecting impact damage 
such as X-ray [15], C-scan [16, 17], Scanning Electron 
Microscope (SEM) [18, 19], dye penetrant and optical 
microscope. It is essential to determine the existence and 
location of the damage. Typically, by carrying out visual 
observation directly on the impacted surface, the presence 
of matrix cracks and the size and shape of delamination 
can be predicted. In this research, the damage experienced 
by the impacted specimen are BVID and VID. 

EXPERIMENTAL PROCEDURE  
 
Preparations of specimen 

The composite materials chosen are woven 
roving Glass Fibre Reinforced Polymer (GFRP) type C-
glass/Epoxy 600 g/m² and type E-glass/Epoxy 800 g/m². 
These woven roving materials were laminated with resin 
to increase their impact strength. The materials were 
fabricated using a hand lay-up technique with the aid of 
rollers. The process of preparing the compound is based 
on a 2:1 ratio: that is, 2 portions of epoxy to 1 portion of 
hardener. The epoxy resin and hardener used are from 
types Zeepoxy HL002TA and Zeepoxy HL002TB. For 
each thickness, five panels of 350mm×350mm were 
laminated. After the hand lay-up process, the top layer of 
laminate was covered with glass and four 150N weights 
were placed on the top of the glass. The curing process 
was carried out at room temperature for 48 hours. 120 
specimen plates as per the Boeing Specification Support 
Standard BSS 7260 (100mm×150mm) for both types were 
cut using a CNC Router Machine. The thickness for each 
material is shown in Table-2.  

 
Table-2. Laminate thickness for type C-glass/Epoxy 600 

g/m² and type E-glass/Epoxy 800 g/m². 
 

 
 

Table-2 compares the average thicknesses of the 
laminates. The thickness are measured after the curing 
process. The standard deviation are the same since the 
thickness of the fabricated specimen is almost the same. 
This is because the same procedure has been used to 
fabricate the specimen. It shows that GFRP type E-
glass/Epoxy 800 g/m² produced much thicker laminates 
compared to type C-glass/Epoxy 600 g/m² for the same 
number of plies. Tests were performed on different sample 
thicknesses to achieve different impact responses. 

  
Impact test configurations 

The Drop Weight Impact test was performed 
using an instrumented falling-weight-impact test machine, 
IMATEK IM10T, at International Islam University 
Malaysia (IIUM). This was integrated with software, 
IMATEK Impact Analysis, to acquire impact results data. 
The tests were achieved by dropping a striker attached to a 
variable weight onto the sample and at an arranged impact 
velocity. The software performs its calculations from the 
basic force-time information, velocity, displacement and 
energy absorbed by the specimen. There are three main 
parts to the drop-weight apparatus, a tower where the 
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weight falls onto the sample held below, a control unit, 
and the computer software system as shown in Figure-1. 

 

 
 

Figure-1. Parts of the drop weight apparatus. The 
specimen was tightly clamped at four corners during the 

impact test.  All tests were conducted at room temperature. 
 
The tower consists of a sample area, where there 

are four clamps holding the sample, and a column from 
which an impactor head attached to a weight falls onto the 
sample. The striker was 0.787 kg in weight, and had a 
hemispherical geometry in shape, with a tip radius of 5 
mm. The total drop mass is 8.891 kg. Two types of GFRP, 
type C-glass/Epoxy 600 g/m² and type E-glass/Epoxy 800 
g/m² with three thicknesses of laminate, 10, 12 and 14 
plies, were considered. The variable used to define the 
magnitude of the impact event is the impact energy. The 
low velocity impact response of the samples was 
investigated at different impact energies in order to 
evaluate the capability of the laminates to dissipate the 
impact energy. 

For the 12-ply and 14-ply specimens, for both 
types of GFRP, a total of 96 plates were used in the impact 
tests at 8 different energy levels. The impact energies are 
chosen because before the actual test, there is a test had 
been done earlier to know the maximum impact energy 
that can be sustained by the specimen. At impact energy 
more than 48J, for specimen with 10 number of plies, 
penetration will occur. Therefore, the impact energy 
chosen for this research are from 6J to 48J. These impact 
energies give a velocity ranging from 1.6m/s to 3.3 m/s 
and these velocity ranges are in the range of low velocity 
impact as has been explained in the literature. The impact 
energies for the 12-ply and 14-ply specimens were 6, 12, 
18, 24, 30, 36, 42, and 48 J. However, for 10-ply 
specimens, for both types of GFRP, a total of 24 plates 
were used to perform the impact test at four energy levels, 
12 J, 24 J, 36 J, and 48 J due to material and cost 
limitations. For each type of energy, three samples were 
subjected to impact respectively to obtain data 
repeatability. The reason for performing the repeatability 
test was to check the accuracy of the measurements. 

In order to obtain different energy levels, the 
height from which the impactor should be released was 
calculated theoretically. The same drop mass was used for 

all the tests, 8.891 kg, and the impact energy of the drop 
was obtained using Equation(1) [20]: 
 

       (1) 
 

It was found that the height should be 0.069 m for 
an impact energy of 6 J. For 12, 18, 24, 30, 36, 42 and 48 
J, the corresponding height for the impactor to be released 
was 0.138, 0.206, 0.275, 0.344, 0.413, 0.482, and 0.551 m. 
Equation(1) shows that the drop height increased with 
increasing impact energy. The impactor mass together 
with the height of the drop determines the energy of the 
impacts. The specimens were impacted at the midpoint 
using a hemispherical shaped impactor.  

The characterization of the impact tests was 
based on the conservation of energy principle where the 
potential energy (PE) before the impact event is assumed 
to be equal to the kinetic energy (KE) after the impact 
event [21, 22]. The initial velocity of the impactor, ν, can 
be calculated using Equation(2) where g is gravitational 
acceleration, 9.81〖ms〗^(-2), and h is the impactor 
height. 
 

        (2) 
 

It was found that for an impact energy of 6, 12, 
18, 24, 30, 36, 42 and 48 J, the initial velocity of the 
impactor is 1.1, 1.6, 2.0, 2.3, 2.6, 2.8, 3.0, and 3.3〖ms〗
^(-1). The velocities calculated are the same as the 
velocities setup using the drop test machine. These 
velocities are still in the range of low velocity impact 
events as has been explained earlier in the literature.  
Non-Destructive Evaluation 

The low velocity impact damage on the specimen 
was examined using the dye penetrant technique and an 
optical microscope. The basic theory of liquid penetrant 
testing is capillary action, which allows the penetrant to 
enter in the gap of damage, remain there when the liquid is 
removed from the material surface, and then re-emerge on 
the surface on application of a developer, which has a 
capillary action similar to blotting paper [23]. It is a very 
effective test method since inspection can be carried out 
without any additional visual aid. Dye penetrant will go 
into the smallest crack experienced by the specimen due to 
the impact event (even into micro-cracks, it just take 
longer time for the dye penetration to occur). After the dye 
penetrant test, the damage on the specimen becomes 
clearer. Therefore, it is much easier to calculate the 
damage area. After the dye penetrant test, the damage area 
has been drawn on the specimen before the drawing was 
copied to graph paper. Then, the damage drawing was then 
calculated. 

The dye penetrant used was Spotcheck SKL-SP2 
dye penetrant. It has a solvent removable (or post 
emulsifiable) red colour contrast penetrant with 
outstanding penetrating characteristics. Spotcheck SKL-
SP2 is compliant with ASME B & PV Code Sec V and the 
ASTM E1417 standard. All impacted specimens were 
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cleaned using a thinner. Dye penetrant was applied onto 
the specimen. After the specimen was left for penetration 
for about 20 minutes, all excessive dye penetrant was 
cleaned using a thinner. Optical microscopy was also used 
to investigate the impact damage in the laminates. 
Delamination, matrix cracking, matrix breakage, fiber 
cracking, and fiber breakage were observed from the 
microstructure of the damaged specimens. 
 
RESULTS 
 
Impact force analysis 
 

 
 

 
 

 
 

 
 

 
 

 
 

Figure-2. Force-time history plots for 10, 12 and 14-ply 
type C-glass/Epoxy 600 g/m² (left) and type E-

glass/Epoxy 800 g/m² (right). 
 

The force time history plots at 6, 12, 18, 24, 30, 
36, 42, and 48 J of impact energy for the average of each 
set of samples at each energy are shown in Figure-2. These 
diagrams represent a typical behaviour and are in 
agreement as reported in the literature [24].The force-time 
history can yield significant information pertaining to 
damage initiation and growth [25, 26]. As the tested 
energy increases, the peak forces increase with energy as 
expected. It is possible to observe that the force increases 
up to a maximum value followed by a drop corresponding 
to the impactor rebound. Both types of GFRP show that as 
the number of plies increases, the peak force also 
increases. The curve shows that GFRP type C-glass/Epoxy 
600 g/m² has a lower value of peak force for all numbers 
of plies compared to type E-glass/Epoxy 800 g/m². All the 
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curves are not smooth, and a major load drop occurs and is 
followed by multiple cycles of loading and partial 
unloading before the final unloading. The peak load 
increases greatly and the contact time increases slightly 
with the impact energy, while the load at which the major 
load drop occurs (if there is any) is almost the same for all 
impact energy levels.  

The force plot is not smooth because it indicates 
damage experienced by the specimen. GFRP type C-
glass/Epoxy 600 g/m² curves are not smooth, and a major 
load drop occurs and is followed by multiple cycles of 
loading and partial unloading before the final unloading. 
The oscillation indicates the existence of damage 
progression. Aunsmooth curve signifies a more severe 
damage [27]. There are more oscillations (irregular 
behaviour) in the curve of GFRP type C-glass/Epoxy 600 
g/m² compared to GFRP type E-glass/Epoxy 800 g/m² 
because the damage from the incident impact is more 
severe for GFRP type C-glass/Epoxy 600 g/m². The peak 
load increased greatly and the contact time increased 
slightly with the impact energy, while the load at which 
the major load drop occurred (if there is any) is almost the 
same for all impact energy levels. 
 
Energy absorbed analysis 
 

 
 

 

 
 

 
 

 
 

 
 

Figure-3. Energy-time curve for 10, 12 and 14-ply for 
type C-glass/Epoxy 600 g/m² and type E-glass/Epoxy 800 

g/m². 
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Figure-3 shows that for both types of GFRP, the 
energy level increases slowly up to it speak. Both types of 
GFRP possess the same trend of energy curve. The 
absorbed energy of the material can be analyzed from the 
energy-time curve [9].The absorbed energy is the energy 
level at which the curve becomes constant with time. The 
absorbed energy increases with an increase in the impact 
energy. The energy-time curves show specimens energy 
dissipation. Roughly 50% of the energy was returned. This 
means that the composite works in elastic region and 
experience phenomena such as delamination or matrix 
cracking. 
 

 
 

 
 

 
 

 
 

Figure-4. Force-displacement curve at impact energy 12J 
for type C-glass/Epoxy 600 g/m² and type E-glass/Epoxy 

800 g/m². 
 

The type of GFRP and the number of plies effect 
on the impact response of woven fabric composite plates is 
examined experimentally. Force-displacement curves 
contain important information about the damage 
progression in an impact event. The displacement term 
here indicates the movement of the impactor and the 
deflection of the impacted surface of the sample during 
contact between the specimens and the impactor. There are 
two types of curves, the closed curve and the open curve 
[28]. A closed curve consists of an ascending section of 
loading and a descending section combining loading and 
unloading, in general. If the descending section is 
completely a softening curve, open curve, the force-
displacement curve may represent either penetration or 
perforation cases. Figure-4 shows the force displacement 
curve at impact energy 12 J and Figure-5 shows the force 
displacement curve at impact energy 48 J. 
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Figure-5. Force-displacement curve at impact energy 48 J 
for type C-glass/Epoxy 600 g/m² and type E-glass/Epoxy 

800 g/m². 
 

From Figure-4 and Figure-5, it is seen that the 
force-displacement curve has ascending and descending 
sections. The slope of the ascending section of the curves 
is named the impact bending stiffness. The highest value 
reached in the force-displacement curves is called the peak 
force [29]. Returning toward the origin of the diagram 
following the descending section indicates the rebounding 
of the impactor from the specimen surface after impact. 

Only the force-displacement curve for 10-ply and 
14-ply for both materials is shown because the graph 
pattern was the same for the 12-ply specimens. Impact 
energies of 12 J and 48 J were chosen in this graph in 
order to compare between the impact energies tested for 
both types of GFRP. The maximum deflection can be 
found from the graph at the point when the force curve 
returns to zero [30]. The maximum deflection of the 
impacted specimen can be seen as in Figure-10. The 
absorbed energy of the specimen can be determined by 
calculating the area enveloped by the force-displacement 
curve. 
  
Variation of maximum impact force and impact energy 
 

 
 

Figure-6. Peak impact force-impact energy curve for type 
C-glass/Epoxy 600 g/m² and type E-glass/Epoxy 800 g/m². 

 
Figure-6 shows that the average peak impact 

force is found to follow the same increasing trend with 
respect to impact energy, regardless of the type of material 
and the number of plies. The impact force is dependent on 
the input energy and target stiffness. The impact force is 
dependent on the input energy and target stiffness. This is 
because, as the impact energy increased, the impact force 
also increases and these can be seen from the data 
collected from the test. As the target stiffness increases, 
the impact force also increases. This is because more 
forces is required to initiate damage on the specimens. 
Stiffness is a characteristic of the panel system including 
materials, thickness, and boundary conditions. 

The impact forces generated for impacts onto the 
14-ply type E-glass/Epoxy 800 g/m² are significantly 
larger than for all other tested specimens due to its high 
stiffness. This shows that GFRP type E-glass/Epoxy 800 
g/m² is stiffer than GFRP type C-glass/Epoxy 600 g/m². It 
can be stated that the greater the peak impact forces, the 
stiffer the projectile-to-target interactions. This resulted in 
shorter contact duration, and more rapid load increases up 
to the maximum values [31]. All eight different impact 
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energy levels were tested and the results reveal that the 
measured peak impact force shows an excellent correlation 
with impact energy. It is also seen from Figure-6 that 
GFRP type E-glass/Epoxy 800 g/m² experiences a higher 
peak impact force compared to GFRP type C-glass/Epoxy 
600 g/m² for all thicknesses. 
 
Variation of peak energy and impact energy 

 

 
 

Figure-7. Peak energy-impact energy curve for type C-
glass/Epoxy 600 g/m² and type E-glass/Epoxy 800 g/m². 

 
Peak energy consists of the energy absorbed via 

the elastic deformation of the specimen and the energy 
dissipated via damage initiation and propagation. For non-
penetration impact events, the peak energy is invariably 
higher than the energy at failure due to elastic recovery 
when the striker bounces upwards [32]. Figure-7 shows 
the peak energy-impact energy curve for both types of 
GFRP. It can be seen that as the impact energy increases, 
the peak energy increases too. However, for 10-ply type 
C-glass/Epoxy 600 g/m², the value of the peak energy is 
decreasing at 48 J. This is because, at 48 J, penetration 
almost occurs at the tested specimen.  

 
Variation of energy absorbed and impact energy  

Impact energy and absorbed energy are two 
important parameters to assess the impact response and 
resistance of composite structures. The absorbed energies 
are a fraction of the impact energy which is absorbed by 
the structure and is not transformed on the elastic energy 
[33]. Thus, each failure mechanism - matrix crack, intra-
layer failures, delamination, fibre breakage - absorbs a 
fraction of the impact energy. Therefore, the amount and 
the type of the failure mechanisms activated will affect the 
total absorbed energy values. However, the amount and 
the type of the failure mechanisms activated depend on the 
mechanical properties of the fibre, the core and the matrix 
used for the manufacturing of the sandwich structure, the 
shape of the impactor head, the orientation of the fibre 

layers, the geometry of the specimen, and the impact 
energy level. 
 

 
 

Figure-8. Energy absorbed-impact energy curve for type 
C-glass/Epoxy 600 g/m² and type E-glass/Epoxy 800 g/m². 

 
In the present study, the mechanical properties of 

the fibre used for the manufacturing of the laminates and 
the impact energy level, were seen as the major causes of 
the variation in total energy absorption. Figure-8 shows 
that 10-ply type C-glass/Epoxy 600 g/m² specimens have 
better energy absorption capabilities than 10-ply type E-
glass/Epoxy 800 g/m².The absorbed energy was obtained 
by calculating the area under the graph of force-
displacement from Figure-4 and Figure-5. It is notable to 
state that as the impact energy increases, the energy 
absorbed by the specimens is also increasing. It is shown 
that as the impact energy increases, the energy absorbed 
increases because the Young’s moduli of the GFRP 
laminates increases. This is because GFRP type E-
glass/Epoxy 800 g/m² is already known to has higher 
Young’s modulus than GFRP C-glass/Epoxy 600 g/m². 
Young’s modulus is a measure of the stiffness of an elastic 
material. Higher elastic modulus means the material is 
stiffer. 

A qualitatively similar correlation between 
impact energy and energy absorbed was found by 
Sutherland et al [34]. Sikarwar et al [35] states that as the 
laminate thickness increases, the resistance offered by the 
laminates in delaminations increases and absorbs more 
energy in delaminations mode. 
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Figure-9. Percentage of energy absorbed-impact energy 
curve for type C-glass/Epoxy 600 g/m² and type E-

glass/Epoxy 800 g/m². 
 

The total energy is composed of the energy 
absorbed by the laminate and the elastic energy loss [9].If 
a percentage of the energy absorbed is high, the energy 
converted to elastic energy is low. This means more 
failure mechanisms.Figure-9 shows that at 6 J, 12-ply type 
E-glass/Epoxy 800 g/m² has the highest percentage of 
absorbed energy, which is 56%, and 14-ply Type E-
glass/Epoxy 800 g/m² has the lowest percentage of 
absorbed energy, which is 48%. The lower energy 
absorption means that there is not much energy lost due to 
failure. At 48 J of impact energy, 10-ply type C-
glass/Epoxy 600 g/m² has the highest percentage of energy 
absorbed, which is 86%, while 10-ply type E-glass/Epoxy 
800 g/m² has the lowest percentage of energy absorbed, 
which is 57%. 

 
Variation of peak displacement and impact energy 

 

 
 

Figure-10: Peak displacement-impact energy for type C-
glass/Epoxy 600 g/m² and type E-glass/Epoxy 800 g/m². 

 

Figure-10 shows that the peak displacement 
increases with increasing impact energy values for the 
tests for both types of GFRP. The displacement value is 
obtained from the data acquisition system attached 
together with the drop weight tester. The general shape of 
the impact energy versus deflection curves is similar for 
all tests. GFRP type E-800 has higher strength compared 
to GFRP type C-600 as shown in Table-1. Therefore, it 
can sustain higher impact energy compared to GFRP type 
C-600. Peak displacement indicates the maximum 
deflection of the specimen. It implies that there is a higher 
amount of damaged fibres due to increased impact 
energies. Therefore, it can be concluded that GFRP type 
C-600 had experienced more damage compared to GFRP 
type E-800. 

 
NON-DESTRUCTIVE TESTING  
 
Dye penetrant damage detection 

Dye penetrants were used for detecting visible 
impact damage (VID). Dye-penetrant helps to raise the 
visibility of damage. The low velocity impact damage was 
examined by means of visual observation using dye 
penetrant. In all specimens, delamination was clearly 
visible to the naked eye. For a low-velocity impact, 
damage starts with the creation of a matrix crack [36]. 
 

Table-3. Damage area at impact energy 12 J for C-
glass/Epoxy 600 g/m² and type E-glass/Epoxy 800 g/m². 
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Table-4. Damage area at impact energy 48 J for type C-
glass/Epoxy 600 g/m² and type E-glass/Epoxy 800 g/m². 

 

 
 

Table-3 and Table-4 show the damage area for 
both types of GFRP at two different impact energy levels. 
The damaged area shown are on the impacted surface of 
the specimen. Both tables show that as the number of plies 
increases, the damage areas decreases. Both tables also 
show that as the impact energy increases, the specimen 
damage area increases. Sutherland et al [37] have shown 
that there are generally three main ‘regimes’ of impact 
behaviour: un-delaminated, delaminated, and fibre 
damage. There are many different damage modes, such as 
matrix cracking, matrix degradation, permanent 
indentation, internal delamination, partial surface micro-
buckling, delamination of the upper ‘front-face’ laminate, 
front-face fibre damage, fibre damage on the lower ‘back-
face’, and perforation. A circular, internal delamination 
occurs for specimens impacted at 12 J for 14-ply E-
glass/Epoxy 800 g/m². A small permanent indentation 
occurs under the impactor. As the impact energy increases, 
the internal and front-face delamination areas increase, 
while the permanent indentation becomes more severe. 
Both tables show that GFRP laminate type E-glass/Epoxy 
800 g/m² has experienced a smaller damaged area, 
compared to GFRP type C-glass/Epoxy 600 g/m². This 
indicates that GFRP type E-glass/Epoxy 800 g/m² is 
higher in strength compared to GFRP type C-glass/Epoxy 
600 g/m².  

Figure-11 shows the average damaged area for 
GFRP type C-glass/Epoxy 600 g/m² and type E-
glass/Epoxy 800 g/m².As the impact energy increases, the 
damage area also increases for all tested specimens. 
However, as the specimen thickness increases, the 
specimen damage area decreases due to the ability to 
absorb the impact energy [25]. According to Sevkat et al. 
[38], when the energy absorbed by the composite is small, 
the impactor bounced back and the damage area is also 
small. GFRP type E-glass/Epoxy 800 g/m² experienced 
less damaged area for all thicknesses compared to GFRP 
type C-glass/Epoxy 600 g/m². This is because, GFRP type 

E-glass/Epoxy 800 g/m² is higher in strength compared to 
GFRP type C-glass/Epoxy 800 g/m². 
  

 
 

Figure-11. Damaged area-impact energy for type C-
glass/Epoxy 600 g/m² and type E-glass/Epoxy 800 g/m². 

 
Microscopic inspection  

Optical microscopy was used to investigate the 
impact damage of the laminates. Delamination, matrix 
cracking, matrix breakage, fibre cracking, and fibre 
breakage were observed from the microstructure of the 
damaged specimens. 

 
Table-5. Microscopic images for type C-glass/Epoxy 600 

g/m² and type E-glass/Epoxy 800 g/m². 
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Table-5 shows the failure mode at the impacted 
surface area for 10-ply, 12-ply and 14-ply GFRP Type C-
glass/Epoxy 600 g/m² and Type E-glass/Epoxy 800 g/m². 
The 10-ply type C-glass/Epoxy 600 g/m² specimens 
exhibited more severe matrix damage than the other tested 
specimens. 14-ply Type E-glass/Epoxy 800 g/m² 
experienced less impact damage since it is thicker than the 
other tested specimens. Attheenergylevelof12 J, for 14-ply 
Type E-glass/Epoxy 800g/m², delamination occurs. 
However, for 14-ply Type C-glass/Epoxy 600g/m², the 
failure mode is matrix crack. Type C-glass/Epoxy 600 
g/m²sp²ecimens exhibited more severe matrix damage than 
the Type E- glass/Epoxy 800 g/m²at the same impact 
energy level. This shows that GFRP Type E-glass/Epoxy 
800g/m² is stronger than GFRP Type C-glass/Epoxy 
600g/m². 
    At impact energy 48 J, for 10-ply Type E-
glass/Epoxy 800g/m², the failure mode is only fibre crack. 
However, for 10-plyTypeC-glass/Epoxy 600g/m², the 
failure mode is fibre break. 14-ply Type E-glass/Epoxy 
800g/m² only experienced matrix crack and 14-ply Type 

C-glass/Epoxy 600g/m² also exhibited matrix crack when 
impacted at the highest impact energy, 48 J. This shows 
that as the number of plies increases, the failure becomes 
more lenient. 
    The damages incurred by the specimens under a 
48 J impact load were more severe compared to the 
damages under 12 J impact loads. Several damage modes 
have been observed in this experiment, under a 12 J 
impact load, the main damage modes were delamination 
and matrix crack rather than fibre crack or fibre break. The 
damage modes of other specimens in this energy category 
were fibre breakage accompanied by matrix cracks, 
delaminations, penetrations and perforations. For higher 
impact energies of 48 J, fibre crack and fibre break were 
noticed around the site of impact. These fragmentation 
results were expected; the damage areas increased as the 
impact energy increased. For both types of GFRP, for 
specimens that are damaged by 12 J to 48 J impact energy, 
matrix cracks were observed on the damaged surface, and 
delaminations in the cross-section and on the inner surface 
of the specimens, except for 14-ply type E-glass/Epoxy 
800 g/m² and 12-ply type E-glass/Epoxy 800 g/m² at 
impact energy 12 J.  
 
CONCLUSIONS 

In this study, low-velocity impact tests were 
performed on GFRP type E-glass/Epoxy 800 g/m² and 
typeC-glass/Epoxy 600g/m² specimens with various 
thicknesses, according to the number of plies fabricated, 
and by varying the impact energy. From the results 
obtained, the peak impact force, the peak energy, the 
energy absorbed, the damage area, and the peak 
displacement increase with an increase in the impact 
energy for both types of GFRP. Comparing both types of 
GFRP at the same impact energy, type C-glass/Epoxy 600 
g/m² has a lower peak force compared to type E-
glass/Epoxy 800 g/m². Therefore, GFRP type E-
glass/Epoxy 800 g/m² is more impact resistant.  

GFRP type E-glass/Epoxy 800 g/m² had a smaller 
damage area compared to type C-glass/Epoxy 600 g/m² at 
all impact energies tested. At the impact of 12J, 14-ply 
Type E-glass/Epoxy 800 g/m² only experienced 
delamination. Therefore, 14-ply Type E-glass/Epoxy 800 
g/m² is more impact resistant. The failure mode is from 
delamination due to fibre cracking. The Type C-
glass/Epoxy 600 g/m² specimens exhibited more severe 
matrix damage than the Type E-glass/Epoxy 800 g/m² at 
the same impact energy level. The difference in thickness 
and the mechanical properties for both types of GFRP do 
affect the impact character is action and the damaged area 
of the specimens tested. It can be concluded that GFRP 
type E-glass/Epoxy 800 g/m² is higher in strength 
compared to GFRP type C-glass/Epoxy 600 g/m².  
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