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This study presents the low-velocity impact behavior of natural fiber-reinforced green composites. The
green composite plate was composed of bamboo fiber and polylactic acid (PLA). The green composite
plate of 4 mm in thickness was modeled considering unidirectional bamboo fiber. A hemispherical steel
indenter of 16 mm in diameter was used to study the impact behavior of green composites using ABAQUS
6.14. The analysis was performed at impact velocities of 2, 2.54, 3.08, and 3.556 m/s by varying the fiber
weight percentage to 10, 20, and 30% in the bamboo/PLA green composites. The simulated results were
compared with the findings reported in previous studies.
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1. Introduction

The strength and stiffness coupled with lightweight characteris-
tics are the striking features of composites for their widespread
applications in the manufacturing sector. Non-toxic nature, dura-
bility, chemical and corrosion resistance, compact tolerance,
design flexibility, low-cost, and eco-friendly nature are the other
attractive characteristics of composites that motivated researchers
to use this material in diverse applications. Due to the increasing
environmental concern, the research motivation and focus shifted
towards the development of green composites. Understanding the
damage behavior of this type of composites under different condi-
tions is an area of paramount importance. The damage caused by
the impact is categorized into intra-laminar and inter-laminar
damage. The debonding between matrix and fiber, cracking of
matrix, and fiber breakage comes under intra-laminar damage.
Hashin criteria are considered for estimating the intra-laminar
damages of composites. Material fracture into layers or delamina-
tion of composites is termed as inter-laminar damage. The material
properties, structural behavior, and impact parameters like inden-
ter properties significantly influence the damage mechanisms.
These types of damages are observed in composite structures
depending on the different loading and boundary conditions. The
impact damages are not contemplated as a major issue in metals
due to their ductile nature. Metal undergo large deformation at
constant yield stress before work hardening. Usually, the damage
in elastic and plastic regions helps to absorb more energy in metals
as compared to composites. The damage mainly restricted to the
elastic region causes less amount of energy absorption due to the
brittle nature of composites. The susceptibility of impact damage
to the composites opens up a new window to examine advanced
composites. The estimation of impact damage through simulation
helps to find the initial defects and other drawbacks. The damage
to the structural properties of composites can be estimated by ana-
lyzing the composites. The finite element analysis of composites by
ABAQUS is one of the best ways to analyze the models. In the finite
element analysis, the model is subdivided into a large number of
finite elements. The behavior of individual elements can be esti-
mated for known properties of the composites. The mathematical
equations help to add the individual behavior of all finite elements
to predict the overall performance of the composites. Ease of mod-
eling, high degree of accuracy, visualization, time-dependent anal-
ysis, and adaptability are the main advantages of finite element
analysis. Xu and Chen [1] studied the low-velocity impact behavior
of carbon/epoxy laminates. The matrix failure and delaminated
areas were predicted and compared with the experimental results.
Aldajah et al. [2] investigated the low-velocity impact behavior of
laminated Kevlar/nanoclay plates. The delamination and failure of
the composites were predicted by the von Mises stress failure cri-
terion. Chaht et al. [3] simulated carbon/epoxy composites by
using ABAQUS software. The effect of stacking sequence and thick-
ials.
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Table 1
Physical and mechanical properties of PLA.

Properties Values Units

Density 1250 kg/m3

Coefficient of thermal expansion 0.000135 �C�1

Young’s modulus 3.45E + 09 Pa
Poisson’s ratio 0.39 –
Bulk modulus 5.2273E + 09 Pa
Shear modulus 1.241E + 09 Pa
Tensile yield strength 5.41E + 07 Pa
Tensile ultimate strength 5.92E + 07 Pa
Thermal conductivity 0.144 J/ms�C
Specific heat 1190 J/kg�C
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ness of the plate on the damage of composites was verified by
using the Hashin damage criterion. Sanga et al. [4] investigated
the low-velocity impact of laminated carbon/epoxy composites
for aeronautical structures. The damage initiation and propagation
were estimated based on Hashin and Benzeggagh-Kenane criteria.
The accuracy of the simulated models was compared with experi-
mental results. Bozkurt et al. [5] performed a drop weight test on
carbon/epoxy laminated composites. The crack in the matrix of
the lower ply was observed at low-velocity impact. The author
concluded that simulation accurately predict the delamination
region expanding in the same direction of fiber in the lower layer.
Belingardi and Vadori [6] investigated low-velocity impact behav-
ior of glass/epoxy composites. The mechanical characteristics,
impact force history, and energy parameters were used to study
the impact behavior of the composites. Sun et al. [7] examined
the glass/epoxy-SMA-based composites under low-velocity impact
test. The author compared the experimental and simulated results
of composites by considering different impact energies. At low
impact energy, the damage to the composites was observed by
the matrix cracks. The fiber breaking was observed due to the pen-
etration of indenter at high impact energy. Guida et al. [8] per-
formed low-velocity impact test on hybrid and CFRP composites
for aeronautical applications. The energy absorption by both
hybrid and CFRP composites was the same when subjected to
low-velocity impacts. The delamination area of the CFRP compos-
ites specimens was much more extended as compared to the
hybrid composites. Mathivanan and Jerald [9] examined the
impact resistance of GFRP composites. GFRP composites exhibited
better impact toughness as compared to graphite-based GFRP com-
posites at low-velocity impact. The energy absorption rate was the
same in both composites during the impact testing. Bandaru et al.
[10] performed experimental and simulated investigation on low-
velocity impact response of hybrid composites. The basalt fiber
front faced hybrid composites was performed better in terms of
energy absorption and peak force as compared to the Kevlar fiber
front faced hybrid composites. Li et al. [11] investigated carbon/
epoxy composites laminates under low-velocity impact testing.
The inter-laminar damage of matrix and fiber was evaluated using
Puck criterion. Ribeiro et al. [12] examined the simulated results by
implementing different failure modes like fiber failure and inter-
fiber failures. The fiber failure issues and parameters causing
degradation to the properties of composites were observed.
Mohmmed et al. [13] investigated the impact damage response
of foam sandwiched composites with different ply angles. A cru-
cible foam model was created to simulate the composites under
the low-velocity impact. Hashin criteria were used to estimate
the damage response on the faces of the composites. The damage
size, damage shape, and failure on the faces of the composites were
assessed and compared with experimental results by collecting the
loading history and absorbed energy rate. Shi and Soutis [14]
reported that under the low-velocity impact, intra- and inter-
laminar cracks were developed on the carbon/epoxy composites.
Abdel-Nasser et al. [15] investigated the behavior of glass/epoxy
composites under high and low-velocity impact testing. The verifi-
cation of real impact cases helped to explain the necessity of
boundary condition selection for estimating the failure modes.
The author concluded that the utilization of high strength materi-
als resulted in reduction in the weight of the composite plate. Du
et al. [16] examined the intra-laminar stresses and inter-laminar
damages of carbon/epoxy composites by performing low-velocity
impact test. The matrix damage and delamination area of the com-
posite plate were predicted and compared with experimental val-
ues. Song et al. [17] investigated the performance of carbon
incorporated aluminum laminate modeled by ABAQUS under the
low-velocity impact range. The impact response of modeled plate
was estimated by energy-time history values. The author utilized
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the impact of load-time history to compare the experimental
results with simulated models. Rathnasabapathy et al. [18] studied
aluminum-glass fiber composites performance by varying impact
energies. The plastic deformation was observed in the aluminum
layers due to its ductile nature. The fiber breakage, cracks, and
delamination of the composites were also observed. Pashmforoush
[19] examined the effect of carbon nanotubes (CNT) on the carbon
fiber-reinforced composites at low-velocity impact range. The
addition of CNT to the composites resulted in less damage to the
composite plate. The author also concluded that more addition of
CNT causes debonding between the ply layers of the composites
which resulted in decrease in the impact resistance. Alemi-
Ardakani et al. [20] investigated the impact damage of glass
fiber-reinforced composite plate using ABAQUS. The finite element
analysis of modified material properties and quasistatic model
responses were compared with experimental results. Maji et al.
[21] reported that quadratic stress-based criteria helped to esti-
mate the intra-laminar damage of the carbon/epoxy composites
at low-velocity impact testing. The delamination and absorbed
energy rate was predicted and compared with the experimental
values. Mars et al. [22] examined the impact response of modeled
glass/polyamide composites by ABAQUS. It was found that the
effect of increase in the fiber volume fraction and impact velocity
is directly proportional to the impact force response.

It is quite clear from the above literature review that most of the
researchers focused on the low-velocity impact response of syn-
thetic composites. The impact behavior of green composites has
not been investigated though these materials have wide applica-
tion spectrum. Thus, in this study, green composites composed of
bamboo fiber and PLA was modeled using ABAQUS 6.14 [23]. The
effect of varying impact velocities and fiber weight percentage on
the composites was simulated. Hashin damage criteria were used
to estimate the intra-laminar damages on the composite plate.
The simulated results of the green composite plate were also com-
pared with the experimental results of previous studies.
2. Modeling and simulation

2.1. Mechanical properties of materials

The mechanical properties of individual constituent of compos-
ites define the performance of the composites. The mechanical
properties of the composites also depend on the interfacial bond-
ing between the matrix and fiber. In this study, bamboo fiber and
PLA were considered as reinforcement and binding material for
modeling a green composite plate. The bamboo fiber was rein-
forced with PLA in different weight percentage (10 to 30%). The
eco-friendly and biodegradability characteristics are the main rea-
sons to select PLA and bamboo fiber. The properties of PLA and
bamboo fiber were collected from the ANSYS database. The
mechanical properties of PLA and bamboo fiber are shown in
Table 1 and Table 2, respectively.



Table 2
Physical and mechanical properties of bamboo fiber.

Properties Values Units

Density 693 kg/m3

Coefficient of thermal expansion 3.26E-6 �C�1

Young’s modulus 1.73E + 10 Pa
Poisson’s ratio 0.384 –
Bulk modulus 2.4856E + 10 Pa
Shear modulus 6.25E + 09 Pa
Tensile yield strength 3.97E + 07 Pa
Tensile ultimate strength 2.26E + 08 Pa
Thermal conductivity 0.17 J/ms�C
Specific heat 1680 J/kg�C
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2.2. Estimation of composites properties

The rule of mixture is a method used to estimate the overall
properties of composites by considering the individual properties
of matrix and fiber. In rule of mixture, the prediction of properties
is based on the weight contributions of the matrix and fiber. The
rule of the mixture is fairly a simple and accurate method to esti-
mate the properties of the composites. The assumptions consid-
ered to estimate the properties of composites are (i) adequate
interfacial bonding between the fiber and matrix, (ii) strain rate
in the matrix and fiber is the same under the application of longi-
tudinal load, (iii) application of load is always perpendicular to the
fiber while estimating transverse parameters, (iv) fiber alignment
is uniform and perfectly parallel to the plane, (v) no voids present
in the composites, and (vi) shape and size of the fiber are unique
and systematically spaced. The mechanical properties of unidirec-
tional fiber composites were predicted by varying the fiber weight
percentage as 10, 20, and 30%. The young’s modulus in different
directions, poison’s ratio, shear modulus, density, and thermal con-
ductivity of the bamboo/PLA composites were predicted using the
rule of mixture. Table 3 shows the different properties of bamboo/
PLA composites.

2.3. Hashin damage criteria

The simulation of composites is quite difficult. The microstruc-
ture of the composite plate keeps on changing due to continuously
increasing the applied stress. The damage to the composites
mainly occurs in the form of matrix cracking, fiber breaking, and
delamination. Hashin criteria are preferred to estimate the damage
modes on the composites by more than one stress components.
This criterion is specifically used to predict the damage on unidi-
rectional fiber-reinforced composites. The different modes of fail-
ures in Hashin damage criteria are related to the damage in fiber
and matrix. The different modes of failure in Hashin damage crite-
ria are (a) tensile fiber failure (r11 � 0), (b) compressive fiber fail-
ure (r11 < 0), (c) tensile matrix failure (r22 + r33 > 0), (d)
compressive matrix failure (r22 +r33 < 0), (e) inter-laminar tensile
failure (r33 > 0), and (f) inter-laminar compressive failure (r33 < 0).
In ABAQUS, the input parameters considered to execute Hashin
damage are longitudinal tensile and compressive strengths (Xt,
Xc), transverse tensile and compressive strengths (Yt, Yc), and lon-
gitudinal and transverse shear strengths (Xs, Ys). All the input
parameters were calculated using the physical and mechanical
Table 3
Physical and mechanical properties of bamboo/PLA composites.

Fiber wt.% E1 (GPa) E2 (GPa) m G12 = G13 (GPa)

10 4.835 4.1366 0.38 1.4675
20 6.746 5.0802 0.3885 1.8297
30 7.955 6.8014 0.3874 2.4494
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properties of bamboo/PLA composites. Table 4 shows the values
of different strength parameters of composites based on the fiber
weight percentage.
3. Modeling of composite plate

A three-dimensional deformable composite plate of
150 � 150 � 4 mm was modeled in ABAQUS to perform the simu-
lation. The properties of bamboo/PLA composites were assigned to
the plate. The failure behavior of composites was determined
under impact loading. In the material section, all strength values
were entered to estimate the damage of the composites in different
modes. A hemispherical steel indenter of 16 mm in diameter was
modeled to perform the low-velocity impact test on the composite
plate. The properties of steel were assigned to the indenter. The
composite plate and the indenter were assembled with a surface
contact with respect to a reference point as shown in Fig. 1. The
mass of the indenter (1.265 Kg) was allocated by creating a refer-
ence point on the surface of the hemispherical indenter. Table 5
shows the mechanical properties of the indenter. The interaction
between the top surface of the modeled plate and the bottom sur-
face of the indenter was created by defining the interaction prop-
erties. The interaction is normal behavior with a frictional
penalty of 0.3 between the indenter and composite plate. In the
boundary conditions, the outer edges of the composites were fixed
by entering the displacement zero in all directions. The indenter
moment was constrained in X and Y directions by fixing the corre-
sponding displacement and rotation as zero. The indenter is free to
move in the Z direction to create an impact on the composite plate.

The impact test was performed on the plate by varying the
indenter velocities as 2, 2.54, 3.08, and 3.556 m/s. The kinetic ener-
gies were estimated at different impact velocities. The correspond-
ing kinetic energy values are 2.53, 4.0, 6.0, and 8.0 J. The uniform
mesh was generated in the composite plate with a mesh size of
4 mm. In the step function, the output responses were selected
before performing the simulation. The output responses like reac-
tion forces, translational displacements, stress, and strain compo-
nents were considered. For analyzing the failure of the simulated
plate, Hashin output responses like Hashin’s fiber tensile damage
initiation criteria (HSNFTCRT), Hashin’s fiber compressive damage
initiation criteria (HSNFCCRT), Hashin’s matrix tensile damage ini-
tiation criteria (HSNMTCRT), and Hashin’s matrix compressive
damage initiation criteria (HSNMCCRT) were selected.
4. Results and discussion

The impact behavior of bamboo/PLA composite plate with 10,
20, and 30 wt% fiber content was simulated. The effect of impact
velocity on the composite plate was also studied. The impact
response of the composite plate was evaluated in terms of maxi-
mum impact force and displacement. The effect of varying fiber
content and impact velocity on the damage to the composite plate
was also evaluated using Hashin damage criteria. Fig. 2 shows the
maximum force versus initial velocity of the indenter. The increase
in the force is proportional to the velocity for all the composite
plate modeled with fiber content of 10, 20, and 30 wt%. The
response of the force and time history of the composite plate at
G23 (GPa) Density (kg/m3) Thermal conductivity (J/m.s.c)

1.3788 1194.3 0.14623
1.7398 1138.6 0.1494
2.4323 1082.9 0.15409



Table 4
Strength values of composites for Hashin criteria.

Fiber wt.% Xt (MPa) Yt (MPa) Xc (MPa) Yc (MPa) Xs (MPa) Ys (MPa)

10 219.3 18.6721 99.1759 77.09538 27.15 27.1524
20 470.874 16.151 136.7162 75.0149 26.4 26.4999
30 818.1555 13.1966 163.4104 76.8059 27.0 27.0336

Fig. 1. Geometry and boundary conditions of composite plate and indenter.

Table 5
Mechanical properties of the indenter.

Material Mass (kg) Density (kg/m3) Poisson’s ratio Young’s modulus (GPa)

Steel 1.265 7800 0.3 200

Fig. 2. Maximum force response with respect to initial indenter velocity.

Fig. 3. Force vs. time curve for an impact velocity of 3.556 m/s.
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the maximum velocity of 3.556 m/s is shown in Fig. 3. The force
was more in composite plate consists of fiber weight percentage
of 30% as compared to 10 and 20%. From the graph, it is clear that
the force initially increases to a certain level and attains the max-
imum value. Then the force decreases gradually with respect to
time. The increase in force indicates that the composite plate is
bearing the load offers by the indenter. The sudden fall in force
after attaining the maximum value is an indication of damage to
the composite plate. The maximum force obtained at different
velocity of indenter for different composite plate is shown in
Table 6. The force–time response describes the damage initiation,
damage propagation, and stiffness reduction of the composite plate
[10]. The sudden drop in force after the impact results in damage
initiation through matrix cracking.
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To verify the accuracy of the developed model, the present sim-
ulated results were compared with the published work where a
thin composites disc was simulated with different frictional coeffi-
cient values [12]. The tangential interaction force was increased
with frictional coefficient (0.1 to 0.3) which resulted in an increase
in the maximum force. The higher tangential reaction developed
due to increase in the frictional coefficient between the indenter
and composite plate. The maximum force of 3691 N was obtained
at 3.9 m/s for undamaged composites. CFRP composites impacted
by 2.35 and 9.40 J energy levels deform 0.47 and 1.49 mm, respec-
tively [17]. The maximum force increased with respect to the



Table 6
The force response with respect to different fiber content and velocity.

Fiber wt.% Velocity of indenter (m/s)

2 2.54 3.08 3.556

Maximum force (kN)

10 0.6728 1.118 1.968 2.578
20 1.098 1.726 2.688 3.270
30 1.588 2.527 4.299 4.597

Fig. 5. Force vs. displacement at 3.556 m/s.
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impact energy. The maximum force reached to 2438 N at 2.35 J and
4512 N at 9.40 J. No critical damage was observed at 2.35 J. At the
maximum energy of 9.40 J, shear damage and fiber cracks were
observed in the plate. The carbon/epoxy composites with initial
impact energy of 14.7 J attained the maximum force of 3917 N
[14]. Due to the elastic behavior, mild oscillations were observed
between the indenter and composites. After reaching the maxi-
mum force, extreme oscillations were noticed and confirmed the
damage initiation in the composite plate. Fig. 4 shows that the dis-
placement of the composites modeled with 30 wt% fiber was more
than the other composite plates. The maximum displacement for
30 wt% bamboo/PLA composites was found at the impact velocity
of 3.556 m/s. The force was increased in the elastic region
(Fig. 5). After reaching the maximum value, the force decreased
with respect to displacement. It was clear that the load was suc-
cessfully born by the composite plate under low-velocity impact.
The maximum range of displacement was observed between 2
and 9 mm for glass/polyamide composites under impact loading
[22]. The maximum force variation observed from the force and
time history graphs were 2.5 to 3.5 kN at 3.556 m/s. The maximum
displacement range was 20 to 25 mm for GRPF composites at an
impact velocity of 2.215 m/s [9]. The impact test on GFRP at an
indenter velocity of 3.132 m/s exhibited maximum force of
1822.5 N. The matrix cracking was observed due to the generation
of maximum force. The displacement was between 7 and 14 mm
with the varying CNT percentage in CFRP composites [19]. The car-
bon/epoxy foam sandwiched composites simulated under low-
Fig. 4. Displaceme
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velocity impact showed the maximum force of 3.25 kN at 15 J
[13]. The damage to the composites was observed at the top sur-
face of the foam without further damage to the next layers of com-
posites. But the load–displacement curve of unidirectional
composites showed three layers of damage. The simulated car-
bon/epoxy composites showed maximum force of 3000 N with
nt vs. velocity.



Table 7
The maximum force reported with respect to velocity in previous studies.

Composite Maximum Force (N) Velocity (m/s) Reference No.

CFRP 3691 3.90 [12]
Carbon/epoxy 3917 4.83 [14]
CFRP 4512 3.86 [17]
Glass/epoxy 6500 3.50 [18]
Glass/polyamide 3500 3.56 [22]

Table 8
The displacement reported with respect to velocity in previous studies.

Composite Displacement
(mm)

Velocity (m/s) Reference No.

GFRP 20–25 3.90 [9]
CFRP (Varying CNT %) 7–14 3.86 [13]
Glass/polyamide 9 3.56 [22]
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an indenter weight of 1.28 kg [16]. At the maximum force, more
vibrations were observed which led to matrix cracking. After that,
the force was decreased due to formation of small cracks in the
matrix and damage to the fiber. The impact analysis on aluminium
with glass/epoxy composites showed the maximum force of 6.5 kN
[18]. Increasing the impact energy resulted in more damage and
plastic deformation of the aluminium layers coupled with matrix
cracking and fiber damage. The above discussion shows that the
results of the present work corroborate the finding of previous
works in Tables 7 and 8.
4.1. Hashin damage criteria of modeled plates

The effect of fiber content and indenter velocity on the compos-
ite plate is shown in Figs. 6–9. The figures show the damage modes
Fig. 6. Damage to the composite plate composed of 20

Fig. 7. Damage to the composite plate composed of 20 w
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of composite plate composed of 20 wt% bamboo fiber at different
impact velocities. The figures are sequentially arranged from left
to right as fiber compressive damage initiation, fiber tensile dam-
age initiation, matrix compressive damage initiation, and matrix
tensile damage initiation. Fiber and matrix are the main con-
stituents of composites. The applied load is majorly carried by
the fiber. The matrix transfers the load to the fiber and protects
the fiber from damage. The strength and stiffness of the composites
are estimated by the load-bearing capacity of the fiber and the
interfacial bonding strength between the fiber and matrix. A
decrease in the bonding strength between matrix and fiber due
to the formation of cracks in the matrix led to failure of matrix
at low-velocity impact. The fiber failure was more in the contact
region between the indenter and composite plate. More bending
stress developed in the un-impacted region of the composite plate
and thus failure of fiber was the minimum in that region. The fail-
ure of the fiber was more due to the developed indentation stress
in the contact region between the indenter and composite plate. In
this study, the fiber compression was restricted in the contact
region between the indenter and composite plate. The damage
due to fiber compression was increased with fiber content. The
indenter movement was perpendicular to the fiber direction which
caused fiber compression in the contact region of indenter and
composite plate. In all the cases, minor fiber tensile damage was
observed. The increase in the force caused more bending stress
on the composite plate. The application of load was perpendicular
to the fiber direction caused tension in the fibers. The fibers of the
composite plate crushed due to the bending of the plate under
impact loading. Due to this effect, fiber will compress under the
indenter. Outside the impact region, the fibers of the composite
plate were under tension. The matrix compression damage was
less in the composites composed of 10 wt% bamboo fiber. Matrix
compression damage was not observed with an increase in the
velocity up to 2.54 m/s. Further increase in the velocity to
3.556 m/s resulted in matrix compression damage to the compos-
wt% bamboo fiber at an impact velocity of 2 m/s.

t% bamboo fiber at an impact velocity of 2.54 m/s.



Fig. 8. Damage to the composite plate composed of 20 wt% bamboo fiber at an impact velocity of 3.08 m/s.

Fig. 9. Damage to the composite plate composed of 20 wt% bamboo fiber at an impact velocity of 3.556 m/s.
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ite plate. No damage to the composite plate was observed due to
matrix compression at 2.54 m/s. The damage to the CNT-based
CFRP composite plate occurred at the center of the plate. No signif-
icant damage was observed due to matrix compression [19].
Noticeable fiber compression damage was observed with an
increase in the CNT percentage. All the plies were damaged under
matrix tension. More matrix tensile damage to the composite plate
was observed with an increase in the velocity of the indenter. The
developed compressive stress in the contact region between the
indenter and composite plate caused matrix tension. The tension
in the un-impacted region increased gradually which resulted in
more tension in the matrix with an increase in velocity of the
indenter. The bending deformation was observed in carbon/epoxy
composite plate away from the impacted region [11]. Matrix cracks
were observed in all the plies due to the developed stress. In all
cases, less damage was observed under fiber compression and ten-
sion due to the impact of the indenter. Most of the damage
occurred to the composite plate by the matrix tension and negligi-
ble damage was observed due to matrix compression under low-
velocity impact.
5. Conclusion

The present study investigates the low-velocity impact beha-
viour of bamboo/PLA green composites. The influence of the fiber
weight percentage and velocity of the indenter on the composite
plate was examined. Low-velocity impact test was performed at
different velocities of the indenter. From the study, it was found
that the fiber loading and velocity of the indenter were directly
proportional to the maximum force. The maximum force increased
as the fiber weight percentage increase from 10 to 30%. The
response of the maximum force with respect to velocity, time,
and displacement was found to be in close agreement with the pre-
vious studies. The intra-laminar damages of the composite plate
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were also verified. Damages to the composite plate occurred due
to the effect of fiber tension and compression. Negligible damage
to the composite plate was observed under matrix compression.
The previous reports also showed that the main damage to the
composites occurred because of the matrix tension.
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