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Abstract: The impact load is defined as the momentary force on the material within a very short period of time. The laminated 

composite materials can be subjected to many impact loads compared to where they are used. In this study, four different types of 

oriented carbon fiber materials [0°/0°]s, [0°/90°]s, [±45°]s and [0°/90/+45°/-45°]s were used. Eight-layers aluminum honeycomb carbon 

fiber/epoxy composite samples cut of 10 cm x 10 cm were made. Four different samples were tested under 80 joule impact energy. 

Force-slump curves, force-time curves, absorbed energy-time curves and velocity-time curves were plotted. As a result of the 

experimental study, puncture damage occurred in all the samples exposed to 80 joule impact energy. The material which had the 

highest damping capacity and maximum strength against the impact was C 4
8 composite material with eight-layer [0°/90°/+45°/-45°]s. 

It was concluded that the carrying capacity and impact strength of the C4
8 sample were higher than the samples with different fabric 

orientations. Crush test applied to the carbon fiber/epoxy composite samples and crushing traces, fiber breaks and matrix fractures 

were observed on the impact applied upper surfaces.   
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1. Introduction 
 

The impacts of composite materials used in many areas such 

as maritime, aviation, health, sports vehicles and 

transportation are important, especially in terms of space, 

aircraft and automobile industry. In this study, the condition 

of the carbon fiber/epoxy reinforced composite material 

produced with four different orientation angles when 

subjected to single pulse energy was investigated 

experimentally. Damage in the form of a fiber break, matrix 

crack, delamination and puncture could occur after the 

impact. Depending on these damages, impact behavior force-

slump curves, force-time curves, absorbed energy-time 

curves and velocity-time curves were formed. 

 

The impact problem of composite materials represents 

important theoretical and practical applications [1]. The 

Impact is defined as the instantaneous force on material 

within a very short period of time. The impacts of the 

material may vary depending on the intended use and the 

location of the application [2]. Often the pulses can be 

classified as high-speed and low-speed. Low-speed impacts 

range from 1 to 10 m/s [3]. High-speed pulses are the pulses 

at the ballistic level [4]. 

 

The loading type where the composite materials are sensitive 

is a vertical or perpendicular to the fiber. When the received 

pulse width is weak in the thickness direction relative to the 

plane, load-bearing material is reduced and damaged [5]. 

 

The impact behavior of composite materials was investigated 

in many studies. In their study, Belingardi and Vadori 

investigated the effects of thickness/impact on carbon/epoxy 

material. The force-displacement graphs were derived by 

applying dynamic and semi-static impact loading to the 

samples of different thickness [6]. In their study about 

laminate composites exposed to low speed impact, Turkmen 

and Koksal investigated the effect of plate sizes on impact 

behavior. In the study, a 180 x 50 mm, 180 x 100 mm and 

180 x 150 mm plate was used. They stated that as the width 

of the material increased, the amount of permanent 

displacement decreased [7]. They examined the effect of 

temperature changes on the layer separation of the 

carbon/epoxy and carbon/peek composite plates at the high 

and low temperatures in the material and on the matrix crack, 

and the impacts on the impact using the scanning acoustic 

microscope (SAM) and optical microscope. They indicated 

that the separation between layers increased with increasing 

temperature [8]. They examined the damage of internal 

structures after repeated impact tests applied to the fiber 

reinforced composite material. These repetitive impacts 

indicate that delamination, fiber breakage and matrix fracture 

damage types occur in the interior of the material [9].  

 

The impact behavior of laminate composite materials was 

studied and methods were developed. The first study on the 

dynamic loading behavior of composite materials was made 

in the early 1970s [10, 11]. Studies in this area have 

continued with the development of pulse models and research 

methods [11, 12]. The effects of laminate composite 

materials on different direction angles, changing the applied 

impact energy and impact of different layer thicknesses on 

impact behavior have been investigated [11, 13, 14, 15]. 

 

In this study, the impact behavior of carbon fiber/epoxy 

composite samples with angled angles for constant energy 

value was investigated experimentally. Honeycomb was used 

as honeycomb material. For the impact test, the 300 mm x 10 

mm carbon fiber / epoxy composite samples vacuum infusion 

method was used.  

Honeycomb structure beams with the same volume supported 

with carbon fiber fabric with different orientation angles 

were subjected to three-point bending test, tensile test and 

impact test and the strengthening effect of carbon fiber/epoxy 

beam material was investigated. As a result, the reaction of 

the beams with respect to bending test, tensile test and impact 
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test conditions was determined. It was found that the 

C4
8
composite material with eight-layers [0°/90°/+45°/-45°]s 

had higher strength than the other orientations. 

 

2. Material and Method 
 

In the experimental study, eight-layers of 300 mm x 10 mm 

carbon fiber / epoxy composite plates were used. MGS L285 

was used as the resin material and MGS H285 material was 

used as the hardening material. In each of the 12 test samples 

produced, 100 grams of epoxy and 40 grams of hardener 

were used as the resin material. Fiber-epoxy composite 

fabrics were prepared by the hand lay-up method and eight 

pieces of resin were applied to the sample material. An 

aluminum honeycomb piece was placed on the inside of each 

of the produced samples. The samples were then kept under 

vacuum for 170 minutes. The samples were produced by 

hand depositing technique and the vacuum method. Process 

steps are shown in Figure 1. 

 

 
Figure 1: Sample production process steps for impact test 

 

The composite material samples were divided into four 

groups. Table 1 shows the average layer thickness and layer 

alignment angles of the composite samples designed as four 

layers in four groups. In order to compare the angles of 

alignment layer. C1
8
, C2

8
, C3

8
and C4

8 
groups were formed. 

 

Table 1: Grouping and sequencing angles of produced plates 
Naming Layer alignment angles Average 

thickness (mm) 

C 1
8 [0°/0°/0°/0°/0°/0°/0°/0°] 2 

C 2
8 [0°/90°/0°/90°/0°/90°/0°/90°] 2 

C 3
8 [+45°/-45°/+45°/-45°/+45°/ 45°/+45°/45°] 2 

C 4
8 [0°/90°/+45°/-45°/-45°/+45°/90°/0°] 2 

Cxy: y: number of layers x: group number 

 

The produced slabs were cut into 10 cm x 10 cm size using 

WMT3020-DL industrial water jet cutting machine. Impact 

tests were carried out at room temperature using CEAST 

9350 Brand Fractovis Plus falling weight impact tester (Fig 

2). The impact mass was 4, 926 kg, and a semi-spherical steel 

impact tip with a diameter of 12.7 mm was used. 

 

 
Figure 2: CEAST 9350 (Fractovis Plus) impact tester 

 

The impact test was performed on the samples by means of a 

pneumatic device in the test device. The samples were 

exposed to a single energy value of 80 joules. The contact 

force between the sample and the striker, the amount of 

sample collapse and the speed of the shooter with time were 

recorded by Visual impact software. The impact velocity of 

the striking end of the sample at constant impact energy was 

C1
8
, C2

8
, C3

8
 and C4

8 
was 4.98 m/s, 5.44 m/s, 5.37 m/s and 

5.20 m/s respectively. Generally three types of damage occur 

during the impact test; perforation, rebounding and 

penetration. 

 

As shown in the Figure 3, the curve has a parabolic shape in 

low-energy pulses (eg the rebounding curve). The generated 

force increases by the increase of the impact energy. The 

maximum forces reach the same value for penetration and 

perforation curves. In order for the force to be zero, the 

puncture must occur in the sample. However, the tip of the 

curve runs parallel to the horizontal axis due to friction 

between the specimen and the striker. 

 

 
Figure 3: Force - displacement curve [17]. 

 

The curve is divided into open type and closed type curve 

with the increase of pulse energy. The closed type curve is 

the curve formed by the back tab of the shooter after the 

impactor applies a pulse to the test sample. That is, part of 

the impact energy was absorbed by the sample, and the non-

absorbable energy was used for the back tab (Fig 3). With the 

increase of the impact energy, the closed curve decreases and 

the collapse increases as the back tab decreases. When the 
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curve is open, the striker tip is punctured or inserted into the 

sample. Thus, the striker that enters the specimen moves 

down the thickness of the sample and the back-tab does not 

occur. When the energy is increased, the striker tip is inserted 

into the sample, moves during the thickness of the sample 

and exits from the bottom by puncturing the sample, ie 

puncture occurs. The end portions of the curves closing 

towards the end of the horizontal axis refer to the friction 

between the impactor and the sample. Thus, increasing the 

impact energy, it is understood that the composite material 

will not dampen more impact energy [16, 17].  

 

The energy-time (Ea-t) curves absorbed during the impact 

tests are one of the graphs used to determine the impact 

behavior of the composite material during the impact event. 

In the case of low-speed impact tests, when the striker is 

tabbed back from the sample surface, the energy of the 

striker can be swallowed by the sample and the non-swallow 

pulse energy is consumed for the tab of the shooter from the 

sample surface. At the end of the impact event, the amount of 

energy that passes from the shooter to the composite sample 

increases to the energy that causes the most damage to the 

composite sample. Figure 4 also increases, as shown before 

each curve then falls from the maximum value reached and 

then follows a horizontal path at a constant value. This gives 

the maximum point of pulse energy (Ei) achieved. The fixed 

point reached in the horizontal absorbed energy (Ea). The 

difference between the two rebound energy (Er). [18]. 

 

 
Figure 4: Absorbed energy-time (Ea-t) curve [18]. 

 

3. Results and Discussion 
 

3.1 Force - Slump Curves 

 

80 joule energy impact tests were performed for eight-layers 

of composite samples with four different layers. According to 

the data obtained as a result of the experiments C1
8
, C2

8
, C3

8 

and C4
8 

groups were drawn to the strength slump curve (Fig 

5). 

 

 
Figure 5: Force-Slump curve of eight-layered composite 

samples with four different layer sequences 

 

When the force-slump curve given in Figure 5 is examined, it 

is seen that the samples of C1
8
, C2

8
, C3

8
and C4

8
show a similar 

impact behavior for the 80 joule impact energy value. For 

each of the four groups, the open curve was formed at 80 

joule pulse energy values. The reason for the absence of 

closed curves was due to the high impact energy value and 

the failure of the striker. Puncture occurred in samples with 

an open curve. It is seen in Figure 5 that the C4
8 
group sample 

having [0°/90°/+45°/-45]s layer sequence for the 80 joule 

impact energy value across all layer sequences carries more 

maximum force than the other groups. 

 

3.2   Energy - Time Curves 

 

In the energy-time curves, the whole energy is not swallowed 

by the sample in the event that the striker tip is tabbed back 

from the sample surface. In this case, the swallow pulse 

energy is consumed for the back tab of the striking tip from 

the sample surface. In the event that the beating end is 

inserted into the sample, the impact energy of the hitter is all 

swallowed by the sample. In the penetration of the sample 

from the penetrating tip, the curve is directed upward by the 

addition of the amount of energy ingested by the impact 

device in the area under the friction curve between the 

sample and the striker [11, 17].  

 

The energy-time curves of the eight-layer C1
8
, C2

8
, C3

8
and 

C4
8
 sequences under constant impact energy are given in 

Figure 6. The C1
8
, C2

8
, C3

8
, C4

8 
of curve 80 joule impact 

energy value for the sample is directed upwardly and 

puncture occurred because rebound from the sample surface 

did not occur. Since the C1
8
 sample had a unidirectional fiber 

alignment, the puncture did not occur immediately, but it was 

not preferred because of serious damage to the sample. This 

can be seen in Figure 9 according to other samples. Hence, 

the C4
8
 sample has absorbed energy more than other groups. 
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Figure 6: Energy - time curve of eight-layered composite 

samples with four different layer sequences. 

 

Impact velocity, absorbed energy, surface damage and 

contact time for each type of material are given in the Table 

2. It is seen that the C4
8
 sample absorbs excess energy 

compared to the other samples. However, the surface damage 

has undergone a lot of deformation in the upper and lower 

surfaces as shown in Figure 9 when compared to the other 

samples. Therefore, separation and tearing are undesirable 

damages of the composite materials which are used in the 

automotive industry. Thus, the C4
8
sample absorbed energy 

and the top-bottom surface damage was the best result. 

 

Table 2: Impact velocity of sample, absorbed energy, surface 

damage and contact time 
Applied 

Pulse 

Energy 

(J) 

Material 

type 

At the time 

of the crash 

Speed 

(m/s) 

Absorbed 

Energy (J) 

Surface 

Damage 

Width 

(mm) 

Contact 

Time (s) 

C 4
8 80 Joule 5, 2008 40, 5400 12 0, 0007716 

C 3
8 5, 3847 24, 1386 15 0, 0006766 

C 1
8 4, 9871 50, 9952 69 0, 0011141 

C 2
8 5, 4503 26, 1532 14 0, 0004808 

 

3.3 Slump - Time Curves 

 

Figure 7 shows the slump-time curves of samples C1
8
, C2

8
, 

C3
8
and C4

8 
with different sequence angles. Puncture occurred 

in all of the samples C1
8
, C2

8
, C3

8
and C4

8 
under 80 joules of 

impact energy (Figure 7). Slump of the C4
8 

sample having 

[0°/90°/+45°/-45°]s sequence at 80 joule energy level was 

lower than the C2
8
sample with[0°/90°/0°/90°]s sequence and 

C3
8
sample with [+45°/-45°/+45°/-45°]s sequence and higher 

than the C2
8
sample with [0°/90°/0°/90°]s in sequence. The 

largest crash occurred in the C3
8
sample with precipitation 

occurring. 

 

  
Figure 7: Slump-time curves of eight- layered samples with 

different orientation angles. 

 

3.4 Velocity -Time Curve 

In Figure 8, the velocity of the tracer traveling along the 

thickness after contacting the sample with constant velocity 

at 80 joules of impact energy for the eight -layers C1
8
, C2

8
, 

C3
8 and C4

8 samples was slowed by friction. Thus, the 

backbone did not occur and it showed puncture behavior in 

four samples. If the impact energy was lower, the speed of 

the shooter with a constant velocity, after contact with the 

samples, would decrease, and a backlash would occur with 

the upward moving shooter receiving a negative speed value 

[11]. 

 
Figure 8: Speed-time curves of eight-layered samples with 

different orientation angles 

 

In the case of layered composite materials, damage to the 

matrix is caused by impact on the upper surface. Damage to 

the matrices starts with the crack and causes the fracture to 

break. By overloading the matrices, stresses are transferred to 

the fibers and they start to be strained. This causes matrix 

breaks to begin in the separation of layers. When the upper 

layers are broken and cracks reach the interface, they are 

stopped by the other layer and separations begin between the 

layers. Separations between layers are not between the layers 

in the same layer team, but between the layers with different 

fiber orientations. The bending stiffness of the layers varies 

according to the different orientations between the layers in 

the laminated composites. The reason for the separation 

between layers is the bending rigidity difference between the 
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sheet and the bending-induced stress. The greater the 

discrepancy between this bending stiffness, the greater the 

separation area between layers [5, 11]. 

As a result of the impact, the cutting and compression 

stresses on the layers on the upper surfaces cause breakage in 

the matrix and lead to separation between the layers in the 

interior of the composite. Separation of vertical bending 

fractures in the inner region of the composite starts at the 

lower interface. Bending stresses that occur at the layers on 

the lower surfaces break the matrix and fiber interface due to 

bending and fractures occur in the fiber and matrix. On the 

lower surfaces, matrix and fiber fracture increases and 

puncture occurs due to the high tensile stresses from bending 

and high tensile elongation on the surface fibers.  

Figures 9 and 9.1 show the damage of the eight-layer C1
8
, 

C2
8
, C3

8 and C4
8 samples on the upper and lower surfaces 

after the impact. It is clear from the figure that the damage 

zone occurring in samples with different orientation 

sequences under constant impact energy is evident. In the, 

C2
8 and C3

8
 samples, when the post-impact damage zones for 

80 joules were compared, it was seen that the lower and 

upper surface damage regions of these two samples were the 

same. Under the same energy, the C4
8
 sample has a smaller 

damage area than the others on the upper surfaces. However, 

in the C1
8 sample, it is seen that the upper and lower surfaces 

have tear and separation in the fiber direction. Therefore, 

since the separations and tears are undesirable between the 

layers of the carbon fiber material, this orientation type will 

not be preferred. Since sample C2
8
 

[0°/90°/0°/90°/0°/90°/0°/90°] is in the array, the intermediate 

part of the composite consists of two layers having the same 

directional carbon fibers and has a greater resistance to 

bending by the impact. In C4
8 sample with 

[0°/90°/+45°/90°/45°/+45°/90°/0°], the response of the C4
8 

sample to the impact is more than C2
8 it is low. 

 

 
Figure 9:  Photos of the upper and lower surface damage 

zone after the impact of samples with C 1
8
 and C 2

8
 sequences 

for constant joule value 

 

 

 
Figure 9.1 Photographs of the upper and lower surface 

damage area after the impact of samples with C 3
8
 and C 4

8
 

sequences for constant joule value. 

 

Figures 9 and 9.1 show the damage zone photographs of the 

top and bottom surfaces of the samples with eight-layers 

samples under constant impact energy. As can be seen from 

the figure 9, it is seen that the sample having C1
8 
sequence for 

the 80 joule energy level has crashes and separations in the 

69 mm 
Paper ID: ART20198800 10.21275/ART20198800 1404 



International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

ResearchGate Impact Factor (2018): 0.28 | SJIF (2018): 7.426 

Volume 8 Issue 6, June 2019 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

carbon fiber material on the impacted upper surface and there 

are collapse and puncture. Samples with C2
8 

and C3
8 

sequences for the 80 joule energy level are seen to have 

impact and puncture on the impacted upper surface of the 

carbon fiber material. For the 80 joule energy level, it is seen 

that there are damage and perforation on the surface of the 

impacted upper surface of the specimen with a C4
8 

array on 

the carbon fiber material. For the 80 joule energy level, the 

width of the damaged area on the upper surfaces was found 

to be 69 mm in the C1
8 

sample, 14 mm in the C2
8 

sample, 15 

mm in the C3
8 

sample and 12 mm in the C4
8 

sample. As a 

result, it is seen that carbon fiber material decreases in width 

and pitting of the damage zone as a result of constant energy. 

 

4. Conclusion 
 

The experimental results in the constant power under a 

carbon fiber/epoxy composite material that they affect 

different fiber orientation on impact behavior were 

investigated and the following results were obtained. 

 The deformation area on the impacted upper surface was 

found to be larger than the deformation area at the 

unblocked lower surface. 

 In all eight-layer C1
8
, C2

8
, C3

8
and C4

8 
samples, an open 

curve of 80 joules of energy was formed. 

 Eight-layers having different orientation angles C1
8
, C2

8
, 

C3
8
and C4

8 
samples showed similar behavior under 

constant impact energy. In order to determine the 

maximum forces and the amount of slump in the eight-

layered samples, the sequence was C3
8
> C2

8
> C4

8
> C1

8
. 

 The maximum crash pulse energy was measured at [+45°/-

45°/+45°/-45°/+45°/-45°/+45°/-45°] combination with the 

C3
8 

sample, and a minimum sag was at 

[0°/0°/0°/0°/0°/0°/0°/0°] in combination with C1
8 

sample at 

80 joule. 

 Puncture damage occurred because of the increased 

breakage of matrix and fiber material on the non-impacted 

surface of the composite sample. The excessive tensile 

stress due to bending, and the breaks at the surface fibers 

were the main reason of such a failure.  

 Breakage of the matrix cracks and enlargement of the 

failure zone were observed in carbon fiber/epoxy 

composite samples at the 80 joules of energy. It has been 

observed that the impact energy on the lower surface and 

damaged area at the lower surface were further enlarged, 

and perforation was occured by the simultenous breaking 

of fibers at the outer surface and matrix. 

 

5. Nomenclature  
 

[ ]s  symmetry of composite material 

C1
8
 Eight-layer [0°/0°/0°/0°/0°/0°/0°/0°] oriented 

composite material. 

C2
8
 Eight-layer   [0°/90°/0°/90°/0°/90°/0°/90°] oriented  

composite material. 

C3
8
 Eight-layer [+45°/-45°/+45°/-45°/+45°/-45°/+45°/-45°]   

oriented composite material. 

C4
8
 Eight-layer [0°/90°/+45°/-45°/-45°/+45°/90°/0°] 

oriented composite material. 

J  joule 
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