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1. Introduction 

Recently, with the increased use of plastics in vehicles, the 

importance of plastics in the automotive industry has grown. 

Moreover, the utilization of various types of composite materi-

als has risen in the automotive sector, as well as in many other 

areas. Composite materials are structural materials formed by 

combining at least two or more components without dissolving 

into each other [1,2]. Composites consist of a matrix formed by 

combining a bulk material with fiber reinforcement. While the 

fibers bear most of the tensile and compressive loads, the matrix 

transfers the load between the fibers and prevents direct contact 

of the fibers with the environment [3]. 

Fiber-reinforced polymer composites, comprising fibrous parts 

consisting of fibers in a polymer matrix, are utilized in the produc-

tion of numerous lightweight products. Their strength and perfor-

mance depend on the strength of the fibers, the chemical structure 

of the matrix, and the surface of the fiber matrix interface [4-6]. 

Fiber angles directly influence the mechanical properties of com-

posites [3,6]. In general, composite fibers can be produced in bun-

dles, woven fabrics, and mat forms to meet specific requirements 

[6,7].  

Carbon fiber reinforced polymers (CFRPs) are popular light-

weight materials widely used in aerospace, shipbuilding, wind tur-

bines, the automotive industry, and various other fields. They are 

known for their high stiffness, strength, fatigue resistance, and cor-

rosion resistance [8-14]. Additionally, CFRP applications are ex-

panding into high value, lightweight consumer products, including 

medical devices, sports equipment, construction, and civil indus-

tries [15-17]. It is crucial to maintain the mechanical properties of 

lightweight materials even under varying environmental condi-

tions [18,19]. Recently, growing concerns about environmental 
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pollution, fuel consumption, and crash safety have heightened ef-

forts toward achieving safer and lighter energy absorption [20,21]. 

There is a growing trend towards the use of lightweight materi-

als to achieve emission reduction, enhance crashworthiness, and 

improve fuel economy in automotive applications [22-25]. Many 

automotive industries are planning to manufacture core vehicle 

parts, including CFRP body panels and chassis, using carbon fiber-

epoxy composite materials and other composites [26,27]. These 

composite materials serve as energy absorbers in vehicles, contrib-

uting to increased crashworthiness and reduced weight in key com-

ponents [28-30]. Scientists worldwide have extensively investi-

gated the crashworthiness of composite materials due to the possi-

bility of multiple crashes during vehicle use. Examples include the 

bumper beam, a passive safety system, and various energy absorb-

ing structures [31-36]. As a result, CFRPs are gaining increasing 

importance, gradually replacing traditional materials and leading 

to higher production rates [37]. 

When similar studies are examined in the literature, Baba M.N 

[38] compared two different orientations, [0/-45/45/45/90]s and 

[90/45/-45/0]s, using CFRP composites and concluded that the [0/-

45/45/45/90]s material is more durable than the [90/45/-45/0]s ma-

terial. Muhammed Y.S. and Abdelbary A. conducted tensile tests 

on CFRP composites with 0°, 30°, 45°, 60°, and 90° fiber orienta-

tions, finding that the maximum tensile stress occurred at a 45° fi-

ber orientation [39]. Patel H. and Dave H. employed three fiber 

orientations of CFRP, [0°/90°], [30°/60°], and [45°/-45°]. The 

highest tensile strength was obtained at the 0°/90° orientation as a 

result of tensile tests [40]. Banakar P. and Shivananda H.K. inves-

tigated the mechanical properties of CFRP with ±30°, ±45°, and 

±90° fiber orientations. In their research, the tensile test showed 

high strength properties at the 90° fiber orientation due to the even 

distribution of the applied tensile force to the fibers [41]. However, 

Keshavamurthy et al. observed that the maximum yield strength, 

stiffness, and load carrying capacity of GFRE composites occurred 

at the 0° fiber orientation [42]. Bassey et al. presented an experi-

mental and analytical study on the effect of fiber orientation on the 

tensile strength of GFRP composites using the Taguchi experi-

mental technique. They suggested that a 45° fiber orientation and 

50% fiber content resulted in optimum tensile strength for the 

tested composite [43]. 

In connection with the studies mentioned above, it has been em-

phasized that fiber orientation plays a crucial role in determining 

the mechanical properties of GFRP composites. However, there is 

no clear consensus on the optimal orientation. Therefore, further 

research is needed to enhance the existing literature. In this study, 

carbon fiber/epoxy composite structures with four different orien-

tation angles, namely [0°/0°], [0°/90°], [±45°] and [0°/90°/+45°/-

45°/-45°/+45°/90°/0°], were compared. Additionally, three-point 

bending and tensile tests were conducted following ASTM D7264 

/ ASTM D 3039 [44,45] standards. It is anticipated that this study 

will make a valuable contribution to the existing literature. 

2. Materials and Methods 

In this study, mechanical properties of CFRP composite ma-

terials with different orientation angles were obtained and com-

pared. The production method involved pressing under constant 

temperature using the hand lay-up method. Three-point bending 

and tensile test specimens were pre-pared from the CFRP com-

posite plates according to ASTM standards. The CFRP compo-

site plate materials were divided into four different groups. The 

number of layers in the composite specimens was designed as 8 

layers in all four groups, with an average layer thickness of 2 

mm. The orientation angles of the composite specimens are pro-

vided in Table 1. To facilitate the comparison of layer orienta-

tion angles for all specimens, C1
8, C2

8, C3
8, and C4

8 groups were 

formed. The properties of the CFRP composite plates to be used 

in the experiments are outlined in Table 1. 

Table 1. Properties of CFRP composite plates. 

Name Orientation Angle 

C1
8 [0°/0°/0°/0°/0°/0°/0°/0°] 

C2
8 [0°/90°/0°/90°/0°/90°/0°/90°] 

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

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

Cx
y: C: carbon fiber y: number of layers x: group number 

2.1. Preparation of CFRP Composite Sample Plate  

MGS L285 and MGS H285 were used as resin and hardener 

materials in sample production. In each of the 8 plates produced, 

70 grams of resin material and 28 grams of hardener material were 

added with the help of a precision balance. The two were then 

mixed in a container using a mixer for 5 minutes. The sample piece 

was prepared by applying the epoxy material, prepared in 8 layers, 

onto the fiber fabrics with the aid of a brush. Each of the prepared 

sample pieces was subjected to 30 minutes under 5 tons of com-

pression pressure in the press device heated to 80 degrees, as 

shown in Figure 1a. Subsequently, under the same pressure, the 

press temperature was increased to 120 degrees for another 60 

minutes. The device was turned off, and the sample piece was re-

moved from the press after approximately 45 minutes for gradual 

cooling.  

 

Fig. 1. a) Adjustable hot press machine b) CNC Water Jet Siemens 
a3216 R-HP 
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To obtain tensile and three-point bending specimens from the 

prepared specimen plates of each orientation angle, CFRP plates 

with different orientation angles were cut to the desired dimensions 

using the CNC water jet shown in Figure 1b. The Siemens a3216 

R-HP series technology was employed, allowing the cutting of al-

most all artificial and natural materials ranging from 0.1 mm to 200 

mm in thick-ness. The maximum positioning speed is 30,000 

mm/min, the maximum accurate cutting speed is 10,000 mm/min, 

the pump flow rate is 5.5 l/min, the power is 90 kW (125 HP), and 

the pressure is 6000 bar. 

2.2. CFRP Plate Production with Different Orientation An-

gles 

In the production phase, a total of 8 rectangular CFRP plates, 2 

for each orientation angle (C1
8, C2

8, C3
8 and C4

8), with dimensions 

of 250 x 180 mm, as shown in Figure 2, were produced using 300 

grams/m2 CFRP. 

Fig. 2 CFRP composite plate with different orientation angles of 
C1

8, C2
8, C3

8 and C4
8 

From the first plate of each orientation angle of CFRP composite 

material produced, 7 tensile specimens with dimensions of 25 x 

250 mm, as shown in Figure 3, were obtained by cutting with the 

help of a CNC Water Jet machine. From the second plate, 10 three-

point bending specimens of 10 x 100 mm were cut and obtained. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. CFRP composite tensile and three-point bending test speci-
men with different orientation angles of C1

8, C2
8, C3

8 and C4
8 

2.3. Three-Point Bending Test 

For the three-point bending test conducted in the study, a total 

of 12 specimens were tested, with 3 specimens for each orientation 

angle (C1
8, C2

8, C3
8 and C4

8). The test specimens were 100 mm in 

length, 10 mm in width, and 2 mm in wall thickness. Three-point 

bending tests were carried out using a Shimadzu Autograph tensile 

machine with a capacity of 10 kN at Afyon Kocatepe University 

Metallurgical and Materials Engineering Composites Laboratory. 

The tests were performed in accordance with ASTM D7264 stand-

ard [46]. Figure 4 illustrates the three-point bending test setup for 

the carbon fiber material used in the study and the testing device. 

The distance at the bottom of the carbon fiber material was set at 

60 mm between the bearings. The ratio between the bearings was 

kept greater than 10, and the feed rate of the upper jaw was entered 

into the computer program as 10 mm/min. 

 

 

Fig. 4. a) Three-point bending test of the prepared test samples b) 
AUTOGRAPH device. 

In the study, parameters such as the elastic modulus (E) and flex-

ural strength (σ max) used to characterize the integrity of the car-

bon fiber material were calculated. The displacement and load 

graphs of each specimen were obtained using the computer soft-

ware of the test machine. The static bending strength of the carbon 

fiber material is determined by the following equation for the max-

imum bending strength values obtained through the three-point 

bending test [46].  

𝜎𝑓 = 3𝐹𝐿 / 2𝑏ℎ2

 

  (1) 

In the equation, b is the width of the specimen, σ𝑓 is the bending 

stress, h is the thickness of the specimen, F is the maximum applied 

force and L is the distance between the supports. 

2.4. Tensile Test 

A tensile test is a procedure in which a specimen is subjected to 

a tensile force in one axis until it breaks, used to determine the be-

havior of the specimen. Tensile tests on the prepared specimens 

were conducted in accordance with ASTM D 3039 standards [45]. 

All tensile tests were performed at a speed of 5 mm/minute and at 

an ambient temperature of 23 ± 1°C. In the tensile test, the speci-

men is placed in the machine, and a tensile force is applied until it 
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breaks. The amount of elongation in the standard section during 

the application of force is recorded reciprocally to the applied force. 

The data on the amount of elongation were calculated using Equa-

tion 2 below. 

 

         (2)  
 

∆L is the strain in length, L0 is the initial length and L is the final 

length. In Equation 3, the stress was calculated using the force data. 

   𝜎 =
𝐹𝑛

A
                            (3)  

σ is stress, F is force, and A is standard cross-sectional area.  

2.4.1. Preparation of silicone mold for the jaw part of the 

tensile test specimen 

To ensure accurate results during the tensile test, a silicone mold 

was prepared for the tensile specimens, as shown in Figure 5, to 

protect the end part of the carbon fiber material from damage by 

the jaws of the testing device. The iron mold parts were cut using 

a CNC laser machine. 

 

 

Fig. 5. Production stages of the silicone mold for the jaw part of the 
sample and the stage of coating the jaw parts of the tensile test sample 

with epoxy 

After preparing the silicone mold, the jaw parts of the tensile 

specimens were inserted into the mold, as shown in Figure 5, and 

the prepared epoxy mixture was poured into the intermediate gaps. 

With the mold, the jaw parts of 20 tensile specimens were cured 

with epoxy material simultaneously. The curing time was approx-

imately 24 hours. Subsequently, the specimens were turned, and 

the other end jaw parts were placed in the mold and cured with 

epoxy. After completing these process steps, the carbon fiber test 

specimen was ready for the tensile test. 

2.4.2. Universal Tensile Testing Machine 

Tensile tests on carbon fiber materials with different orientation 

angles were conducted using the Shimadzu AG-X universal tensile 

testing machine at the Composites Research Laboratory in the De-

partment of Mechanical Engineering, Dokuz Eylül University, Iz-

mir. Figure 6a displays an image of the tensile testing machine and 

the connection of the specimen to the testing machine. 

 

Fig. 6. a) Shimadzu AG – X tensile device b) Bonding of strain 
gauges to the tensile test sample. 

A total of 10 tensile test specimens, including 2 with C1
8, 3 with 

C4
8, 2 with C2

8, and 3 with C3
8 orientation angles, were prepared, 

as shown in Figure 6b. UBF series 0°/90° biaxial BFCA 2-3 strain 

gauges (shown in Figure 6b) were used to measure values such as 

elastic modulus and Poisson's ratio for each of the tensile test spec-

imens. A Data Logger TDS-530 multi-channel scanning data log-

ger was used to read the data from the strain gauges connected to 

the specimen. The data received from the Data Logger were trans-

ferred to the Shimadzu/Trapezium program interface software 

used in the computer environment, and the data of the tensile sam-

ple were recorded.  

3. Results and Discussion 

In this study, three-point bending tests were experimentally in-

vestigated for materials with C1
8, C2

8, C3
8 and C4

8 orientations. The 

maximum and average force values of the specimens subjected to 

three-point bending tests were calculated, and stress strain graphs 

were created based on the obtained data. 

3.1. Three Point Bending Test Results with C1
8, C2

8, C3
8 and 

C4
8 Orientation Angle 

Three test specimens were used for the three-point bending test 

of the produced C1
8 orientation angle carbon fiber material. 

Among the three different three-point bending tests, the C1
8-1 test 

specimen demonstrated the best strength, as shown in Figure 7a, 

with a flexural strength of 597.7 MPa. In Figure 7b, the C2
8-3 test 

specimen exhibited the best strength, and its flexural strength was 

654.8 MPa. Figure 7c displays the C3
8-2 test specimen with the 

best strength and a flexural strength of 194.5 MPa. Figure 7d show-

cases the C4
8-3 test specimen with the best strength, and its flexural 

strength is 739 MPa. Observing the graphs in Figure 7, it is evident 

that there are sudden drops and rises in the C1
8, C2

8, and C4
8 orien-

tation angles.  
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Fig. 7 Three-point bending test graphs of the sample with C1
8, C2

8, C3
8 and C4

8 orientation angles 

This phenomenon is attributed to the number of layers in the 

specimens, indicating layer breakage. 

The average values of carbon fiber specimens with C1
8, C2

8, C3
8, 

and C4
8 orientation angles are depicted in Figure 8. The specimen 

with the C4
8 orientation angle exhibited the best result among the 

three-point bending specimens. The fiber orientation angle used in 

the C4
8 specimen indicates that it carries more load than other ori-

entation angles.

 

Fig. 8 Three-point bending plot of average samples C1
8, C2

8, C3
8 and C4

8 

Three test specimens each were subjected to a three-point bend-

ing test for C1
8, C2

8, C3
8, and C4

8orientation angle CFRP composite 

materials. Table 2 presents the thickness, width, cross sectional 

area of the specimen, distance between supports, maximum stress, 

maximum force, maximum displacement, and maximum strain for 

C1
8, C2

8, C3
8, and C4

8specimens, respectively. The stress value of 

the C4
8 composite material in the three-point bending test is higher 

than that of the other orientation angle composite materials. After 

the three-point bending test, the maximum force values are 258.2 

N, 275.0 N, 70.1 N, and 285.2 N for C1
8, C2

8, C3
8, and C4

8 materials, 

respectively. It was observed that the C4
8 composite material in-

creased by 10.44% compared to C1
8 material, 4.74% compared to 

C2
8 material, and 307.23% compared to C3

8 material. 
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Table 2. Bending test results of the sample with C1
8, C2

8, C3
8 and C4

8orientation angles 

Orientation 

angle 

Sample 

No 

Max. 

Stress 

(MPa) 

Max. 

Force 

(N) 

Max. 

Substitution 

(mm) 

Max. 

 Elongation 

(%) 

C1
8 

 

No. 1 585,9 260,4 2.20 0,734 

No. 2 574,6 255,3 1.97 0,658 

No. 3 566,4 251,7 1.76 0,5883 

Average 581,1 258,2 2.07 0,6917 

C2
8 

No. 1 618,7 275,0 3.12 1,042 

No. 2 574,5 255,3 2.67 0,891 

No. 3 654,8 291,0 3.30 1,103 

Average 618,7 275,0 3.12 1,042 

C3
8 

No. 1 194,5 86,4 12.14 4,04 

No. 2 159,3 70,8 11.32 3,77 

No. 3 140,0 62,2 13.68 4,56 

Average 157,6 70,02 13.12 4,37 

C4
8 

No. 1 605,8 269,2 2.32 0,77 

No. 2 659,2 293,0 2.89 0,96 

No. 3 739,0 328,4 2.83 0,94 

Average 641,8 285,2 2.62 0,87 

3.2. C18, C28, C38 and C48 Orientation Angle Tensile Test 

Results 

A total of 8 tensile test specimens with C1
8, C2

8, C3
8, and C4

8 

orientation angles were examined experimentally. Each material 

with different orientation angles was evaluated in the tensile test. 

The types of damage, such as fiber breaks and tears, that occurred 

in the test specimens with different orientation angles as a result of 

the tensile test are shown in Figure 9. 

 

 

Fig. 9. Damage images on the samples as a result of the tensile test. 

Maximum stress, elastic modulus, maximum displacement, and 

maximum forces were calculated from the data obtained from each 

tensile test specimen. The CFRP composite material with C2
8 ori-

entation exhibited the best result values, while the CFRP compo-

site material with C4
8 orientation had the closest results. Fiber 

breaks and fractures were observed in the CFRP composite mate-

rials.  

The force/extension graph of 2 C1
8 orientation angle carbon fi-

ber materials prepared as a result of the tensile test is shown in 

Figure 10. In Figure 10a, the highest maximum force is 38.45 kN 
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in the C1
8-1 test specimen. In Figure 10b, the highest maximum 

force is 43.39 kN for the C2
8-2 test specimen. In Figure 10c, the 

highest maximum force is 3.85 kN in the C3
8-2 test specimen.  

In Figure 10d, the highest maximum force is 33.17 kN in the 

C4
8-2 test specimen. The highest strength value of the test speci-

mens was obtained from the C2
8-2 test specimen. Looking at Fig-

ure 10, sudden drops indicate that the tensile specimen is com-

pletely broken. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10 Force/elongation graphs of test samples with C1
8, C2

8, C3
8 and C4

8orientation angles 

The data obtained from the graphs are summarized in Table 

3. Accordingly, the average maximum tensile strengths of CFRP 

composite materials with C1
8, C2

8, C3
8, and C4

8 orientation angles 

were 34.90 kN, 40.54 kN, 3.73 kN, and 31.24 kN, respectively. 

The average moduli of elasticity were 157.8 GPa, 75.6 GPa, 

10.0 GPa, and 52.4 GPa, and the average percentage elongations  

were 0.44, 1.16, 6.53, and 1.7, respectively. 

In the row section of the table, the thickness, width, cross-

sectional area, distance to the extensometer, modulus of elastic-

ity, maximum stress, maximum force, Poisson's ratio, and per-

cent elongation are given, respectively. In the column section, 

specimen numbering is provided. 

Table 3. Tensile test numerical values of the sample with C1
8, C2

8, C3
8 and C4

8 orientation angles

Orientation 

angle 

Sample 

No 

a0 

mm 

b0 

mm 

S0 

mm2 

L0 

mm 

E-Module 

GPa 

Max-

Stress-

MPa 

Max-

Force 

kN 

Poisson’s 

Ratio 

Elongation 

% 

C1
8 

No. 1 

1,9 25 47,5 102 

161.1 809.6 38.45 0.3029 0.48 

No. 2 154.6 660.1 31.35 0.3581 0.41 

Average 157.8 734.8 34.90 0.3305 0.44 

C2
8 

No. 1 

1,9 25 47,5 100 

77.6 793.7 37.70 0.4156 1.07 

No. 2 73.6 913.5 43.39 0.4605 1.25 

Average 75.6 853.6 40.54 0.4380 1.16 

C3
8 

No. 1 

1,9 25 47,5 103 

9.5 75.8 3.60 0.5432 8.1 

No. 2 10.5 78.8 3.74 0.6190 3.3 

Average 10.0 78.5 3.73 0.5811 6.53 

C4
8 

No. 1 

1,9 25 47,5 103 

59.2 619.2 29.41 0.2510 1.5 

No. 2 47.3 698.4 33.17 0.3367 1.7 

Average 52.4 657.7 31.24 0.2938 1.7 
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  The average values of each of the C1
8, C2

8, C3
8, and C4

8 orien-

tation angle carbon fiber samples were calculated. It was ob-

served that the % elongation of the composite material with a 

C4
8 orientation angle increased by 286.36% compared to the C1

8 

material, increased by 46.55% compared to the C2
8 material, and 

decreased by 73.96% compared to the C3
8 material. 

4. Conclusion 

In this study, three-point bending and tensile tests were exper-

imentally conducted on C1
8, C2

8, C3
8, and C4

8 CFRP composite 

materials with four different orientation angles. The following 

results were obtained from the studies. 

1-) In the epoxy matrix composite materials used in the study, 

it was observed that the elongation until damage varied between 

0.44% in the C1
8 group, 1.16% in the C2

8 group, 6.53% in the 

C3
8 group, and 1.7% in the C4

8 group. Although the fibers ex-

hibit dominant properties in the tensile direction, this difference 

is attributed to the movement of the fibers within the epoxy ma-

trix. 

2-) In their study, Tawfek et al. [48] asserted that the arrange-

ment of various orientation angles in CFRP composites directly 

influences the material's strength. They concluded that compo-

sites with a (0/90/±45)° reinforcement angle exhibit higher 

strength values compared to composites with a (0/0/90/90/90)° 

reinforcement angle. Our study similarly found that composite 

materials with a C4
8 orientation angle demonstrated superior 

strength compared to composites with other orientation angles, 

thus corroborating existing literature. 

3-) In 8-layer specimens, the maximum force followed the or-

der: C4
8 > C1

8 > C3
8 > C2

8. The highest contact force was ob-

served in the C4
8 material with the [0°/90°/+45°/-45°/-45°/-

45°/+45°/90°/0°] arrangement, while the lowest contact force 

was recorded in the C2
8 composite material with the 

[0°/90°/0°/0°/90°/0°/0°/90°/0°/90°/0°/90°] arrangement. 

4-) The stress value of the C4
8 composite material in the three-

point bending test exceeds that of other orientation angle com-

posite materials. Following the three-point bending test, the 

maximum forces recorded were 258.2 N for C1
8, 275.0 N for C2

8, 

70.1 N for C3
8, and 285.2 N for C4

8. Notably, the C4
8 composite 

material exhibited a 10.44% increase compared to C1
8, a 4.74% 

increase compared to C2
8, and a remarkable 307.23% increase 

compared to C3
8. 

5-) The maximum stresses in the tensile test for C1
8, C2

8, C3
8, 

and C4
8 materials were 734.8 MPa, 853.6 MPa, 78.5 MPa, and 

657.7 MPa, respectively. Notably, C2
8 material exhibited the 

highest stress value, while C3
8 material showed the minimum 

stress value. The higher stress in C2
8 material can be attributed 

to the alignment of fibers in the tensile direction, a finding con-

sistent with the study conducted by Banakar P. and Shivananda 

H.K [41]. 

6-) The % elongation of the C4
8 composite material in the ten-

sile test increased by 286.36% compared to C1
8, by 46.55% com-

pared to C2
8, and decreased by 73.96% compared to C3

8. 

7-) Among the carbon fiber composite materials with four dif-

ferent orientation angles examined in the test results, the C4
8 ori-

entation angle carbon fiber material with the sequence 

[0°/90°/+45°/-45°/-45°/-45°/+45°/90°/0°] yielded the best result. 

This outcome aligns with the findings of Muhammed Y.S. and 

Abdelbary A [39], as well as Bassey et al. [43]. 
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