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Abstract. Recently, in connection with the increasing use of composite materials in 

various fields of modern technology, interest in theories of reinforced media and new 

technologies for their manufacture has significantly increased. Twenty-seven models were 

designed from metallic materials, one from aluminum, one from steel, and the third was 

composed of five layers, three from Epoxy and two from Steel. As for the non-metallic 

models, three models were made of fiberglass with different codes and three other models 

of epoxy with carbon fibers and also with different codes.  All models are equal in weight, 

height and width but different in thickness. Three types of loads were shed in the middle 

of the models. The results of the comparison between the different models, after analyzing 

the results, indicate that the best model that can withstand the loads imposed on it is the 

model of composite materials (CFGR – Code2), while the worst model is the model of 

steel. The results of the analysis also indicate the effect of the change in the overload on 

the models is directly proportional to the same percentage change in the overload on the 

models, whether the models are composed of ferrous or non-ferrous materials composite 

materials. 
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1   Introduction 

 

Carbon fabric reinforced composites have been widely used in manufacturing due to their hardly 

melting at high temperature, and high strength embedded in thermoset or thermoplastic polymeric matrix 

[1, 2]. Vinyl ester resin after reinforcing with glass fibers showed a high tensile and flexural strength due 

to high elastic modulus and the strength was increased with an increase in the fibers percentage [3]. Various 

composite materials used in bulletproof vests were studied to analyze their effectiveness against bullet 

force [4]. The bullet impact energy that has been transmitted to the vest is absorbed and scattered by the 

very strong fibers in composite materials, and that absorption results to deformation or "mushroom" of the 

bullet, and successively each layer of the best material was also absorbing the additional energy of the 

bullet. The high tensile strength of Vinyle ester resin was shown due to the high elastic modulus of the 

composite material [5]. Hossein Rahmani et al [6] studied the mechanical properties of epoxy resin 

composites strengthened with carbon fiber to explore the influence of (0°, 35°, 45°, and 90°) angle fiber 

orientation. Their mechanical properties result from the viewpoint of tensile, impact, and bending strength 

was depending mainly on the fiber orientation followed by the lamination amount. Mechanical behavior 

composition of carbon glass fiber that reinforced by epoxy composite have been performed by Ozsoy et al 

[7] to research bending as well as tensile properties for both Carbon Fiber (CFRE) and Glass Fiber 

Reinforced Epoxy (GFRE) for (0°, 90°, and [0°, 90°]) fiber direction. They concluded that the greatest 

tensile strength was found with the fiber direction of 0° for the two composites CFRE as well as GFRE. 

Ballistic protection evaluation of sequencing the composite material sandwich panels for the reliable 

combination of Armor layers was studied by Yilmazcoban and Doner [8]. Their results showed that 

polymer utilized between the armed and the aluminum honeycomb sandwich panel reinforced by carbon 

fiber was the most accurate and reliable of the tests as well as a computer simulation. The behavior of the 

composite laminate was studied for impact load [9]. Carbon fiber reinforced composite and boron fiber 
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reinforced composite was tested and the material was shown to exhibit complex failure behavior under 

impact loading. The effect of graphite filler of different amounts (ranging from 5 to 3wt%) on the 

mechanical properties of both epoxy reinforced with carbon fiber as well as epoxy resin composites were 

studied by Ricardo Baptista et al [10]. It was found that the increase in graphite filler contents results in an 

improvement in the epoxy matrix tensile modulus. It was also shown that graphite materials by 7.5, 10, 

and 11.5weight% revealed an increase in the finite stress value with an increase in the amount of filler, 

and the tensile modulus was enhanced by the introduction of the reinforcing carbon fiber. Mechanical and 

impact test of Carbon Fiber reinforced Polymer (CFRP) was studied by Cathrine HØgmo Strand [11]. An 

air gun impact test was performed as well as the Charpy impact test to evaluate the fracture toughness. It 

was shown an overall degradation of the mechanical properties of the CFRP when exposed to cold 

temperatures. The ballistic impact response of aluminum alloys hybridized with Kevlar / Epoxy 

composites was studied by Eyüp Yeter [12]. The results showed that a hybrid model with 6AL – 6KEV 

orientation, was the optimum structure to resist the ballistic impact loading. Compression and tensile 

properties of the interlayer, as well as interlayer hybrid composites, have been investigated by Weili Wu 

et al [13]. It was concluded that the hybrid composites tensile fracture strain was greater than the 

compression fracture strain. Exploratory testing and modeling of the ballistic effect on composite 

laminated equipment consist of three layers of various materials: cemented fiber, Kelven fabric as well as 

steel [14]. A bullet of 9 mm FMJ was launched like 100 cm2 armor on the fiber-cement side. The results 

of the experimental tests and simulations were contrasted to investigate the conduct of the folded armored 

structure, and good agreement was reached. 

 

2   Materials and Model analysis 

 

A 3D Finite Element model was created to simulate impact test in ANSYS 15.1, figure (1) shown the 

models. Three different pressures were taken to applied on the sample which are 40, 80 and 120 kN/m². 

 
Fig. 1. Solid shell geometry. 

 

Numerical simulations were performed based on the laboratory conditions used in a practical test for the 

impact test where we take into account the shape and geometry of the sample process and the boundary 

conditions. We will focus on two main aspects of this procedure. Modeling the sample, and calculating 

stresses on failure. Simulations were performed using ANSYS structural (15.1). Nine models were 

designed from different materials with the purpose of comparing the stresses affecting them. The models 

chosen are: Aluminum, Steel, Steel & Epoxy, Three models Carbon fiber and three models Fiberglass. 

Three codes were selected for the Fiberglass and Carbon fiber model as show in figure 2. 

 



 

 

 

 

 
Aluminum                                      Steel                                     Composite (Steel + Epoxy) 

 
Carbon fiber (Code1)                     Carbon fiber (Code2)                    Carbon fiber (Code3) 

 

 
Fiberglass (Code1)                       Fiberglass (Code2)                         Fiberglass (Code3) 

 

Fig. 2. Show codes of all models. 

 

Table 1 shows the specifications of the materials used in the model structures, while table 2 

shows Elastic characteristics of carbon fiber - and fiberglass. Table .3 shows the specifications 

used to draw test samples and codes of materials used in all tests. 

 
 

Table 1. Elastic characteristics of carbon fiber - and fiberglass 

No. Material 
Density 

ρ, Kg/m3 

Modulus 

of 

elasticity 

E, GPa 

Passion 

ratio 

Heig

ht, 

(mm) 

Width 

w, 

(mm) 

Thickness 

t, 

(mm) 

Weigh

t 

W, 

(Kg) 

1 Aluminum 2700 70 0.33 

 
500 

 

400 

10 

5.4 

2 Steel 7800 210 0.3 3.5 

3 
Carbon 

fiber 

Carbon 1800 3.5  
17 

Epoxy 1200 4.2 0.3 

4 Fiberglass 
Glass 2500 3.4 0.2 

14 
Epoxy 1200 3.5 0.3 

5 Compsite Steel 7750 200 0.3 2 



 

 

 

 

Epoxy 1200 4.2 0.3 9.66 

 

Table 2. Elastic characteristics of carbon fiber - and fiberglass [15]. 

Material E ii , MPa 
 
G ii , MPa 

   

 

Carbon fiber 

    

Fiberglass 

    
 
 

Table 3.  Specifications used to draw test samples. 

No. Material 
Number 

of Layers 
Code Model 

Type of 

Element 

1 Aluminum 1 [0] Linear 

Solid 187 

Geometry 

, 10 Nods 
,3-D 

Modeling 

2 Steel 1 [0] Linear 

3 
Carbon fiber 
(Code1) 

17 [02/90/02/±45/02/90/02/90/±45/02] Linear 

4 
Carbon fiber 
(Code2) 

17 
[0/±30/90/∓30/0/±30/90/∓30/0/±30/90

/0] 
Linear 

5 
Carbon fiber 
(Code3) 

17 [0/±30/±45/±60/90/0/±30/±45/±60/90/0] Linear 

6 
Fiberglass 

(Code1) 
14 [0/90/0/90/0/90/0/90/0/90/0/90/0/90] Linear 

7 
Fiberglass 
(Code2) 

14 [90/0/±30/±45/±60/±75/90/0/±30] Linear 

8 
Fiberglass 

(Code3) 
14 [0/±30/90/∓30/0/±30/90/∓30/90/0] Linear 

9 
Composite 
(Steel + Epoxy) 

5 [0/0/0/0/0] Linear 

 

3 Results and discussion 

 

In this result the material of the sample is altered to cover many materials. The materials used for the 

sample are Aluminum, Steel and Epoxy, Carbon Fiber Reinforced Polymer and Glass Fiber Polymer.  The 

program used for processing is the ANSYS R15.0 to get the theoretical results for deformed + Undeformed 

shape, Displacement vector sum, stress (z-component of stress), Stress intensity, Von Mises stresses, Total 

mechanical strain and Failure Criteria (maximum stress) . These results taken for three values of pressure 

applied on the sample which are 40, 80 and 120 kN/m². 

In table (4-1) and figure (3) the displacement of deformed shape for 40 kN/m² are shown for the 

materials of the sample discussed previously. The maximum displacement occurred in steel sample which 

is 8.64*10  -⁶ m. while the minimum value occurred when the material is Carbon Fiber Reinforced Polymer 

which is 4.1*10−11 m, and this means that the Carbon fiber is the highest strength. 

Table (4-2) and figure (4) show the displacement vector sum for all sample materials taken with 

pressure 40kN/m². The maximum displacement occurred when the sample material is Aluminum which is 

1.07*10−6m. While the minimum value for displacement when the sample material is Carbon Fiber 

reinforced polymer (1.65*10−14m). And that because of the connection occurred as a result of the 

Reinforced Fiber.  
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Table (4-3) and figure (5) show the stress(z-component). The maximum value of this stress is ( 

8.64*10−6 N/m²), which is very small stress happened when the sample material is Steel.  

Table (4-4) and figure (6) show shows the stress intensity factor for all sample materials. The maximum 

value of this intensity is for Steel sample which is (857272 N/m²). While minimum value of this intensity 

is for Glass Fiber Reinforced (1.11   N/m²).  

Table (4-5) and figure (7) show the Von Mises stress for all material samples. And the maximum Von 

Mises stress value is occurred when the sample material is Steel which is (828052 N/m²). 

Table (4-6) and figure (8) show the mechanical strain in Z-direction for all sample materials. The 

maximum strain happened when the sample material is Steel and Epoxy with the value is (2.73*10−6 𝑚).  

Table (4-7) and figure (9) show the results of maximum stress for failure criteria. The maximum value of 

this stress occurred when the sample material is Steel.  

All these experiments are repeated when the pressure applied on the sample became (80 kN/m²) and 

then altered to (120 kN/m²). And all the previous values in the figures above were increased when 

increasing the pressure applied at the sample. 

 

Table 4. shows comparison of stress analysis. 
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Fig. 3. Deformed Shape (Def + Undeformed) at P = 40 KN/m2. 

 

 

 

 

 

 

Aluminum                                                                          Steel                                                                              Steel  & Epoxy 
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Fig. 4. Displacement vector sum at P = 40 KN/m2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Aluminum                                                                          Steel                                                                              Steel  & Epoxy 
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Fig. 5. Stress (Z – Component of stress) at P = 40 KN/m2. 

 

 

Aluminum                                                                          Steel                                                                              Steel  & Epoxy 
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Fig.6. Stress intensity at P = 40 KN/m2. 
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Fig.6. Stress intensity at P = 40 KN/m2. 

 

 

Aluminum                                                                          Steel                                                                              Steel  & Epoxy 
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Fig. 7. Von Mises stress at P = 40 KN/m2. 

 

 

Aluminum                                                                          Steel                                                                              Steel  & Epoxy 
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Fig. 7. Von Mises stress at P = 40 KN/m2. 

 

 



 

 

 

 

Aluminum                                                                          Steel                                                                              Steel  & Epoxy 
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Fig. 8. Total Mechanical Strain (Z – Component of total mechanical strain) at P = 40 KN/m2. 

 

 

Aluminum                                                                          Steel                                                                              Steel  & Epoxy 
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Fig. 9. Failure Criteria (Maximum Stress) at P = 40 KN/m2. 

 

From the analysis of the results in table 4 when the load on the model is doubled or three times, the 

resistance of the models consisting of mineral and composite materials are doubled in the same proportion 

of the multiple of the applied load. Also, from the analysis of the results, it was found that the resistance 

of the composite materials, particularly carbon fiber reinforced ones, is much more than the models 

consisting of mineral materials due to the increase in the thickness of the model and the high elastic 

modulus of the models reinforced by carbon fibers. Also as shown in table 4, the best model is the 

composite material consisting of carbon fiber reinforced, especially the model armed with different angles 

in the second code. Whereas the least resistant model for the loads was the steel material. The reason for 

this is that the thickness of the steel model was the lowest (3.5 mm) because the density of steel high 

compared to the density of other materials, which made the thickness of the model very small for the same 

weight taken for all models, which (5.4 kg) had a larger thickness that was in the component models. It is 

a composite material due to its low density, which makes it have light weights compared to other materials 

in addition to the presence of reinforces with a relatively elastic modulus of compared to their weight. 

 

4 Conclusion 

 

Based on the results of this study, the following results can be drawn. 

 

1. By comparing the results, it was observed that the best model to resist the loads applied to it is    

a pattern (CFRP-Mode2), while the poorest model that bears the stresses is the acetylcholine 

model. 

2. After analyzing the results, it was found that the change in the amount of loads applied to the 

models is directly proportional to the resistance of the models to withstand those loads with the 

same percentage change. 

3. It turns out that the resistance of aluminum models to the loads applied to them is better than the 

resistance of steel models by more than three times and better than the resistance of the models 

consisting of epoxy and steel by about twice. 

4. Comparing the models consisting of composite materials (CFRP) with (GFR), indicates that the 

resistance of the models (CFRP- Code1 & Code2) is greater, especially in models (CFRP-

Code2). 
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