
Nigerian Journal of Engineering Science and Technology Research, Vol. 9, No. 2, 2023(31-45) 

31 
 
 

CHARACTERIZATION OF LAMINATE COMPOSITE 

MATERIALS FOR BALLISTIC PROTECTION USING 

COMPUTATIONAL TECHNIQUES 

 

Orueri, D.U.1*, Akindapo, J.O.1, Johnson-Anamemena, N.2 and Gideon, C.J.1 

1Nigerian Defence Academy, Department of Mechanical Engineering, Kaduna 

2Airforce Institute of Technology, Department of Mechanical Engineering, Kaduna 

*Corresponding email: danieldakseal@gmail.com  

 

 

ABSTRACT 

This research work focuses on the characterization of Mild steel, Bulk metallic glass, and Dyneema as 

laminate composite materials for ballistic protection. The aim is to assess their effectiveness in resisting 

7.62mm API projectiles at various obliquities and velocities. Computational techniques using Abaqus 

Explicit FEA software were employed for numerical analysis. The study investigated the behavior of the 

laminate materials when subjected to projectile impacts at different obliquities and velocities. It was 

found that at obliquities of 15°, 30°, and 45°, projectiles with velocities of 200m/s and 300m/s exhibited 

ricochets. However, at higher velocities of 400m/s and 500m/s, the projectiles were observed to 

penetrate the target. At an obliquity of 60° to the target plane, projectiles penetrated the target at all 

velocities considered. Furthermore, the critical angle of ricochet was observed to increase as the 

projectile obliquity deviated from the target's normal. The study also examined various combinations 

of material thicknesses at different velocities. It was found that an increase in plate thickness resulted 

in a decrease in Von Mises stress. Thicker materials showed better capability in arresting projectile 

kinetic energy compared to thinner targets of the same material and configuration. However, it is 

important to note that increasing the thickness of the material also increases the weight on the wearer. 

Therefore, there is a need to strike a balance between optimum thickness and ballistic protection for the 

target material. Based on the results obtained, it is recommended that laminate composite materials 

with specific thickness combinations be used for ballistic protection depending on the desired level of 

protection and weight constraints. Further research can be conducted to explore additional material 

combinations and optimize the design parameters for enhanced ballistic resistance. 

Keywords: Von Mises Stress, Ricotchet, Projectile, Obliquity, Plate Thickness, Ballistics 

 

 

1 INTRODUCTION 

he need for protection against small arms projectiles is very important from a military point of 

view. There are a large number of parameters which may influence the ballistic resistance of 

metallic plates such as material behavior, target thickness, angle of incidence, nose shape and 

size of projectile as well as target configuration. The majority of the ballistic studies are concerned with 

oblique impact against ordinary hardened steel projectiles. However, most real cases in light of military 

application, the armour piercing incendiary projectile will strike the target with some degree of obliquity 

[1]. The behaviour of armour plates subjected to impact by projectiles for velocities including and 

exceeding ballistic limits, has been investigated using the following approaches: controlled 

experimentation, estimation of residual velocity and ballistic limit with the aid of semi-empirical and 

limit-state solutions as well as finite element-based contact-impact analysis. The finite element-based 

approach, if properly validated, could be considered the most potent approach for predicting ballistic 

limits of armour plates and for designing optimized as well as innovative solutions [2]. Various factors 

T 

mailto:danieldakseal@gmail.com


Nigerian Journal of Engineering Science and Technology Research, Vol. 9, No. 2, 2023(31-45) 

32 
 
 

can impact the ability of armour plates to resist ballistic threats, including the characteristics of the 

materials used, the thickness of the plate and angle at which projectiles strike the plate, the shape and 

size of the projectile, and the overall configuration of the target. The behavior of the material used in 

the plate is particularly important, as materials that can absorb energy without fracturing tend to provide 

better protection against certain types of projectiles than brittle materials that can easily fracture [3, 4]. 

The thickness of the armor plate is also a crucial determinant of its ballistic resistance, with thicker 

plates generally offering greater protection against projectiles. However, the practical utility of thicker 

plates is limited by their greater weight and bulkiness [5, 6]. The angle at which a projectile hit an armor 

plate can impact how well the plate resists the impact. If the projectile hits the plate at an angle, it can 

decrease the effective thickness of the plate, which can reduce its ability to resist the impact. To address 

this issue, armor plates are often designed with a slope so that projectiles are more likely to hit at an 

oblique angle. This increases the effective thickness of the plate, which can enhance its ability to resist 

the impact [7, 8]. Mild steel is a popular choice for ballistic applications due to its high strength and 

low cost. However, its effectiveness as a ballistic material depends on several factors such as the 

thickness of the steel, the type and velocity of the projectile, and the angle of impact. One of the main 

advantages of mild steel as a ballistic material is its ability to absorb the energy of the projectile through 

plastic deformation. When a projectile strikes the surface of mild steel, it deforms the steel, absorbing 

some of the projectile's kinetic energy. This deformation can cause the projectile to lose velocity and 

potentially fragment or break apart, reducing its effectiveness [9]. Dyneema is a high-performance 

polyethylene fiber that has been used as a ballistic material in various applications, such as body armor, 

helmets, and vehicle armor. It is a popular choice due to its high strength, low weight, and flexibility, 

which make it comfortable to wear and easy to maneuver. One of the main advantages of Dyneema as 

a ballistic material is its ability to absorb and disperse energy from a projectile. When a projectile strikes 

the surface of Dyneema, the fibers stretch and deform, absorbing the kinetic energy of the projectile. 

This energy is then dispersed through the fibers, reducing the impact on the wearer. Dyneema is also 

resistant to cuts, abrasion, and chemicals, which makes it a durable and long-lasting material. It can 

withstand extreme temperatures and is not affected by UV radiation or water exposure, which makes it 

suitable for use in harsh environments [10, 11, 12]. Bulk Metallic Glasses (BMG) are a type of 

amorphous metallic material with unique properties such as high strength, high toughness, and high 

corrosion resistance. These properties make BMGs attractive for use in various applications, including 

ballistics. In ballistics, BMGs can be used in the design and manufacture of armor plates and other 

protective gear. Due to their high strength and toughness, BMGs can provide superior protection against 

high-velocity impacts, such as those from bullets or shrapnel. Several studies have investigated the 

ballistic performance of BMGs, and the results have been promising. A study by Demetriou et al. [13] 

showed that BMGs exhibited superior ballistic performance compared to conventional armor materials, 

such as steel and aluminum. Another advantage of BMGs in ballistics is their ability to be formed into 

complex shapes using techniques such as injection molding. This allows for the production of 

customized armor components with specific shapes and sizes that can provide better protection for 

specific body regions [13]. The laminate composite structure was arranged such that the mild steel was 

placed at the front layer with the BMG sandwiched between the mild steel and the Dyneema. This 

research work attempts to characterize the laminate composite materials (mild steel-dyneema-bulk 

metallic glass) for ballistic protection using computational techniques. 

2 LITERATURE REVIEW 

Wilkins in 1978, analyzed the mechanics of penetration and perforation, using a computer 

simulation program to carry out the analysis of the various deformation mechanisms that occur when a 

projectile strikes a target at normal incidence. An objective of the analysis was to identify the important 

material parameters in targets and projectiles that influence perforation. His research showed that the 

way in which a material is deformed during penetration and perforation is influenced by different factors 

such as the projectile's velocity, size, and shape, as well as the characteristics of the target material. 

Furthermore, the mechanism of deformation differs depending on whether the target material is ductile 

or brittle [14]. Johnson and Cook, in 1993, presented Lagrangian EPIC code computations for oblique, 

yawed-rod impacts onto thin-plate and spaced-plate targets at various velocities. The baseline set of 

computations considered a nominal obliquity of 650 and a nominal impact velocity of 1300m/s, onto 
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thin-plate targets at nominal yaw angles of 0, 10 and +10 degrees. The yaw angles were achieved by 

inducing velocities into the plates. These results were compared to test data and MESA code results 

published previously. Additional sets of computations were presented to show the effect of increased 

impact velocities at nominal values of 2600m/s and 5200m/s. Some spaced-plate computations were 

also included [15]. [2], in described the simulation of impact of jacketed projectiles on steel armour 

plates using explicit finite element analysis as implemented in LS-DYNA. Validation of numerical 

modelling included a comprehensive mesh convergence study which led to insights not previously 

reported in literature, using shell, solid, and axisymmetric elements for representing target plates. It was 

shown for a number of cases that with a proper choice of contact algorithm, element size, and strain 

rate-dependent material properties, computed projectile residual velocities could match closely with 

corresponding test-based values. The modelling requirements were arrived at by correlating against 

published test residual velocities for variants of mild steel plates (designated as MS1, MS2 and MS3) 

of different thicknesses at impact velocities in the range of ~820-870 m/s. Using the validated numerical 

procedure, a number of parametric studies such as the effect of projectile shape and geometric aspect 

ratios as well as plate thickness on residual velocity were carried out and presented [2]. In the study by 

[16], the focus was on the ballistic performances of 1 and 2mm-thick and 2 X 1 mm-thick cold rolled 

sheet metal plates against 9mm standard NATO projectile. The velocity of the projectile before and after 

perforation, the diameter of the front face deformation, the depth of the crater and the diameter of the 

hole were measured. The fracture surfaces of the plates near the ballistic limit were also microscopically 

analyzed. The highest ballistic limit was found in 2 mm-thick plate (332m/s) and the lowest in 1 mm-

thick plate (97 m/s). While, the ballistic limit of 2 X 1 mm-thick plate decreased to 306 m/s. Typical 

failure mechanism of the projectile was the flattening and mushrooming at relatively low velocities and 

the separation from the jacket at relatively high velocities. In accordance with the ballistic limits, 2 mm-

thick target plate exhibited the highest hardness value. Microscopic investigations showed the 

significant reductions in the grain size of the targets after the test [16]. In 2014, experiments on 

penetration of 23 mm hard projectiles into mild steel plates were performed by Mohamed and Ahmed, 

for 500 mm square plates with 30, 50, 60, and 150mm total thicknesses. Results for ballistic limits 

obtained from existing empirical and analytical relations were compared with those from experiments. 

In addition, numerical simulations to predict the experimental results were made. Erosion criteria were 

established in order to realize simulation. Effect of the erosion strain value for which cells were removed 

on the prediction of penetration into steel plates was investigated. The numerical results showed that 

erosion strain value had a significant effect on the prediction of perforation into steel plates [17]. In 

2017, the ballistic resistance of 12 mm thick mild steel plates was studied by Senthil et al, against 7.62 

API projectiles through numerical simulations carried out using ABAQUS/Explicit finite element code. 

The incidence angle was varied as 0°, 15°, 30°, 45°, 57° and 59°. The material parameters for the 

Johnson-Cook model were employed to predict the material behavior of the target, while the material 

behavior of the projectile was incorporated from the available literature. The numerical results thus 

obtained were compared with the experiments reported in earlier study, wherein the incidence velocities 

of the projectile were considered close to 820 m/s. The experimental and numerical results with respect 

to failure mechanism, residual projectile velocity and critical angle of ricochet were compared. A close 

correlation between the experimental findings and the predicted results was discovered. In general, the 

resistance of the target was found to increase with increase in target obliquity [1]. [18], studied the 

ballistic resistance of mild steel plates against 7.62 AP projectiles through numerical simulations using 

ABAQUS/Explicit commercial finite element package. The projectiles were impacted on 4.7, 6, 10, 12, 

16, 20 and 25mm thick target plates at varying incidence angles. The material parameters proposed by 

the authors for the Johnson–Cook model were used to predict the material behavior of target, while the 

material behavior of projectile was incorporated from the available literature. The numerical results thus 

obtained were compared with the experiments available in the literature. The experimental and 

numerical results with respect to failure mechanism, residual projectile velocity, and maximum angle 

for perforation and the effect of configurations on spacing and critical angle of ricochet were compared. 

A close correlation between the experimental findings and the predicted results were found. In general, 

the resistance of target was found to increase with an increase in target obliquity. The critical angle of 

the projectile ricochet was found to decrease with an increase in target thickness. The ballistic limit for 

all given thicknesses of mild steel targets was also obtained numerically. The ballistic limit thus obtained 
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was used to calibrate the Recht–Ipson empirical model for calculating the residual projectile velocity 

corresponding to a given incidence velocity. Simulations were also done for three-layered target of 

4.7mm and 6mm-thick plate and spacing was varied to study its effect on their ballistic resistance. The 

variation of spacing at normal impact was found to have an influence as long as the spacing was smaller 

than the projectile length [18]. [19], investigated the ballistic performance of two different ceramic-

based armor designs using finite element analysis. The first design was a bi-layer armor consisting of a 

ceramic front layer and a Kevlar-29 composite backing layer. The second design consist of a ceramic 

filled honeycomb front layer and a Kevlar-29 composite backing layer. 3D finite element models were 

developed with the commercial software Abaqus/Explicit. The models were validated by comparing 

against experimental results from different sources. Both single-hit and double-hit impacts were carried 

out using an ogival-nosed hardened steel 4340 projectile of mass 5.5g. The ballistic performances of 

the two designs were compared in terms of penetration mechanisms and ballistic resistance. It was found 

that the presence of honeycomb in the second armor design had a significant effect on its ballistic 

performance. The cell walls interrupted the stress wave propagation and confined the fracture in a local 

area. The ballistic limit of the second armor design in a single-hit impact decreased significantly but the 

resistance to a second hit did not decrease [19]. 

3 CONSTITUTIVE GOVERNING EQUATIONS 

The Johnson-Cook elasto-visco plastic material model available in Abaqus finite element code 

was employed in defining the material model for the mild steel and the projectile. The stress-strain 

relation for the Johnson-Cook model is given as [19]. 

𝜎𝑦(𝜀𝜌, 𝜀𝜌, 𝑇̇ ) = (𝐴 + 𝐵𝜀𝜌
𝑛)(1 + 𝐶𝑙𝑛𝜀𝑝

∗̇)(1 − 𝑇𝑚
∗ )     (1) 

Where 𝜎𝑦 is the yield stress, 𝜀𝜌 is the equivalent plastic strain, 𝜀̇ is the equivalent plastic strain 

rate. 

𝜀𝑝
∗ = 𝜀𝑝/𝜀𝑜̇̇

̇           (2) 

Where 𝜀𝑜̇ designates the reference strain rate. 

𝑇∗ =
(𝑇−𝑇𝑜)

(𝑇𝑚−𝑇𝑜)
          (3) 

Where T is the current temperature, Tm is the melting temperature and To is the reference 

temperature. The first term shows the effect of plastic strain on the yield stress, the second term reflects 

the effect of strain rate and third term reflects the effect of temperature. The constants A, B, C, n and m 

are material parameters determining these effects. The Johnson-Cook model was also used to model the 

fracture behaviour of the projectile. The fracture criterion is based on the accumulation of the effective 

plastic strain. Fracture occurs when the damage variable achieves unity [19]: 

𝐷 = ∑
∆𝜀𝑝

𝜀𝑓
𝑝           (4) 

Where D is the damage variable, ∆𝜀𝑝 is the increment in equivalent plastic strain and 𝜀𝑓
𝑝
 is the 

equivalent plastic strain at fracture defined as [9]; 

𝜀𝑓
𝑝
= [𝐷1 + 𝐷2𝑒𝑥𝑝 (𝐷3

𝜎𝑚

𝜎̅
)] [1 + 𝐷4 ln (

𝜀̇𝑝

𝜀̇𝑜
)] [1 + 𝐷5𝑇

∗]    (5) 

Where 𝜎𝑚 is the mean stress and 𝜎̅ is the equivalent Von-Mises stress. D1, D2, D3, D4 and D5 

are material parameters. In this research, the Hashin damage model available in Abaqus was selected to 

characterize the material response of the Dyneema composites. In the Hashin model, four damage 

modes are considered [19]; 

1) Fibre tensile damage if 𝐹𝑓
𝑡 > 1, 

Where 𝐹𝑓
𝑡 = (

𝜎̂12

𝑋𝑇)
2
+ (

𝜏̂12

𝑆𝐿
)
2
        (6) 

2) Fibre compressive damage if 𝐹𝑓
𝑐 > 1, 

Where 𝐹𝑓
𝑐 = (

𝜎̂11

𝑋𝑐
)
2
         (7) 

3) Matrix tension damage if 𝐹𝑚
𝑡 > 1, 

here 𝐹𝑚
𝑡 = (

𝜎̂11

𝑌𝑇
)
2
+ (

𝜏̂12

𝑆𝐿
)
2
        (8) 
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4) Matrix compression damage if 𝐹𝑚
𝑐 > 1, 

Where 𝐹𝑚
𝑐 = (

𝜎̂22

2𝑆𝑇
)
2
+ [(

𝑌𝑐

2𝑆𝑇
)
2

− 1]
𝜎̂22

𝑌𝑐
+ (

𝜏̂12

𝑆𝐿
)
2
      (9) 

In these equations, 𝜎̂11, 𝜎̂12, 𝜏̂12 are component of the effective stress tensor. The material 

constants XT, XC, YT, YC, SL, ST denote the longitudinal tensile strength, longitudinal compressive 

strength, transverse tensile strength, transverse compressive strength, longitudinal shear strength and 

transverse shear strength, respectively. By assigning XT = YT and XC = YC, the damage behaviour of a 

plain-woven fabric structure can be captured. It should be noted that the delamination failure mode is 

not captured by this model [19]. 

4 MATERIALS AND METHOD 

4.1 Materials 

The following materials were used in this research work; Mild steel, Bulk metallic glass, 

Dyneema, 7.62mm API Projectile. The material properties employed are reflected in the Tables below; 

a) Mild steel target and projectile and shown in Table 1. 

Table 1. Material Properties for Mild steel target and projectile [17, 20] 

Description Mild steel (Projectile) Mild steel (Target) 

Modulus of elasticity (N/m2) 210 x 109 203 x 109 

Poisson’s ratio (ʋ) 0.3 0.33 

Density (kg/m3) 7850 7850 

Yield stress constant (A) (N/m2) 0.95 x 109 304.330 x 106 

Strain hardening constant (B) (N/m2) 

N 

0.725 x 109 

 

0.375 

422.007 x 106 

 

0.345 

Viscous effect (C) 0.015 0.0156 

Thermal softening constant (M) 0.625 0.87 

Reference strain rate (έo) (s-1) 1  0.0001 

Melting temperature (K) 1793 1800 

Transition temperature (K) 293 293 

Fraction strain constant ( D1) 

(D2) 

( D3) 

( D4) 

(D5) 

-0.8 

2.1 

0.5 

0.002 

0.61 

0.1152 

1.0116 

-1.7684 

-0.05279 

0.5262 

b) Material properties of Dyneema and BMG used are shown in Table 2. 

Table 2. Material Properties of Dyneema and BMG [21, 22] 

Description 

Dyneema 

Value Description 

BMG 

Value 

Density (kg/m3) 975 Density (Kg/m3) 6800 

Axial tensile 

strength 

(N/m2) 

3.6 x 109 Hardness (Rockwell) 

(Vickers) 

47 

 

460 

Axial tensile 

Modulus (N/m2) 

116 x 109 Charpy Impact (J/m2) 3.5 

Axial compressive 

Strength (N/m2) 

0.1 x 109 Fatigue Strength (Mpa @ 107 

cycles) 

206 

Axial compressive 

Modulus (N/m2) 

116 x 109 Poisson’s ratio (ʋ) 0.38 

Transverse tensile 

Strength (N/m2) 

0.03 x 109 Young’s modulus (N/m2) 85 x 109 

Transverse 

Modulus (N/m2) 

3 x 109 Ultimate tensile Strength (N/m2) 1200 x 106 

Transverse compressive 

strength (N/m2) 

0.1 x 109 Elastic strain (% of original shape) 

Glass transition temperature (oC) 

1.6 ~425 
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4.2 Equipment 

 The equipment used in this work was a Toshiba personal computer rated as follows; 

Device Specifications 

i) Device name DESKTOP-3SU5545 

ii) Processor Intel® Core™ i5-4300U CPU @ 1.90GHz – 2.50GHz 

iii) Installed RAM 4.00 GB 

iv) System type 64-bit operating system x64-based processor 

Windows Specifications 

i) Edition Windows 10 Pro 

ii) Version 21H2 

iii) OS build 19044.1645 

iv) Experience Windows Feature Experience Pack 120.2212.4170.0 

The software employed in the modelling and analyses was Abaqus/CAE 2018 (Build 

ID: 2017_11_07-07.51.41 127140 © Dassault Systems, 2017). 

4.3 Methods 

4.3.1 Laminate Modeling 

The design possessed a rectangle shape with a dimension of 120 ×120 mm and a thickness of 

13 mm in the ratio 5:3:5mm for the first process and thicknesses varied in the ratio (7:5:5, 8:5:5, 9:5:5 

and 10:5:5) mm for the second process. The front layer was Mild steel, with the BMG material 

sandwiched between the Mild steel and the Dyneema composites. The armour plate design was 

subjected to fully clamped boundary conditions at the four edges. The Johnson-Cook plasticity model 

was used in the prediction of the behaviour of the mild steel and the Hashin damage model was 

employed in the prediction of the damage of the dyneema fibre composite. Figure 1 shows the 

arrangement of the laminate materials; the BMG sandwiched between the mild steel and the Dyneema, 

with the Dyneema serving as the backing material. 

 

Figure 1. Mild steel, BMG and Dyneema Laminates 

4.3.2 Projectile Model 

The 7.62mm APM2 bullet is composed of a very hard steel core, a metal jacket that glides, a 

lead element in the nose, and a lead base filler [19]. In this study, a bullet with an ogival nose was 

utilized, and the steel core of the 7.62mm APM2 bullet was used as the model for geometry and mass, 

with the material assumed to be hardened 4340 steel. The bullet was meshed with eight- node 

hexahedral element C3D8R. To depict the material behavior of the bullet, the Johnson-Cook plasticity 

model was chosen as the constitutive model. This model is frequently utilized to forecast the material 

reaction of metallic materials that undergo high velocity impact and high strain rate [19]. Figure 2 shows 

the dimensions of the API projectile. 

Figure 2. Finite Element Model of the Projectile and Dimensions [19] 
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The contact between the projectile and target was modelled by employing the Kinematic contact 

algorithm. The projectile was considered as master and the contact surface of target as slave surface. In 

the normal direction, hard contact was defined and in the tangential direction, the effect of friction given 

a value of 0.3. The hexahedral elements of constant size of 0.0005 was used to discretize the projectile. 

Figure 3 shows the projectile orientation to the target material using Abaqus. 

Figure 3. Projectile Obliquity to Target 

5 RESULTS AND DISCUSSION 

5.1 Result for Varying Projectile Angles 

The various results for projectile angle of obliquity are shown in Figures 4 through 17. The 

angles of obliquity selected are 15o, 30o, 45o and 60o, all varied at velocities 200 m/s, 300 m/s, 400 

m/s and 500 m/s. 

Figure 4. Projectile at 200m/s, 15o obliquity (Von Mises Stress) Figure 6. Projectile at 400m/s, 15o Obliquity (Von 

Mises Stress) 

   

Figure 7. Projectile at 500m/s, 15o Obliquity (Von Mises Stress) 

Figure 5. Projectile at 300m/s, 15o Obliquity (Von Mises Stress) 
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Figure 8. Projectile at 200m/s, 30o Obliquity (Von Mises Stress) 

 

Figure 9. Projectile at 300m/s, 30o Obliquity (Von Mises Stress) 

 

Figure 10. Projectile at 400m/s, 30o Obliquity (Von Mises Stress) 

Figure 11. Projectile at 500m/s, 30o Obliquity (Von Mises Stress) 

Figure 12. Projectile at 200m/s, 45o Obliquity (Von Mises 

Stress) 

Figure 13. Projectile 300m/s, 45o Obliquity (Von Mises Stress)
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Figure 17. Projectile at 500m/s, 60o Obliquity (Von Mises Stress) 

 
Figure 14. Projectile at 400m/s, 45o Obliquity (Von Mises 

Stress) 

Figure 15. Projectile at 500m/s, at 45o Obliquity (Von Mises 

Stress) 

Figure 16. Projectile at 200m/s, 60o Obliquity (Von Mises Stress) 

 

5.1.1 Results for Varying Projectile 

Velocities with Plate Thickness 

The various results for varying velocities 

with plate thickness are shown in Figures 18 

through 33. The reaction forces are displayed 

with the Von mises stresses summarized in Table 

3. 

Figure 18. Von Mises Stress at Impact Velocity of 100m/s (7:5:5) +1.089e+09 
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Figure 19. Von Mises Stress at Impact Velocity of 100m/s 

(8:5:5) 

Figure 20. Von Mises Stress at Impact Velocity of 100m/s 

(9:5:5) 

Figure 21. Von Mises Stress at Impact Velocity of 100m/s 

(10:5:5) 

Figure 22. Von Mises Stress at Impact Velocity of 125m/s (7:5:5) 

 

Figure 23. Von Mises Stress at Impact Velocity of 125m/s (8:5:5) 

Figure 24. Von Mises Stress at Impact Velocity of 125m/s (9:5:5) 
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Figure 25. Von Mises Stress at Impact Velocity of 125m/s 

(10:5:5) 

Figure 26. Von Mises Stress at Impact Velocity of 150m/s (7:5:5) 

Figure 27. Von Mises Stress at Impact Velocity of 150m/s (8:5:5) 

Figure 28. Von Mises Stress at Impact Velocity of 150m/s (9:5:5) 

 

Figure 29. Von Mises Stress at Impact Velocity of 150m/s 

(10:5:5) 

Figure 30. Von Mises Stress at Impact Velocity of 175m/s (7:5:5) 
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Figure 31. Von Mises Stress at Impact Velocity of 175m/s (8:5:5) Figure 33. Von Mises Stress at Impact Velocity of 175m/s (10:5 

 

Figure 32. Von Mises Stress at Impact Velocity of 175m/s (9:5:5)
 

The projectile angle in relation to the target was varied (15°, 30°, 45° and 60°) at different velocities 

(200, 300, 400 and 500m/s) in order to study the effect of the projectile obliquity on the target. The results, 

shown in Figures 4 through 17 and summarized in Table 3, showed that there were ricotchets at projectile 

obliquity of 15°, 30° and 45° at velocities 200m/s and 300m/s. At higher velocities of 400m/s and 500m/s, 

the projectile was shown to be embedded in the target. At 60o to the plane of the target, the projectile was 

embedded in the target at all the velocities considered (200m/s, 300m/s, 400m/s and 500m/s). When a 

projectile hit a target at an angle other than 90o, the deflection is mainly due to two factors: the angle of 

impact and the shape of the target. The angle of impact determines the amount of force that is transferred to 

the target, as well as the direction of that force. When a projectile hit a target at a shallow angle, more of 

the force is directed horizontally along the surface of the target, causing the projectile to deflect more. 

Conversely, when a projectile hit a target at a steep angle, more of the force is directed vertically into the 

target, causing the projectile to penetrate more deeply [23]. The shape of the target can also affect the 

deflection of a projectile. If the target is curved or angled, it may cause the projectile to bounce or ricotchet 

in a different direction than it would if it hit a flat surface at the same angle [23]. Generally speaking, 

projectiles are more likely to deflect when they hit a target at shallow angles (less than 45 degrees) because 

more of the force is directed horizontally along the surface of the target. However, if the target is 

particularly hard or resilient, a projectile may also deflect at steeper angles if it does not penetrate the target 

deeply enough [23]. The critical angle of ricotchet is seen to be increasing as the projectile obliquity 

increases with respect to the normal of the target plane, which agrees with the observations of Tiwari et al 

[22]. Table 4 shows the various Von Mises Stress for different combinations of plate thickness and 

velocities.  
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Table 3. Effect of Projectile Obliquity on Target 

S/No. Velocity (m/s) 15o 30o 45o 60o 

1 200 Ricotchet Ricotchet Ricotchet Embedded 

2 300 Ricotchet Ricotchet Ricotchet Embedded 

3 400 Embedded Embedded Embedded Embedded 

4 500 Embedded Embedded Embedded Embedded 

From the result displayed in Figure 18 through 33, summarized in Table 4 and Figure 34. The 

projectile was able to penetrate the target material as the velocity increased to 150m/s for the 7:5:5 

combination, but was deflected as the material thickness increased from 8:5:5 to 10:5:5. At a velocity of 

175m/s, the projectile penetrated the target for combinations 7:5:5 and 8:5:5, but was deflected at thickness 

combinations of 9:5:5 and 10:5:5. Thicker target materials arrest projectile kinetic energy better than thin 

targets of the same material and configuration. Generally speaking, the thicker the material employed, the 

more the weight on the wearer. Hence, there needs to be a balance between the optimum thickness and the 

ballistic protection of the target material. 

Table 4. Von Mises Stresses for different combinations of plate thickness and velocities 

Velocity 

(m/s) 

Combinations Von mises stress (Pa) 

100 7:5:5 

8:5:5 

9:5:5 

10:5:5 

9.462 E8 

9.451 E8 

8.609 E8 

7.311 E8 

125 7:5:5 

8:5:5 

9:5:5 

10:5:5 

1.019 E9 

9.338 E8 

8.645 E8 

8.108 E8 

150 7:5:5 

8:5:5 

9:5:5 

10:5:5 

1.039 E9 

1.024 E9 

9.424 E8 

9.238 E8 

175 7:5:5 

8:5:5 

9:5:5 

10:5:5 

1.131 E9 

1.080 E9 

1.021 E9 

1.011 E9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 34. Chart of Von Mises Stress of Various Velocities with Varying Plate Thickness 
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6 CONCLUSIONS 

 This research work carried out the characterization of Mild steel, Bulk metallic glass and Dyneema 

as laminate composite materials for ballistic protection against 7.62 API projectile using computational 

techniques. The following conclusions were drawn from the work; Obliquity of the projectile to the target 

was studied at different velocities. It was noticed that the critical angle of ricotchet increased as the obliquity 

increased away from the normal to the target material. The projectile was embedded in the target at higher 

velocities and at angle 60o. The thicknesses of the various components were varied and studied against the 

impact of the projectile at different velocities. The projectile was noted to be deflected for all the 

combinations at velocity 100m/s and 125m/s. The projectile was able to penetrate the target material as the 

velocity increased to 150m/s for the 7:5:5 combination, but was deflected as the material thickness 

increased from 8:5:5 to 10:5:5. At 175m/s, the projectile penetrated the target for combinations 7:5:5 and 

8:5:5, but was deflected at thickness combinations of 9:5:5 and 10:5:5. It was observed that the increase in 

thickness was proportional to the increase in ballistic limit, but it also presented a challenge in the issue of 

weight, as the weight increased with the increase in thickness. 
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