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Abstract—In this paper some experimental results of a 

bullet impact on composite armor are discussed together with 

numerical modeling approaches. The development of high-

quality composite sandwiches for ballistic protection is the 

target of a grant project in terms of which the research is being 

conducted. Traditionally, a vehicle ballistic protection is 

mainly achieved using metal-based armor which is heavy and 

thus negatively affects other vehicle parameters, such as 

maneuverability. These days, composite or hybrid sandwiches 

are becoming more and more popular. Numerical simulations 

allow for a reduction of the number and variability of 

experiments needed to obtain appropriate design of ballistic 

protection, but they require verified modeling approaches and 

reliable material data. Therefore, different modeling 

approaches have been tested and possibilities to adjust these 

models to experimental 

Keywords—composite material, sandwiches material ballistic 

protection, vests protection 

I. INTRODUCTION  

Bullet proof vests for personal protection may use a 
single layer armor with just one ballistic resistant material as 
that of a composite formed with plies of aramid fabric; the 
well-known Kevlar™[1,2]. This protection, however, is 
limited to relatively low impact velocity (vi < 600 m/s) 
projectiles, such as a 9 mm ammunition. Protection against 
high impact velocity (vi > 700 m/s) ammunition, such as a 
7.62 mm caliber bullet requires a multilayered armor system 
(MAS)[3,4]. To stand the 7.62 mm fast bullet with 
perforating power, a conventional MAS possesses a front 
ceramic tile, which absorbs most of the impact energy. This 
energy dissipation mechanism combines not only the bullet 
spalling but also the fragmentation of the brittle 
ceramic[5,6]. A high velocity impact projectile will also 
produce a blast of fragments, both from the bullet and the 
ceramic, with sufficient energy to inflict lethal personal 
trauma. Consequently, a second layer is added after the front 
ceramic to decrease even further the energy of the blast of 
fragments associated with the post-impact shock wave. In 
usual MAS configuration, Kevlar™ acts as the second layer 
and may be followed by a ductile metal sheet, like 

aluminum, to restrict the penetration of fragments in a body. 
Eventually, a spall shield covers the MAS front, before the 
ceramic, to avoid flight way fragments 6. The use of 
Kevlar™ as the second intermediate layer is indicated by the 
aramid fiber strength around 4,000 MPa [7], which is much 
higher than any conventional material and comparable to 
carbon fiber. It is reported that the Kevlar™ ballistic energy 
dissipation occurs by yarn rupture and elastic stretching as 
well as friction and pullout in the aramid fabric[2,8]. Another 
factor affecting the energy absorbed in MAS is the shock 
impedance at the interface between layers [9]. Upon 
projectile impact in the front layer, a compressive transverse 
wave travels inside the ceramic and suffers multiple 
reflections as it crosses the other interfaces. The nature of the 
reflected waves depends on the impedance of the interface. A 
lesser dense second layer, such as Kevlar™, is associated 
with relatively lower shock impedance and causes the 
compressive component of the wave to reflect as a tensile 
wave[10]. This contributes to an effective fragmentation of 
the brittle ceramic. Furthermore, the proceeding compressive 
wave travelling in the other MAS layers will carry a 
comparatively lower transmitted energy. Thus, the lesser 
dense is the second layer, the more efficient is the energy 
absorption. Another possible second layer to be used is 
substitution for the Kevlar™ with even lower density could 
be a natural fiber reinforced polymer composite. Natural 
fibers, especially those extracted from plants, are used since 
the beginning of our civilization in simple items, such as 
ropes, baskets and fabrics. From the middle of last century, 
several natural fibers were incorporated into different 
matrices to be applied as engineering materials[11]. In past 
decades, an exponential growth in both research works[12-
22] and industrial applications[23-25] has confer to natural 
fiber composites a prominent position owing to their 
technical properties (lightness, lower abrasion to molding 
equipment’s, toughness and strength) as well as economical, 
societal and environmental advantages[20]. 

The jute plant (Corchorus Capsularis) is worldwide 
cultivated and has been extensively investigated in this 
decade as composite reinforcement [26-32]. The jute fiber 
was reported20 to present density, 1.30-1.45 g/cm3 and 
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tensile strength, 393-800 MPa, convenient to replace 
synthetic fibers in polymer composites. In particular, both 
recycled and new fabrics made from jute fiber yarns, were 
found to significantly increase the Charpy and Izod impact 
energy of a polyethylene matrix [33,34]. As for the 
possibility of using jute fiber composites as ballistic resistant 
material, Wambua et al. [35] investigated the performance of 
polypropylene matrix reinforced with 46 vol% of jute plain 
woven. Their composites were either faced or sandwiched by 
mild steel sheets. In terms of energy absorption, they 
concluded that the sandwiched (steel/composite) have 
advantage over neat steel and plain jute composite. 
Moreover, the composite dominant failure modes included 
delamination as well as fiber rupture and shear cut-out. 
Despite these relevant information, it was not the direct 
scope of their work [35] to assess the ballistic performance 
of jute composites as armor for personal protection. This is 
for the first time conducted in the present work. Based on the 
aforementioned considerations, the ballistic performance of 
armors composed of a front ceramic and an intermediate 
composite as well as a back aluminum layers was 
investigated in terms of depth of penetration into clay 
witness simulating a personal body. Ballistic tests were 
conducted in MAS with a front Al2 O3 -based ceramic tile. 
As the following intermediate layer, lighter jute fabric 
reinforced epoxy composite plates were compared (same 
thickness), to plain epoxy plates and Kevlar™. The 
contribution of each separated material was also assessed by 
individual ballistic tests. The fracture aspects of the different 
types of intermediated layer materials were analyzed by 
scanning electron microscopy.  

II. ARMOR CLASSIFICATIONS FOR 

BALLISTICRESISTANT ARMOR 

There are six formal armor classification types, as well as 
a seventh special type, as follows: Type I (.22 LR; .380 
ACP). This armor protects against .22 long rifle lead round 
nose (LR LRN) bullets, with nominal masses of 2.6 g (40 
gr), impacting at a minimum velocity of 320 m/s (1050 ft/s) 
or less, and against .380 ACP full metal jacketed round nose 
(FMJ RN), with nominal masses of 6.2 g (95 gr), impacting 
at a minimum velocity of 312 m/s (1025 ft/s) or less. Type I 
body armor is light. This is the minimum level of protection 
every officer should have, and the armor should be routinely 
worn at all times while on duty. Type I body armor was the 
armor issued during the NIJ demonstration project in the 
mid-1970s. Most agencies today, however, because of 
increasing threats, opt for a higher level of protection. Type 
II-A (9mm; .40 S&W). This armor protects against 9mm full 
metal jacketed round nose (FMJ RN) bullets, with nominal 
masses of 8.0 g (124 gr), impacting at a minimum velocity of 
332 m/s (1090 ft/s) or less, and .40 S&W caliber full metal 
jacketed (FMJ) bullets, with nominal masses of 11.7 g (180 
gr), impacting at a minimum velocity of 312 m/s (1025 ft/s) 
or less. It also provides protection against Type I threats. 
Type II-A body armor is well suited for full-time use by 
police departments, particularly those seeking protection for 
their officers from lower velocity 9mm and 40 S&W 
ammunition. Type II (9mm; .357 Magnum). This armor 
protects against 9mm full metal jacketed round nose (FMJ 
RN) bullets, with nominal masses of 8.0 g (124 gr), 
impacting at a minimum velocity of 358 m/s (1175 ft/s) or 
less, and .357 Magnum jacketed soft point (JSP) bullets, with 
nominal masses of 10.2 g (158 gr), impacting at a minimum 

velocity of 427 m/s (1400 ft/s) or less. It also provides 
protection against Type I and Type IIA threats. Type II body 
armor is heavier and bulkier than either Types I or II-A. It is 
worn full time by officers seeking protection against higher 
velocity .357 Magnum and 9mm ammunition. Type III-A 
(High Velocity 9mm; .44 Magnum). This armor protects 
against 9mm full metal jacketed round nose (FJM RN) 
bullets, with nominal masses of 8.0 g (124 gr), impacting at a 
minimum velocity of 427 m/s (1400 ft/s) or less, and .44 
Magnum jacketed hollow point (JHP) bullets, with nominal 
masses of 15.6 g (240 gr), impacting at a minimum velocity 
of 427 m/s (1400 ft/s) or less. It also provides protection 
against most handgun threats, as well as the Type I, II-A, and 
II threats. Type III-A body armor provides the highest level 
of protection currently available from concealable body 
armor and is generally suitable for routine wear in many 
situations. However, departments located in hot, humid 
climates may need to evaluate the use of Type III-A armor 
carefully. Type III (Rifles). This armor protects against 
7.62mm full metal jacketed (FMJ) bullets (U.S. military 
designation M80), with nominal masses of 9.6 g (148 gr), 
impacting at a minimum velocity of 838 m/s (2750 ft/s) or 
less. It also provides protection against Type I through III-A 
threats. Type III body armor is clearly intended only for 
tactical situations when the Type IV (Armor Piercing Rifle). 
This armor protects against .30 caliber armor piercing (AP) 
bullets (U.S. military designation M2 AP), with nominal 
masses of 10.8 g (166 gr), impacting at a minimum velocity 
of 869 m/s (2850 ft/s) or less. It also provides at least single-
hit protection against the Type I through III threats. Type IV 
body armor provides the highest level of protection currently 
available. Because this armor is intended to resist “armor 
piercing” bullets, it often uses ceramic materials. Such 
materials are brittle in nature and may provide only single-
shot protection, since the ceramic tends to break up when 
struck. As with Type III armor, Type IV armor is clearly 
intended only for tactical situations when the threat warrants 
such protection. Special type. A purchaser who has a special 
requirement for a level of protection other than one of the 
above standard threat levels should specify the exact test 
rounds and minimum impact velocities to be used and 
indicate that this standard shall govern in all other respects. 

First, confirm that you have the correct template for your 
paper size. This template has been tailored for output on the 
A4 paper size. If you are using US letter-sized paper, please 
close this file and download the Microsoft Word, Letter file. 

III. MANUFACTURING OF BALLISTIC BODY ARMOR 

Ballistic resistant body armor is developed for a variety 
of scenarios and levels of protection. Factors that are 
considered when developing body armor include weight (i.e. 
areal density), type of bullet, bullet velocities, and comfort. 
The idea behind stopping a bullet is to reduce its energy. 
When the bullet hits the ballistic resistant system, it absorbs 
and disperses the energy of the bullet by deforming it into a 
mushroom shape. Typically, military ballistic armor consists 
of soft and rigid components. The soft armor forms the 
flexible, protective vest. It contains several layers of ballistic 
fabric material(s). The rigid armor is used for enhanced 
protection in specific areas, normally this is over the chest 
region to protect vital organs. The rigid armor is in the form 
of a plate that is inserted into a pocket of the vest. The entire 
body armor system has a carrier, usually made of nylon that 
has the sole purpose of supporting the ballistic material and 
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securing the armor to the body for correct positioning and 
comfort. 

The ballistic fabric materials can be arranged to provide 
effective protection. Each body armor developer has its own 
method when developing protective systems. The fibers are 
usually plain woven together, although there are other 
methods of weaving that are used. Some armors use one 
single material stacked in multiple layers, others use several 
types of materials. Each layer of material can be comprised 
of varying directional fibers. Additional layers of material 
increase the ballistic resistance and blunt trauma protection, 
but the weight is also increased. Several stitching methods 
are employed to hold the layers together. For example, a bias 
stitch can be applied around the perimeter of the materials. 
There are several other forms of stitching which include rows 
of parallel or overlapped vertical, horizontal and diagonal 
lines. Stitching of ballistic materials has been shown to 
slightly improve ballistic integrity and enhance protection 
against blunt trauma 

IV. MATERIALS USED 

There are several types of ballistic fabrics that are used 
today: STRUCTURE & PROPERTIES When Kevlar is 
spun, the resulting fiber has a tensile strength of about 3620 
MPa, and a relative density of 1.44. The polymer owes its 
high strength to the many inter-chain bonds. These inter-
molecular hydrogen bonds form between the carbonyl 
groups and NH centers. Additional strength is derived from 
aromatic stacking interactions between adjacent strands. 
These interactions have a greater influence on Kevlar than 
the van der Waals interactions and chain length that typically 
influence the properties of other synthetic polymers and 
fibers such as Dyneema. The presence of salts and certain 
other impurities, especially calcium, could interfere with the 
strand interactions and caution is used to avoid inclusion in 
its production. Kevlar's structure consists of relatively rigid 
molecules which tend to form mostly planar sheet-like 
structures rather like silk protein. 

V. THERMAL PROPERTIES 

Kevlar maintains its strength and resilience down to 
cryogenic temperatures (-196°C); indeed, it is slightly 
stronger at low temperatures. At higher temperatures the 
tensile strength is immediately reduced by about 10-20%, 
and after some hours the strength progressively reduces 
further. For example at 160°C about 10% reduction in 
strength occurs after 500 hours. At 260°C 50% strength 
reduction occurs after 70 hours. 

VI. RESULTS AND DISCUSSIONS 

Fig. 2 shows the behavior the materials at tensile strength 
of one sample for three protective shown in Fig. 1 materials 
during tensile testing, at the same time, the textile material 
elongates under the influence of this tensile force. It is clear 
that work is being done on the specimen. The work done up 
to the instant of tensile failure is called the "work of rupture" 
and it as measured or calculated as the area under the curve 
for every samples. It is noticed from Fig. 2 there are variation 
and difference of tensile strength and elongation for samples. 
Breaking strength for samples as follows, UD aramid 291 kg, 
aramid sheet Argus, 870 kg, and UHWM polyethylene was 
1006 kg, and elongation for samples, as follows, UD aramid 

44.6%, aramid sheet Argus.5.6 %, and UHWM polyethylene 
8%. The protective materials could not be evaluated by 
tensile and elongation only, but by work of rupture which is 
a function of tensile strength and elongation together and 
also Young's modulus to evaluate the performance of 
protective materials when exposed to shooting to absorb it. 

 

Fig. 1. Materials used for the experiments. 

 

Fig. 2. Tensile Force/Elongation curves for aramid sheet fabric, UD 

polyethylene and UD aramid fabric. 

Work of rupture and energy absorption It is one of the 
results that can obtained from the test tensile strength at 
break and it can be calculated as the area under the curve, but 
most of software program of tensile test can calculated it 
directly. 

 Fig. 3 shows work of three materials. Its value for 
aramid sheet was 20.31 Joule, work of rupture for UD 
polyethylene material was 27.69 Joule, and work of rupture 
for UD aramid fabric 28.58 Joule.  

 

Fig. 3. Work of rupture of aramid sheet fabric, UD polyethylene and UD 

aramid fabric. 
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The energy absorption can be calculated as the ratio of 
work of rupture over the area of sample. Because of all 
samples have the same area, and then the energy absorption 
is directly proportional to work of rupture, then the 
protective material which has high work of rupture, it will 
have also high energy absorption may help to absorb the 
sudden shock of bullet, and return back flexibility, so it must 
be placed at the first group of first layers as strike face. By 
comparing work of rupture for the three materials, it was 
found that work of rupture of UHMWPE achieved the 
second place after UD aramid; it means that this material 
also can absorb and distribute the energy of bullet, so it can 
have arranged in the second group of layers of body armor. 
By comparing work of rupture for the three materials, it was 
found that work of rupture of aramid sheet fabric achieved 
the third loads. A Flexible material has a low Young's 
modulus and changes its shape considerably. From the 
results of the three protective materials, it was found that E-
modulus of UD aramid was 3.61 GPa, E-modulus of 
UHMWPE was 59.15 GPa, and E-modulus of aramid sheet 
was 69.71 GPa. From these results, the UD aramid fabric has 
the lowest E-modulus, it means it is very elasticity to absorb 
the energy of bullet, so UD aramid must be as strike face, but 
the aramid sheet fabric has the highest E-modulus, it means 
that it is very stiff, the ballet can go through and penetrates it, 
so it must be at back face to reduce the trauma of ballet. 
UHMWPE fabric can have inserted between UD aramid and 
aramid sheet fabric (Argus), E-modulus of UHMWPE fabric 
is lower than aramid sheet fabric (Argus) which helps to 
distribute the energy of ballet (Figure 4). 

 

Fig. 4. Young's modulus of aramid sheet fabric, UD polyethylene and UD 

aramid fabric. 

 Bursting test’s results Fig. 5 shows the behavior of one 
sample as a guide for three protective materials during 
testing of bursting strength. During bursting test, the 
puncture force applied on protective material to simulate the 
same effect of bullet approximately, and the penetration is 
steadily increased, at the same time till failure. 

 

Fig. 5. Bursting force/penetration stroke curves foraramid sheet fabric, 

UD polyethylene and UD aramid fabric. 

 

 Fig. 6 and 7 show that bursting strength of UD aramid 
was 322 kg and penetration stroke within this material 66 
mm till failure. It means that this material has the ability to 
absorb the sudden shock from the bullet, and penetrate back 
certain distance to absorb energy of bullet, so this material 
can be arranged as strike face confirmed the results of the 
work of rupture and E-Modulus.  

 

Fig. 6. Bursting strength of aramid sheet fabric, UD polyethylene and UD 

aramid fabric. 

 

Fig. 7. Penetration stroke of aramid sheet fabric, UD polyethylene and UD 

aramid fabric. 
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Fig. 6 and 7 show also bursting strength of UHMWPE 
229 kg and penetration within material about 45 mm, It 
means that this material has the ability to absorb the sudden 
shock from the bullet, and penetrate back certain distance to 
stop the bullet, but its flexibility ranked after UD aramid, so 
this material can be arranged after UD aramid fabric of body 
armor. For aramid sheet fabric Fig. 6 and 7 show that 
bursting strength was 360 kg, and penetration stroke within 
material about 27 mm only, it means that this material is very 
stiff, when arranged as first layer, it must be penetrated very 
easy. This material has the ability to stop the bullet after 
recharge its energy through absorption from the two other 
materials, so this material must be arranged as third layers of 
body armor to reduce the blunt trauma as minimum. 

place after UD aramid and UMHWPE, it means that this 
material must arranged in the third group of layers of body 
armor to stop the bullet and reduce the blunt and to be back 
face. E – Modulus: Young's modulus To confirm that the 
mechanical properties of protective materials can predict the 
performance and arrangement of soft body armor, E modulus 
was discussed for this purpose. It is also one of the results 
from the test of tensile strength at break and it can be 
calculated or obtained directly from software program of 
tensile test. E – Modulus: Young's modulus measures the 
resistance of a material to elastic deformation under load. A 
stiff material has a high Young's modulus and changes its 
shape only slightly under elastic fabric at the front of body 
armor to be strike face, depending on its mechanical 
properties which helps to absorb shock, followed by twelve 
polyethylene fabric to absorb the rest of shock and to reduce 
the blunt into the body, and third group six layers were from 
aramid sheet used as back face to reduce the trauma. The 
three protective material with suitable layers were arranges 
as shown in Fig. 8 to produce complete body armor and test 
on shooting field. The resistance of bullet proof vest, not 
only depends on the properties of individual protective 
materials, but also depends on the properties of all hybrids 
protective materials together, in this case the differences 
between E-modulus of UHMWPE and E-modulus of aramid 
sheet was not significant. Fig. 9 and 10 show the test of 
shooting with five bullets was carried in shooting field for 
military, prepared with all required equipment for 0101.04 
NIJ standard using these tools, type of handgun bullets MP5, 
bullet diameter 9 mm, bullet mass 8 gram, speed of bullet 
427 m/s, and distance of shooting five meters. The results of 
shooting showed, that number of penetration layers were 
only six, no sign penetration of bullet, the clay dummy had 
no holes or pieces of vest or bullet in it and the trauma was 
22 mm to pass as specifications of 0101.04 NIJ standard. 

 

Fig. 8. The arrangement layers of protective fabrics of bullet proof vest 

depending on mechanical properties. 

 

Fig. 9. Results of the ballistic test. 

 

Fig. 10. Bullet penetrates six layers of UD aramid and stop, 0101.04 NIJ 

standards. 

VII. CONCLUSIONS 

The arrangement of protective material of bullet proof 
vest is very important for face and back strike when backing 
materials of soft body armor are from different three raw 
materials. Mechanical testing as tensile strength and bursting 
strength are low cost tools to predict the behavior of backing 
protective material and its arrangement as strike and back 
face before production 

The major goals of this project were to  

1) Identify the risks and levels of injury associated with 
high velocity impacts to the back  

2) Evaluate ballistic materials in relation to the levels of 
safety. From above calculations and analysis, we conclude 
that dyneema fibers are the best among three fibers that we 
have analyzed, as it had the minimum deflection under given 
force of the striking bullet. 

The modern designs of composite ballistic inserts 
developed during presented project will be subject with the 
recently-developed vests to multi-directional tests, including 
ballistic behavior and usage comfort. This shall allow for 
assessment of not only protection efficiency, but also the 
ergonomics together with estimation of psycho-physical and 
psychomotor abilities of the wearers during long-time using 
of such a product. 

As demonstrated here, the research required to advance 
soft body armor protection levels demands a deeper and 
more thorough understanding of the material behaviors 
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across many dimensional scales. Further investigation of the 
complex dynamics at each scale will increasingly incorporate 
the virtual environment through robust, physics-based, 
numerical modeling tools using, for example, explicit finite 
element analysis techniques coupled with experimental 
validation testing. Advanced numerical models that unite the 
armor and human body elements will be aggressively 
pursued for developing new methods and materials for 
defeating ballistic and fragment threats while mitigating 
back-face signatures and behind armor blunt trauma injuries. 
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