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ABSTRACT

This research aims to experimentally investigate the impact of fiber orientation on the strength of
bulletproof armor made from composite materials, using fiberglass fabrics as reinforcement encased in polyester
resin. The fiber orientation of the woven fiberglass sheets was arranged in two configurations: aligned at 0 degrees
and alternately arranged at 45 degrees. Tensile and impact tests revealed that armor with fibers arranged at 45
degrees exhibited lower tensile strength but higher impact resistance compared to armor with fibers aligned at 0
degrees. Additionally, the armor plates were tested against .357 Magnum bullets fired from a distance of 5 meters,
following the NIJ (National Institute of Justice) Standard-0101.06 for Level Il body armor. The Back Face Signature
(BFS) was also measured to assess the impact force on the back of the armor upon bullet impact. The results showed
that the armor made from 30 layers of woven fiberglass sheets, both aligned at 0 degrees and alternately arranged
at 45 degrees, successfully stopped the bullets without penetration. The average deformation depth of the backing

material behind the armor was 8§ mm and 6.33 mm, respectively, which is within the standard limits.
Key words: bulletproof vest, armor plate, NIJ Standard, fiberglass fabric
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Table 3 Comparative calculation of bullet kinetic energies commonly used in urban areas (National Institute of

Justice, 2008)

Velocity
Bullet Type Mass [g] Kinetic Energy [J]
[m/s] £9.1 m/s
.38 Special 10.2 259 342.11
45 ACP 14.9 302 679.47
9 mm. FMJ 8 398 633.62
.357 Magnum JSP 10.2 436 969.49
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Table 4 Results of tensile and impact tests
Density Yield Strength ~ Ultimate Strength  Impact Strength
[g/mm’] [N/mm’] [N/mm’] [J/mm?)
Average 1.60x 10° 53.93 197.42 0.807
0-degree alignment
S.D. 11.55 10.89 3.07 0.005
Average 1.53x10° 49.39 161.57 0.895
45-degree alignment
S.D. 10.83 3.74 5.26 0.001
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(c)

(d)

Figure 7 Characteristics of 40-layers armor plates after hit by various types of bullets (a) 0-degree alignment

(front) (b) 45-degree alignment (front) (¢) 0-degree alignment (back) (d) 45-degree alignment (back)
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(c)

(d)

Figure 8 Characteristics of 35-layers armor plates after hit by .357 Magnum FMJ bullets (a) 0-degree alignment

(front) (b) 45-degree alignment (front) (¢) 0-degree alignment (back) (d) 45-degree alignment (back)

Table 5 Sizes of average damage area around the bullets

Type Diameter [mm] Average [mm]
0-degree alignment 78 105 92.667
45-degree alignment 80 86 83.667
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Figure 9 Indentations of backing materials behind 30-layers armor plates after hit by .357 Magnum FMJ bullets

(a) 0-degree alignment (b) 45-degree alignment

Table 6 Average indentations in the backing material

Type Depth [mm] Average [mm]
0-degree alignment 8 8 8 8.00
45-degree alignment 7 6 6 6.33
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