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Abstract

In this research, the impact resistance of multilayer bulletproof concrete panels made of steel
Fibre-Reinforced Concrete (FRC) and para-rubber sheets (R) subjected to class 3A bullet (.44 Magnum Semi
Jacketed Hollow Point) in accordance with the National Institute of Justice (NIJ) Standard were investigated.
The experimental procedure was divided into 2 parts. Part | involved the impact energy absorption test
of Para-rubber sheet, Styrofoam sheet and FRC with different thicknesses, and FRC with different types of
fibre and volume fractions. Part Il, the information obtained from the first part was used in the designing
and construction of multilayer bulletproof panels. To check the design validity, the multilayer panels
were designed to have different degrees of impact energy absorption by using different configurations,
such as material types or thicknesses. The result shows that the energy absorption of each material depends
on thickness, fibre volume fraction and fibre types. For multilayer panels, 3-failure modes were observed:
1) Perforation, 2) Penetration with back spalling, and 3) Penetration without back spalling or without
damage. In addition, the 3 failure mode occurred when the energy absorption of multilayer panel was

equal to 3172 Joule.

Keywords: Multilayer Bulletproof Concrete Panel, Steel Fibre Reinforced Concrete, Para-rubber Sheet,
Class 3A Bullet

Please cite this article as: B. Maho, A. Techaphatthanakon, S. Jamnam, and P. Sukontasukkul, “Class 3A bullet resistance
of multilayer bulletproof panels made of fibre reinforced concrete and rubber sheet,” The Journal of KMUTNB,
vol. 31, no. 3, pp. 427-437, Jul.-Sep. 2021 (in Thai).
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i Front layer : FRC (Thin layer)
- Allowable to perforation
- Destroy the bullet shape
- Absorb a part of bullet energy
Bullet

i Middle layer : Soft materials
o i - Trap the bullet
- Prevent the ricocheting

J

Back layer : FRC (Thick layer)
- Absorb the leftover bullet energy
/| - Resistance the bullet perforation
- Reduce the spalling
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Properties Details
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Hardness (shore A) 30-90
Tensile strength (MPa) 8.05
Tensile yield strain 2.05
Elongation (%) 105.55
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Name Total Energy Absorption, E, (J)
2510/R10/2D15 1,800
255/R10/2D20 1,828
1S10/R5/1D20 1,913
255/R15/2D20 1,924
1510/R10/1D20 2,009
2510/R5/2D20 2,037
1S10/R15/1D20 2,105
2510/R10/2D20 2,133
255/R10/2D25 2,161
2510/R15/2D20 2,229
2510/R5/2D25 2,370
2510/R10/2D25 2,466
255/R10/2D30 2,494
2510/R15/2D25 2,562
2510/R5/2D30 2,703
2510/R10/2D30 2,799
2510/R15/2D30 2,895
2520/R15/2D25 3,172
2515/R15/2D30 3,200
2520/R15/2D30 3,504
2515/R15/2D35 3,532
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