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Abstract

This mixed-methods research developed and evaluated sustainable lightweight armored trousers using
graphene-coated hemp fiber to enhance the safety of forestry and national park officers in Thailand. The study
addressed the severe risks officers face from illegal homemade firearms during field patrols. The prototype
armor plates were fabricated by compressing hemp fabric coated with graphene powder using a hydraulic
press. Ballistic testing with a 12-gauge shotgun at a six-meter distance demonstrated that the composite
material successfully prevented pellet penetration, proving its high protective efficacy. Subsequently, the
armored trousers were field-tested by a sample group of 100 forestry and national park officers. Quantitative
survey results, based on the Technology Acceptance Model, revealed a very high level of user satisfaction,
particularly regarding convenience, durability, and perceived safety during operations. Furthermore, statistical
analysis indicated a positive correlation between the officers' age and educational level with their overall
acceptance of the innovation. This sustainable protective gear offers a viable, field-ready solution to significantly
reduce operational casualties while promoting the utilization of natural agricultural resources.
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Process of Producing Lightweight Armor from Hemp Fabric  Ballistic Testing Process of Lightweight Hemp-
Coated with Graphene Graphene Armor

Design of Armor for Actual Use

&
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Ballistic tests were conducted using 12-gauge shotgun shells (size 9.40
mm) fired directly at the armor target plates.

Side thigh armor plate Knee armor plate Side calf armor plate

1. Arrange the MOLD PRESS for pressing the fabric layers

Stack multiple fabric layers in the mold and press into armor plates and Use a
" HYDRAULIC PRESS machine (industrial type)

g
s B . R
T —— - - Details from testing:
s ] Armor plates were attached to actual trousers for field simulation.
a ! After shooting, the pellets did not pass through the armor layers.

Impact marks were visible on the surface, but the fabric remained intact.

Figure 2 Prototype of graphene-coated hemp plates and ballistic testing results using 12-gauge shotgun
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Table 1 Material and fabrication costs for the armored trousers prototype

List Description Cost (THB)
Hemp Fabric Prototype hemp cloth (1m x 5m) 1,000
Graphene Powder High-purity graphene powder 1,200
Assembly & Sewing Uniform integration and labor cost 2,200
Total 4,400
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Table 2 Descriptive statistics of user satisfaction with armored trousers innovation

Satisfaction Factor Mean S.D. Interpretation
Ease of use and convenience 4.58 0.87 Highest
Perceived safety and strength 4.41 1.10 Highest

Ease of cleaning and maintenance 4.20 1.43 Highest
Wearability and comfort 3.90 1.14 High

}

Figure 3 Field testing and user trial of armored trousers by forestry patrol officers
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