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Abstract - The third party performance check items used in the seismic design structure standard can be applied to the design
of bulletproof doors. In order to apply the performance design technique to the bulletproof door, the test result of the bullet-
proof door and the computational structural analysis result are compared. The verification test of the bulletproof door is con-
ducted based on UL 752 Level 4. Computational structural analysis is performed using ANSY'S Explicit Dynamics for safety
evaluation of bulletproof doors. The computational structural analysis results must satisfy the impact energy conditions spe-
cified in UL 752 Level 4. In order to accurately analyze the behavior of bulletproof doors, it is necessary to apply physical
properties that reflect the material's deformation rate and temperature change. In this study, the Johnson-Cook strength model
is applied, and the plastic deformation failure model or the Johnson-Cook failure model is used to accurately analyze the
failure of the structure. Bulletproof doors made of SS275 steel plate with a thickness of 4.5 mm and AR400 with a thickness

of 5 mm satisfy UL 752 Level 4.

Keywords - Bulletproof door, Collision analysis, Explicit dynamic analysis, Performance design method, Performance

evaluation
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(c) Section A-A’

Fig. 1. Bulletproof door
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Table 1. US military bulletproof test standards
Velocity (m/s)
Bullet Level I\/(Ia)s S Impac(t J;: nerey Quantity
& Min. Max.
44 magnum lead bullet 3 15.6 411.48 552.63 1,317 - 1,593 3
30 caliber rifle lead bullet 4 11.7 774.19 851.61 3,498 - 4,929 1
7.62 mm lead bullet 5 117 774.19 851.61 3,498 - 4,929 1
(copper coating)
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Fig. 2. Bulletproof test specimen
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Fig. 3. Experiment test schematic plan
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Fig. 4. Strain relation with various loads
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Fig. 5. Stress-strain curves of steel under dynamic loading
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(a) Actual model (b) Analysis model

Fig. 7. Bullet modeling

2.6.2 Target modeling
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Fig. 8. Analysis model of target
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Table 2. Material properties
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|5 M P2 L (reference deformation temperature)

rate), €,> 7|5
2 &2 % (homogeneous temperature), T+
Tm.fjf_-' 7
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A (1)of] -L5+= e 2= 9] Johnson-Cook HE
A& (A, B, C, n, m)E Table 30| AAF{cH! M,
SS2752} leadQ] T3] R EX Table 49} ZHo] AAHY
£ 18 AR5, AR4002} copper= Table 59} 20|
Johnson-Cook failureE A&t}

EH. RB7r o= a2 g (bonded) 2.2
et Ao 14 FETFOEHN
o %—ié Oﬂ 1‘41'6& A7} uAstR R, BA| 422 (body

interaction)2 12 1 (frictionless) 2.2 A A 5}93 T

Material Tensile strength Yield strength Modulus of elasticity Poisson’s ratio Density
(MPa) (MPa) (GPa) (kg/m®)
SS275 410 275 210 0.3 7,860
AR400 1,250 1,000 205 0.3 7,833
Lead 17 5.5 16 0.435 8,900
Copper 170 83 130 0.34 11,340
Table 3. Material properties of Johnson-Cook model
Initial Strain hardening Strain Strain Thermal Melting Reference
. yield stress constant hardening rate softening temperature strain
Material
A B exponent constant exponent (Trep) rate
(MPa) (MPa) n C m K (€rep)
SS275 286 500 0.228 0.017 0.917 1,733.2 1
AR400 1,350 362 1 0.0108 1 1,800.1 1
Lead 112 505 0.42 0.006 1.68 1,462.2 1
Copper 24 300 1 0.1 1 760 0.0001
Table 4. Material properties of plastic strain failure Table 5. Material properties of Johnson-Cook failure
Plastic strain Damage constants Melting
Material fail Material temp.
atiure DI | D2 | D3 | D4 | D5 (°C)
SS275 0.23 AR400 |0.403 | 1.107 | 0.1 [0.0096| O 1,430
Lead 1.5 Copper | 0.54 | 489 | 3.03 |0.014 | 1.12 1,189
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Fig. 10. Kinetic energy plot over time
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Fig. 12. Strain plot over time
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