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Method for evaluating the safety performance and
protection ability of the mobile steel protective wall
during the high-explosive ammunition test
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Abstract In this study, a series of processes for evaluating the effective protection against barriers that
should be equipped in institutions that perform reliability tests on high-risk ammunition, such as
high-explosive ammunition, were introduced. The impact that high-explosive bombs can have on
personnel includes damage to the eardrum and lungs caused by explosion overpressure and penetrating
wounds that can be received by fragments generated simultaneously with the explosion. Therefore, a
high-explosive with COMP B explosives as its contents were set up, and an explosion protection theory
investigation to calculate the degree of damage, numerical calculations and simulations were performed
to verify the protection power. A numerical calculation revealed the maximum explosion overpressure
on the protective wall when the high-explosive exploded and the penetration force of the fragment
against a 50 mm-thick protective wall to be 77.74 kPa and 41.34 mm, respectively. In the simulation
verification using AUTODYN, the maximum explosion overpressures affecting the firewall and personnel
were 56.68 kPa and 18.175 kPa, respectively, and the penetration of fragments was 35.56 mm. This figure
is lower than the human damage limit, and it was judged that the protective power of the barrier would

be effective.
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Table 1. Comparison of domestic safety regulations
and UFC 3-340-02

Korea safety
regulation

Target of damage

prediction UFC 3-340-02

Calculation of blast load by TNT

Blast load equivalent method

Penetration force
can be calculated

Focusing on the

Fragment damage . R
scattering radius
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Where, Wyyy @ TNT equivalent mass
a, : TNT equivalent factor based on energy

«,, - TNT equivalent factor based on mass

m
W; :mass of explosive substances
explosive

E,; heat of combustion of

substances(J/kg)
E, v explosion heat of TNT(J/kg)
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Where, Z: scaled distance(m/kg'?)

R : distance from the origin of the

@

explosion(m)

W, - denotes design charge weight(kg)
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Where, P, :incident pressure(kPa)

Z : scaled distance(m/kg'®)
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:fragment velocity at a distance R,

0

Where, v,
from the center of detonation(m/s)

v,  initial fragment velocity(m/s)

R, distance from the center of
detonation(m)

W, : fragment weight(kg)
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o =25.4><0.21{(35.274/1000) W;}"*
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Where, z
W, . fragment weight(g)

©

:depth of penetration(mm)

v, : striking velocity of fragment(m/s)
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Literature research and accident scenario setting |

Calculation of explosive pressure by distance and penetration of
fragments using the guidelines of UFC 3-340-02
X calculation of protective wall thickness & explosive pressure

Conduct simulation by applying the thickness of the protective wall
according to the guidelines of UFC 3-340-02

X detailed calculation of the possibility of damage to personnel

Check the damage to personnel & Confirmation of
damage to personnel and design of protective wall
X Confirmation of mobile steel protection wall design

Fig. 2. Conceptual diagram of research procedure
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Fig. 5. Scenario concept (Explosion at a distance of
7m)

Table 3. Set explosive information

Division Contents
Name "A" High-explosive bomb
Explosive mass Comp B, 8 kg
Explosive mass by Comp B, 9.6 kg
safety factor(20%) (TNT equivalent : 10.656 kg)

Gurney energy
constant from
UFC 3-340-02

Gurney energy of Comp B
2710 m/s

Total mass of cylinder

(material) 43kg (mild steel)

* The information is different from the actual HE
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Table 4. Fragment information

Division Contents

Mass 0.13 kg
Shape Cylinder
Material mild steel(steel 1006)
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Table 5. Calculation result of explosion load by

distance
Distance scaled distance Explosion load
(m) (m/kg'"?) (kPa)
1 0.454 18568.06
2 0.909 2341.12
3 1.363 717.23
4 1.818 319.95
5 2.272 176.51
6 2.727 111.69
7 3.181 77.74
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Table 6. Calculation result of fragment velocity and
penetration thickness by distance

Distance Fragment velocity Penetration thickness
(m) (m/s) (mm)
0 1243.16 48.99
1 1218.67 47.82
2 1194.66 46.67
3 1171.12 45.56
4 1148.05 44.46
5 1125.43 43.39
6 1103.26 42.36
7 1081.52 41.34
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Table 7. Ear damage due to explosion overpressure[10]

Maximum effective Type of Damage
overpressure(kPa)
19.6 1% ruptured eardrums
34.3 5% ruptured eardrums(Threshold)
49 10% ruptured eardrums
98.1 50% ruptured eardrums
205.9 85% ruptured eardrums
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Table 8. Lung damage due to explosion overpressure[11]

Maximum effective Type of Damage
overpressure(kPa)
210 to 280 Threshold
560 and above 50% damaged lungs
700 to 850 Threshold of lethality
900 to 1300 50% lethality
1400 and above Near 100% lethality
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Properties Value
Density (g/cm?’) 7.83
Yield stress (MPa) 400
Hardening constant (MPa) 410
Bulk Modulus (GPa) 159
Size 2m(W) x Im x 2m(H)
Thickness of front side : 50mm
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velocity vectors
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Fig. 9. Pressure v.s. Time of gauge number
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Table 10. Properties of fragment material(Steel 1006)

Properties Value
Density (g/cm’) 7.896
Yield stress (MPa) 285
Bulk Modulus (GPa) 140
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Table 11. Difference between numerical calculation
and simulation result

Cause of Numerical Method Simulation
damage (UFC 3-340-02) (AUTODYN)
Overpressure . Protect wall @ 58.68

(kPa) Protect wall : 77.74 personnel @ 18.175
Fragment
penetration 41.34 35.56

(mm)

AUTODYN AlgdoldolA= 23} gro] =214 A
AR oA Wokow Eokero] Qb MElshe 424
A AL B4 AEH 014 AsEY =4 AHE A
olgtal wehEch

9 AAE Bl HEy Ho QlYo] PHsHA AlEE
23 & 5= A g Hdstd o, 24 ALk
Boto] WSO WIAFRE AAstal AJEHo]HES o]
|9 ASEXRE AA= Fgo|7] i & &
59| }EAES 5T o FuE Wt Amrt 2 4 ;l
t}. Table 119] Z3oA= Q17 1lsf sHA ulte] &
Hetgy Wrayo] ohES Woe = Qe Ao=E #1l
=t

oot AAEF] nE HH 948 1
ASAYT 22 AA BIAPeR dojd =2 BEE
FH FAEEE AIFHo R TEsto] APYsE =4]
Z}ol7} Jrsfjof it}
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