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Calculation of the Minimum Charge Weight Required for 100% Personnel

Target Lethality inside a Room with a Square Base

Minsung Han'

The probability of lethality of personnel targets inside a room is a key issue at assessing effectiveness of a
weapon system. In this study, the minimum charge weight to achieve 100% lethality of personnel targets inside
a box-type room is proposed at each side length of a base of a room. A fast running blast wave model is used
to simulate the pressure-time histories of the blast generated by an internal explosion inside a room, and Axelsson
SP method is used to evaluate the lethality of personnel targets under the blast. 176 different internal explosion
scenarios are simulated for cases of TNT weights ranging from 20kg to 170kg inside a room whose square base
has a side length ranging from 5m to 15m. A linear model and a charge-density model were developed to predict
the minimum charge weight to achieve 100% lethality inside a room given a length of a base of a room.
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Fig. 2. Simulation flow chart
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Table 1. Simulation parameters

Parameters Variation

Room Type Square (W/L=1)

Room Side Length | 5.6 7 8 % 10, 11,12, 13, 14,

15m
Room Height 3m
Explosion Height Om

Coordinate on the Base

Plane of the Explosion Center of the Room (L/2,L/2)

Charge Type TNT

20, 30, 40, 50, 60, 70, 80, 90,
100, 110, 120, 130, 140, 150,
160, 170kg

Charge Weight

2.2 Z2(Blast Pressure) 2!

718 EA R0kl AR R BY REES 27
A G4 dsi(Computational Fluid Dynamics) =2}t
114 AlAF 2E)(Fast Running Mode) 2 s 4= UTh
(Driels, 2012). LS-Dyna ollA ARg-E= 24t 54 o
oF el AR 7S S HARSHARL AlE ol
A7to] Ath= tgo] Qlof, 1761 2] A|EH 0] A8 43
St & Aol AR EF B2 AE AdekA] otk
F&AARE 2= CONWEP, BlastX 5¢] =], o]
o HAES Ak A et RdsHo= d AeskA|vt
o9 WhE AL AIZRS ZHA AL Qlof & dAto] Atttk

CONWEP®] 73-¢- Figure 33} 22 7i1&H=of| A 44
B olAH 29 Fpgslol, o Egt 8 Z9 214 A
7+ 52 Kingery- Bulmash A8 vlgros Zzujo)
ZQFo] AIRE o9& AAZITHTM-5-855-1, 1986). whe}
X CONWEP:  Q1t0fl4] Sai= 24 tiold) A%
2 vy Zgute] ZS A|gao|dely] Mkl
o¥th BlastX+= U.S. Army Engineering Research and
Development Center(ERDC)o|| 4] 7 FE=2A4 ZA]
ol o] Zukz ols) AAE EEfe] Et ole A
A7) Qg B2 02 lehE] ¢l chDriels, 2012). BlastX
= A fA Aot mdE gaksE 29F glolejo] A
ol-gsto], F=oi7l o] EFuto| ¢ oS tofEH]
oj2of AFE Eob o]gE9 Uike 3l Akt
BlastX+= THFeh i 23 Aluhe] 2ol 4 AA] Aol
Ejo} v, FAFEom 2 Aol A&} 2ol
ASHA A f TR Qe AH ZFe ogE o
2l AA| AdddlolB et FAFSITH(Britt, 2008)
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Fig. 3. Pressure-time history of an ideal blast
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Fig. 4. Pressure-time history generated from BlastX
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AU S
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w2 oy 52 Bowen, Bass,
Axelsson, Johnson 59| 937} Qlti(Teland 2012).
Bowen> 1371 79| &S0l thal 20975]9] ¥
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Table 2. Types of blast injury

Category | Damaging Mechanism | Types of Injureis

1. Blast Lung
2. T™ rupture
Overpressure 3. Abdominal
hemorrhage
. Eye Rupture

Primary

. Penetrating Ballistic

4
Flying Debris !
g 2. Eye penetration
1
2

Secondary

. Fracture
. Brain Injury

Impulse from Being

Tertiary Thrown by the Blast

1. Burns
2. Asthma
3. Angina
4. Hyperglycemia

Quaternary All Others
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M=+ c@+Km:A[p(t)+P 7(71/)7}3] (1)
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Table 3 4 (1)of 2¢d W52 A2t Foloh
Teland (2012)+= Axelsson 222 Axelsson BTD(Blast
Test Device) 2@} Axelsson SP(Single Point)2 &
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Table 3. Parameters used in Axelsson model for a 70kg human

Parameters Symbol Value
Effective Area of a Chest Wall A 0.082m*
Effective Mass of the Thorax M |2.03kg
Initial Gaseous Volume of the Lungs ¥ 10.00182m’
Damper Coefficient C 696ns/m
Spring Constant K | 989N/m
Polytropic Exponent for Gas in Lungs ¥ 12
Ambient Pressure Py 101325N/m?

I (ethal Damage
Moderate Damage

N No Damage

Chest Wall Velocity (m/s)

0 5 10 15 20 25 30 35 40 45 50
Time (ms)

Fig. 5. A chest wall velocity profile under a blast
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Table 4. Injury level, ASIIL, and chest wall velocity

Injury Level ASIT Vglgisiiy\)\(/;:}s)
Negative/none 0.0-0.2 0.0-1.1
Trace to slight 0.2-1.0 1.1-4.2
Slight to moderate 0.3-1.9 1.6-7.2
Moderate to extensive 1.0-7.1 4.2-21
50% lethality >3.6 >12
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Fig. 6. Chest wall velocities
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Table 5. RMS errors for the two models

Linear Square Density Model

RMS Error 5.30 4.33
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Fig. 11. Predictions of the two models on the minimum
charge weights required for 100% lethality

Table 6. Comparisons on predictions of the two models

Linear Density

Square Model

o6m Predicted Charge Weight 310kg 371kg
Personnel Target Lethality 0.93 0.98

»8m Predicted Charge Weight 337kg 417kg
Personnel Target Lethality 0.96 0.99

30m Predicted Charge Weight 365kg 466kg
Personnel Target Lethality 0.93 0.96
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