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Abstract The present study was conducted on the effect of an explosion on humans and structures
located around it. This was done to understand the risk of a premature explosion of a 155 mm high
explosive. The explosion overpressure and impulse were predicted using previous correlations and
compared. In addition, probabilistic analysis was performed using probit functions to analyze the effect
on humans and structures using the predicted overpressure and impulse. As a result, when the distance
from the explosion source was 5 m or less, it was observed that the overpressure and impulse predicted
using the previous correlations tended to increase when closer to the explosion source except for some
results. Humans were not shown to die from lung damage from the explosion. The probability of
eardrum rupture, death from head impact, and whole-body displacement impact was higher when closer
to the explosion source. The effect of the explosion on the structures was observed to have the highest
probability of major and minor damage and collapse of a structure when the distance from the explosion
source was 2 m, and the window was damaged at all distances. The present study will be used as a basic
data to understand the blast characteristics and risk of premature explosion during the test of high

explosives.
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Fig. 1. Typical pressure-time profile of explosion
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P = 7+ ?‘F 7 (1

Where, Ps denotes overpressure (MPa), Z denotes

scaled distance (m/kg"?) * The units of equations
(1) to (17) are the same.
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Where, W denotes charge mass of TNT (kg), R

denotes distance from the center of a charge (m)

* The units of equations (12) to (17) are the

same.
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Where, Ai, Bi, Ci, Di, Fi, and Gi are the

simplified Kingery air blast coefficients[3]
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Where, Z denotes scaled distance (m/kg?), W
denotes charge mass expressed of TNT (kg), and

Z= (18)

R denotes distance from the center of a charge (m)
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Table 1. Summary of explosive for predicting

overpressure

Parameters Values
Effective charge weight 9.63
(Safety factor 20%) (kg) )

Distance from the center of a
1~5

charge (m)

Scaled distance (m/kg"?) 0.47 ~ 2.35
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Where, is denotes impulse (Pa‘s), W denotes mass

=(34~ 36)x9.81x%

(Z>0.5) (19)

of charge (kg), R denotes standoff distance (m),
and 7 denotes scaled distance (m/kg?) * The

units of equations (19) to (24) are the same.
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Where, A4, B4, C4 D4, Fs, and Gy are the

simplified Kingery air blast coefficients[3]
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Where, P: denotes probit function * The unit of

equations (27) to (42) are the same.
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Where, P denotes total overpressure (Pa), Pa

denotes ambient pressure (Pa), i denotes impulse

(Pa's), m denotes mass of the human body, and

t, denotes positive-phase duration (s)
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P=P+———
S 2P +14x 10

(30)

Where, Ps denotes overpressure (Pa)

3.1.2 19t ofg
Hirsch[30}= 19} & A&st7] Y5 Eq. D=
22 2yl g5 ARt
P.=—12.6+1.524InP, (31

Where, Ps denotes overpressure (Pa)

3.1.3 o]
Baker 513

4

11e 3z Qs Afgto] Yol A Wyl

= g9 408 AP 5L d4=317] A3 Eq.
(323} 22 n2y IS AAsH)
P, =5.0—849InS (32)
2.43x10° | 4.8x10°
=—F i (33)

Where, Ps denotes overpressure (Pa), is denotes
impulse (Pa's) * The units of equations (33) to
(42) are the same.
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P.=5.0—244In8 34)

_7.38%10° | 1.3x10°
=5 i (35)
12%4 Zk A] 9ol AT AlEolA HAE F
FS FEEHOR B3] 93 Eq. 27)~(39)F o8
0}@] zay) 7+S AKXt oju, Zutulot Wl Ak
L UFC 3-340-02% 58 o9 kS AMgstelon,

Z28 g AkS 91t AR 22 Table 200 HYeh it

Table 2. Values of parameters for probit analysis

Parameters Values

Ambient pressure (Pa) 101325

Mass of the human body (kg) 75 (for adult man)

Shock wave flows around the

Position of the human body human body

Fig. 6ol I&xto] 73 2k 2704 2y g5
o]-§3f Zito] Alghol v S YERIcE H &
Ao gt AFY 9] HS U3t A7t 5 m o]
atollA 0 %ol o SJoE A ke Zlog &
=t et opFo] wAYS BhEo] H9 ZUTte] A
27} 3 m ol5tY W 99 % olAJo= WA ShFo| ufL-
=okth. dhH, ZA3ke] A7t 4 moflA] 87 %, 5 mollA]
66 %= 19t ojFo| WAIS e A} 7hAsoict o
2] FF0= QgAY FE2 ZYvke] Art 1 mY
o 100 %, 2 moIA 11 %, 3 m oVdolA 0 %= A7}
VS A gEo] Fastglch. A4l A9 FF2
2 Qg AFG e A ZU7] A7t 1 mollA 59
%, 2 m oL o 0 %= APY EEo] HAsH) ol
S Ayh= ARgo] 9 &, 1Ewto] i X193} 7k
= v ok, W] F4 4 d4 A9 FFHo=z Qg
A BHgo] F7keke Aoz yehth
Fig. 70l 1Zke] whg Z3F 2ol L2yl g
o]-g3] Ziro] Al mxE G el HerHS
o} o &Aoo g Qg AR B2 ZYne] A7t 5 m
olglo A 0 %olH ¥ £AFoZ AFYslA] ok Aoz 3
=t 19}k nhgo] AT e ZYwke] Art
3 m °l3td o 100 %, 4 molA 96 %, 5 molA 83
%2 HA} FEo| Fasitt. HE FFHO0Z QIS Al
59 AY ZLH A7t 2 m olstellA 100 %, 3
m oollA 0 %E YeRdth HAl M9 FHAo= It

=

=2



=2y $eE o83t 1=k P tig At
AP gHE9] A9 ZUHY A7 1 m olstollA 86 %, 3.2 FEXEO| O|X|= I
;rrﬂii 8 %. 3;2101%01]*;0 %= LERRT i]—‘:— + 2Eo] 7FEIAE 2ATe] Jare d=5lr] 9
& Z A7 015 I oy e} _
e 2234 FUP Aol S} 7PIEE 3 TNO[szm 20| 23] B8-S thewt o) Atk
9o, wE 34 9 A4 AY SH0E Qg AR & o}
0] 7ok ZA0=E Yt 3hE, 73 o] H]s)
Y 28 oA 19wk, wE 4 9 HA A 32.1 7x2 21
=Ao7g cd(‘,l Ala ol 8 ZA = it} o
54 = F gE0] O]JL | ‘frE}ME}_ ] P =50-022In8 36)
43k A= vy 299 A 7] 2590 AEH . .
shafel] oJ3) ZEEL 54 7HA7] g Aol o] 5:(40’000) | +(4§0) Y @)
A= ol ¥ & Ao wokEr), B3, 3 9 9 £ b
3 & 24 B5F 2930 AZ7F5 m olotd wff 19t i
e by shgo] w9 A BRE] Algo] Bzt 7p 3.2.2 PRSI AR &Y
7to] & o 1uk Zlbo] ule- Fokgt Ao g iy P, =50-026In8 (38)
A 17,500 \%* (290 \%3
s:( 5 +( : ) (39)
120 T T T T T ’ ’
100 | o o - - 3.2.3 X299 T2 &4
8o | ° ] P, =50—0.26In9 (40)
g . [ 4,600\* (110}
T ' R @
£ ol Sl e ]
~ i 04 Oa I
20| ¥~ Whole-Body Displacement Impact| | 3 4 T |o |-T'_‘
. P.=—16.58+2.53InP.
ol o o . e ] r np, 42)
I B e o .
Distance from the center of a charge (m) .‘1—’_—.‘%1'-»] ’J—"LTHE ] “I‘T] ] T]x] s TE= Oﬂ ] ]t‘ Cg
Fig. 6. Probability of damage to human computed by T2 HEEH0E LA] 913 Eq. BO)~(42)E °1&
probit function in spherical explosion 5l a2y ZFS AAksgit) o|ufj, Exkulol 9l Ak
2 UFC 3-340-02& %’BH = %k" ARESEAH
120 : ' ' ' ' Fig. 80l 1&gho] ¢ & 2xoM =3l 45
100 | > o o & 1 013 Edo] F2E0 "X FFS HERHIH. F
g | v & ] ZE9 53 gE2 AR AY7F 1 mollA 15 %, 2
S e i St moﬂ’q 30 %, 3 mollA 8 %= Uebgtt 12E9] A7t
% eor 2. Tiead impact iy 3k &40 SE2 Y] A7 1 mollA 54 %, 2 m
g wl /- Whole-Body Displacement Impact, ] ]}\_1 73 % 5 mOﬂ/v] 41 %E L]-]ﬂ-ﬁ’]q— —_I-L}_%Q,] 7]_]31
* & 4] FEe ZAne] A7 1 molA 91 %, 2 m
1 oA 94 %, 3 mollAl 87 %= Uehtom], Evto] A
A\
of o o < o o . 27} 5 m olst FoA F2ES AZe &4 FERE
0 1 2 5 p 5 6 o 7hE &4 FE0] B2 AoE IRl fF

Distance from the center of a charge (m)

Fig. 7. Probability of damage to human computed by
probit function in hemispherical explosion

67

o) whe 2HEo] A9 Fe] Azl 5 m ofet 711
A B 100 %2 Ueht fele Sl uhe- Fert
Aoz Fls|gich



24 A233d A10Z, 2022

F

100 v v v v v A
A
A
A
80 A o
D\\'3/ L] A
> Spherical explosion
£ 60 - -m-- Building Collapse 1
el L4 @ - Major Structure Damage
g A Minor Structure Damage
Q 40 | ) -¥-- Breakage of Window Pane| _|
o ;
- g
20 S ‘® B
-
N »
0r B i
L L ! I L
0 1 2 3 4 5 6

Distance from the center of a charge (m)

8. Probability of damage to structure computed
by probit function in spherical explosion

Fig.

120 T T T T T

100

Y

60 k& -

Probability (%)

40 | e : ]

a
Hemispherical explosion K -1
--03-- Building Collapse B

O-- Major Structure Damage g
/x-- Minor Structure Damage
/- Breakage of Window Pane|
1 1

20

0 1 2 3 4 5 6

Distance from the center of a charge (m)

Fig. 9. Probability of damage to structure computed
by probit function in hemispherical explosion

__]__/[\_

o

Fig. 90l 21Zeto] Hhtd ZHF 27jofAf LEB]
o]&dl Zo] LxE) A= FFE HERHIU
T2E9] 31 g5 AR} A7}t 1 molA 27 %,

2 moﬂ*ﬂ 53 %, 3 molA 38 %&E UEhdth E2E9
AR &40 52 AR AZ7F 1 molA 70 %,
2 molAl 88 %, 3 mollA 79 %= UEhHth L2EY
7HE &40 52 AR AZ7F 1 molA 94 %,
2 molAl 97 %, 3 molA 95 %= YEFgoH, ZUte]
A7t 5 m oJst telA F2EY AR &4 SE
Ho} 7P &4 8ol 22 Ao IRl |/
29| ok T A9 ZUHY A7} 5 m olst 7t

oA & 100 %= Uetsith. 73 Fd 2R gk
B Y UMY +2EY &4 FECIE 'Y &
£9 53, 4% 9 /M &4 gF)o] Bl o =
Al VR oH, ol ¥ o] BhAe] FHo=

68

o 2 EE0E PYA7)7] fEolth Euel At
I molA 7289 B3, A2e 3 e &4 SEe
Z ko] A7k 2 molHe] &4 SR WA ek
o g, Eelute] Azt 2 m olgY ) Eeste] A
Gt BHASE 2B B, A4 2 shele &4
s8] gast Aow Selsiglh. ojefet Zut I
Eeto] Eo] Alre] WXL g} e FPo I
Q=glet. Edo] Age] vlAt OIS 9, 1%
sl oo 34 0 A4 A9 3oz A A 28)
ko] ALt LS Aol By 280l 7
Sl Aog FAlEigith, ShH, nEEre] Fo] 7
2] 0|XL IFe 39 HLe] At 2 molA
22| &4 Hgo] M B 202 Uehget. ol
o 23 DEeo] Bilo] Aol WAL FHS B
4] A JFS vAA, o] LB vl
2

o

>r1

mr

gt vt 3o o A% FFL

4. A2
E AFoME 155 mm TEEH] 27] 2 A]
off YA Al g 2] vA= Gl Wt 7S

SYSSAE. A R FREA vl
_cHgH QHP‘TL}_C‘):]- ol i?ﬂ%:._ 7]2‘:_

AT g
42 B9 cEsioct. 4, o5 %ﬂog 2 34%
2 olgste] ARt % FEB vl P m2Y G
4% 59 $EEHoR BT B 478 59 &
o 9 2% ool Hesteich
A, 7Y L NTY B 20004 EUse] Azt
__7]_ é_'i 3}.&1—_14_01— o

wasle], EUate] At e
S 7% 4B 7 oS8 FRe) Jolrk A 1t
e B0l B3l u}

=4, 3499 4 9wy B 240
=qste] A7t 2 m ovow w) Edte] Azt 7t
e e AT B9 Al2E 3AFE FasI

o, Eelste] At F24% 71E 4B 7 5
Zsge] zjol7h 27| Lherie.

AR, B QIS Aol ¥4 SEe 7Y U uT
3 B 22 05 ] SO 8| A g
2 AT B4 19 vhdlo] WY I, vel 5
7 9 A4 A9 BA0R Qe A BES E3} At

5

g

>l



do
vl
oX,
o
=
st
oA
-

245 olAE 7ol Uehge.
A, B QIR PR &4 S8 7Y 9w
T4 B 24 5% feio] ssk gloE ek
ok ERh AR B3, 479 U e a4 28
o 2qu9) A7t 2 mQ W A4 BA B
B Q7 o] A A 27 Bo] e %
¥ B4 9 HAS delsiey V24aE $8E A
o e shAY, & ATolAE TES B @y
o AgkAlel 8 A0 dhel Aol ESU. o
SpA DB Bt 29lo] QNG A L 7B 7
Bekstn AAHQ AES Sl o
374 2404 nEg] 2 £ B4 2
o

% 5ol Ut A77t Sqslolor & Ao

5

&

References

[1] U. S. Department of Defense, Structures to Resist the
Effects of Accidental Explosion, U. S. DoD,

Washington DC, USA, UFC 3-340-02, 2008.

[2] C. N. Kingery, G. Bulmash, Air Blast Parameters from
TNT Spherical Air Burst and Hemispherical Surface
Burst, Technical Report, Ballistic Research Laboratory,

USA, 1984.

A. Ullah, F. Ahmad, H. W. Jang, S. W. Kim, J. W.
Hong, “Review of analytical and empirical estimations
for incident blast pressrue”, KSCE Journal of Civil
Engineering, Vol.21, pp.2211-2225, 2017.

DOI: https://doi.org/10.1007/s12205-016-1386-4

(3]

[4] M. J. Assael, K. E. Kakosimos, Fires, Explosions, and
Toxic Gas Dispersions, p.329, CRC Press, 2010,
pp.179-187.

DOL: https://doi.org/10.1201/9781439826768

J. S. Lee, KOSHA GUIDE P-88-2012 Technical
Guidelines for Accident Damage Impact Assessment,
Technical Report, Korea Occupational Safety and
Health Corporation, Korea, pp.1-7.

(5]

[6] Y. K. Yoon, “Effects of explosion on structure’,
Explosive & Blasting, Vol.37, No.4, pp.10-16, 2019.

DOI: https://doi.org/10.22704/ksee.2019.37.4.010

[71 Y. K. Yoon, E. H. Ju, “Probabilistic assesment of the
effects of vapor cloud explosion on a human body’,
Tunnel & Underground Space, Vol.31, No.l,
pp.52-65, 2021.

DOI: https://doi.org/10.7474/TUS.2021.31.1.052

[8] H. Draganic, V. Sigmund, “Blast loading on structure”,

Tech Gazette, Vol.19, No.3, pp.643-652, 2012.

[9] J. Hetherington, P. Smith, Blast and Ballistic Loading

69

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(191

[20]

[21]

[22]

[23]

[24]

of Structures, p.336, CRC Press, 1994.
DOI: https://doi.org/10.1201/9781482269277

M. A. Sadovskiy, Mechanical Effects of Air Shock
Waves from Explosions according to Experiments, In
M. A. Sadovskiy Selected works: Geophysics and
physics of explosion, Nauka Press, 2004.

H. L. Brode, “Numerical solutions of spherical blast
waves’, J. Appl. phys., Vol.26, No.6, pp.766-775,
1955.

DOI: https://doi.org/10.1063/1.1722085

J. Henrych, R. Major, The Dynamics of Explosion and
Its Use, p.558, Elsevier, 1979.

V. V. Adushkin, A. 1. Korotkov, “Parameters of a
shock wave near to HE charge at explosion in air”,
PMTF, Vol.5, pp.119-123, 1961.

M. Held, “Blast waves in free air”, Propellant, Explos.,
Pyrotech., Vol.8, No.1, pp.1-7, 1983.
DOI: https://doi.org/10.1002/prep.19830080102

G. F. Kinney, K. J. Graham, Explosive Shocks in Air,
p.269, Springer-Verlag, 1985.
DOI: https://doi.org/10.1007/978-3-642-86682-1

C. A. Mills, “The design of concrete structure to resist
explosions and weapon effects”, Proceedings of the
1 Int. Conference on Concrete for Hazard
Protection, Edinburgh, pp.61-73, 1987.

M. A. Hopkins-Brown, A. Bailey, Chapter 2 (Explosion
Effects) Part 1., AASTP-4 Royal Military College of
Science, Cranfield University, 1998.

B. Gelfand, M. Silnikov, Translation from Russian to
English the Book “Blast Effects Caused by Explosions”,
Technical Report, European Research Office of the U.
S. Army, England, 2004.

7. Bajic, Determination of TNT Equivalent for Various
Explosives, Master's thesis, University of Belgrade,
Belgrade, Serbia, 2007.

N. M. Newmark, R. J. Hansen, Design of Blast
Resistant Structures, Shock and vibration handbook,
Harris, and Crede, eds., McGraw-Hill, 1961.

M. M. Swisdak, Simplified Kingery Airburst
Calculations, Proceedings of the Twenty-Sixth DoD
Explosives Safety Seminar, Naval Surface Warfare
Center, USA, 1994.

J. 1. Siddiqui, S. Ahmad, ‘Impulsive loading on a
concrete structure”, Proceedings of the Institution of
Civil Engineers — Structures and Buildings, Vol.160,
No.4, pp.231-241, 2007.

DOI: https://doi.org/10.1680/stbu.2007.160.4.231

C. Wu, H. Hao, “Modeling of simultaneous ground
shock and airblast pressure on nearby structures from
surface explosions”, International Journal of Impact
Engineering, Vol.31, No.6, pp.699-717, 2005.

DOI: https://doi.org/10.1016/j.ijimpeng.2004.03.002

J. Igbal, S. Ahmad, “Improving safety provisions of



AR &85 =5 4] A123d A10E, 2022

structural design of containment against external
explosion”,  Proceedings of an International
Conference on Opportunities and Challenges for
Water Cooled Reactors in the 21. Century, IAEA,
Taxila, Pakistan, June 2011.

S. Ahmad, A. Elahi, J. Igbal, M. A. Keyani, A. G. A.
Rahman, ‘Impulsive loading on reinforced concrete
wall”, Proceedings of the Institution on Civil
Engineers — Structures and Building, Vol.166, No.3,
pp.153-162, 2013.

DOI: https://doi.org/10.1680/stbu.11.00008

(25]

[26] B. Hopkinson, British Ordnance Board Minutes,

Report 13565, British Ordnance Office, USA, 1944.

[27] C. Cranz, Lehrbuch Der Ballistik, p.454, Springer-Verlag
Berlin Heidelberg GmbH, 1926.

DOI: https://doi.org/10.1007/978-3-642-52612-1

I. C. Lee, H. S. Kim, J. S. Nam, S. B. Kim, W. H. Hong,
G. Y. Kim, “Evaluation of Protective Performance of
Protection Materials for Field and Structural Body by
Ignition of 155mm Artillery Shell and C-4 Explosive”,
Journal of the KIMST, Vol.16, No.4. pp.493-500, 2013.
DOI: https://doi.org/10.9766/KIMST.2013.16.4.493

I. G. Bowen, E. R. Fletcher, D. R. Richmond, Estimate
of Man's Tolerance to the Direct Effects of Air Blast,
Technical Report DASA-2113, Defense Atomic
Support Agency, USA, 1968.

(28]

[29]

[30] F. G. Hirsch, ‘Effects of overpressure on the ear — A
review’, Ann. N Y Acad Sci, Vol152, No.l,
pp.147-162, 1968.

DOL: https://doi.org/10.1111/i.1749-6632.1968.tb11972.x

W. E. Baker, P. A. Cox, J. J. Kulesz, R. A. Strehlow, P.
S. Wetine, Explosion Hazards and Evaluation, p.840,
Elsevier, 2012.

(311

[32] The Netherlands Organization of Applied Scientific
Research, Methods for the Determination of Possible
Damage to People and Objects Resulting from
Releases of Hazardous Materials, p.337, Committee
for the Prevention of Disasters, 1992.

]

(HalH]

t A M(Gyeong-Seop Hwang)

[=]

£ 20194 29 : BAdEE A%
st (Zatotap

+ 20209 89 : REAYStw Yutd)
st AZ- AT (TsHAD
© 20219 7€ ~ A - FeE
A A7
(FA]EoF)
2938 e HE IHY, AEE7t

70

EH
[=]

(In-Beom Jeon) [H3g]
+ 20149 2¥ . AE&rEr|ediga
AARARSS BN (@I
+20184¥ 79 ~ 20199 129 :

KCCHE34 rshdd
+20199 29 : Istefska ekl
BAIHBTHZ

+20204 1€ ~ @A FYEE
29 @



