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A Study on Estimation of Human Damage for Shock Wave
by Vapor Cloud Explosion using Probit Model
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Abstract

This paper is on the influence of gas explosion caused by Vapor Cloud Explosion(VCE). Also,

it is

to understand the influence of the booth for explosion experiment which is installed to let the trainees
for legal education which is managed by IGTT(Institute of Gas Technology Training) know the
riskiness of explosion. In this study, the influence of explosion shock wave caused by VCE in
enclosure was calculated by using the Hopkinson's scaling law and the accident damage was estimated
by applying the influence on the adjacent human into the probit model. As a result of the damage
estimation conducted by using the probit model, both the damage possibility of explosion overpressure

to human & meters away and that of shock wave to hurt 15 meters away showed nothing.
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Table 1 Consumption of energy (Units : 1000ton)

} . . 2005 | 2004 | 2003 | 2002 | 2001
x : ol ksteks DA (Number of carbon atoms) Energy
229,333 | 220,238 | 215,066 | 208,636 | 198,409
y ¥4 YA (Number of hydrogen atoms) Consumption
N ZRESCIFANAE 1-10%) NG | 29,989 | 28351 | 24194 | 23,099 | 20787
oil 101,553 | 100,638 | 102,380 |-102/414 | 100,385
Y 494, 59, tradusd maa (LPG) (12,240) | (11,937) | (11,012) | (12,272).| (11,390)
E-mail : gentle@kes.or-kr Hydraulic 1297 | 1465 | 1,722 | 1,327 | 1,038
TEL : (041)629-0615 FAX : (041)522-0522 Nuclear 36,695 | 32,679 | 32,415 | 29,776 | 28,033
* A2y emsdey fAESY AT Coal 54,791 | 53,127 | 51,116 | 49,096 | 45,711
** G272 FAF FhAGA RS Y Other 5007 | 3977 | 3241 | 2,925 | 2456
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Table 2 Accident by facility (Units : Ea)
2005 | 2004 | 2003 | 2002 | 2001
House @) | @) | @) | 26 | @
o1 | M (21 | ni | n4
Restaurant 21 19 16 18 21
First protection 3 2 6 2 3
Factory 3 1 5 6 3
Total 60 52 62 63 65
() : Single House, [ ] : Cooperation House
Table 3 Form of Accident (Units : Ea)
2005 | 2004 | 2003 | 2002 | 2001
Explosion | 39(D)[-] [ 37(3)[51| 49(-)[1] | 55(2){-] | 40(3)[6]
Fire 1821 | 15()[11 | 28(6)[2] | 17(1)[3] | 33(-)[4]
Leakage 2] | S®NT | 6451 |2(15)[2] | 3(NI2]
Rupture 22[3] | 21[] 8[3] 8[3] | 15[3]
CO Toxicosis | 6(6) 2(6) 1(5) 2(9) 1(8)
Oxygen
DeﬁZiincy ! 2 -l ) s

() : City Gas, [ ] : High-Pressure Gas

Fig. 1 Experimental booth
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Fig. 2 The effect of temperature on LFL and UFL
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Fig. 3 Flame speed vs. distance for centrally and
edge ignited explosions in a double
configuration(i.e. solid top plate) with

obstacles"”

Table 4 Safety characteristics derived from explosion
regions of important flammable gases in
maxtures with air and inert gases*

Explosion limit

Flammable gas (amount of flammable gas in mixture with air)

lower mol% upper mol%

Methane 4.4 17.0

Propane 1.7 10.9

* The values are valid for room temperature and atmospheric
pressure.
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Table 5 Blast damage by ove rpressure

Overpress

ure(ifa) Form of damage

0.14
0.21
0.28

Disagreeable noise by low frequency(10~15Hz)

Partial damage of window made of glass

Big noise and glass is broken

0.69

Small transformed window made of glass is broken

1.03

Glass bursting pressure

2.07

10% of glass window is broken

2.76

Small damage limitation of building

3.45

Big and small window fracture

4.83

House small breakage

6.89
8.96

House portion breakage

Building steel frame flexure

13.79

Weak concrete wall fracture

15.86
20.68

Serious structural damage low-level

Steel frame building flexure

27.58

Oil storage tank explosion

34.47

Wood pillar is crash and explosion of tympanum

41.37
48.26

House whole breakage

Overthrow of freight car

62.05

Whole destruction of freight car

68.95 |Whole destruction of building

Table 6 Overpressure about distance caused by

VCE

Z{m) R(m) \X(T;)I Over Pressure(kPa) X(m)
1.44 1.0 620.00 131
2.87 2.0 143.00 3.38
431 3.0 63.30 5.72
5.75 4.0 38.00 7.94
7.18 5.0 26.00 10.14
8.62 6.0 0.34 19.80 12.09
10.06 7.0 16.60 13.54
11.49 8.0 14.00 1511
12.93 9.0 12.12 16.59
14.37 10.0 10.90 17.76
21.55 15.0 5.55 27.44
231 BHLR 2fft AlYe A=
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Table 7 Damage probability about distance caused by

VCE
R(m) Death De.a?h Hurt probit Hurt
probit value | probability(%) value probability(%)

1.0 18.187 100% 20.252 100%
2.0 11.116 100% 13.724 100%
3.0 7.188 98.5% 10.098 100%
4.0 4.729 9.3% 7.827 99.8%
5.0 2.899 1.8% 6.138 88.2%
6.0 1.586 0.6% 4.926 47.2%
7.0 0.737 0.3% 4.141 19.6%
8.0 -0.084 10.0% 3.383 5.3%
9.0 -0.779 0.0% 2.742 1.3%
10.0 -1.291 0.0% 2.270 0.8%
15.0 -4.544 0.0% -0.734 0.0%

Percent({%}

1 2 3 4 5 B 7 8 ° 10 15
Distance(m)

Fig. 6 The distance for damage effect caused by
shock wave(factor 0.03)

Percent{%)

12 8 4 5 & 7 8 9 10 15 20 25 30 40 50
Dislance(m}

Fig. 7 The distance for damage effect caused by
shock wave(factor 1.0)
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