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Abstract — The demand of gas as an eco-friendly energy source has being increased. With the demand
of gas, the use of gas is also increased, so injury and loss of life by the explosion and fire have been
increasing every year. Hence the influence on over-pressure caused by Vapor Cloud Explosion in enclosure
of experimental booth was calculated by using the Hopkinson's scaling law and damage effect by the
accident to a human body was estimated by applying 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 over 3 meters away and that of overpressure to tympanum rupture over 25 meters away from
the explosion shows nothing.
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Table 1. Consumption of energy.

(Units : 1000 ton)
Year 2005 | 2004 | 2003 | 2002 | 2001
Energy 10333 020,238 215,066 [208,636 198,409
Consumption

LNG | 29,989 28,351 | 24,194 | 23,099 | 20,787

oil  [101,553(100,638 {102,380 (102,414 100,385
(LPG)  [(12,240)|(11,937)[(11,912)|(12,272)|(11,390)

Hydraulic | 1297| 1465| 1,722| 1327| 1,038

Nuclear | 36,695 | 32,679 | 32,415| 29,776 | 28,033

Coal 54,791 53,127 51,116 | 49,096 | 45,711

Other 5,007| 3,977| 3,241 2,925| 2,456

Table 2. Accident by facility.

(Units : Ea)

Year 2005 | 2004 | 2003 | 2002 | 2001

23 23 23 26 24

nowe |t | 5 | | 0 | e
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 LPgas Accidents.

(Units : Ea)

Year 2005 | 2004 | 2003 | 2002 | 2001
. 39(1) | 373) | 49(-) | 55(2) | 40(3)
Explosion s | m| @ e
. 18(2) | 15(4) | 28(6) | 17(1) | 33(-)
Fire 1| 1| @ | 6| M
27) | 58) | 6(4) | 2(15) | 3(7)

Leakage 1| oo | sl ]| 2
Rupture 22 21 8 8 15

(B1 ] -1 1B ] B1 | Bl

CO Toxicosis | 6(6) | 2(6) | 1(5) | 209) | 1(8)

Oxygen Deficiency 1 2 -[1] - -[2]

() : City Gas, [ ] : High-Pressure Gas
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Fig. 2. The effect of temperature on LFL and UFL.

o

7S ZAg LS vy A8 A Aadd) )
Z31] 1%~10% J== FAHETH1S).
T3, 5719k 719k dRES e wEHery

B WX @A F7]e88ke 3o FAS 7HSA
719, 20079 AQGT Toll ostd FYstES 3%

[20,2179014 &Qlgt 4= T},

ZyaEuE 01 TS HUE §17] 9lste] vt
2EEE FERA22,23] 7MEA e, A
ZollA HuAzI2 Hel & AZls 25m
ojt}, Lk 7pAaEko] P TNT AFHS F3le
RS AE sk

Fig. 32 TNT Zuo) 93 ¥ = Fete] aglzg £
W FRte 2 QIgt HE AR E k&t E8-HT)

g_ _'—_\\‘{.— __—_—_—__—_H
5 1 f
£ —— 1 _:-*._N S —— .!_
E i -\\\ ! 1
E = _:'_'t"':::AT=t."‘?.'
:;; ;—_;I- T HHHHE— \'\:I !:
L T

1 wo (-

scaled distance r's ;.,, {m kg'?)
Q)

Fig. 3. Peak overpressure by TNT explosion.
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Table 4. Theoretical air demand of LPG combustion.

_44 —

Cox?cain B AB Theory
Ingredient . Oxide Oxide Air
volume in equivalent | needed | volume
1 Nm®
C,H, 0.008 3 0.024
C;Hg 0.989 3 4.945 4'222/(7)'52]
C4Hyp 0.003 6.5 0.019 ’
Total 1.000 4.988
Sslrad] A tadt 2r24]
n n
CmHn+(m+Z)02 = mC02+§H20 (1)

FEAAE L] 712 1 mPE AARA7)7] SlEte] et
Hage 715 o2 EmsR)E 3, 4 (DS
o] &-&te] ZEIHC3Hg) 7H=o tidste] Altetd 2
()9} 2t

C3Hg+50, = 3C0O,+4H,0 @)

LP7}229] o] & F7139] At Table 45k 2k,

2% 7} ol& /1% g A wAY
1000 kcal/m3 F 0.9~1.02 72 A3 Zoz L4y
SERS

2.2, TNTAEHE A&

NxHexWe 3)

Wi Hryr

Wivr : TNT3S % (kg)

We : 7¥37237F2=¢] Ak (kg)

Hryr : TNTS A4€ (keal/kg)

He - 7F2d7k20] 229 (keal/ke)
n:Hdas

_ R
zZ= 1/3 @

Winr
Z : AT (m/kg')
R : Zwrzs)o 2 ¥E o] #4172 (m)
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Table 6. Overpressure about distance caused by VCE.

Booth?] F & o] 11.4m*o|B 2, o] WA= 4 R Wiy |Over Pressure
7} 7p2ee) FEEEE WEHCHY)S A$E 10837, = (m) (m) (ke) (kPa)
EINCH)Y A$E 456018, B AT E LPG 1.44 1.0 620.00
(CH)E F2ate] ol g7t 4T %7) 98 Lt 2.87 2.0 143.00
A A W8-S AR 79 gt o)t} 431 3.0 63.30

Table 5= I3t W I FeE Hebd 2 5.75 4.0 38.00
oot 7.18 5.0 26.00

°o|g olg3le] #ekel P 2] (4)°] Hopkinson] 8.62 6.0 19.80

St A=) N 0_9_ &5 sfadske p =S|
;’;j}‘; o ]} O}T] 4 :} }A;H ?;“} mf“fﬁ 10.06 7.0 0.34 16.60

A0 2 IIA] v A - AESI=U &-83lA} st}

8P i - A s gt @ 11.49 8.0 14.00
Table 5. Blast damage by overpressure. 12.93 9.0 12.12
Overlflr)essure Form of damage 14.37 10.0 10.90
(kPa) 21.55 150 5.55
0.14 Disagreeable noise by low frequency 2873 200 360
(10~15 Hz)
, , 35.91 25.0 2.85
0.21 Partial damage of window made of glass
0.28 Big noise and glass is broken
Table 7. D bability about dist: d b
Small transformed window made of glass able amage probability about distance caused by
0.69 . VCE.
is broken
1.03 Glass bursting pressure Lung Lung Tympanum| Tympanum
hemorrhage | hemorrhage
2.07 10% of glass window is broken R death death rupture rupture
. L bit babili
2.76 Small damage limitation of building (m) probit probability 5 ziule pro (; )1 1ty
0
3.45 Big and small window fracture value o)
4.83 House small breakage 1 15.06 100% 10.141 100%
6.89 House portion breakage 2 4.926 47.2% 7.310 99.1%
8.96 Building steel frame flexure 3 —0.71 0.0% 5.137 76.9%
13.79 Weak concrete wall fracture 4 —4.23 0.0% 4.753 402%
15.86 Serious structural damage low-level 5 —6.85 0.0% 4.020 16.3%
20.68 | Steel frame building flexure 6] 81 0.0% 3.494 6.6%
27.58 Oil storage tank explosion 7 —9.95 0.0% 3.154 3.3%
3447 Wood pillar is crash and explosion of 8 -11.13 0.0% 2.825 1.6%

’ tympanum 9 -12.13 0.0% 2.547 1.0%
41.37 House whole breakage 10| -12.86 0.0% 2.342 0.9%
48.26 Overthrow of freight car 15 -17.53 0.0% 1.040 0.4%
62.05 Whole destruction of freight car 20 -20.52 0.0% 0.204 0.1%
68.95 Whole destruction of building 25| 2213 0.0% —-0.247 0.0%
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Fig. 5. The distance for damage effect at factor 0.03.
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Fig. 6. The distance for damage effect at factor 1.0.
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