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Abstract : As the industrial society is highly developing, human need in daily life has also changed drastically. With
the introduction of 40 hour working week system, more households enjoy picnics on weekends. More gas accidents
take place on Saturdays and on Sundays than any other days of week. In this context, the Institute of Gas
Technology Training in Korea Gas Safety Corporation carries out explosion experiment to make trainees to take all
possible measure to ensure safe management of gas in the field by fully recognizing the hazards of gas explosion
accidents. In this study, the influence of explosion over-pressure caused by the rupture of butane can thrown away
after use was calculated by using the Hopkinson's Scaling Law and the accident damage was estimated by applying
the influence on the adjacent people into the Probit model. The value of those away from 50 meters from the
explosion site was 1.35kPa and the peak overpressure to thoes away from 25 meters directly was 3.2kPa. Those value
was input to the PROBIT model, the estimation showed the same result O percent of damage possibility.
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1. Introduction students from GEN(Gas Explosion Noise) and overpre-
) _ ) ssure by the explosion experiment.
This study is for the emergency management which The students participate in this experiment directly

is the legal professional training performed at Gas
Safety Education and for guarantee the safety of

‘or indirectly, and their damage is observed by divi-
ding into two groups - active students participating
in the experiment and passive students not partici-
pating but being trained at a classroom.

¥ To whom correspondence should be addressed.
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There have been 58 accidents of portable butane
burners and joining containers(this study proposed to
call it butane cans to the following) and 20 accidents
(34.5%) of keeping and handling of butane cans
during these five years.

Also, the explosion and fire caused by a gas leak
by poor setting of butane cans were 10 cases(26.3%)
and 16 cases(80%) of careless keeping and handling
were explosion by rising of inner pressure, which
were occurred by heating container to use the gas left
with neglecting the butane cans placed around fires
including keeping butane cans in portable butane
burners"”.

Therefore, the explosion experiment performed by
this Education Center is used for the training data to
guarantee safety from these kinds of accidents.

Also, we wish it will be used as basic data to en-
sure the safety distance for experiment of gas explosion.

2. Experimentals and Formula

2.1. Experiment

The damage prediction by the explosion of butane
cans is predicted by the predicting method of acci-
dent damage, but this study wants to predict the da-
mage by GEN and overpressure. Therefore, we want
to measure the noise of the students' place(active
students) 25meter far from the explosion place and
of the classroom(passive students) 50meter far from.
Also we want to compare that result with the theory
formula. Besides, we want to predict the accident
damage to human beings by using these measured
values. Probit analysis is applied to have the effect
value for human beings.

Fig.1 is an arrangement plan for the place of
explosion experiment. As the picture shows, the ex-
plosion place is 25meter far from the watching place
of active students. We thought there would be little
damage by noise and overpressure to other places
because this education center is surrounded by moun-
tains, so we didn't make an evaluation for the circu-
mstance of the explosion place™.

In case of before study, the noise influence re-
search was applied effect to the house and the
school around explosion place. This study guaranteed
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the safety of the students participating in this experi-
ment directly or indirectly.

Also, the intensity of gas explosion by accidents
has been calculated as TNT equivalent or TNT effi-
ciency comparing with TNT explosion because there
is little experiment on gas explosion.

Training Buildng Main Building

[50m | Student Visit Place

Explosion
Place

Fig. 1. Arrangement plan,

TNT efficiency shows how many percentage of
TNT equivalent contributes to real gas explosion acci-
dents because there are big differences between the
generation speed and the space of an explosive and
gas even the generation amount of their energy is the
same.

That is, Theoretical explosion energy = total mass
* combustion heat.(The combustion heat assumes com-
plete combustion.) Also, Explosion to fire transition
phenomena is affected by the explosion characteristics”.

22. Formula

The sound source of GEN by the explosion of
butane cans is a dot sound source generally. When
the sound is spread in free sound field, the decre-
ment is decided by the distance from a sound source
and shapem).

The strength of sound I d(m) far from a dot sound
source is as following formula.

When a sound source is marked with sound power

level, sound pressure level from the distance d is
calculated as follows.
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Sound pressure level, SPL = 10 log(l/ 10"%), PWL
= 10log(W/Wo)

2

SPL= 10log(——"——
T

= 101og(E‘_”7) —20logd— 11 )

10 log(/10™) is a power level by w of original
sound energy, and it is marked as PWL.

SPL=PWL - 20logd - 11

Also, Calculating the explosion effect range is
1) explosion efficiency

_ Redl energy
" Therotical energyxwo &)

Table 1 is the recent CCPS data and is used as
explosion efficiency for each material on operating
the research program of general accident damage

prediction9"°).

2) Scaling law : a typical law using for assump-
tion how far and how much TNT can make damage

when a certain mass of TNT is exploded

11,12)

Table 1, Explosion efficiency for explosiveness vapor

1 Material
Acetone Methane
Benzene Methano!
1,3-Butadiene 3-Methyl-Butene-1
Butene-1 Methyl Mercaptan
Carbon Monoxide Naphthalene
Dimethyl Ether N-Butane
7=003 Ethane N-Pentane
’ Ethanol Petroleum Ether
Ethyl Benzene Phthalic Anhydride
Furfural Alcohol Propane
Hydrogen Proprionaldehyde
Iso-Butyl Alcohol Propylene
Isobutylene Toluene
Iso-Octane Water Gas
Acrolein Diethyl Ether
7=0.06 Carbon Disulphide Divinyl Ether
’ Cyclohexane Ethylene
Ethyl Nitrate Propylene Oxide
Acetylene Hydrazine
7=0.19 Ethylene Oxide Isopropyl Nitrate
’ Ethyl Nitrate Methyl Acetylene
Vinyl Acetylene Nitromethane
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Fig, 2. Peak overpressure by TNT explosion,

3) TNT weight which emit the same energy with
a certain gas explosion.

X Hp X W, @

TNT = J=2
TNT

Fig. 2 is calculated the overpressure from the ex-
plosion place to a settled distance.

4) Converston distance at overpressure

R
z=—" ©)
WTNT s

5) The distance which a given overpressure rea-
ches at(m)

X= 0.3967X Wy (/% expl3.5031
—0.7241In(0,) +0.0398(In O,,)*] )

Table 2 is the damage type based on the peak
overpressure.

6) Effect of the overpressure of explosion

Ejsenberg(1975) and others presented Probit model
on direct effect of blast wave based on the data of a
nuclear explosion?. Eisenber's calculating formula
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Table 2. Blast damage by overpressure

over
form of damage

pressure(kPa)
0.14 disagreeable noise by fow frequency (10~15Hz)
0.21 partial damage of window made of glass
0.28 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
345 big and small window fracture

4.83 house small breakage

6.89 house portion breakage

8.96 building steel frame flexure
13.79 weak concrete wall fracture
15.86 serious structural damage lowlevel

20.68 steel frame building flexure

27.58 oil storage tank explosion

34.47 wood pillar is crash and explosion of tympanum

4137 house whole breakage

48.26 overthrow of freight car

62.05 whole destruction of freight car

68.95 whole destruction of building

2068 death probabitity of 100%

on a building and a human being is as follows.(Only
it is 150pounds(0.45359237%150 = 68kg) mass of an
individual aim and standing position. Also, it isn't

placed around a vertical surface)'”.

A) Death of hemorrhage from the lungs
Probit=-77.1 + 6.91 In (Ps) @)
B) The case of eardrum rupture

Probit =-15.6 + 1.93 In (Ps) ®)

3. Results and Discussion

3.1. Effect of Noise

Noise measurement was done with the measuring
method of construction noise by KS A ISO 1996-1
(indication of environmental noise and measuring
method)'®.

1) Measuring place

(1)Explosion place (Point A) : Measured within a
2-meter radius of explosion place of butane cans
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Table 3. Noise measure value

units : dB(A)
. background noise(dB) noise(dB)
date point
A level C level A level
5.19 A 43.5 53.5 96.9
7.06 B 410 52.8 68.8
7.14 C 41.7 53.6 59.5
* A level : generally standard of noise
* C level : the analysis recording or frequency
Measuring place of a noise meter : Measured

above 150cm high from GL to the upper part

(2) Active students' place (Point B) : Measured at
25m far from the explosion place

(3) Passive students' place (Point C) : Measured at
50m far from the explosion place

The noise level measured at each point is as Table 1.

2) Measuring date
(1) Date - Point A : 11:25, May 19
Point B : 11:24, July 06
Point C : 11:26, July 14
(2) Weather - on measuring point A : clear
Wind speed : 1.8my/s,
Wind direction : the south wind
on measuring point B : clear
on measuring point C : clear
3) Analysis
The amount of decrease is calculated as follows
by the theory of noise decrease with the measured
value at point A as a noise source.
(1) In case of a dot sound source
Point B
SPL = PWL - 20logd - 11
= 96.9 -20 log 25 -11 = 57.94(dB)
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Fig. 3. FigL'J'res by Weber~Fechner's Iéw_
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Table 4. Calculation and a difference of measure

point calculation measure difference
B 57.94 68.8 +10.86
C 51.92 59.5 +7.58
Point C

SPL = PWL - 20logd - 11
= 96.9 -20 log 50 -11 = 51.92(dB)
Explosion is calculated to 57.94(dB) and 51.92
(dB).
(2)Valuation by Rating Sound level

Lr = Lat Revised value(-20dB)

Point B = 68.8 - 20 = 48.8dB
Point C = 59.5 - 20 = 39.5dB

On the estimate by the Rating Sound level, the
permitted value is all lower than 50dB of regulation
value, and exclude effect is not applied to the calcu-
lation because of geographical condition and the shape
of a fence.

Table 4 is the comparison of calculation value with
actual survey of the noise level of point B and C.

3.2. Effect of Overpressure

This study calculates equal to TNT by applying
the formula (4) of chapter 2 to find the explosion
pressure by the break of butane cans.

The effect of explosion applying to the explosion
of C;Hg and C4H,o is generally calculated by using
the formula (3). As Table 1 shows, 0.03 is applied
and 0.5 for sealed system.

This study calculates the effect of explosion by
applying 1.

Wint equivalent is calculated by applying the
effect of explosion 1 to the formula (4), and con-
version distance Z is calculated by applying to the
formula (5).

By using it, the overpressure from the explosion
place to a settled distance is calculated from Fig, 2.

Fig. 4 is diagraming of the relation of probability
value(Probit value) and percentage.

By using it, the accident damage of a human is
predicted.
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Fig, 4. Relation with probability value,

Table 2 shows the damage type based on the peak
overpressure which is calculated by Fig. 4.

Also this study calculated the effect distance which
the given overpressure reaches by applying to the
formula (4) with these values.

This study is to search the damage effect based on
the formula of Probit analysis, so Table 2 is used for
comparing with the value of the formula of Probit
analysis.

Table 5 is the value of conversion distance corres-
ponding to TNT equivalent applied the formula (5)
by using TNT equivalent calculated with the formula
(4) of chapter 2 that the value of the peak over-
pressure by the distance far from the explosion place
with applying it to figure 2.

Table 5, Overpressure about distance of butane can weight
349(10% propane and 90% butane ingredient)

Z(m) R(m) Wint(kg) | Overpressure(kPa) | X(m)
1.34 1.00 740.00 0.80
2.67 2.00 175.00 144
401 3.00 69.00 2.30
5.34 4.00 42.50 3.02
6.68 5.00 31.00 3.64
8.01 6.00 22.00 449
9.35 7.00 17.50 520
10.69 8.00 16.00 552
12.02 9.00 04156 13.50 6.18
13.36 10.00 12.00 6.69
20.04 15.00 5.90 11.06
2671 20.00 425 14.14
3339 25.00 3.20 17.61
40.07 30.00 240 2215
53.43 40.00 175 28.70
66.79 50.00 1.35 35.73
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Explosion effect by distance

Overpressure(kpa)
- 5B888888

i
I
I
I

1 2 3 4 5 6 7 8 9 1015 20 25 30 40 50

Distance(m)
|

Fg. 5. Explosion effect by distance,
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Fig. 6. Damage possibility by distance,

Table 8, Damage possibility about distance of butane can
weight 34g(10% propane and 90% butane ingredient)

Z(m) Lung hemorrhage death Tympanum rupture
1 100.0% 100.0%
2 90.7% 99.8%
3 0.0% 81.6%
4 0.0% 48.9%
5 0.0% 26.0%
6 0.0% 9.6%
7 0.0% 4.0%
8 0.0% 2.8%
9 0.0% 1.3%
10 0.0% 0.0%

Also this study calculated the effect distance which
the given overpressure reaches by applying to the
formula (6) with these values.

Fig. 5 is diagraming of the calculation of overpre-
ssure by settled distance from the explosion place by

repeating calculation with changing seftled distance, -

By using this, the effect of overpressure by distance
from the explosion place can be predicted, so it can
be reference for safety supervision.

SIRorNsteiR], H22H HM3Z, 20074
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4. Conclusion

This study got the following conclusion with the
calculation by theory and the result of measuring
noise.

1) The real noise to 25m of the interested distance
is 68.8dB(A), and it shows some difference from
57.94dB(A) gotten by the theory value. However,
both of these values are smaller than 90dB of envi-
ronmental permitted value, so they are judged that
there is no problem.

2) The real noise to 50m of the interested distance
is 59.5dB(A), and it shows some difference from 51.92
dB(A) gotten by the theory value. However, both of
these values are smaller than 65dB of environmental
permitted value, so they are judged that there is no
problem.

3) The overpressure caused by the explosion was
calculated by using the Hopkinson's Scaling Law and
accident damage was estimated by applying the PROBIT
model which simulates the influence of TNT explo-
sion on the adjacent the applicants(aspirants) participate
in this experiment directly or indirectly. The value of
those away from 50 meters from the explosion site
was 1.35kPa and the peak overpressure to thoes away
from 25 meters directly was 3.2kPa. Those value was
input to the PROBIT model, the estimation showed
the same result 0 percent of damage possibility.

There is no damage for a human from 10m far.

In calculating the peak overpressure of gas explo-
sion, the explosion efficiency of 10 percent is generally
applied. However, in this study, the explosion effi-
ciency of 100 percent was applied in calculating the
peak overpressure. As a result of this, the actual da-
mage influenced by the rupture of butane can would
be lower than the value calculated in this study and
expected to be safer.

Damage effect evaluation of overpressure and
flame from bursting by various amount of butane cans
and other data should by surveyed and studied from
now on. With the data, the effect to the circumstance
should be observed. Also, we will calculate the damage
effect distance by explosion and study on the plan to

minimize the damage to human beings with it.

103



)

2)

3)

4)

3)

6)

7

8)

104

UAE, BB, HEF, 0I5, AUS

Reference

Korea Gas Safety Corporation, “2003 gas accident
yearbook”, Sunjin company, pp. 89~91, 2004.
Korea Gas Safety Corporation, “A report of present
condition for accident statistic on September”,
2005.

P. S. Westine, “The Shock and Vibration Bulletin”,
42, part 5, pp. 173~185, 1972.

Kyung Hee Lee, A plan for environment of ar-
chitecture, Mun Woo Dang Book Store, pp. 411~
413, 1987.

Sa Hwan Leem, “A study on the noise near the
butane-can explosion location”, Transaction of the
Korea Society for Noise and Vibration Engineer-
ing, Vol. 15, No. 11, pp. 1166~1175, 2004,
Kyu-Hyung Oh, Sung-Eun Lee, Kwang-Won Rhie,
“A Study on the Transition of Hydrogen-Air and
LPG-Air Explosion to Fire”, Journal of the Korean
Society of Safety, Vol. 19, No. 4, pp. 150~154,
2004.

Noise and Vibration Control Act(Article V)http:/
www.soundproofine.co.kr http://www.me.go kr.
The acoustical society of korea, Architectural and

Environmental Acoustics, Gong Gan Publishing
House, pp. 133~134, 1991.

9) Truax, Barry(ed), A Handbook for Acoustic Ecology,
Vancouver, A.R.C. Publication, p. 1261, 1978,

10) W. C. Brasie and D. W. Simpson, Symp. Loss.
Prev. 63rd Meeting AICheE St. Louis, 1968.

11) CCPS, Guidelines for Evaluating the Characte-
_ristics of Vapor Cloud Explosion, Flash Fire and
BLEVE, AIChE, New York, 1994.

12) R. I. Harris, M. R. Marshal, D. J. Moppett, “The
Response of Glass Windows to Explosion Pre-
ssure”, Symp. Series No. 49, IClemE, 1977.

13) Frank p, and Less, M. . Ang, Safety Cases,
Butterworth & Co. Ltd., 1989.

14) W. E. Baker, P. A. Cox, P. S. Westine, J. J.
Kulesz, R. A. Strehlow, Explosion hazards and
evaluation, Elsevier Science, 1983.

15) Crowl W. K., “Structures to Resist the Effects of
Accidental Explosions, Technical Manual TM
5-1300”, U.S. Army, Navy and Air Force, U. S.
Government Printing Office, Washington D.C,,
1969.

16) KS A ISO 1996-1(Description and measurement of
environment noise)http://www.kssn.net

Journal of the KOSOS, Vol. 22, No. 3, 2007



