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Abstract : There have been 3E problems of energy, economy and environment since the earth has its history.
Especially, 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. Consequently, this study tries to find out the
influence of flame caused by the explosion of butane canister on the adjacent combustibles and people by simulating
relevant quantity of TNT. In addition, the damage estimation was conducted by using API regulations. If the scale of
the radiation heat is known by calculating the distance of flame influence from the explosion site, the damage from
the site can be easily estimated. And the accident damage was estimated by applying the influence on the adjacent
structures and people into the PROBIT model. According to the probit analyze, the spot which is 50cm away from
the flame has 97% of the damage probability by the first-degree burn, 8% of the damage probability by the second-
degree burn and 4% of the death probability by the fire.
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1. Introduction and types. Also, the potential dangerous factors always
exist in industry and in the home, and the same
The use of gas has dramatically increased in industry types of accidents occur repeatedly.

and in the home because the gas is an eco-friendly Especially, the gas explosion accidents cause a severe

energy source, so it plays a pivotal role in industry loss in our society. For the last five years, accident

as Table 1 shows". With the development of the in- status of the Korea, Japan and England is as below
dustry, the desire for safety of humans has increased. in Table 2, type is in Table 3*%.

However, gas accidents occur with various causes The accidents of portable butane burners and

butane cans happened 58 times for the last 5 years.

" To whom correspondence should be addressed. The main accident was poor setting of butane cans
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Table 1, Consumption of energy (Units : 1000ton)
2005 2004 2003 2002 2001

Cori‘;:%{ion 229333 | 220,238 | 215,066 | 208,636 | 198,409
LNG 29989 | 28351 | 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 1,297 | 1465 | 1,722 | 1,327 | 1,038
Nuclear 36,695 | 32,679 | 32,415 | 29,776 | 28,033
Coal 54,791 | 53,127 | 51,116 | 49,096 | 45711
Other 5007 | 3977 | 3241 | 2925 | 2456
Table 2, The present state of LPG accident (Units : Ea)

2005 2004 2003 2002 2001
Korea 88 82 92 84 92
Japan 99 105 120 90 87
England 161 130 116 153 174

* The England data is the addition of LPG and NG.

Table 3, Accident by explosion and fire (Units : Ea)
2005 2004 2003 2002 2001
Korea 62(13) | 65(10) | 84(7) | 78(11) | 86(11)
Japan 98(16) | 129(26) | 169(29) | 125(22) | 101(24)
England | 36(117) | 34(91) | 30(86) | 43(110) | 38(136)

() : CO toxication

and using oversize cooking utensils of 38cases(68%).
Then 20cases(34.5%) were because of careless keep-
ing and handling of butane cans.

Also, 10cases(26.3%) were explosion and fire
resulted from gas escape by poor setting of butane
cans. 16cases(80%) of careless keeping and handling
were explosion by rising of pressure proof, 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®.

The study on the damage range by the gas ex-
plosion such as flame behavior and safety of the gas
fire was preceded”'?, but it is insufficient to calculate
the damage distance for provision of the accident
which can be occurred by unsuitable treat of butane
cans. Therefore, this study is to provide the damage
distance of gas explosion against the accidents happened
by improper handling of butane cans and to be used
as a basic data for setting up the boundary range of
collecting place of butane cans.

BHEQIHSISIX], R227 M4, 20071
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2. Theory and Computation Method
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Fig. 1. 3 elements of fire,

The gas explosion can be divided into the explo-
sion in a sealed space and the explosion in an open
space, and the pressure which is made by the gas
explosion can cause the damage to humans and struc-
tures. Also, the explosion can be advanced to a fire
and an accident such as BLEVE™'".

The gas explosion is seriously influenced by the
explosion pressure, and the variables are fuel, kinds
of oxidizer, the concentration and size of vapor cloud,
the ignition spot, the strength of ignition source, the
size, place, and type of vent, the surrounding obsta-
cles, the method to make the smallest damage and so
01’1]8-20).

Also, the gas explosion accident turns into a fire,
and the damage by this flame is very serious®’,

Like Fig. 1, a fire cannot occur although one of
three elements is excluded as a triangle cannot be
made without one side.

Classification of fire is very important for extin-
guishment. The level of fire is set based on the kind
and nature of flammable materials of the elements
that makes fire. Korea divides the level of fire into
A, B, C, D and E like America and Japan. However
it is classified roughly into A, B and C by the fre-
quency of fire generation, and it is generally used.
Table 4 is the classification of fire of Korea, America,
Japan and German based on the flammable materials
which make combustion at fire.

Korea usually follows the regulations of America.
Proper extinguishing method should be chosen accor-
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Table 4, Classification of country fire

Grade of fire Korea/Japan America Germany
A General combustibles of S:sch Such as Left
(General fire) wood, paper, textile etc] o
B 0il (combustibility S:;“ Such a5 L
(Oil fire) liquid inclusion) eft
Such Gas
(Electr(i:c fire) Electric as (compression,
' left fiquid)
D
{Metal fire) Metal - Such as left
E Gas Such _
(Gas fire) | (compression, liquid) l:ii Electric

ding to the above classification of fire. If it is not
followed, more dangerous accident can be happened.
The damage of radiant heat by the fire is serious,

and the formula of the radiant heat is as follows™ >,

2.1. Calculating the size of fireball

D/ireball = 5'8><]”ﬁrebaul/3 O]

Dprepan :© The largest diameter of fireball(m)
Mrepan  Early leaking amount of flammable liquid(kg)

22. Caleulating the continuance time of a flame
045X M, o '? @

Utivebatl =

tireban = Continuance time of a flame(second)

2.3. Calculating the height of the center of
fireball

Hypopar = 075X Dpy 0 3

Hgreran © The height of the center of fireball(m)

24. Calculating atmospheric transmissivity

T,= 202(P, xXg) 0¥ @
Py, = BHXPE, 4, &)
112

Py o= 0.0060298 % P, (6)
1 1
X _
exp{5407( 27315 T, )}

T, : Permeation degree(Dimensionless)
X; : The distance from the surface of fireball to the

damaged point(m)

D,

fireball
Xg= \/(Hfirebazz2 +Lfireball2) T @)

Pyaer : Steam pressure of water(Pa)

7o : Temperature of atmosphere(K)

RH : Relative humidity(%o)

P, : Pressure of atmosphere(Pa)

Lgreran : The horizontal distance from the center of
fireball to the damaged point(m)

2.5. Calculating radiation energy of surface

_ X A[fireball ><f[C'

E= 2
3.14% sz'reball x tfz'reball

®

E : Radiation energy of surface(kJ/m2 )|

R : Radiation ratio of combustion heat(Dimension-
less) 0.4(The case that a container or a pipe breaks
at over the set pressure of pressure radiation
equipment)

H, : Genuine combustion calory(kJ/kg)

2.6. Calculating view factor

D,
Lyiretan X (#)2
Fy,= )

2
(2Lfireball + 2Hfirebau) :

2.7. Calculating radiation
iretan = T XEXF, (10)

Qpebar : Radiation at a certain point(kW/m®)
2.8. Probit analyze

The human injury degree by the heat radiation is
calculated with the exposure time to the flame, the

Journal of the KOSOS, Vol. 22, No. 4, 2007
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size of the radiant heat and the probit analyze model
formula®*®.

(1) In the case of first-degree burn

P =—39.83+3.0186an(tQ%)J (11

(2) In the case of second degree burn

P = 43.14+3.0186{Ln(t62%)] (12)

(3) In case of death caused fire

P = 36.38+2.56[Ln(tQ%)] (13)

P, = Probability value(Probit value)
t = The time of exposurefsec]
Q = Intensity of radiant heat{W/m2]

3. Estimate of damage and Results

According to API521 and World bank, the criterion
of the effect of radiant heat is as Table 5, 6.

Table 5. Time of feeling an ache(API521)

Intensity of radiant heat i
5 3 Time that begin to sting (sec)
(Btu/fthr) (kW/m")
500 1.6 60
740 23 40
920 29 30
1500 4.7 16
2200 6.9 9
3000 9.5 6
3700 11.7 4
6300 19.9 2

Table 6, The effect of radiant heat(Word bank)

Intensity of radiant heat
> 5 Effect
(Btw/ft'hr) (kW/m®)
11900 375 Equipment and facilities are damaged.
7900 25 If it is exposed for a long time, a wood
is caught fire by the minimum energy.
4000 12.5 The minimum energy which is enough for
ignition of a wood or a plastic tube.
3000 9.5 Feel a severe pain 8 seconds later and
got burnt of the second degree 20 seconds
later.
1300 4 If it is not protected in 20 seconds, an
ache is felt and the skin is swollen.
500 1.6 If it is exposed for a long time, dis-
comfort is felt.

EEoINEE|X|, 223 M4Z, 20074

Table 7. Related value of fireball
M(g) D(m) t(s) H(m)

34g 1.879 0.146 1.409

Table 8, Related value of CsHip
CsHio keal/kg kl/kg

90% 12341.88 51656.94

To predict the damage to humans, the numerical
value which comes out from the probit analyze
formula is applied to the formula (1), (2) and (3)
like Table 7.

For the calculation of the radiant heat of Table 9,
the numerical value which comes out from the for-
mula (1), (2) and (3) is applied to the formula (7),
and then we can get the distance from the surface of
the fuel intake to the damage spot.

At first, the temperature, air pressure and humidity
of the time when the fire occurs are applied to the
formula (6), and the result is applied to formula (5),
and the final value is applied to the formula (7) and
(4). Then, we can get the Permeation degree.

To get the surface radiant energy, the values of
the formula (1), (2), (3) and of the Table 8 are
applied to the formula (8).

Table 9, Calculated value of radiant heat

L(m) [Xs(m)| Puser | PPoar | 1 (kyn’fz g P (k“smz)
1 0.788 [3319.46| 253.61 | 1.25 | 434.04 |0.171126}] 94.14
2 1.507 |3319.46| 253.61 | 1.18 | 434.04 |0.120558 61.90
3 12.3751(3319.46| 253.61 | 1.14 | 434.04 [0.072727| 35.84
4 13.301(3319.46| 253.61 | 1.10 | 434.04 [0.046289 | 22.15
5 |4.255|3319.46| 253.61 | 1.08 | 434.04 (0.031483| 14.72
6 |5.224 (3319.46} 253.61 {1.06 | 434.04 1}0.022622| 10.39
7 (6201 (3319.46] 253.6]1 {1.04 | 434.04 {0.016972) 7.67
8 | 7.184|3319.46] 253.61 | 1.03 | 434.04 |0.013174; 5.88
9 | 8.170 (3319.46] 253.61 | 1.02 | 434.04 [0.010508| 4.63
10 |9.159 |3319.46| 253.61 | 1.01 | 434.04 |0.008570{ 3.74
15 |14.127{3319.46| 253.61 | 0.98 | 434.04 |0.003872| 1.63
20 [19.110{3319.46| 253.61 | 0.94 | 434.04 |0.002190| 0.89
25 124.10013319.46| 253.61 | 0.92 { 434.04 |0.001406| 0.56
30 129.094(3319.46| 253.61 1091 | 434.04 10.000977} 0.38
40 [39.085(3319.46{ 253.61 [ 0.88 | 434.04 [0.000551| 0.21

* temperature: 25.7, humidity: 76.4%, atmosphere: 752.6
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Fig, 2. Relation with probability value(probit) and percent,

Also, the value of visual factor is calculated by
applying the formula (1), (2) and (3) to the formula
9).

Finally, the human injury degree by the heat
radiation can get by applying the Permeation degree,
the radiant energy and the visual factor which come
out from the above to the formula (10) like Table 9.

The relationship between the probability value and
the percentage of the human injury degree by the
heat radiation is like Fig. 2°, and the calculated values
by using the formula (12), (13) and (14) to apply to
that are like Table 10.

Table 10, Probit value about distance of butane can weight
34glingredient of 10% propane and 90% butane)

Z(m) Possibility with a | Possibility with Possibility with
first degree burn | second degree burn | burnt to death
0.5 6.88457 3.57457 3237472
1 0.412828 -2.89717 -2.25105
2 -1.23165 -4.54165 -3.64569
3 -3.4306 -6.7406 -5.51057
4 -5.36838 -8.67838 -7.15395
5 -7.01173 -10.3217 -8.54763
6 -8.41636 -11.7264 -9.73887
7 -9.63503 -12.945 -10.7724
8 -10.7078 -14.0178 -11.6822
9 -11.6643 -14.9743 -12.4934
10 -12.5263 -15.8363 -13.2244
15 -15.8815 -19.1915 -16.0698
20 -18.2835 -21.5935 -18.1069
25 -20.153 -23.463 -19.6924
30 -21.683 -24.993 -20.99
40 -24.0998 -27.4098 -23.0396
114
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If the values of Table 10 are applied to Fig. 2, we
can get the damage type by the radiant heat. This
study researched the damage by the probit analyze
formula, but the value which we got from the probit
analyze formula was so small like Table 10 that we
judged the burned degree by the explosion of butane
cans would be little.

The probit analyze formula in about 50cm of the
distance length between the portable gas range which
is used to make food easily at restaurants and in the
field and the user was calculated with the interpola-
tion, and then we applied the result to Fig. 2, so the
damage probability by the first-degree burn was 97%,
by the second-degree bum was 8% and the death
probability by the fire was 4%.

We got the size of the fuel intake and the lasting
hour of the flame by the explosion of butane cans
by using the formula (1), (2) and (3), and the result
is like Fig. 3. According to Fig. 3, every value goes
up when the volume is increased.

40
35 —o—fimeball - ®- time -+ height e
3.0
E25 ,r/k/r
5
5 .
» 2.0
=l
g
E15 -
10 -
0.5
T e e e e e
0.0 : : - =
20 40 60 80 100 120 140 160 180 200 220
volume(g)
Fig. 3. Value for fireball,
3 —— 26,0, 760mHg. 70%
=1 —— 27.00. 760mHg, 70%
£ 28.0°C,760mHg, 70%
3 26.0C, 760miHg, 80% |
= — 26.0°C,760mHg, 90%
——26.0C,770mHg, 70% ;|
e 26,0°C, 780w Hg, 70%1[
—— 26,01, 770mHg, 80% |
27.0°C,780mHg, 90% 1
|
120 6 t 20 B 1 20 6 1 20 6 § 20
distance(m)

Fig. 4. State with temperature and humidity,
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Fig, 5. Radiant heat by distance.

Fig. 4 is the amount of the heat radiation by the
temperature and the humidity in the field of summer,
and we can see there is little effect by the tempe-
rature and the humidity by Fig. 5.

4. Conclusions and discussion

This study calculated the accident occurrence pro-
bability for the damage by the radiant heat by using
the probit analyze.

The following conclusion is come out through this
study.

1) The hour when a human feels a pain is 0.15
seconds which cannot be reached to the regulated
value of APIS21, so we judge it may be safe.

2) 9.5kW/m’ which is the regulation of Word bank
on the damage to the human body by the radiant
heat is 6m from the heat of fire, but the lasting hour
of the flame is so short that we judge it may be
safe.

3) According to the probit analyze, the spot which
is 50cm away from the flame has 97% of the damage
probability by the first-degree burn, 8% of the damage
probability by the second-degree burn and 4% of the
death probability by the fire.

The case which got burned by the fire of the
explosion of butane cans has appeared in succession
during these five years. Therefore, we think the mini-
mum distance length should be maintained to reduce
the damage by the heat of fire through the result of
this study. Also, we want to continue our research
and find out the damage range of safety accident by

SIROIRIBISIR|, K227 R4Z, 20074
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the flame based on the gas concentration and by the
splinters of the explosion through the experiments.
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