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Calculation of the TNT Equivalent Mass of the Possible
Explosion of CO, CH4, and CyHg

Minju Kim, Sangki Kwon

Abstract Gas explosion accidents are steadily being issued due to increased gas consumption in Korea and
foreign countries. To analyze the effects of these gas explosions, a TNT equivalent method is used. In this
study, the TNT equivalent was calculated in the event of an explosion due to the volume content in the
air of CO, CHy and GH,, the typical flammable gases emitted by coal. Also, the peak overpressure and
impulse variation with the distance from explosion point were compared and analyzed by gas using the
calculated equivalent value of TNT. The upper limit of the TNT equivalent for the three mixed gases is
up to five times larger than the other gases mixture. In addition, the peak overpressure and impulse, which
are factors of the TNT characteristic curve, are also increasing as the number of gases increases.

Key words Gas explosion, TNT equivalent, Peak overpressure curve, Flammable gas, Gas mixture
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Table 1. Data of combustible gases (298K, latm) (ASTM, 2001)

G Molecular weight Heat of formation Density Explosion range (% in volume)
ases
(g/mol) (kJ/mol) (kg/m’) low High
Butane C4Hjo 58.12 -2877 2.48 1.8 8.4
Propane C;Hg 44.1 -119.8 1.83 2.1 9.5
Ethane C,H, 30.07 -83.7 1.282 3 12.5
Acetylene C,H, 26.04 226.73 1.098 2.5 81
H, 1 0 0.07 4 75
NH; 17.03 -46.11 0.771 15 28
Table 2. Data for possible explosions (ASTM, 2001)
Explosion range
Molecular weigh Heat of formation Density o) :
Gases 3 (% in volume)
(g/mol) (kJ/mol) (kg/m”) -
low high
CHg4 16 -75 0.668 5 15
CO 28 -110.5 1.145 12.4 74.2
Sources
C,H,4 28. 52.26 1.26 2.7 36
0, 32 0 1.43
CO, 44 -393.5 1.96
Products
H,O (g) 18 -241.82
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Table 3. TNT equivalent of gas and air mixture

Gas Chemical formula TNT Equivalence (kg)
CH.(g)+204(g) —CO; (2)+2H,0(g)+AH
CH,4 (9720:(8) O (22O AT 0.012V ~ 0.030V
AH; = 50 Ml/kg
2C0(g)+0x(g) — 2COx(g)+AH
co (2)+0(g) 2(2) £ 0,043V ~ 0.057V
AH = 10.1 M/kg
2C,Hy(g)+50x(g) —4CO(g)+2H:0(g)+ A H
CoH, Hilg)r30:(e) (g 2H0(g)+ A Hr 0.0092V ~ 0.12V
AH; = 42.67 MI/kg
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Table 4. Explosion range of 2 mixed explosive gases

Gas mixture Gas volume percentage
Gas name .
type in air (%)
CH, 0~20
CH4+CO
CO 0~80
CH,4 0~20
CH4+C2H4
CoHy 0~40
CO 0~70
CO+C,H,4
CoHy 0~30
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Table 5. Coefficients for peak overpressure (Swisdak, 1994)
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Z(m/kg"?) A B C D E
0.2-2.9 7.1206 -2.1069 -0.3229 0.1117 0.0685
2.9-23.8 7.5938 -3.0523 0.40977 0.0261 -0.01267
23.8-198.5 6.0536 -1.4066 0 0 0
Table 6. Coefficients for positive impulse (Swisdak, 1994)
Z(m/kg"?) A B C D E
0.2-0.96 5.522 1.117 0.6 -0.292 -0.087
0.96-2.38 5.465 -0.308 -1.464 -1.362 -0.432
2.38-33.7 5.2749 -0.4677 -0.2499 0.0588 -0.00554
33.7-158.7 5.9825 -1.062 0 0 0
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Table 7. Peak overpressure for each gas explosion cases at
distance of 10m

Gas Peak
mixture Gas mixture case overpressure

type (kPa)

CO 13% 5.1

1 gas CHj4 13% 9.5

C,Hy 13% 15.6

CH; + CO 20% 11.5

2 gas CO + CGHy 20% 16.3

CH,; + CoHs 20% 18.9

CH4 + CO + CH4 15% 12.8

3 gas CH4 + CO + CyH4 20% 17.4

CH4 + CO + C,H4 30% 21.2

Table 8. Impulse for each gas explosion cases at scaled
distance of 1m/kg'"

Gas
. . Impulse
mixture Gas mixture case
(kPa*sec)
type
CO 13% 1.6
1 gas CHy 13% 2.1
CHy 13% 2.7
CH; + CO 20% 2.3
2 gas CO + CH4 20% 2.7
CH; + CHy 20% 2.9
CH; + CO + CyHy 15% 2.4
3 gas CHy + CO + CyHs 20% 2.8
CHy + CO + C,Hs 30% 3.4
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