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A Review of TNT Equivalent Method for Evaluating Explosion Energy
due to Gas Explosion

Sangki Kwon, Jung—Chan Park

Abstract Accidents related to gas explosion are frequently happened in foreign countries and in Korea. For the
evaluation and the analysis of gas explosions, TNT equivalent methods are used. In this study, the influence of
the selection of chemical equation in TNT explosion and the selection of enthalpy of the products on the explosion
energy, detonation pressure, velocity of detonation, and temperature was calculated. Depending on the chemical
equations, the maximum detonation pressure can be 2 times higher than the minimum. As an example for applying
TNT equivalent method, an explosion of methane gas in a confined volume was assumed. With the TNT equivalent,
it was possible to predict the variation of peak overpressure and impulse with the distance from the explosion
location.
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Table 1. TNT equivalent for different explosives(Singla et
al.,, 2015)
Explosives Sp ec(iEJc/k];r)lergy TNT equivalent
0,
Rxedta Ny |1 Li4g
RDX 5360 1.185
HMX 5680 1.256
NG 6700 1.481
TNT 4520 1.0
Explosive gelatine 4520 1.0
60% NG dynamite 2710 0.6
Semtex 5660 1.250
C4 6057 1.340
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(a) Pressure distributions in a typical blast wave (modified from Sochet, 2010)

(b) Typical profile of blast load

Fig. 1. Pressure distributions and Typical profile of blast load.



4 Ao 2 2

i= /tuHiP(t)dt 1))

=812 91 Fig. 1(b)9 2o] 424 el 7
slo] AMgB I Bk o] A9, YBAL Theut

= 0.5 x Ps x T (Pa-sec) 2)

4. TNT (Trinitrotoluene)

41 TNT &7 & EF
TNTE =< 3)skx}el Julius Wilbrando]] 23] 7|
FElon fdzTldes A dRR ARETTT
1900e] 238 Boko ApgE]7] Alslgick TNT
= toluulol=o] ua) FZolut ule] £7el]
ahio] A5e] Silo] Mon] The T Zof A=
oF A4 mlER st gol AREAL Qlrk TNT
AN S ATGEC R 2E] AMEY 53] FA
o Ag AREH Aft ks 308 ¥
o] it A5 ABRY A o] AHET
t} &, zdggo|n} =9tuka(hydraulic fracturmg)
o o3l AR Bl Yol ERTHeIMeE Ut
Fofl W3 mope. TNTE 7]Zs}o] 4%
el FASE BE Y 4 gk
TNTE Sagel ol o 7l Sk A
g}, Zopo] Eakele Uehy] 98] AMEEE RE
Algx(Relative Effectiveness factor)= St 2k
=9k A TNT tjjd] S99 7w H|S oulsic) %
ZOKANFO, 94%AN+6%F0)2] 79 0.740]1L Y
E2gelee Lsold, TNToR: Ha oyl &
a7} gkl QU] whel Akav) B Rl £
alo] AMgBH: A9 TNTRE AMgal Awct 28 =
& oA E A& 4 Ak ZHAN)T TNTE 24
Bl &R Z¢3 AmatolS AR HOFO R fo] AR
E3 QJ=d TNT 50%+AN50% 2 &3He Amatol 2
745 RE A== 091, TNT 80%+AN20%= S35
Amatol-2 1.19] RE A== ®3HCE =, TNTL} RE
A7 Fe 2olEoRS MAu|LZ F3kslH TNT
AAEE B 52 FEEe d& 4 Uk Table 2=
Ao FHEIL S TNTE F8 =45 4
sfo] HojaEal gl

LOHXIE F715t7| {18t TNT St Stidol ther &

Table 2. Material properties of TNT

Properties Value Comments
Chemical equation C7HsN306
Molecular weight 227.131g/mole
Density 1 .694g/cm3
Oxygen balance -74%
Strength 300cm’/10g | T z::td block
RE factor 1.0
Volume of explosion gas 835l/kg
Specific heat at 20C 1.38kJ/kg
VOD 6900m/sec
Impact sensitivity 15Nm insensitive
Friction sensitivity up to 353N insensitive
Critical diameter Smm steel sleeve test
Melting point 80.35C
Boiling point 295C

overpressure, Py)o|ch Fig. 22} Fig. 3-2 TNT 7]2A]
A7) Hslo] w2 Ziokent oEae] st
£ HogEr) ol 182 INTE AEHofA] ¥htg
Fe2 7 BAHE 1) Aol B4 BAHOR Fhi
(Z)= 7155 = TNTO W) 784133} 7]
FZAH Abole] AZR)E AREste] AT

R

ST ©

olg 1%L o]slé}oq A A Y | B A 1S A L)
ZASo|= TNT S712Re AARSE & gakA] 2o ua
A YIS A5 4 A =k Fig. 39
SHAFQIH 2(Scaled impulse, ipy,)olA YEX i S A

Ael Ao thea ek
1= lpyp VV;‘/\}T @

TNTO| 544 &8l flsf o2 714 574
HF Alo] AoFE|QITk. Brode (1955)% $HIAEE o]



107 10°
_ L H10°
e f <
o’ N o’

10°L 10’

L T PYIN, NPIIR W 11\

01 10 10 100 1000

z(mrkg'™)
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Fig. 3. Characteristics curve of scaled impulse vs. scaled

distance(Z') for TNT(ICE, 1994).
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Table 3. Enthalpies of the materials involved in TNT explosion(Sochet, 2010)

Enthalpy (kJ/mole)
Material
ASTM NASA Cooper (1996) Kinney (1985) Meyer (1987)

TNT -53.992 -54.4 -59.47
CO -110.541 -110.541 -110.523 -118.8 -110.6
CO; -393.296 -393.505 -393.512 - -303.8
H,O (gas) -241.8352 -241.835 -241.826 - -303.8
HO (liquid) - - -285.840 - -286.8

C 0 0 0 0 0

N, 0 0 0 0 0

Table 4. Moral heat capacity

of the materials produced from TNT explosion

Material Mor(aclall;ri?(tﬂ:é]gidty Material Mor(aclall;re;l(t) 1 :?E?City
H0 18 0, 5.0
CO 4.86 N,O 6.78
N 49 H, 4.86
€0 6.7 C 2.15
NO 49
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Table S. Calculated results of TNT explosion for different chemical equations

Detonation Borehole
. . Q Temperature | VOD
Method Chemical equation (kI/ke) mole of gas (C) (m/s) pressure pressure
£ (GPa) (GPa)
KW 15N, + 2.5H,0(]) +
rule 35C0 + 3.5C 4600 11 3269 6765 18.9 9.45
SR 1.5N, + H,O + 1.5H, +
rule 3C + 3CO + CO, 4213 11 3801 6466 17.3 8.65
Scilly 1.5N, + 2.5H,0 +
rule 525C + 1.75CO, 5940 11 4291 7677 24.4 12.2
K‘:J‘lzy 15N, + 2.5H, + C + 6CO| 2682 11 2879 5159 10.9 5.45
Average 4359 11 3560 6517 17.875 8.9375
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thet 22 AES Fall &2 5 Uth(Cooper, 1994).
a) Sand crush test

b) Trauzl test

¢) Ballistic mortar test

d) Plate dent test

e) Air blast test
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o) algkals ASTMOA AAIEH 2e AMESISIC.
sstubg Al
2CHNOg — 3Ns + SHyO() + 7C0 + 7C + Q
Q = 2(-54.4)-3x0 - 5x(-285.84) -7x(-110.5) o
-7x0 = 2092 KJ
=> 2092kJ/454g = 2.092MJ/454¢
= 4.6MJ/kg

mebrpse] Wi 20°C, 17]¢ 3loflA] 0.668kg/m’
ol Z7]9] Wi oF | 225kg/m’o|t}. WElr}A0l
—E Wi 16g/moleo] ™ Qleta] = -75kJ/moleo]c}. 3}
Rl ofal] A== B2 AAd AR 7geh

24
e

CHy (g) + 205(g) = COx(g) + 2H0(1) + Q

Q = 212kcal/mole = 13250kcal/kg (32)
= 55.6MJ/kg
webs] WY 71Z2oE kg9 uﬂEW}i% TNT

Sgeks SoluiAg Wk
o} 7kA EHRo] Ao wlRS ) efﬁc1ency factors
TEjsto] thg A1S Abgale] TNT S7hee AAke
o Qo). E3lea efficiency factor= 0.03 ~0.0427}
Z2 ARFETHEckhoff, 2005).

Oo 2~ 0
S

Q
(0.03 ~ 0.042) x My,
QT\ e

(33)

AT\T

7tz 571 ol Fu) vlER 5~15% ool
Qe W Eket 5 ek Table 62 7hAEaro] uHA)
s 7kasEe] WSS ol

L S T g T
30,000m’ 0 FLE Zio] ofshis wghzlAa0] Wake



10 JtAZdo| 12 BLUU|UXIZ FIKsh| I8t TNT Suter Strelof chat n&

Table 6. Minimum and maximum concentration of flammable gas for explosion in air (Zabetakis, 1965)

In air in Oxygen
Gas Lower bound Upper bound Lower bound Upper bound
volume % volume % volume % volume %
Ammonia 15 28 15 79
Butane 1.9 8.5 1.8 49
Carbon Monoxide 12.5 74 15.5 94
Gasoline 1.4 7.6
Hydrogen 4 75 4 94
Methane 5 15 5.1 61
Toluene
Natural gas 3.8-6.5 13-17
Coal gas 53 32 7 70
Oil gas 4.7 33
0.7
0.6
0.5
E
%, —+—Alonso Equation
E 04 —=-Brodo Equation
E =—Mills Equation
S 03 ~#—Newmark and Hansen Equation
z
=
2
0.2
0.1
0
0 10 20 30 40 50 60 70
Distance (m)

Fig. 4. Estimated peak overpressure using different equations for 5% CH4 concentration.

M, = 30,000m’ x (0.05~0.15) x 0.668kg/m’ = 508kg ~1526kg
1002 ~3006kg

whabA, efficiency factor7} 0.03¢1 7499} 0.04291  °183te] 7|2]o] whe =
7% TNT 7 ZFA4%F 4= Qltt. Fig. 49} Fig. 5= efficiency factor
= 0.03 & ARESE A9, 2 A4 oSSl wiE
Mt = 0.03 x (1002~3006kg) x (55.6/4.6) = 719 &7k 5%(363kg TNT)2} 15%(1090kg TNT)
363kg~1090kg Q1 79 HUetE BSE HojErh I FAolA

Mt = 0.042 x (1002~3006kg) x (55.6/4.6) =  10mE HlojUd 5% w=9] -9, ZEA ol whzt of
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Fig. 5. Estimated peak overpressure using different equations for 15% CHs concentration.
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Fig. 6. Estimated impulse using Alonso equation for 5%, 10% and 15% of CHs concentration.
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