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Analysis of Explosion Energy related to the Cause of
Tianjin Explosion Accident in China

Sangki Kwon, Ha Yung Kim

Abstract On August 12, 2015, two huge explosions were accidently happened in Tianjin port, China. The explosion
energies of the two explosions were similar to those of TNT 3 tons and TNT 21 tons. Until now, the cause of
the explosions was not clearly announced but some guesses of the cause were released. One of the possible cause
of the explosion is the generation of explosive acetylene gas from the chemical reaction between CaCs and spraying
water to extinguish fire happened at the storage site of different chemical compounds. The explosion of acetylene
gas might ignite the explosion of 800 tons of ammonium nitrate. In this study, the explosion due to the scenario
was analyzed in order to check that such a chemical reaction can produce the huge explosion observed at the Tianjin
accident.
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Table 1. World explosion accidents without explosives after world war II

Year Location Source (TI\?Tm?E—?S{%*) Death toll

1947 uls EARRA (Ammoni/zz Nitrate) 7700ton 381

1947 ZA Brest gt AN 3300ton 22

1974 9= Flixborough Cyclohexane vapour 28

1978 279l Los Alfaques Prohylene 23ton 217

1983 Newark Oil 1

1984 WA Z, San Juanico LPG 11,000m’ 500

1988 u]= Henderson Ammonium perchlorate + natural gas &?x?gt()l%o:)tgl) 2

1994 =, Xingping AN 27.6ton 22

2001 el Toulouse AN (Tiﬁro}%(ffgﬁm) 31

2004 |91, Barracas AN 25ton 2

2004 Fulyo}, Buzau AN 20ton 18

2005 9=+ Hertforhertford Oil (TNT 29.5ton) 0

2007 WA F, Coahuila AN 22ton 37

2013 )=t "HALAZE West AN (TNT 7.5~10ton) 15




Table 2. Cases of domestic explosion accidents since 1994

Year Location Source Cause Death
1994 A& obal EAks w3 e g B 12
1995 | i AQlE Aok BARg EAks AR 101
1998 7A7] B4 LPG 44 LPG 34 2q Rpo 1
1998 HE QA ERIA AL LPG 24 34 " 1
2000 | A of% sAAUS R shokg 7} o2 om 6
2001 A o4 S AR B3 AR b R E 1
2003 A o4 AR 3R ogdl, 4, T2, Het RIS 1
2008 A5 A4 deeA AEsR HE=4A dERIH HE L& 2
2010 Ag WYTE CNG (Compressed Natural Gas) WA 7EAT SAF -
2013 5t dEE LPG =Y FHeR Q% A FE 2
2013 AR R R ) - - -
2014 A7) dyE e 3y graop w4 I
2014 A A =472 LPG A s 2
2014 AR x3 mAZ 7t Az 1
2015 e A dAE 3 iR 43 A4 £ 6

(b) After.

Fig. 1. Before and after the explosion at Teinjin port.
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Fig. 2. Damaged boundary by the Tianjin explosion.
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Fig. 3. Peak overpressure change with distance when TNT 3 tons and 21 tons were detonated.
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Fig. 4. Impulse change with distance when TNT 3 tons and 21 tons were detonated.

Table 3. Damage approximation related to air blast(modified from Kinney and Grahm, 1985)

Damage Overpressure (psi) Overpressure (KPa)
Typical window glass breakage 0.15-0.22 1.034-1.517
Minor damage to some buildings 0.5-1.1 3.447-7.58
Panels of sheet metal buckled 1.1-1.8 7.58-12.4
Failure of concrete block walls 1.8-2.9 12.4-20
Collapse of wood framed buildings Over 5 Over 34.4
Serious damage to steel framed buildings 4-7 27.5-48.2
Severe damage to reinforced concrete structures 6-9 41.3-62
Probable total destruction of most building 10-12 68.8-82.6
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Table 4. Properties of chemical compounds considered in this study

Chemical Molar weight Heat of formation Molar heat capacity Density
(g/mol) (kJ/mol) (cal/mol-K), constant volume (g/em’)
CaC, 64.1 -59.8 222
H>O 18 -241.8 (g) 7 1
Ca(OH), 74.093 -986.6 20.9 2.211
C:H» 26.037 227.4 791 1.097¢-3
NH4NO; 80 -365 1.12
CO; 44 -393.5 6.7 1.977
0, 32 0 5.0 1.429¢-3
H 2 0 4.86 0.0852¢-3
TNT 227.13 -54.4 58.15(*Cp) 1.654
CO 28 -110.5 4.86 1.25¢-3
N2 28 0 4.9 1.251e-3

*Cp : constant pressure.
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