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Explosion characteristics of thermobaric explosive (TBX) detonated
inside a tunnel and the related influential factors
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Abstract: Multiple damage effects can be generated when thermobaric explosives (TBX) detonated inside a tunnel, posing
serious threats to people and equipment. Based on the explosion tests with different explosive masses, the explosion
characteristics of the TBX detonated inside a tunnel are investigated. The thermal effects of fireball and the propagation law of
the shock wave inside the tunnel are analyzed, the reduction degree of oxygen concentration is elucidated as well. Besides, the
constraint effect of the tunnel on the afterburning of aluminum powders and the explosive mass conditions for the formation of
afterburning effects at high intensity are discussed. It is shown that the radiation brightness of the fireball induced by the TBX
is higher than TNT, and the temperature peak of TBX fireball is 1.3 times higher than that of TNT. During the process of
fireball evolution, the temperature peak of the TBX fireball in the afterburning stage can increase by more than 10% compared

to the temperature peak at the moment when the fireball is just stable. Regarding the propagation law of shock waves, the TNT
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equivalent coefficients of the overpressure peak and positive pressure time are approximately 1.4 and 1.65, respectively. In
addition, the compressive waves generated by the afterburning of aluminum powders can provide various supplementary
effects on the propagation of shock wave. The compressive wave with quickly rising process can be benefit for the increase in
the pressure peak of the shock wave. In terms of the compressive wave with long duration and slow rising process, it can limit
the attenuation of the shock wave and can extend the overall positive pressure time. Due to the constraint effect of the tunnel,
the TBX fireball could interact with tunnel walls. As a consequence, the combustion intensity of aluminum powders will be
enhanced. When the ratio between the cubic root of the TBX mass and the equivalent tunnel diameter is greater than 0.28 kg'*/m,
the afterburning effect at high intensity will emerge.

Keywords: thermobaric explosive; explosion inside the tunnel; afterburning; damage element; restraint affect
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Explosion inside the tunnel entrance
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Fig. 1 Layout plan of tunnel experiment
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! TBX 1.0 TBX-1kg
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Fig. 2 Section and internal space of the tunnel
FH AL 1 AT, s YRR N A5 0 AR B E ST N A1~ A4, A6~ A8 F1 A10~A13 Il 5 ; i f
EAEAIA RV N T =BT 977 <11 M T et {2 1 = A | 202 G 2B B Ay 7 =BT 95 0 A WA 1 K VIR
G 27 00 315 25 A 4 i e 0 308 A A 03 11 46 39 m Ak, A () R B A5 TR AN A B AR BE N AL R A2
R R AR IRE AT B AE A2 R AL
i e 75 T . 8 PCB 2 | AR P2 ICP B 137B £ 51 28 SR S4B g (18 3 (a) ) I i
Frih 2, R+ Elsys 22 7] 42 7= ) Tran AX3 BUEHE RAE(E 3(b)), B RENE N 1 MHz.
PRI T, ZLAMEPLE 3(e)) IR EFR > 3000 °C, SREEAZR A 30 Hz, FH T WL Bk 2% iR
FEo A ALK BR RS o A ML (] 3(d) ) i 38 il B G s [B] | 375 R R B A ) 52 B, R4S i e K BRI BE
R0 ROBE A3 A BT AR B STk [20, 23] mhoG R I Y A ) R S B X G O, A5 v i A
HLE) BARSHOA . BEERTIR] 18 ps, YR £22, SRR 3000 Hz, 585152 )% RGB {H MK (0, 0, 0) i i
(256, 256, 256) %F W AR A 1500~ 1800 °C, T 1500 °C i & H s Jy S0, 25T 1800 °C W kM4 R

032301-3



5 44 % WERE, & GUENEBEAE T IR 2RO SRR PR R LERE

ST A TR R B s 2L OE LT RS IR & ERR N 4000 °C, SREMF N 1 MHz, REWS
R K ER R R I T g B . A 22 B4R 0.04 mm (9 S BB AL H, i R AR KT
1000 Hz, & 978 R AT LA F] 2000 °C, RERE 7EIE(E N 0.8 MPa DL 2 S wh s I 1 R 1IE % TAE
7~10 MK,

(b) Data acquisition (c) Infrared thermal camera (d) The high-speed camera

(e) The optical fiber probe (f) The thermocouple (g) The oxygen sensor
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Fig.3 Main measuring instruments and equipment
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Fig. 4 Fireball radiance (black background) and surface temperature of the fireball (blue background) at different moments
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Fig. 5 Size change of fireball with time Fig. 6 Change of white flame with time
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Fig. 8 Temperature inside the tunnel measured by thermocouple
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Fig. 9 Oxygen measurement of TBX-0.1kg, TBX-0.5kg, Fig. 10 Oxygen measurement of TBX-1kg and
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Fig. 11 Stress curves of air shock wave near the tunnel entrance
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