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Influence of altitude on the propagation of explosion shock waves
in a long straight tunnel
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Abstract: To effectively characterize the propagation characteristics of the explosion shock waves in tunnels at different
altitudes, nonlinear explicit dynamics finite element software AUTODYN and dimensional analysis were used to study the
influence of altitude on the propagation of explosion shock waves in long straight tunnels, and the influence characteristics of
high altitude environments on the propagation of shock waves in tunnels were explored. First of all, the accuracy of the
computational method was verified by comparing the peak overpressure and the time of overpressure rise of the small-scale
shock tube test and the numerical simulation at the same measurement point. Then based on the AUTODYN-2D Euler
symmetric algorithm and standard atmospheric parameters, the shock wave parameters of TNT explosion with 10 kg TNT
spherical charge explosion in a tunnel with a diameter of 2.5 m and a length of 40 m at altitudes from 0 to 4000 m were
computed, which were arranged with gauges with an axial interval of 2 m and a radial interval of 0.25 m, such as plane wave
formation distance, peak overpressure, shock wave front propagation velocity, impulse, etc. In the end, a polynomial theoretic
calculation model for shock wave peak overpressure in a tunnel at different altitudes was proposed with coefficients least-
squares fitted from numerical simulation data at sea level, and the variables were obtained by dimensional analysis and the

extended Sachs scaling law. The results show that, with the increase of altitude, the deviations between the propagation
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velocity of the explosion shock wave front and the radial parameters of the shock wave in the tunnel increases, the formation
distance of the plane wave increases, and the peak overpressure of the shock wave decreases. Within the altitude range of 0 to
4000 m, the average value of shock wave impulse decreases by about 0.91% for every 1000 m increase. By combining the
extended Sachs scaling law with dimensional analysis, a theoretical analysis model for calculating peak overpressure of shock
waves at different altitudes with no more than 10% deviation is derived, which can provide a theoretical basis for explosion
shock wave propagation in tunnels at high altitudes.

Keywords: altitude; tunnel; explosion shock wave; dimensional analysis; propagation property
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Fig. 1 Schematic diagram of experimental shock tube
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P/ (kg'm™) D/(m-s™) Pc/GPa E,/GPa A/GPa B/GPa R, R, w

1630 6930 21 6 374 3.75 4.15 0.9 0.35
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Table 2 Parameters of models for air

pl(kgm™) y T,/K cv/(Jkg K™Y e/dkg™)

1.225 1.4 288.2 717.6 2.068x10°
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Table 3 Parameters of models for 4340 steel

P/ (kgm™) a/MPa b/MPa n ¢ m £o/57! 6,/K 6/K K/GPa

7830 792 510 0.26 0.014 1.03 1 1793 288.2 159

A r 4 ol 4 8 (DR s 5 0 e b P A B0 4 D oA, S E RSB 4 SR RO Ve T . A& 4 oS,
BE TS ih 2516 il 2 1 SRS — 2, W e B8 T A9 31 3RE Ap,,,, S1XER(E Ap,,, 20901 103.7 Al

032201-4



544 &, S IR X ETE R R AR S LERE

96.5 kPa, 1% 25 21K 6.94%; M b THA (B (93T 3AE ¢, SIREAE 2., 575104 68.98 F1 66.79 us, R 24N
3.17%, HAEFRAFELT ] ¢ W) G A 30T, 3R WIASIT 5% 4237 A BUE THIAR RS R BB 5 A7 R S ADLT 18 P o I8 1)
TR

0.15

Numerical

Experimental

0.10

/

Ape=96.5 kPa

xxxxx

Ap/MPa

1..=66.79 us

2.8 3.0 3.2 3.4 3.6 3.8 4.0
t/ms

4 H R R L AR S IR A R L
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&l 6 e 5 FTom o AH AS 5 | A 1) ok g 0 {1 4000 0.819 61640x10°  262.15  1.881x10?
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Fig. 6 Overpressure-time curves with different grid sizes Fig. 7 Computation time with different grid sizes
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Table 5 Simulated results of shock wave parameters with different grid sizes
x=18m x=20m
% R~} /mm
t,/ms 51, /% Ap,/MPa Sapm 1% t,/ms 81, /% Ap,/MPa Sapm 1%
50%50 18.180 5.46 0.464 16.55 20.990 6.12 0.420 17.81
40x40 17.840 3.49 0.486 12.59 20.690 4.61 0.439 14.09
30x30 17.720 2.79 0.511 8.09 20.290 2.59 0.456 10.76
20%20 17.576 1.96 0.530 4.68 20.080 1.52 0.481 5.87
10x10 17.350 0.65 0.537 3.42 19.832 0.27 0.494 3.33
5%5 17.242 0.02 0.555 0.18 19.783 0.02 0.509 0.39
2x2 17.239 0.556 19.779 0.511
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Fig. 9 Peak overpressures at different altitudes
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Table 6 Plane wave formation distances at different altitudes
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