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Study on the Similarity Law of Explosion Shock Waves in Long Straight Tunnels

WANG Xinying,QIN Yi,ZHAO Ya, QI Hongli

( Shenyang Ligong University , Shenyang 110159 ,China)

Abstract; The similarity law of explosion shock waves in long straight tunnels is studied through
the variation of peak overpressure of shock waves after explosions. A simulation model of a long
straight tunnel is established using AUTODYN software ,and a mapping method is used to map the
explosion state of a 3. 25 kg equivalent spherical TNT explosive in the air to the long straight tun-
nel. The model is validated using classical experimental results. According to the principle of geo-
metric similarity , multiple different models are established by changing the size of the tunnel, the
cross-sectional shape of the tunnel , the position of the explosion point,and the explosive equivalent.
The peak overpressure of the explosion shock wave in the tunnel is simulated and calculated , and
the similarity law of the peak overpressure is analyzed. The results indicate that when keeping the
cross-sectional area of the tunnel unchanged,changing the cross-sectional shape ,and keeping the ra-
tio of the blast center distance to the explosive equivalent unchanged,as well as changing the explo-
sive equivalent,shock wave overpressure peaks calculated by any model are in similar patterns. The
method described here can be used to predict the parameters of explosion shock waves in other tun-
nels with geometric similarity , providing reference for the safety design of underground space facili-
ties.
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Fig.1 Model diagram of long straight tunnel
VTR A% /N BELT W AR 0 SRR IE , R
— AR Y T B4 B B R (R S SOk (14 ]
Henrych FSTHAEIEA T HLES, 255 WKl 2 FoR
HITET 2 AT UL ; B Co A A, A [R] 19 4% /)
RS 2 A 0 s R B — R, T B
TEA; WA K/NA 0.04 mm B THHZE R 5 K
KR/ 0.05 mm I AHZEAR DN, H A5 S THRE
A ZE AN, 25 R E A% 1N () B2 B3



%14 A

BA K B AR b AR ML AT R 67

R BEF RN A 0. 05 mm (14 o A e — 2 B G 452 741
PEAT R 7

301

. —a— BT
—o— FI#EA/N2 mm
B & FAA/N.S mm
T —v— PI#EKN0.1 mm
< 20 F —o— FI#EK/N0.05 mm
& \ < FI#A/N.04 mm
£
% 10
5 -

0.I2 0.I4 0.I6 0.I8 1.I0
H L BE/m

2 AEMEKNTIHEGRWEEEERTLE

Fig.2 Comparison of overpressure peak values

calculated under different grid sizes
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Table 1 Material parameters of the air
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Table 2 Material parameters of TNT

A/ B/ /
R, R, w P2
GPa GPa (grem™)
373.8 3.75 4.15 0.9  0.35 1.63
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Fig.3 Comparison of the simulation results and the

theoretical calculated values
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Table 3 Model parameters for different pit sizes

BOn S S HOK H B
/(mm x mm X mm)
1 18 000 x900 x 600 1
2 21 600 x 1 080 x 720 1.2
3 27 000 x 1 350 x900 1.5
4 36 000 x 1 800 x 1 200 2
5 45 000 x2 250 x 1 500 2.5
6 12 000 x 600 x 400 2/3
7 15 000 x 750 x 500 5/6
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Fig.4 Cloud map of shock wave pressure

after tunnel explosion of model 4
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Fig.5 Comparison of shock wave overpressure data

for different tunnel size models
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Table 4 Model parameters for different cross-sectional

dimensions of tunnels

A G5 RS/ (mm x mm)

8 1 500 x 1 440
9 2 000 x 1 080
10 2 400 x900
11 3 000 x 720
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Fig.6 Comparison of peak overpressure data for

models with different tunnel cross-sectional sizes
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Table 5 Model parameters for different explosion
point positions

HEAY it 5 e s Ko FE 57 E/mm
1 720 x 72 x 48 (3000,0,0)
12 720 x 72 x48 (3 000,100,0)
13 720 x 72 x 48 (3 000,100,100)
14 720 x 72 x 48 (3500,0,0)
15 720 x 72 x48 (3 500,100,0)
16 720 x 72 x 48 (3500,100,100)
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Fig.7 Comparison of overpressure peak data for

different explosion point location models
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Table 6 Different explosive equivalent model

parameters
BRI S  KE2 it/ kg RO HE/mm KL E/mm
17 4. 875 1 000 (3 000,0,0)
18 6. 500 1 000 (3 000,0,0)
19 13. 000 1 000 (3 000,0,0)
20 32.500 1 000 (3 000,0,0)
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Fig.8 Comparison of overpressure peak data for

different explosive equivalent models
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