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Table 1. Looseness coefficient values for various types of soil [21]
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Fig. 1. Geometry and dimension of numerical model in FLAC3D software for numerical model validation
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Fig. 2. Timeline of exploition pressure
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Table 2. Studied soil properties [19]
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Table 3. Results of numerical model and Smith analysis method
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Fig. 3. Plot of maximum velocity and maximum pressure relative to distance from the point of exploition
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Table 4. The values of mechanical parameters in maintainance system in the basement space
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Fig. 4. Geometry and meshing of basement space in FLAC3D software
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Fig. 5. The created geometry in the numerical model for the distance of the structural crown from the
center of the explosion A)5, B)10, C)15, D)20, E)25, F)35 meters
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Fig. 6. Plot of the changes in maximum soil pressure on the tunnel maintenance system relative to the dis-
tance of the maintenance system from the combustion center
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Fig. 7. A) Cantour for explosion-displacement around the explosion B) Cantour for vertical displacement
of the maintenance structure
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Fig. 8. Plot of wall displacement and the crown of the tunnel maintenance system relative to the distance of
the maintenance system from the center of the explosion
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Fig. 9. Plot of wall velocity and the crown of the tunnel maintenance system particles relative to the dis-
tance of the maintenance system from the center of the explosion
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Fig. 10. Bending torque plot of the maintenance system relative to the distance of the maintenance system
from the center of the explosion
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Fig. 11. Axial force plot of the maintenance system relative to the distance of the maintenance system from
the center of the explosion
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Fig. 12. Axial force plot of the maintenance system relative to the distance of the maintenance system from
the center of the explosion
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Fig. 13. Geometry of numerical model to analyze the sensitivity of the effect of explosive sphere diameter
on the underground space maintenace system (D is the diameter of the explosive sphere)
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Fig. 14. The plot of maximum pressure of soil relative to the diameter of the explosive sphere
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Fig. 15. Plots of vertical and horizontal displacement of concrete in the crown and wall relative to the diameter of
the explosive sphere
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Fig. 16. Plots of vertical and horizontal velocities of concrete in the crown and wall relative to the diameter
of the explosive sphere
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Fig. 17. Flexural torque diagram in the crown and wall of tunnel relative to the diameter of the explosive sphere
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Fig. 18. The plot of axial force relative to the diameter of exploition sphere for wall and the crown of the tunnel
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Fig. 19. The plot of shear force relative to the diameter of exploition sphere for wall and the crown of the tunnel
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Fig. 20. The values of plate tension in the crown of the tunnel

FLAC3D 6.00 | 33

©2018 Itasca Consulting Group, Inc. 3.0 -

History 25

23 Stress-ZZ of Shell 4017 {nede 210%)

22 Stross.YY of Shell 4017 (node 2105)

vs. 1 dynamic total time 2.0 ‘
1.5
10 -
0.5

S0o | W/\/\/\/\/\/\M\,
. VATRTATAVAY
-1.0 -
15 ]
20 1
25 -
3.0
3.5 -

105

a

stress(]

—

100 200 300 400 500 600 700
Time(s) x10°-2

Figi 81923 33 (glasdo i walie YY) JSUS

Fig. 21. The values of plate tension in the tunnel wall
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