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Dynamic Effect of Civil Air-defense Tunnel Induced
by Blasting of Undercrossing Subway Tunnel

ZHANG Xu ,ZHOU Chuan-bo ,JIANG Nan ,WU Ting-yao
(Faculty of Engineering , China University of Geosciences( Wuhan) , Wuhan 430074 ,China)

Abstract; The safety of adjacent existing tunnels under the effect of tunnel blasting is a key concern in blasting
construction. This paper takes the blasting excavation of the tunnel between Hongshan Road Station and Xiaohongs-
han Station interval of Wuhan Metro Line 8 as an example to study the dynamic effect of the upper existing civil air-
defense tunnel under the blasting action of the underlying subway tunnels. A finite-element numerical model of the
tunnel blasting was established by LS-DYNA ,and the reliability of the numerical model was verified by field vibration
monitoring data. Then,the dynamic response characteristics of the civil air-defense tunnel were studied. Field tests
and numerical simulation studies reveal that with the increase of the distance to blasting center,the peak particle ve-
locity(PPV) of the civil air-defense tunnel lining decreases gradually with the maximum PPV point located directly
above the explosive. The results show that the stability of the civil air-defense tunnel lining is controlled by tensile
stress. Specifically ,the main tensile stress of the tunnel floor and vault is in circumferential direction,and the main
tensile stress of side wall is in vertical direction. The most dangerous section of the lining structure is located above
the source of the explosion,and the most likely location of damage to this section is the foot of the arch facing the
blast. The damage mode is tensile failure from the inside to the outside. In addition, the safety threshold of vibration
velocity of the tunnel lining structure calculated by the ultimate tensile strength criterion is 14.9 em/s.
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Fig. 1 Position relationship between civil air defense

tunnel and subway section tunnel (unit;m)
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Fig. 4 Mesh of the numerical model (unit;m)
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Table 1 Parameters of explosive and its equation of state

p/(g+cem™) v/ (m-s™") p/GPa A/GPa B/GPa R, R, E,/GPa
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Table 2 Mechanical parameters of fill and clay

R p/(geem™) c¢/KPa G/MPa  ¢/rad

it 1.98 0.350 15 7.3 0.174
Kt 1.95 0.275 35 13.7  0.262
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Table 4 Mechanical parameters of concrete materials
p/(g+cem™) m o,/MPa  o/MPa E,/GPa
2.55 0.2 20.1 1.78 28
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Table 5 Field test and simulation velocity

measuring points statistics

PPV/(cm - s™") BUERERL B R/ %
W 1 7.36 7.64 3.8
W A 2 6.34 6.79 7.1
W 3 5.48 5.95 8.5
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Fig. 5 Numerical simulation and field test of

blasting vibration velocity curve
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Fig. 8 Field monitoring and numerical

simulation of fitted Sadowski curve
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Fig. 9 Sadowski fitting curve before and after

excavation area of left pilot tunnel
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