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Abstract: As a new type of tunnel,a double-arch tunnel is connected by two arches without a middle wall. And
too small a distance between them leads to a situation that the blasts in the subsequently excavated tunnel inevitably
affect the support structure and surrounding rock of the antecedently excavated tunnel. So, it is necessary to monitor
and control the blasting construction. Based on the Manla highway tunnel in Yunnan province, the blasting excavation

of the subsequently excavated tunnel is studied by combining field test data with numerical simulation results. Blast
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vibrations of the antecedently excavated tunnel wall were first monitored during the blasting construction of the subse-
quently excavated tunnel to analyze the corresponding propagation and attenuation laws. Then,a numerical model was
established to simulate the construction process of blasting excavation in the subsequently excavated tunnel,and the
attenuation law of vibration propagation calculated by the model is compared with the field measured data to ensure
the reliability and accuracy of the discrete element model. By analyzing the lining deformation and surrounding rock
damage caused by blasting excavation in the model , the stability of lining supporting structure and surrounding rock is
obtained. Based on the vibration propagation law and numerical simulation results,the maximum charge per delay for
the tunnel is proposed on the premise of ensuring the safety of supporting structure and surrounding rock. Under the
engineering conditions, it is suggested that the maximum charge per delay for the subsequently excavated tunnel
should not exceed 15 kg. The maximum allowable vibration velocity is determined by combining the maximum charge
per delay and vibration attenuation law,and the vibration velocity at the middle wall of the blasting side of the ante-
cedently excavated tunnel on the same plane of the blasting working face is no more than 22 cm/s. The safety control

method is reliable and effective in subsequent construction,which can provide reference for similar double-arch tun-

nel blasting excavation projects.
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(a) Layout of vibration monitoring points along tunnel axis

AR

BT B REIE , RIS S AT IR BRI OO, B 2
FEATIR A5 JE AR A i R — o7 B 4 R A i £
PSR ) A 10 e T (B X)) A 8 3 Sk 3l
I, B A WA RS A3 5O 1 m 1S my
3.5 mo BRI M 55 BE T 2P AT, 6 T BB IE
SEAT IR PRIk 0 A b di 00 B B RR TE AR 1. 8 mo
T SCAT I BB TE A 2 PO R 3 M 0 A i) [ 2
(a) FI(b) Frome WK1,

&1 RBHRS0EE SR

Table 1 Monitoring results of blasting vibration
- il -
KB, ST e UV s
G/ k ™ ‘ cg!
Zji/kg R/ m BB/ (em+s™)
1.0 6.79 9.79
10. 50 2 1.5 6.88 6.11
3 3.5 7.58 1.61
1.0 6.79 3.08
7.25 2 1.5 6.88 2.32
3.5 7.58 1.02
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(b) Site layout of monitoring points
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Fig. 2 Schematic of fixed monitoring points
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Fig. 3 Attenuation law of blasting vibration
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Fig. 4 Numerical model
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Fig. 5 Shock absorbing material arrangement
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Table 2 Physical and mechanical parameters of the rock
e 3 {H
I p/ (kg + m™) 2400
e £,/ GPa 18
IR G,/ GPa 9
THAA L 0.28
YRR o,/ MPa 35
PIHiRE o,/ MPa 0.6
FEEA ¢/° 35
K J1 C/MPa 1.66
YN/ (m - s7") 3560
FHJE /% 5.0
xR3 AATEERSY
Table 3 Physical and mechanical
parameters of the Rock joints
PIEE 3 {H
Bera W k,/(GPa » m™") 25.7
BIYIMIEE k/(GPa - m™") 11.6
RiE R C/MPa 0.5
PLPLEE o ./ MPa 0.11
FESE S o/° 15
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Fig. 7 Location of measurement point on tunnel section
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Fig. 8 Vibration velocity curve of 1# monitoring point
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(a) Deformation of tunnel support structure

when the charge per delay charge is 24.5kg
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(b) Deformation of tunnel support structure

when the charge per delay is 10.5 kg
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Fig. 9 Deformation and failure of tunnel lining
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Fig. 10 Distribution of surrounding rock damage zone
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The deformation and damage range of tunnel vary with the amount of explosive
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