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Fig. 2 Design of blasting excavation and bolt arrangement of

surrounding rock at all levels (Unit: m)
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Tab. 1 Numerical model parameters
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Tab. 2 Calculated values of initial stress of surrounding

rock at various levels
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Fig. 5 Schematic diagram of on-site vibration monitoring
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Tab. 3 Comparison of field test and numerical simulation vibration of each level of surrounding rock
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0.53 0.6 13 0.61 0.67 9 0.63 0.7 11 0.42 0.47 11
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Tab.4 Numerical simulation parameters of equivalent grouting zone at different ages
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o./MPa 36.0 40.45 452 20.88  20.12  22.31 17.71 19.23  20.73 13.61 20.91 22.92
E./MPa 15.52 2843  53.59 8.96 16.33  30.63 7.25 13.31 25.15 6.56 11.93  22.27
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Fig. 17 Peak vibration distribution characteristics of bolts at

different ages
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Tab. 5 Safety judgment of anchor rods at different ages of surrounding rocks at various levels

- 7~28d 3~7d 0~3d
BEIF/KN B/ kN i E BEF/KN O BUE /KN e BEIF/KN BUfE /KN Hl

Il 110.5 85.75 NF 124.3 82.34 NF 110.5 80.42 NF

I 138.1 87.56 NF 155.4 86.54 NF 138.1 80.23 NF

v 165.7 86.34 INF 183.6 79.65 INF 165.7 58.47 NF

\ 82.4 88.56 KT 82.4 81.23 INTF 82.4 78.96 INF
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Dynamic response characteristics and safety control of mortar bolts
under the action of tunnel blasting excavation

ZHU Bin, ZHOU Chuan-bo, JIANG Nan
(Faculty of Engineering, China University of Geosciences, Wuhan 430074, China)

Abstract: Clarifying the dynamic response characteristics of mortar bolts under the action of tunnel blasting and excavation and en-
suring the safety and stability of the bolt support system is the key to the efficient construction and safe operation of the tunnel.
Based on the Longnan Tunnel’s surrounding rock blasting excavation engineering at all levels, using the dynamic finite element nu-
merical simulation software ANSYS/LS-DYNA, the dynamic finite element calculation models of mortar bolt blasting excavation
for different surrounding rock levels and different grouting ages are established and analyzed. The dynamic response characteristics
and failure mechanism of mortar bolts at various locations under the action of tunnel blasting. Studies have shown that during blast-
ing and excavation of surrounding rock at all levels, the vibration speed and axial force of the anchor rod on the tunnel vault are the
largest, and the end of the anchor rod is the most dangerous point. Along the tunnel axis, the vibration speed and axial force of the
anchor rod decay continuously as the blasting distance increases. The peak vibration velocity of the bolt at each part decreases with
the increase of the grouting age, the axial force will decrease with the increase of the grouting strength, and the sheer force will also
decrease. The axial force value of the dome anchor rod has a linear relationship with the peak vibration speed, and its surrounding
rock grade and age are related. According to the safety axial force of the bolt, the safe control vibration speed of the mortar bolt in

tunnel blasting excavation of different surrounding rock grades and different maintenance ages can be calculated.
Key words: tunnel blasting ;mortar bolt; grouting age ;dynamic response ; safety control
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