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(a) Reserved core soil method for step excavation (b) Single side drift method (left side drift)
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Fig. 4 Equivalent load curves of blasting
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Table 1 Physical and mechanical parameters of surrounding rock

Rock grade Density/ (g'Cmf‘}) Elastic modulus/GPa Poisson’s ratio Yield strength/MPa Shear modulus/GPa

m 2.40 27.72 0.26 60 11.00
v 2.20 9.50 0.32 45 3.60
\% 2.10 4.08 0.36 36 1.50

N T RFEA I 277 A S AT T AR R S 2 A AL RRAE, Bt 736 2 Frzn i 6 Fh B E AN
I‘YEJO
x2 BERMIR

Table 2 Numerical simulation conditions

Case Excavation method Rock grade
1 Reserved core soil method for step excavation I\
2 Reserved core soil method for step excavation A
3 Single side drift method (left side drift) I
4 Single side drift method (left side drift) N
5 Single side drift method (right upper bench) m
6 Single side drift method (right upper bench) \
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Table 3 Comparison of vibration velocity results between numerical simulation and field tests

Monitoring Vi Yy
point Num./(cm-s™") Test/(cm-s ™) Error/% Num./(cm's™) Test/(cm-s ) Error/%
1 0.025 0.023 8.343 0.302 0.270 10.566
2 0.022 0.020 7.356 0.278 0.252 9.345
3 0.017 0.015 9.763 0.241 0.215 10.864
4 0.014 0.013 6.535 0.218 0.201 7.934
5 0.012 0.011 7.745 0.193 0.176 8.935
Monitoring Ve Ve
point Num./(cm-s ™) Test/(cm-s™) Error/% Num./(cm-s™") Test/(cm-s ) Error/%
1 1.279 1.155 9.687 1.605 1.399 12.854
2 1.057 0.933 11.742 1.236 1.103 10.745
3 0.887 0.809 8.738 0.974 0.879 9.734
4 0.796 0.723 9.176 0.867 0.786 9.246
5 0.709 0.634 10.646 0.777 0.694 10.745
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Fig. 7 Comparison of vibration waveforms between numerical simulation and field tests

3 ARFFHEZFHEEE R T EERANIFHENLFE

3.0 EFRIRTNIAENAFHE
VR EF &R B0 2k VR E s R 6, A 3R sh o 3528 (bR ik an & 8 T o

v/(10° cm's™) v/(10° cm's™)
1.654 2.261
1.488] 2.035]
1.323 1.809
1.158- 1.583-
0.992 1 1.357+
0.827 1.131
0.662 0.905
0.496 0.678
0.331 0.452
0.165 0.226
0 0
(a) =0 ms (b) =0.50 ms (c) =1.00 ms
v/(10° cm's™) v/(cm's™) v/(cm's™)
2.286 21.730 2.975
2.057] 19.560] 2.677]
1.829 17.380 2.380
1.600- 15.210- 2.082-
1.371+ 13.040 1.785+
1.143 10.860 1.487
0.914 8.692 1.190
0.686 6.519 0.892
0.457 4.346 0.595
0.229 2.173 0.298
0 0 0
(d) =7.50 ms (e) =23.50 ms
v/(cms™) v/(cm's™) v/(cm's™)
2.105 1.004 0.485
1.895] 0.904] 0.436]
1.684 0.803 0.388
1.474- 0.703 -+ 0.339-
1.263+ 0.603 0.291+
1.053 0.502 0.243
0.842 0.402 0.194
0.632 0.301 0.146
0.421 0.201 0.097
0.211 0.101 0.049
0 0 0

(g) =82.25 ms

(h) t=14.25 ms
K8 HiREAZEL=E

Fig. 8 Cloud maps of resultant vibration velocity
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Fig. 11 Relationship between the v, and explosion source distance under reserved core soil method for step excavation
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Fig. 12 Relationship between the v, and explosion source distance under single side drift method (left side drift)
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Fig. 13 Relationships between the v, and explosion source distance
under single side drift method (right upper bench)
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Table 4 Influence factors of blasting vibration velocity and their dimensions
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Table 5 Safety distance for different protection objects

Safety distance/m

Excavation method Rock grade — — -
Gas pipeline Building Temple Oil depot
Reserved core soil method v 58 74 224 71
for step excavation \Y% 95 81 447 73
Single side drift method It 40 71 70 71
(left side drift) A% 36 7 327 71
Single side drift method Ul 41 71 153 71
(right upper bench) A% 42 71 133 71
5 & »
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Propagation Laws and Prediction of Blasting Vibration in Mountain
Highway Tunnels with Multi-Level Surrounding Rock

HUANG Jian', JIANG Nan®*, YANG Yumin**

(1. The Fifth Construction Co. Ltd. of CCCC Fouth Harbor Engineering Co., Ltd., Fuzhou 350008, Fujian, China,
2. State Key Laboratory of Precision Blasting, Jianghan University, Wuhan 430056, Hubei, China;
3. Faculty of Engineering, China University of Geosciences (Wuhan), Wuhan 430074, Hubei, China)

Abstract: To achieve vibration control in tunnel blasting under complex geological conditions, clarifying

the propagation laws of blasting velocities and accurately predicting blasting velocities are crucial aspects of

safe blasting construction. Based on the multi-level surrounding rock and multi-scheme blasting engineering

of the Houyu tunnel on the expressway, LS-DYNA was used to analyze the vibration attenuation characteris-
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tics of multi-level surrounding rock under various blasting methods. Field tests were conducted to validate
the rationality of the numerical simulations. Finally, a velocity prediction model considering the influence of
elevation differences was established by dimensional theory. The results show that as the blast center
distance increases, the resultant velocity decays rapidly at first and then more slowly. The velocity of the
surrounding rock above the tunnel in the excavated area is greater than that in the unexcavated area. There is
a negative correlation between the strength grade of rock and the vibration velocity. The resultant velocities
of the surrounding rock, from largest to smallest, are as follows: the reserved core soil method for step
excavation, the single side drift method with right upper bench, and the single side drift method with left side
drift. The attenuation rates of the resultant velocities, from largest to smallest, are as follows: the single side
drift method with right upper bench, the reserved core soil method for step excavation, and the single side
drift method with left side drift. When using the reserved core soil method for step excavation, the minimum
safety distances for buried pipelines, building clusters, temples, and oil depots are 95, 81, 447 and 73 m,
respectively. When using the single side drift method, the minimum safety distances for buried pipelines,
building clusters, temples, and oil depots are 56, 72, 327 and 71 m, respectively.

Keywords: tunnel blasting; blasting method; surrounding rock level; vibration attenuation; vibration speed
prediction
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