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Optimization of Blasting Cut Method for Subway
Tunnel in Complex Urban Environment

LI Ting ,ZHOU Chuan-bo ,JIANG Nan ,LV Guo-peng
(College of Engineering,China University of Geosciences( Wuhan) , Wuhan 430074 , China)

Abstract:  Ground blasting vibration control is one of the key contents in the blasting construction of subway tun-
nels in complex urban environment, and cut blasting is the key to determine the blasting vibration intensity. Combined
with the actual project of the north extension line of WuHan Metro Line 7 ( Qianchuan Line) ,an optimization design
was carried out on the basis of the original blasting cut method. The numerical simulation and field vibration test veri-
fication methods were used to calculate and compare the blasting vibration effects of single wedge cutting, burn cut

with four holes and double wedge cutting. Then, the optimization method of cut blasting was proposed. The results

Iz #5 H 84 ( Date of reception) :2022 — 10 —28 M 4& & % H £A ( Published online) ;2023 - 12 - 10

EEB T2 151998 —) L M- AFoE AR, 52N G TR AN b E40 T A% )5 If A AIFSE , (E-mail ) liting@ cug. edu. en,
BIRAEE LI (1963 - ), B, 8 4%, FENFEA + TR TREN T A5, (E-mail) cbzhou@ cug. edu. cn,

E£WA : EHKARPEIL S % I H (41972286)

About the author . LI Ting( 1998 — ) ,female, master, mainly engaged in engineering blasting and underground construction engineering, ( E-mail )

liting@ cug. edu. cn.

Corresponding author :ZHOU Chuan-bo( 1963 — ) ,male, professor, mainly engaged in geotechnical engineering, engineering blasting, ( E-mail ) chzhou@

cug. edu. cn.
Fund Programs: The National Natural Science Foundation of China( No. 41972286 )



28

O

E/HH,TL%TE%HDEPJﬁﬁﬁﬁ%liﬂ‘]#&dﬂﬂﬂm%
158110 15,7 (0L J o
DX, SR FH B 0 SR B 42 o o 7= A IR Bl 80, 5 Tl i
T L (F) S i RS %
HEEF G R A R 24 (ERR IRz

B ST AR AN IR A T, Ml T s

show that single wedge cutting, burn cut and double wedge cutting have similar propagation rules of blast vibrations
along the axis of tunnel excavation. The peak vibration velocity along the x direction ( horizontal radial ) decreases
with the increase of the distance from the working face in the range of 0 ~ —5 m. When distance exceeds 5 m, the
peak vibration velocity increases first and then decreases. The excavated area of the upper bench of the left pilot tun-
nel has an amplification effect on the surface vibration velocity , which is referred as a “cavity effect”. The distribu-
tion of the x-direction ( horizontal radial) peak vibration velocity on the left and right sides of the tunnel is roughly
similar,and gradually decreases with the increase of the horizontal absolute distance from the origin along the direc-
tion perpendicular to the axis of tunnel excavation. The upper bench of the left pilot tunnel has a free face, which
makes the peak vibration velocity along the x direction ( horizontal radial) on the left side of the tunnel bigger than
that on the right side. Due to the delayed initiation, the peak vibration velocity along the x direction ( horizontal ra-
dial) by double wedge cut blasting is the minimum. The surface vibration velocity of the excavated area is 1.35 ~
2.02 times than that of the unexcavated area ahead during the tunnel blasting construction, due to the *cavity
effect”. Compared with other cutting methods , the “cavity effect” of the double wedge cutting is weaker. The compar-
ative analysis of blasting vibration intensity of the three kinds of cutting modes shows that the order of advantages and
disadvantages of the three kinds of cutting modes is:double wedge cutting > single wedge cutting > four straight hole
cutting.
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tunnel ; blast vibration; cut blasting; numerical simulation; cavity effect
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Table 1 Single wedge cut blasting parameter table

Bl @E‘L @?L £hifL Rt/ kg
A K WE/m oy B
1 e f 4 1.0 0.40 1.60
2 ey 6 0.7 0.15 0.90
3 HiBh 6 0.7 0.15 0.90
4 Liisgl] 10 0.7 0.15 1.05
5 B 13 0.7 0.15 1.95
6 B 14 0.7 0.15 2.10
7 Jiih 16 0.7 0.10 1.60
8 J&ih 10 0.7 0.10 1.00
IS 79 11.10
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Fig. 4 Single wedge hole cutting( unit;mm)
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Table 2 Model material parameters

Bk R W/ (g em ) WAPEREEL/GPa BYUIBIEL/GPa JARAHL  BUPIERSE/MPa
L+ 1.99 0.039 0.009 0.35 0.016
3 KUK UR T M 2.10 0.300 0.016 0.30 1.850
Hp RV TR T b 2.23 0.450 0.024 0.40 0.770
%o 7.85 205 6 0.20 235
e 0.85 0.18 x107° — 0.35 —
€30 2.60 0.003 0.015 0.30 1.43
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Table 3 Parameters related to the explosive equation of state
BREE(/g-em ) A/GPa R, R, o E/GPa V
1.25 214 4.2 0.9 0.15 4.19 1
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Table 4 Comparison of peak vibration velocity between field monitoring and numerical simulation

BRI (om - s ) B R ST/ (om - s ) Lk

B s Al < o cWh Al B2/%
#1 1.365 0.476 0.004 1.445 1.336 0.309 0.003 1.371 5.42
#2 1.079 0.214 0.002 1.100 0.967 0. 196 0. 002 0.987 11.49
#3 0.497 0.125 0.001 0.512 0.465 0.084 0.001 0.473 8.45
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