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[ ABSTRACT]

break, increase the construction speed and reduce the project investment, by taking Duanjiaping tunnel as an example, the

In order to improve the smooth blasting effect of horizontal rock tunnel, reduce the overbreak and under-

control of shaped charge blasting in tunnel excavation was studied by numerical simulation and field test. Numerical simula-
tion results show that vibration velocity and unit stress of surrounding rock particles on one side of the energy-accumulating
structure are greater than those on the other side of the non-energy-accumulating structure. Field tests show that the sur-
rounding eyeball shaped charge structure can better control the blasting formation of tunnels in horizontal sand and mudstone

strata. Most of the over-excavation was controlled within 15 ¢m, and the maximum over-excavation is reduced by 78.9% .
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Tab.1  Main parameters of explosive and state equation
p/(g-em™)  D/(m-s')  po/GPa A/GPa B/GPa R, R, w0 E/GPa
1.05 4018 18.5 216.7 0.184 4.2 0.9 0.15 4.192
k2 BasAik
Tab.2 Main parameters of sandstone
p/(g+em™) o E/GPa o/MPa E,/GPa € o,/MPa
2.6 0.32 3.8 42.68 2 3.5 2.15
k3 BARERLK
Tab.3 Main parameters of air
p/(g-em™) C, C E, vy
1.29 x107? -1x107° 0.4 2.5%x107° 1
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Tab.4 Main parameters of stemming

p/(g+cm™) E,./GPa K/GPa s

1.8 0.016 1.3 x10* 0.2

K1 REEREER
Fig. 1 Numerical model of shaped charge blasting
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Fig.2 Schematic diagram of the explosive charge
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Fig.4 Schematic diagram of node and cell location
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Fig.3  Stress nephogram of rock at different times
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Tab.6 Maximum stress of different elements

BEES/cm
El 6  rITi RN ) R B AR fk

A I EAST 3700* 3750* 3800 3850* 3900*
AR S1/GPa 0.42  0.19 0.18 0.13  0.07
B il 5z 1410 1360 1310 1260° 1210*
BAMS/GPa 0.22  0.19 0.09 0.06 0.04

Fig.6 Maximum stress change with distance of element
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Fig.5 Changes of maximum node vibration

velocity with distance
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Tab.7  Excavation blasting parameters for full section

JF5 JEIR 7> WA e B

JBIRTREE/m  AE2555H BflAZii ke AT /kg

1* FRR TR 20 1 3.5 Lk 1.8 90.0
2* PREHR 33 3 3.5 5L 1.8 59.4
3* LN 23 5 3.0 L 1.6 36.8
4* AR 29 7 3.0 bute 1.4 26.6
5* JAiR 44 9 3.0 (&)1 1.4 33.6
6" JEEAR IR 9 11 3.5 ] 2.0 18.0
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Fig.9  Schematic charge of control hole
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Fig.7 Tunnel excavation section profile (unit;cm)
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Fig. 11  Blasting shaping effect of surrounding

rock in site test

R PE R R VR FHREA TR ST, B R AT

1) SRAE L A — DAY Rl 19 A fie KA sl e 2 A
BATTRRN IR T AR BEST A —M . Bl 54524
HAUC RS AR A A B0 5 IR 5l R A BT
P/

2) A Y ) SR BB 2 24, R S AR b s ] %
T RO 2 TR AR, | 6 T A A0 47 o A 4 il 1
15 em LAA A0 JEURA K 8 7 58 T 14 i KR 47 il
T 78.9%

£ % X

(1] SREEEE IR 2 BRI B SAZ P HoAR 5 KR i g

EHRIBYTE R E MM D]. Jb st Jbatsgm Ko,
2013.
HAN P P. Study of the technology for controlling exces-
sive and insufficient excavation in tunnel with horizontal
layer and the set of auxiliary tunnel in the long tunnel
[D]. Beijing:Beijing Jiaotong University,2013.

(2] M. K- G 2 R W hT & Gl 22 4 DR T4 AR

WHFELD]. AR A1 FEERIE R, 2016.
LI S B. The technical research of safely and rapidly con-
struction on large section tunnel of horizontal gently in-
clined rock[ D]. Shi-jiazhuang: Shijiazhuang Tiedao Uni-
versity ,2016.

(3] XUMS, 45 iR BAC. BRIE A& 2 AL TE AL A5

DFELT]. BUCERIEH AR ,2015,52(3) :82-87.
LIU P, JI F, WEN S Y. Simulation study on the defor-
mation and failure mechanism of level rock in tunnels
[J]. Modern Tunnelling Technology, 2015,52(3) :82-
87.

(4] F K BBER, DA, KV J2 BRE B 2 I N B B
HAZECE T[] BRIE T2, 2018 ,35(4) :75-80.
WANG F, ZHAO X Y, MA H T. Analysis of the over-
breaking reason and reasonable overbreaking quantity in

the horizontal rock stratum tunnel[ J]. Journal of Railway

(5]

(6]

(7]

(8]

(9]

[10]

(1]

(12]

Engineering Society,2018,35(4) :75-80.
JEV R B TE KO 2 it T AR BEFE []. 1l ve a
34,2009,35(11) :139-141.
ZHOU Y C. Study on drilling dynamite of horizontal rock
in tunnel[ J]. Shanxi Architecture,2009,35 (11) :139-
141.
WRIE. BAZR Bk kBRI K 2 T HoR [ )], SRR IE
HiR ,2014,51(6) :142-147.
CHEN W. Construction techniques for a single-track rail-
way tunnel in a horizontal stratum[ J]. Modern Tunnel-
ling Technology ,2014,51(6) :142-147.
PR/ BN BRIE K R R T 2R S R[] B
TEEE,2012,32(S1) :45-49.
HOU X J. Comprehensive rapid construction technology
for Hengshan Tunnel in horizontal stratum[ J]. Tunnel
Construction 2012 ,32(S1) :45-49.
Tt T A b ARIAR] , S, U U S G
VR T R A A e S AR A ()] B ik
2012,32(6) :887-891.
FENG H B, JIANG W D, QU L L, et al. Over-break/
shortbreak control technology for and cost analysis on rock
tunnels constructed by drilling and blasting method ; case
study on tunnels on Jiujiang-Ruichang highway[J]. Tun-
nel Construction,2012,32(6) .887-891.
PUR SN & P L PN ST VN A S DS S A I ES N
[J]. # R 25 5 TR, 2007,3(8) 1 1468-1471.
LIU D, GAO W X, LIU M G. The cause of excessive or
insufficient excavation in tunnel construction and its con-
trol[ J]. Chinese Journal of Underground Space and Engi-
neering,2007,3(8) :1468-1471.
Mo, B3 WRET, A5F. BRI A 5 1 B
TN Z BB SEFR [T ], W MR 2 4 (R B o
B ,2008,38(3) :455-459.
XIAO Y H, WANG Q, CHEN ] P, et al. Relationship
among overbreak-underbreak of tunnel, joints and tunnel
axes|[ J]. Journal of Jilin University( Earth Science Edi-
tion) ,2008 ,38(3) :455-459.
FUE L DR B O B R A TR R [ ] R
JEHE,2007 (4) :55-56.
SHEN H Y. Controlled blasting technique used in high-
way large-span soft-rock tunnel[ J]. Railway Engineer-
ing,2007 (04 ) :55-56.
il KL, BB A AR, FF G2, il o) AR 5 2 25 5 i X
DAl ERFSE[ )], TR 2018,24(2) :1-7.
ZHONG Y P, XIONG Y L, QI Y J. Simulation study of
optimization on the axial uncoupling charging structure

[J]. Engineering Blasting,2018,24(2) :1-7.



