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Research on Layout Method of “Wedge Cut + High Energy Holes”
for Large Section Tunnels
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Abstract; For large cross-section tunnel blasting, the rock mass in the middle of the tunnel face often experi-
ences the phenomenon of “bulging” due to the unreasonable arrangement of the cutting holes. In order to eliminate
the “bulge belly” phenomenon in large cross-section tunnel blasting, a new method of “wedge cut + high-energy
hole” blast hole layout was proposed. Taking the Gonghe Village Tunnel of the Luqiao Expressway in Yunnan Prov-
ince as the engineering background,a numerical model of “wedge-shaped cut + high-energy hole” was established u-
sing finite element software LS-DYNA. The effective stress at the bottom of the blast hole and dynamic damage of the
rock mass were studied and compared with the on-site tunnel cut blasting plan. At the same time, the proposed new

method was verified through on-site blasting experiments. The research results indicate that the “wedge cut + high-
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energy hole” blasting hole layout method can effectively eliminate the “bulge” phenomenon, reduce the number of

cut holes and digital electronic detonators,and determine the rationality and applicability of this method. Besides, the

stress values generated by measuring points 1,2 ,and 3 at the bottom of the main cutting hole are relatively small. As

the stress sharply rises to 454.9 MPa,the middle-retained rock mass can be effectively broken after the main cutting

hole blasted with the high-energy hole explodes. Using the improved blasting method, the excavation efficiency in-

creased by 16.9% ,the average utilization rate of blast holes reached 91. 5% ,and the explosive consumption reduced

by 19.7%. The proposed layout method of “wedge-shaped cutting + high-energy holes” for large cross-section tun-

nels can not only ensure construction safety,but also achieve the effect of reducing costs and improving construction

efficiency.
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Fig. 2 Original blasthole layout diagram
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Table 1 Original borehole parameters
N (i) AL fiig JFLE R/ AL
) i FEL =
AR REME T e e m ARm gk
EGL K MS -1 0 6 57 42 3.00 7.2
EHE AL MS -3 30 10 65 42 4.50 27.0
MS -5 60 13 68 42 4.00 27.3
MS -7 90 8 71 42 4.00 16.8
L
MS -9 120 17 74 42 4.00 30.6
MS -11 150 19 90 42 4.00 28.5
JH AL MS -13 180 41 87 42 3.50 24.6

(=]

AL MS -15 210 8 87 42 4.00 24.
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Table 2 Improved borehole parameters

, (') P T L fisi gt ML E R/ JfL
J K J S R
LA IR L/ ms Mot Pz - FLIE/m kg
FRFsAL MS -1 0 10 65 42 4.50 27.0
R RETL MS -3 30 2 90 42 4.20 2.4
MS -3 30 10 68 42 4.00 21.0
MS -5 60 11 71 42 4.00 23.1
B L
MS -7 90 17 74 42 4.00 30.6
MS -9 120 19 90 42 4.00 28.5
JE AL MS - 11 150 41 87 42 3.50 24.6
JiEAL MS - 13 180 8 87 42 4.00 24.0
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Table 3 Parameter values of HJC model for limestone

o/(kg-m™>) G/GPa A B C N F./MPa  EPSO &, T/MPa S,

2654 7.65 0.31 1.74 0.017 0.76  105.82 1 0.01  8.03 15

Pc/GPa e PU/GPa D, D, K,/GPa  K,/GPa  K,/GPa Fs
0.035 2.7x107*  1.035  0.163  0.045 1 12 -197 573 -0.04
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Table 4 Statistics and comparison of blasting effects on upper steps
By PEFF R/ m JFLFI %/ % YEZjAE/ (kg - m ™)
D) T NS N N T N
L A N L = R v s L A SR I L A
1 3.15 3.75 78.7 93.7 0.91 0.74
2 3.20 3.55 80.0 88.7 0.89 0.78
3 3.05 3.65 76.2 91.2 0.93 0.76
4 3.15 3.80 78.7 95.0 0.91 0.73
5 3.10 3.55 77.5 88.7 0.92 0.78
SEI(E 3.13 3.66 78.2 91.5 0.91 0.76
. of the layout of wedge-shaped cutting holes in large cross-
6 it

DAFERIAS 55 38 R TR 5%, /00 T BUE $a A
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1) 3 A SCHRE H i < BUE P4 + S RE L M AL
ARV T, A Y R A T I B T e P A A B B
MG, HA R T FRE LR , B AR

2) R HIE R + mRefL” AL AR T Ik
SRS, EARAEFLCHR I AT 1.2 F0 3 7= AR N
BN, M Re LR KE 5, 0 ) 2R T, B A
iK% 454.9 MPa, ULH & REFLARXS E G FLIR B S
it B 04 T (RO B A AR T A OB

3) XTIV, SR el itk Ja M LA & 5 ik,
IR RCE 3. 66 m, i RCRIET T 16.9%,
S AL YRR IR E] 91. 5% 48T+ T 17% , KEZ
FEREAK 0. 15 kg - m ™ | FEIE T 19.7%
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