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Study on Influence of Charge Structure on
Contour Forming Effect of Hard Rock Tunnel

ZHANG Guang-hui' ,ZHANG Jia-tuo' ,WANG Yang® ,CHENG Yuan-long' ,JANG Hong-jie’ ,CHEN Ming’
(1. Luotian Pingyuan Pumped Storage Co. ,Ltd. of Hubei Energy Group , Huanggang 438000, China;
2. School of Water Resources and Hydropower, Wuhan University , Wuhan 430072 , China)

Abstract: The contour forming effect of a hard rock tunnel is of significant importance in enhancing the stability
of surrounding rock and reducing support costs. This paper aims to optimize the single-hole charge and charge struc-
ture for tunnel contour holes. The theoretical range of charge parameters for blasting contour holes in tunnels is pro-
posed initially. Subsequently, blasting tests were conducted on a hard rock tunnel using single-hole charges of
1200 g,900 g,750 g,and 600 g respectively,with all tunnel contours analyzed by a laser scanner. Finally,a fracture
mechanics model was employed to simulate the contour blasting of the hard rock tunnel with different single-hole
charges. The results indicate that when charging parameters are within a reasonable range , smaller single-hole charges
result in fewer cracks between blasting holes and less damage to the surrounding rock. Although decreasing the char-

ging amount from 1200 g to 600 g reduces over-excavation volume from 6.53 m’ to 2.02 m’ it also increases under-
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excavation volume caused by hole position error from 0. 15 m’ to 0. 26 m’ along the tunnel contour. Furthermore,

compared to the damage mechanics model ,the fracture mechanics model proves superior in simulating contour blas-

ting for hard rock tunnels as evidenced by good agreement between calculated results and experimental data regarding

half hole numbers on the tunnel’s contour.
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Table 1 Blasting parameters for peripheral holes in experiments

REILE IS5 RIEFLEASEH
Riegs LB LB/ Wit L SiBERs 3 oK AL Z5 S (AR
m mm Z/m A~ mm KJE/m KB /m i/ g i Ay
Blast_1 3.2 42 0.55 42 32 1.20 0.40 1200 b EBEs S A S
Blast_2 3.2 42 0.55 42 32 0.90 0.40 900 e Kb
Blast_3 3.2 42 0.55 42 32 0.75 0.40 750 Ay Beas R (Al
Blast_4 3.2 42 0.55 42 32 0.60 0.40 600 Ay B o SR
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Fig. 1 Blasting charge structure for peripheral holes
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Fig. 2 Blast holes and network for tunnel blasting
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(a) Results of tunnel contours based on the 3D laser scanning technology
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Fig. 4 Measured results of the tunnel contour excavated by blasting in tests
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Table 2 Comparison of the excavation results

of all four tunnel blasting experiments

RIS Blast_1 Blast 2 Blast 3 Blast_4
PEER /m - 3.03 3.07 2.97 2.89
THEERE/m® 210.58  207.15  193.53 195.17
BizEFA/m® 6.53 6.37 2.17 2.02
RIBER/m® 0,15 0.19 0.31 0.26

3 ARBFRAEREERIRREL

3.1 HETERR
SR R READ )5 35 0 WP 2Ll XM 22 47 A
R A rp B YT R SR iR B B R e i i
B, AN S BOREI 48 g i T SRR A
AR IR R A5 3 ) 2 R TR SR AR

FRTE SRR A PR A s AR, R, S5 A A
TCI X AR A TR WAl A AR 2% 4 A% . AL,
R T HER AR fof 2R FH T A e A R b T
TERE AR SOR WG 24 ) 2 A R SR B 54 48 AE ik h
PR GEMIF AL S R AL SR TR
TE Ay - 38 P B 50 S cohesive BRI 43, Horfr, co-
hesive 5170 1 PIAN -2 0 T B9 1 Y| cohesive
PATTAERIR b AN & 6 FiTs .

BEREEEEEEREN

30
AEEEEEEREEER

RN

AAAAAAAAAAAAAAAAAA

30

KSR e s W T S AR (A e m)

Fig. 5 Calculation model of tunnel contour blasting( unit:m)
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Table 3 Material parameters of rock for fracture mechanics model
HER WE/ wEsTR, R 1/ o PhrmpEE/ o
BB (kgome  GpaEEE TN e TUIUE ik
SR BUHE 2700. 00 69. 00 0.23 12.30 31.50 7.30 16.30
AR HiRS EERIE, DN, KR B PUpisRpz/  POARRR  BTUIA R
PAIEBEK GPa GPa MPa i MPa RiAE/%  RiAE/%
Bl 69.00 69. 00 12.30 31.50 5.90 0.27 0.31
x4 BFHFERGEEFRSH
Table 4 Material parameters of rock for damage mechanics model
W/ BUESREE/  BUROREE O PURMRE BTUIEE/ i e
(kg - m™) MPa HeBR e MeBR b GPa SR
RHT 2700. 00 174.00 0.70 0.40 12.60 0.011
ARER B ETLAL KA SRR S s e e
FR P o MOEE BiE R R
0.68 2.92 0.70 0.04 1.00 3.00
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(a) Loadings applied in the blast hol (b) Simplified blast loadings
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Fig. 7 Schematic diagram of simplified calculation model
x5 MEHREFEEXSH
Table 5 Parameters of explosive state equation
BR/ (kg - m™’) B VOD/(m-s™') A/GPa B/GPa R, R, w E,/GPa
1000 3800 209. 69 3.51 5.76 1.29 0.39 4.39
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(a) Calculated results based on the fracture mechanics model

Blast_2

(b) 455 S A AL 5 2

Damage
1.0

0.9:|
0.8
0.7-
0.6
0.5
0.4
0.3
0.2

0.1 :I

0.0~

(b) Calculated results based on the damage mechanics model
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Fig. 8 Calculation results of tunnel contour blasting calculated by different models
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Table 6 Comparison between calculation results

and observed results of half hole

RIS Blast_1 Blast_2 Blast_3 Blast_4
LR 7 11 29 32
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Fig. 9 Statistical method of tunnel blasting

half-hole in fracture model
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