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Abstract: The rock mass joints can affect the propagation of explosive stress waves. The angle between their di-
rection and the surrounding holes and the relative position changes have different effects on the blasting effect. Based
on the attenuation law of stress waves at different jointed angles,a method was proposed for zoning the surrounding

holes of tunnel blasting in jointed rock masses. The parameters of the surrounding holes are optimized when the angle
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between the joint and the surrounding hole is 30°,60°,90° ,and 0° ( parallel) . The zoning layout method was valida-

ted by combining LS-PREPOST numerical simulation and on-site tests regarding rock damage depth and blasting vi-

bration speed. The results show that the rock mass’s damage depth and blasting vibration speed under the zoning ar-

rangement of surrounding holes are significantly better than that of the original layout plan of surrounding holes.

Based on the geological conditions of the research section of the Bayueshan Tunnel of the Tongliang Anyue Express-

way , the angles between the joints and the surrounding holes are set to 30°,60°,and 90° , respectively. The spacings

between the surrounding holes are set to 43 ¢m,50 ¢m,58 cm,and 60 cm when the joints parallel the surrounding

holes. The average over-excavation value can be controlled at 18cm after blasting, and the over-consumption of con-

crete is controlled within 100% per linear meter.
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Table 1 Static parameters of jointed slate at different angles

. EEp/  BHGRIE  BUEmE gebeReR
ARSI (kg -m™) f./MPa T/MPa E/GPa A
30 2762. 64 8.81 68.72 77.09 0.27
60 2746.28 5.94 34.43 45.49 0.22
90 2749.36 3.27 164. 44 108.77 0.25
BAE R RS o7 IR 2 0 5 (8 ) THE Y Iy 1Y L

SRR REREEAL

Kl 2 SHPB L &5
Fig. 2 SHPB test system

4334 0.15 MPa 0.2 MPa £ 0.3 MPa [y
SEXT 30°.60° .90° 5 B A A HEAT o b R 4 1k
LR 1| P ) AR v oy = o NI RS e WA Sl 787 NS 3
(BN SN 2 FioR o

xR2 BERAETHEEEARMERET
TIRHIUEE R 71 ( B4 : MPa)
Table 2 Peak stress of jointed rock samples at different

angles under different impact pressures ( unit: MPa)

iy S JE/MPa
THfR 0
FHEME 0.15 0.2 0.3
30 89.83 106. 12 138. 14
60 73.81 91.25 114.86
90 163.74 184.56 229.96
3 HESH

3.1 REEST

£ Er BRI IS0, 7R 1AL i 2 5
14 30°,60° 90° 4 J& s FL I B , 8137 R 2#FL4L
K2t B 1240 kg/m®, 433 4200m/s , K fL
BAR 42 mm, 25 EH A2 32 mm, LIBIA A 90° i), 5
HEIE R B K K 0. 409, B IHM H wy = 0. 8 =
0.2,b =pu,/(1 = p,) =0.25, B PHRE N
3.27 MPa, it 54 2B X P48 R =20. 1 em, K
P, =3.7774 GPa,P, =24.6 MPa, W|J&fLfLIE K
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FE M) SO PG I R E K R 20 803 BEAT Y

{7 AT T RS R BRI E p
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®3 ARTHEM A EIDTLEEE

Table 3 Contour hole spacing at different joint angles

REEZ (I 30° 60° 90°
MBI RBK 0. 490 0.440 0.409
JE LA/ cm 43 50 58

%54 LS-PREPOST #1473l 2 57 Jil i1 £L 73 IX
ATV S A T (JR A ALIRIEE [ E K 50 em) 175
PR VR T8 e — e B(E 3 A, an Rl 3 i
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AN XA, ANE 3 (b) FrzR o W r A B it
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Fig. 3 Three-dimensional model
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Fig. 4 Relationship between characteristic

equivalent stress and strain rate
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Table 4 Slate constitutive model parameters
BRI 158K SR SH Wiz IR 34
p 2755.3 kg + m ™’ A 0.4 D, 0.02 P, 11.48 MPa
f. 34.43 MPa B 0.632 D, 1.0 . 5.7x107*
G 10.26 GPa C 0. 000624 EFMIN 0.01 P, 2.0 GPa
T 5.94 MPa N 2.335 Fy 0.004 My 0.056
SFMAX 20.0 K, 39 GPa
EPSO 1.0 K, —-223 GPa
K, 550 GPa
(2) WAL 5 28 Bt

T HAP R A AR I 003 544 BHEL Y « MAT
_PLASTIC_KINEMATI, HHA S En 3 5 fis™

(3) M2 524

YELM R AR R AL L X 008 5 44 BHE AU + MAT
_HIGH _EXPLOSIVE _ BURN, H % 4 % % i % 6

RS TEMBERSH
Table 5 Basic parameters of joint materials
WEE R SRR 1/ B IR AR
(kg +m™?) GPa MPa GPa
2500 30 0.3 4 11.5
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Table 6 Basic parameters of emulsion explosive

B/ 3T
ik . " B A/GPa B/GPa R, R, &  E/GPa y
(kg-m™) (m-s")
1240 4200 214.4 0.182 4.2 0.9 0.15 4.192 1
x71 ZEEMREERSH
Table 7 Basic parameters of air materials
p/(kg+m™) G, C, G, C; C, Cs Cq E Vs
1290 0 0 0 0 0.4 0.4 0 2.5¢-6 1
(5) MRS S8 AR B R O R A DR L 2

PR B AR R R BEE 005 5 A4 BHEE « MAT_S
OIL_AND_FOAM, HAEAZH Nk 8 s>,

x8 MEMBEARSH

Table 8 Basic parameters of mortar material

p/(kg-mfz) E/GPa §
1 850 1.6e -4 0.3
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(a) Contour lines of damage depth for uniformly
distributed contour holes (D=50 cm)
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Fig. 5 Damage cloud map
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Fig. 6 Damage depth contour line
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Fig. 7 Peak vibration velocity curve
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Table 9 Average peak vibration velocity
PSS (B4R 2 3 B

JAnAL AR K1 X2 X¥k3 X4 XIS XEke X7

H1H 135 137 125 146 133 116 143
X H2d 98 98 84 91 92 86 100
Viih>a FH3A 69 66 59 64 63 62 70

a4 47 48 39 44 43 43 47

¥4 138 112 158 134 129 110 139

2 108 79 118 101 96 83 105

D =50 ¢cm .
3 H 79 59 85 73 71 59 75
Ha4H 60 44 64 54 53 41 57
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