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Table 1 Dimensions and values of on-the-site physical quantities in model test

5 5 E s L el Hfe
1 Q FE2 kg M —
2 v A 25 % m/s LT ! 4000
3 o K2 % kg/m? ML ~? 1200
4 E R e m L 0. 045
5 h B K m L 0. 90
6 0 A kg/m’ ML * 2800
7 AT YN m/s LT 4000
8 4 AT E N/m’ ML T2 1X10°
9 L A RS GE ) m L 1.00
10 D A Y ST B B m L 0. 30
11 H HAHR m L —
12 0 R E kg/m® ML~ 2600
13 Ve R D m/s LT! 2400
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Table 2 Parameters and values of similarity law

ZH K ZHE L
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7 0. 045 AR 5 S o A 1) R H AR AR B
7 0.15 A 5 S 67 % A ) A8 00 R A AL L
g 0.143 S5 W0 AR 0 L AT Jit B A AR 8L L
75 0. 0052 YEZ9 14835 15 00 5 26 A0 9 BE I AR AL 1L
T 0.43 KE25 5 4 A 0 Uk B AR 4L L

7 1.8 HAASEFH R BB L L
T 62.8 B2 i 5 2R A AR L

0.68 cm A2 KR 13.5 e FEZGH 208 1000 kg/m* 38 3200 m/s; iRy 53. 2 MPa % J¥
2200 kg/m® JEH R 3382 m/s; LA )EARHERGIE AP 4100 t/(m® « o) AR, # E FED T, % B
1600 kg/m’, JE# 2562 m/s., AN FEHFEFESHSIMERN 6 mm, BREFEEHE RN 0.7 ¢, WERKERN
7 cm, T RS BRERAE [ R BRI 4.5 em.,
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25 B, AW A b R XA B S EOR IR B LA L, W2 3 R B S FEAE 2 200~
2300 kg/m® Z 8], B AE 3300~3500 m/s Z[a], #REEFL N 52. 0~55. 0 MPa,
£3 BELRBRES (kg/m®)

Table 3 Proportions of components in concrete sample (kg/m?®)

bR KR w WEA (5~10 mm)  #EA(10~20 mm)  BEK BRI E RO K 7K
C50 376 659 468 703 94 4.7 145
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Table 4 Charge weight of samples and fragmentation statistics

SFWEY Q/g D/ecm  ¢/(kg*m *) H/cm S 1 M @/ (kg * m ) SLIG PG

1-1 20 2. 00 5.93

1-2 11 4.50 3.26 0 S 56 FH K 3.26 1D 2 R I 2 g
1-3 8 5.54 2.37

2-1 12 4.63 3.56
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3-2 13 5.33 3.85 50 S FH K 4. 44 AR o Bl e b3 3
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42 17 4.28 5. 04 70 Tk 4.74 RERRL IR 2
=X
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gy B
5-2 18 4.09 5. 33 100 THIE 5. 04 RE LR VIR 3
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5-3 17 4.45 5. 04
6-1 22 3.78 6.52
620 40 i e 4
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Table 5 Explosive consumption in model experiment and on-the-tsite blasting

H,/m H;/m qp/(kg e m™*) H,/m H;/m o/ (kg + m™ )
0 0 3.26 0.7 4.9 4.74

0.3 2.1 3. 85 1.0 7.0 5.04

0.5 3.5 4. 44 1.5 10.5 5.93
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Table 6 Comparison of explosive consumption empirical formula in underwater explosion

Hh [ K I & 45 @x =qw 0. 01 Hy +0. 02H 4 +0. 03 Hy R K 2 B B B e

L, — HC s
HAKE 2 o { . C. OKEBIE)
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Table 7 Comparison of explosive consumption between results of Sweden empirical formula and fitting formula

q/(kg * m™*) q/(kg * m™*)

H/m 7 H/m 7
K5 Fii e 22 9 45X K (5 Fig M 28 3 A
0 1.10 3.39 3.39 15 1. 67 7.11 4. 26
5 1. 37 4.63 3.38 20 1. 82 8.25 4.53
10 1.52 5.87 3.86 25 1.97 9.59 4. 87

132 7 7 Hh B i 22 56 2% 34 HH B K 24 BRE /N TR B S G AT A0 K 24 TR 5T DRI 3 B TR O B
i 28 96 7% SO0F TR B B A LA LA 2R iz AR o, 5 TR A KT 30 em B ORI AECR . 160G
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fL.ENFLEAN 90 mm. AR HEERE R 60 mm WFLILKEL), 0 TWHUNEB IR, RALAN S ZH
FIVAE ] B 5 , LN BB T 22 0 S A A, M e % 1 Al vl R RS I B L B S R 2 R bR R A
AR, YL LA 1,
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Ry BIF 5 A TR S 56 A S5 B T AR ep g 07 AR T e AL B 5 NS AT T 51 2H e R IBURE 56 ik (A
2 7R BUS 45 2R 38 W] LR 0 J5 e B 8 43 B4 7E 30 em DAY,
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Fig. 1 Charge structure of blasting pretreatment Fig. 2 Rock fragmentations after blasting
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Table 8 Comparison of boulders driving parameters with those of normal section

P 1k Bt v/(mm * min ) {/min F/kN
A B 15.5 121 18739
1EH B 13.8 108 18035

M 8 Al LU, 4 85 IR 47 Be P 3 4 BE O 15,5 mm/min, IE F B B i i E N
13. 8 mm/min, P B 3 E 9 B2 22 SN s B A8 A B 1 4% sk 30 i E 6 8] 0 121 miin ., o 48 A B 1 24
PR Hi R 18] D 108 miin, P BEY- 42 4 25 41 2 INF 1) 26 5910 A K 5 R s A4 B P X 4 2 4 70 18 739 kN, IE
W BP P4 4 T3 18 035 kN, P B 1 A BRI EHE ) 25 AN R . IWE A PLAY 3 W i S HORF L I
A B 5 5 1E W B BEAR 22 JCL A B T AR R RUR
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(1) HRHJ A2 7Y S0 25 JRAS R /2 30 em B2 BEOR A AT 458 T il b R A K 24 SRR 2 0 A0 9% 1 PR A
M9 5.4~6.5 1%,

(2) W Zg v LUE AR FE )RR S g i i . L2 E e Rk 3 A5 R i
S0 Hb 3R R RT3 AR WA 2350k Ml S 7 AR B R R

(3) 7K R M 0 24 BRLRE 1 i L 22 36 0 SR S 0 45 R s 25 0K o D DRIAT o) e Al 5 B A SRR [
Pl AR LA B ]

(4) TG FH T TR L 15 T Ak 2B 2 A T A o) AR B B B AR R B R T4 T L O 25 R Sy KT
PR i ML 22 3 0 2 3. 4~4. 9 A% BT IR I T3S A A TR R IR BOR 1Y KE 25 SRR B IE A U R AR T
TR S o i) R[] s, Sy 288 AL TP O 24 BRLRE 1) 1 BRI T SRR TR AL S 0 (8 .
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Experiment of explosive consumption by blasting pretreated boulders

with overlying stratum of rock-soil

Zhang Qingbin'**, Yang Junsheng”, Wu Congshi', Zhang Xuemin®,
Liang Kuisheng®’, Liu Hongzhen', Fang Fenghua’
(1. School of Civil Engineering and Architecture , Changsha University
of Science and Technology, Changsha 410004, Hunan, China;
2. School of Civil Engineering , Central South University, Changsha 410075, Hunan, China;
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China Railway Tunnel Stock Co. , LTD, Taishan 529228, Guangdong, China;
4. China Railway Tunnel Group Research Institute, Luoyang 471009, Henan, China;
5. Yichang Part and Channel Administrative Bureau, Yichang 443000, Hubei, China)

Abstract: During the tunneling construction in hard granite strata utilizing shield machines, pretreat-
ment of boulders by blasting was commonly used to prevent the abrading cutter from serious damages
and reduce construction risks, but the explosive consumption was usually determined based on empiri-
cal formula, resulting in that the blasting effect was often far from satisfactory. In the present work,
aiming to meet the special requirement that rock fragments from the blasting should be less than 30
cm in practice, we investigate the explosive consumption using a model test of blasting. The results
show that the explosive consumption of land blasting is 5. 4-6. 5 times that of conventional blasting
when the requirement of rock fragmentation is satisfied; the explosive consumption increases linearly
with the depth of overlying stratum; and the explosive consumption of model test was 3. 4-4. 9 times
that of the empirical formula. Thus, the revised empirical formula is derived and proved valid based
on the on-the-site practice. The revised formula can serve as calculation basis and reference value for
similar projects of tunneling construction.

Key words: mechanics of explosion; explosive consumption; blasting; boulder; shield; pre-treatment;
model experiment
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