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Experimental Study on Material Selection for Blasting
Simulation of Rock Mass Surrounding Ultra-deep Shaft

YANG Xiao-lin ,XU Jie, CHU Huai-bao ,SUN Bo ,WANG Dong-hui ,
ZHANG Guang-ran,CHEN Lu-yang ,GUO Peng ,WANG Shao-hua
( College of Civil Engineering, Henan Polytechnic University , Jiaozuo 451003 , China)

Abstract; Researching blasting similar simulation materials for ultra-deep shaft surrounding
rock and conducting physical model tests are the basis for studying the dynamic response law of ul-
tra-deep shaft surrounding rock under blasting. This paper used the monzonitic granite in Xiling
subsidiary shaft of Sanshandao gold mine as the simulation object to prepare similar granite materi-
als. The iron ore powder and barite powder were selected as fine aggregates,the quartz sand was se-
lected as coarse aggregate ,the rosin alcohol solution was selected as binding material ,and the gyp-
sum was selected as adjusting material. The orthogonal design method was used to prepare the simu-
lation materials. The mechanical parameters of similar materials with different proportions were de-
termined ,and the sensitivity analysis of each influencing factor and the blasting test of the simulated

materials were carried out. The results show that the selected proportion can meet the requirements
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of indoor blasting model tests based on the specimens density, unaxial compressive strength and e-
lastic modulus. The proportion of fine aggregate in the total aggregate significantly affects the density
of the simulated materials. The binder concentration significantly affects the compressive strength,
tensile strength , elastic modulus and cohesion of the simulated materials. The proportion of gypsum
significantly affects the internal friction angle of the simulated materials. The peak strain value in

the model test block under high confining pressure is more significant as a whole,and the attenua-

tion rate of the peak strain gradually decreases with the distance increase.
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Table 1 Physical and mechanical parameters of similar materials of surrounding rock

. W/ PURSRE/ Ui, st . KR
AR (g-em™) MPa MPa GPa AR M/ MPa
5 B 2.61 150 14 50 0.23 47 40

2 AR R B
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Table 2 Similarity scale and target parameters

of mechanical parameters of similar materials

Yy 3 MR AR HMUERSH
R S, 1 2.61 g/cm’
PR S,=8,x%S8, 100 1.5 MPa
HPER Sp =5, %5, 100 500 MPa
P R4 £ S =1 1 47°
FiR Sp =S, xS, 100 0.4 MPa
TAFAH S, 1 0.23
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Table 3 Orthogonal design level of similar materials

A B c D
KA LanER, [k [AnTr/ [H/
BEE /% HEE /% W]/ % AR/ %
1 60 20 10.0 4
2 70 30 12.5 6
3 80 40 15.0 8

x4 HAUMBLRAR

Table 4 Similar material test scheme

BRI KT A/ % B/% C/% D/%
Rk 1 60 20 10.0 4
R 2 60 30 12.5 6
WL 3 60 40 15.0 8
W 4 70 20 12.5 8
R 5 70 30 15.0 4
Y 6 70 40 10.0 6
R 7 80 20 15.0 6
e 8 80 30 10.0 8
R 9 80 40 12.5 4
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Sample of similar material specimen

Fig. 1
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Table 5 Orthogonal test results of granite similar materials
\ W/ PURREE/  BhomEs SRR ki),
RIS o
BT (g+em™) MPa MPa MPa NSRS/ MPa
1 2.47 1.14 0.14 117.16 34.90 0.324
2 2.46 1.42 0.16 171. 46 33.57 0.364
3 2.47 1.50 0.19 247.75 32.25 0.403
4 2.48 1.23 0.14 149.67 29.73 0.371
5 2.48 1.63 0.22 223.82 35.36 0.381
6 2.49 1.06 0.12 146. 64 32.39 0.304
7 2.49 1.64 0.20 202.03 31.52 0.388
8 2.49 0.87 0.10 124.85 28.55 0.311
9 2.50 1.47 0.19 199.01 34.17 0.321
&6 HEXWBUMEYIENFSH
Table 6 The physical and mechanical parameters of the materials
W/ PURSMEE/  PUhismpE/ SR . KR/
i R/

R ) MPa MPa GPa CLL IS MPa
JE AR 2.61 150. 00 14.00 50.00 0.23 47.00 40.000
R TR 4 ) 2.47 1.50 0.19 0.25 0.22 32.25 0.403
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Table 7 Sensitivity analysis of specimen density

AR BB kst 425 5 PR3 BRI T 2
I3HT IR 8, C ) AR 2 Rk, X PR TR
RSG5 ST P 2%k P S
WKEVNEFE N :C>D > A > BT L € 5 Fit
PR 35 OB o B, D R T A LB

I K A B c D
1 2.467 2.480 2.483 2.483
2 2.484 2.477 2.480 2.480
3 2.493 2.487 2.480 2.480
e 22 0.026 0.01 0.003 0.003
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Table 8 Sensitivity analysis of compressive strength
IR A B c D
1 1.353 1.337 1.023 1.413
2 1.307 1.307 1.373 1.373
3 1.327 1.343 1.590 1.200
e 22 0.046 0.036 0.567 0.213
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Table 9 Sensitivity analysis of tensile strength

5K A B c D
1 0.163 0. 160 0.120 0.183
2 0. 160 0. 160 0.163 0. 160
3 0.163 0.167 0.203 0.143
W2 0.003 0. 006 0.083 0.039
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Table 10 Sensitivity analysis of elastic modulus

PR 7K S A B C D
1 178.790 156.287 129.550 178.790
2 173.377 173.377 173.380 173.377
3 175.297 197.800  224.533 175.297
e 2 5.413 41.513 94.983 6.620
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Table 11 Sensitivity analysis of internal friction angle

K A B C D
1 33.573 32.050 31.947 34.810
2 32.493 32.493 32.490 32.493
3 31.413 32.937 33.043 30.177
ez 2.16 0.88 1.10 4.64
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Table 12 Sensitivity analysis of cohesion

56 K A B C D
1 0.364 0.361 0.313 0.342
2 0.352 0.352 0.352 0.352
3 0.340 0.343 0.391 0.362
&= 0.022 0.018 0.078 0.02
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Fig. 2 High pressure gas impact test system
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Indoor model test pictures( unit:cm)
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Fig. 4 Fitting curve of strain peak attenuation
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