36 1 Vol.36 No. 1
2015 1 Rock and Soil Mechanics Jan. 2015

DOI  10.16285/j.rsm.2015.01.011

()

1,2 1 1 1 3

1 430071
2, 300451 3. 450003
TU 457 A 1000 7598 (2015) 01 0083 06

Seismic shaking table test for large-scale underground cavern group ( ):
Proportioning test on similar materials of surrounding rock
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Abstract: This paper is based on the findings of shaking table test of underground caverns and the similarity principle. Proportioning
tests of similar materials of surrounding rock are performed by taking advantages of the combination of orthogonal experiment and
secondary refinement test. Iron ore powder, barite powder and quartz sand are the main materials. Gypsum powder is glue. Glycerin
is regulator. The density, compressive strength and deformation modulus of the similar materials are chosen as the four control
indicators in the orthogonal experiment. The importance of each factor is obtained using polar difference analysis method. The design
of the secondary refining experiment is decided with the orthogonal experiment results. Tensile strength is additionally tested in the
secondary refining experiment. The similar materials that satisfy the similar relationship can be developed efficiently with the
combining test methods. The variation between the proportion of similar material and the physical parameters and the efficient
method of combination test can offer a reference to model test of the similar project in which proportioning test of similar material is
also required.
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Table 1 Physico-mechanical parameters of prototype
and model materials

¢, ¢, / (glem®) / MPa / MPa / GPa
2.65 80.000 8.000 24.00
2.65 0533 0.053 0.16
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2.4 glem® 50 mm 100 mm Lo(3%)
[10 12] 9
4 36
4
[6]
3 Lo(3%
Table 3 Lg(3* orthogonal tests and results of
proportioning for similar materials
74 pm 44 um . ] - o £
420 840 um 3 /(g/cm®) /MPa [ MPa
1 1:1.0 15:100 2:100 0:100 316 027  95.18
2 1:1.0  20:100 7:100 2:100 311 040 3896
5 3 1:1.0 25:100 12:100 4:100 3.09 045  56.17
4 1:15 15:100 7:100 4:100 310 040  48.90
5 1:15  20:100 12:100 0:100 283 045 189.10
6 1:15 25:100 2:100 2:100 3.08 028  53.10
7 1:20 15:100 12:100 2:100 288 040 7264
8 1:20 20:100 2:100 4:100 3.08 036  41.07
9 1:20 25100 7:100 0:100 287 039 110.19
[13]
5.1
34= 81 Lg(34) E (o
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B
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D
(@ (b)
4 3 2 1
Fig.1 Uniaxial compressive test set up and tested samples
2 4
Table2 Level values of four influential factors
4
A B C D Le(3%)
1 1:1.0 15:100 2:100 0:100 53
1:15 20:100 7:100 2:100 )
1:2.0 25:100 12:100 4:100 53.1
2
3 3
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Fig.2 Effect of four factors on density

4
Table 4 Results of material density in orthogonal tests
/(glem®)
Ky K2 Ks R
A 3.12 3.00 2.94 0.18
B 3.05 3.01 3.01 0.04
C 31 3.03 2.93 0.18
D 2.95 3.02 3.09 0.14
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Fig.3 Effect of four factors on uniaxial
compressive strength

5

Table 5 Results of uniaxial compressive strength
in the orthogonal tests

/MPa
Ky Ko Ks R
A 0.374 0.375 0.386 0.012
B 0.357 0.404 0.374 0.047
C 0.305 0.397 0.434 0.129
D 0.372 0.361 0.403 0.042
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Fig.4 Effect of four factors on deformation modulus

6
Table 6 Results of deformation modulus in orthogonal tests
/MPa
Ki K K3 R
A 63.44 97.03 74.63 3359
B 72.24 89.71 73.15 17.47
c 63.12 66.02 105.97 42.85
D 131.49 54.90 48.71 82.78
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6 Fig.5 Indirect tension test
6.1 6.3
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Table 7 Mechanical indices of similar materials
1:1.5 : .
/g [(glem’) / kPa / kPa / MPa
176:264:66: 0:50  3.081 210 23 71.8
176:264:66:10:50  2.940 360 38 83.1
176:264:66:20:55  2.895 440 49 92.3
176:264:66:30:55  2.872 480 57 125.2
176:264:66:40:60  2.839 520 65 142.6
0.15:1 176:264:66:50:60  2.794 560 77 172.4
Elo, 176:264:66:60:60  2.771 610 85 182.7
1 Elo,~300
7
0 Eloo=35 0 60 210 kP
a
2%  Elo,~153 g
610 kPa 2.90 23 kPa
85 kPa 3.70 71.8 MPa
182.7 MPa 2.54
3.081 g/lem® 2.771 g/ cm®
60 g 10¢g 7
=176:264.66:50:60
6.2
8
8
Table 8 Comparisons of similar material parameters derived
60 mm with two different methods
60 mm
/ (glcm®) / kPa / kPa / MPa
2.650 80 000 8 000 24.0
7 28 2.650 533 53 160.0
2.794 560 77 1724

28
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