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Research on similar material proportioning test of model test
based on orthogonal design
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Abstract:On the basis of previous research of similar material ,the weight ratio of iron ore powder plus barite powder
to aggregates, the weight ratio of iron ore powder to iron ore powder plus barite powder, adhesive concentration and
gypsum content were selected as four factors, and every factor had five variable levels. According to twenty five
schemes of material mixture ratio designed by orthogonal design method , laboratory uniaxial compression test, split test
and direct shear test were conducted. Physical and mechanical indexes of similar material such as unit weight, com-
pressive strength , tensile strength, elastic modulus, poisson ratio , internal friction angle and cohesion were obtained un-
der different material mixture ratios. The tests results show that physical and mechanical indexes of similar material va-
ry in a large range and can meet the needs for rock similar material in different physical model test of rock slope. The
sensitivity of every factor was analyzed by using extremum difference method. The results show that the weight ratio of
iron ore powder plus barite powder to aggregates has control effect on density and internal friction angle of the speci-
men ,and adhesive concentration has control effect on compressive strength , tensile strength , elastic modulus and cohe-
sion of the specimen. The relationship between factors and parameters of similar material were studied by direct analy-
sis charts of the factors affecting physical and mechanical indexes of the material.
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Table 1 Orthogonal design level of similar material

%

KOF - (BRBTE BB (B BN AESR

HEC A8/ ERE AR e (15 )
1 60 0 5 0
2 70 10 10 ’
3 80 20 15 4
5 100 40 25 3

R ESAR AED AT MENABTE R 1000 g, i
T ZEAG R 50 ¢
F2 HEEMRELE AR
Table 2 Test schemes of similar material %
X5 (BRpy+IE S BRM/ (B B4
HE Ak Bk EAAR)

1 60 0 5 0
2 60 10 10 2
3 60 20 15 4
4 60 30 20 6
5 60 40 25 8
6 70 0 10 4
7 70 10 15 6
8 70 20 20 8
9 70 30 25 0
10 70 40 5 2
11 80 0 15 8
12 80 10 20 0
13 80 20 25 2
14 80 30 5 4
15 80 40 10 6
16 90 0 20 2
17 90 10 25 4
18 90 20 5 6
19 90 30 10 8
20 90 40 15 0
21 100 0 25 6
22 100 10 5 8
23 100 20 10 0
24 100 30 15 2
25 100 40 20 4
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Table 3 Orthogonal experiment results of similar material ratio
R /(g em™)  PUEMREE/MPa BLHLsR B/ MPa P B/ MPa bEL/N A4 WEEREf/(°) iR J1/MPa

1 2.48 0. 260 0.021 38.137 0.21 30. 14 0.115

2 2.50 0. 853 0. 099 124. 460 0.12 34.82 0.294

3 2.47 1. 050 0.102 102. 940 0.15 39.29 0.369

4 2.40 1.334 0.123 193. 909 0.21 34.14 0.416

5 2.40 1. 496 0. 196 253.132 0.12 34.76 0.592

6 2.54 0.677 0.052 72.872 0.09 32.74 0.284

7 2.51 1.076 0. 094 138. 735 0.14 36.23 0. 396

8 2.48 1.238 0.120 177.707 0. 06 25.34 0. 536

9 2. 65 3.735 0.216 388. 415 0.20 28.30 0.711

10 2.61 0. 266 0.027 34.984 0.04 28. 66 0.203

11 2.52 0.727 0.075 144. 948 0.05 22.35 0. 430

12 2.72 1. 897 0.174 289. 777 0.23 32.47 0.530

13 2. 65 1.935 0.223 301. 302 0.13 31.00 0.574

14 2.65 0.238 0.022 82. 670 0.16 26.24 0.274

15 2.50 0.418 0. 044 120. 352 0.22 34.00 0. 165

16 2.78 1.310 0.122 262. 076 0.15 32.00 0.364

17 2.67 1. 865 0.133 212.958 0.07 30. 80 0. 401

18 2. 84 0. 226 0. 028 33.175 0. 06 22.56 0. 296

19 2.69 0. 668 0.037 196. 464 0.19 20. 00 0.311
20 2.83 1.283 0. 109 169. 621 0.13 32.72 0.170
21 2.75 1. 634 0.173 248.991 0.28 18.43 0. 442
22 2.65 0.177 0.023 42. 847 0.17 16. 68 0.302
23 2.91 0.758 0. 065 119. 047 0.20 29.99 0.252
24 2.79 0. 964 0. 075 215. 836 0.13 26. 58 0.280
25 2.88 1.217 0. 096 214. 209 0.13 24.46 0.290
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Table 4 Extremum difference analysis of density

g/m’

K- (Bky+3E BB/ (+ B HESRE
A WAk / gk ESAR) e (hE)

1 2.45 2.61 2.64 2.72

2 2.56 2.61 2.63 2.66

3 2.61 2.67 2.62 2.64

4 2.76 2.63 2.65 2. 60

5 2.80 2.65 2.62 2.55
2 0.35 0.06 0.03 0.17
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Fig. 1  Sensitivity analysis of the factors affecting density
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Table 5 Extremum difference analysis of compressive
strength MPa

KF (BRBy+E BB/ (Bk+ FZER
A Ak /R ERAOR) W (5 )

1 0. 999 0.922 0.233 1.587
2 1.398 1. 174 0.675 1. 066
3 1.043 1.041 1. 020 1. 009
4 1.070 1.388 1. 399 0.938
5 0. 950 0.936 2.133 0. 861
2 0. 448 0. 466 1. 900 0.725
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Fig. 2 Sensitivity analysis of the factors affecting
compressive strength
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Table 6 Extremum difference analysis of tensile strength

MPa
K (BRM+E B/ (Bk+ B AEEE
HH ek /ak \ERaB) W (B
1 0. 108 0. 089 0.024 0.117
2 0. 102 0. 105 0. 059 0. 109
3 0. 108 0. 107 0. 091 0. 081
4 0. 086 0. 094 0. 127 0. 092
5 0. 086 0. 094 0. 188 0. 090
W2 0. 023 0.019 0. 164 0. 036
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Fig. 3 Sensitivity analysis of the factors affecting tensile strength
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Table 7 Extremum difference analysis of elastic modulus
MPa

KF (BRI BB/ (B B4 OHEE
B AAR) R SO W @=psS )

1 142. 515 153. 405 46.363 200. 999
2 162. 543 161.755 126. 639 187.732
3 187. 810 146. 834 154. 416 137. 130
4 174. 859 215. 459 227.536 147. 032
5 168. 186 158. 460 280. 959 163. 020

W2 45.294 68. 625 234,597 63. 869
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Fig. 4  Sensitivity analysis of the factors affecting elastic modulus
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Table 8 Extremum difference analysis of internal

friction angle (°)
K (BWy+E b/ (Pkh+  FER AH &=

A AAB) R EAAR) W (D)

1 34.630 27.132 24. 856 30. 726
2 30. 254 30. 200 30. 309 30.612
3 29.213 29. 636 31.435 30. 705
4 27.617 27.052 29. 682 29.072
5 23.229 30. 922 28. 660 23. 826
W2 7.013 3.870 6.579 6. 900
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Fig. 5 Sensitivity analysis of the factors affecting
internal friction angle
3.6 FEHAZMEZRGRESH
XF TEAZ ISR 25 2R vpoxt 3 1 2 2R 0 S 1) & D R
TAKTRIGME A2 SR WK 9,

R HMEBAMESW

Table 9 Extremum difference analysis of cohesion
MPa

KA (BB BB/ (BB R4S MBI
M Sk ER EAaR) Wz ()

1 0. 357 0.327 0.238 0. 356
2 0.426 0.385 0. 261 0.343
3 0.395 0. 405 0.329 0.324
4 0.308 0.399 0. 427 0.343
5 0.314 0.284 0. 544 0. 434
W2 0.037 -0. 007 0. 306 0.032
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