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Development and Application of Solid-Liquid Two-Phase Similar Material for
Reservoir Rock Slope Model Test
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Abstract: Similar material 1s the key to the model test of reservoir rock slope. A kind of solid-liquid two-phase similar material
which can simulate physical and mechanical properties similar and seepage action similar of slope rock mass at the same time is
developed through orthogonal test and a large number of laboratory tests. The material uses quartz sand, iron powder and barite
powder as aggregate, cement and gypsum as cementing agent and silicone oil as regulator. The influence of material different ratios
on its mechanical properties is systematically studied, and the main control components of each property are determined, and the
empirical equation between each parameter and the ratio of materials is established by multiple regression analysis. Finally, the
similar materials of model test are prepared in combination with an engineering case, and the similar effect of those materials is

evaluated, and the materials are applied to the failure mode and seepage field analysis in the model test of reservoir slope. The test
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results show follows: (1) Physical, mechanical parameters, and hydro-physical properties of similar materials are widely

distributed, which can meet the requirements of physical and mechanical properties similar and seepage action similar of rock slope

model test, and it is an ideal solid-liquid two-phase similar material. (2) The main control components of similar materials are

obvious, which is convenient to simulate different types of slope rock mass by adjusting the ratio. (3) Multiple regression analysis

can efficiently concoct similar materials for slope model test, and the similarity effect is good. The slope model undergoes

compression shear deformation and failure, and the variation law of pore water pressure during model testing under the action of

reservoir water is analyzed. The research results can provide reference for further research on multi-field evolution characteristics of

reservoir rock slope model test.

Key words: similar material; solid-liquid two-phase; orthogonal design method; rock mechanics; reservoir rock slope; model test;

engineering geology.
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Fig.1 Components of similar material
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Table 1 Orthogonal design of similar material
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Fig.2 Partial specimens of similar material
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Table 2 Physical and mechanical parameters test results of similar material
RE B plgeem ) HUE I (MPa) B D)5 BRAC 7 B Hem-s 1)
a. O cMPa) ¢, (MPa) o)  ¢,) &, k. ky,

No.1 A,B,C,D, 2.54 0.19 0.13 0.15 0.11 36.63 19.94 0.69 0.73 0.54 5.05x10°°
No.2 A B,C,D, 2.52 0.20 0.10 0.19 0.13 38.06 21.71 0.51 0.68 0.57 6.67x10 °
No.3  AB.CD, 245 0.32 / 0.56 / 45.00  / / / /
Nod  ABCD, 240 0.55 / 0.68 / 5042/ / / /
No.5 AB,C.D, 2.28 1.18 0.38 1.10 0.59 58.51 33.37 0.32 0.54 0.57 9.63X10 °
No.6 A,B,C,D, 2.53 0.44 0.29 0.28 0.18 34.76 21.42 0.65 0.64 0.62 1.38%10°°
No.7 A,B,C.D, 2.49 0.39 0.20 0.34 0.23 39.41 26.81 0.51 0.68 0.68 2.87X10°
No.8 A,B.C,D; 2.41 0.68 0.27 0.55 0.33 41.08 28.25 0.39 0.60 0.69 6.21X10°
No.9 A,B,C.D, 2.20 0.81 0.34 0.97 0.45 46.36  30.78 0.42 0.46 0.66 8.73X10°°
No.l0  AB.C,D,  2.56 1.23 / 0.73 / 32.27  / / / / /
No.11 A,B,C,D; 2.54 0.76 0.47 0.54 0.28 35.39 26.82 0.62 0.52 0.76 2.65X10°°
No.12 A,B,C,D, 2.46 0.69 0.40 0.55 0.32 40.32  29.75 0.58 0.58 0.74 3.75X10°°
No.13  AB.C.D, 241 0.94 0.43 0.82 0.35  43.10 31.16 0.46 0.43 0.72 5.12Xx10°
No.14 A,B,C,D, 2.63 1.29 0.50 0.92 0.68 33.19 20.89 0.39 0.74 0.63 2.12X10°°
No.15 A,B:C,D, 2.65 2.22 0.82 1.23 0.89 31.17 19.10 0.37 0.72 0.61 1.36X10°°
No.16 A,B,C,D, 2.44 1.07 0.63 0.56 0.37 37.12 2754 0.59 0.66 0.74 2.41X10°
No.17 A,B,C;Dy 2.34 1.06 0.57 0.65 0.36 37.37 26.34 054 0.55 0.70 4.61x10°°
No.18 A,B,C\D, 2.66 1.80 0.81 0.98 0.57 21.44 17.90 045 0.58 0.83 2.64X10°
No.l9  ABCD, 255  1.83 0.99 0.72 040  27.26 21.69 054 056 0.80 1.45%10°°
No.20  A,B.C,D,  2.51 2.69 0.94 1.06 0.61 2572 20.81 0.35 0.58 0.81 2.61x10°°
No.21  ABCD, 237 1.45 1.19 0.81 042 4043 3310 0.82 052 0.82 459%10°
No.22 A.B,C,D; 2.71 2.48 1.07 0.71 0.58 18.77 15.37 043 0.82 0.82 3.15X10°°
No.23 A.B.C,D, 2.60 2.33 1.47 1.08 0.59 25.39 19.57 0.63 0.55 0.77 1.26x10°°
No.24 A.B,C,D, 2.52 2.21 1.28 1.24 0.70 25.41 2046 0.58 0.56 0.81 3.95x10°
No.25 A.B.C,D, 2.44 3.10 1.30 1.70 0.74 33.56  28.37 042 0.44 0.85 5.12X10°°
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Fig.3 Failure mode of similar samples and limestone under

uniaxial compression test
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Table 5 Comparison of similar effects of similar materials
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Fig.12 Water level scheme of model test
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Fig.13 Test model after destruction
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