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Abstract: In order to determine the ratio of similar materials commonly used in physical simulation
experiments, four raw materials including river sand, barite powder, gypsum and cement were selected,
and orthogonal design was adopted. Bone glue ratio (ratio of river sand mass and barite powder mass to
gypsum mass and cement mass), water-paste ratio (ratio of cement mass to gypsum mass) and barite
content (ratio of barite powder mass to aggregate mass), with five levels for each factor, were set to
carry out density test and acoustic emission test under uniaxial compression. The sensitivity of different
proportions to the physical and mechanical indexes of similar materials and the indexes of damage degree
were determined. The experimental results show that the density, compressive strength and elastic
modulus of similar materials under the influence of bone glue ratio have the largest range, which are
0.13 g/cm?®, 2.60 MPa and 247 MPa, respectively, F-test has the largest value, and the significance is
the highest. Poisson’s ratio has the largest range under the influence of barite content, which is 0.09,
and has the highest significance. The relative cumulative damage degree (D) had the largest range
(0.25) under the influence of bone glue ratio, and the F test value was the most significant. In general,

the bone glue ratio controls the density, compressive strength, elastic modulus and D of similar

materials.

Key words: physical model test; similar material; orthogonal design; sensitivity; characteristics of

injury
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Table 1 Parameters of similar material
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Fig.1 Schematic diagram of testing process for similar materials with different proportions
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Table 2 Orthogonal design level of similar material
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Table 3 Test schemes of similar material
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Table 4 Orthogonal test results of similar material ratio

HES  p/(g/em®)  o/MPa E/MPa v
SY1 2.07 4.31 376.0 0.32
SY2 2.12 4.20 503.0 0.37
SY3 2.14 5.19 333.0 0.33
SY4 2.09 2.57 287.0 0.26
SY5 2.16 4.32 429.0 0.32
SY6 2.16 4.53 523.0 0.25
SY7 2.08 1.98 364.0 0.21
SY8 2.13 5.33 662.0 0.27
SY9 2.15 3.67 438.0 0.36
SY10 2.03 3.77 239.0 0.20
SY11 2.13 4.03 167.0 0.38
SY12 2.04 3.37 349.0 0.17
SY13 2.02 4.47 318.0 0.22
SY14 2.06 1.96 239.0 0.21
SY15 2.07 2.75 225.0 0.30
SY16 2.06 2.10 227.0 0.38
SY17 2.12 1.04 67.1 0.37
SY18 2.17 1.41 161.0 0.31
SY19 1.91 3.50 85.7 0.23
SY20 2.09 1.20 449.0 0.22
SY21 1.95 5.00 291.0 0.25
SY22 2.00 4.29 285.0 0.36
SY23 2.03 2.98 299.0 0.24
SY24 1.99 4.27 565.0 0.32
SY25 1.95 2.70 116.0 0.37
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SY2 3+ 1 4:6 20
SY3 3+ 1 535 40
SY4 3+ 1 6: 4 10
SY5 3+ 1 7+3 30
SY6 4+ 1 3:+7 30
SY7 4+ 1 4:+6 0
SY8 4+ 1 5:5 20
SY9 41 6: 4 40
SY10 4+ 1 7:+3 10
SY11 5:1 3:7 10
SY12 5:1 4:6 30
SY13 5:1 5:5 0
SY14 5:1 6:4 20
SY15 5:1 73 40
SY16 6:1 3:7 40
SY17 6: 1 4:6 10
SY18 6:1 5:5 30
SY19 6: 1 6: 4 0
SY20 61 73 20
SY21 71 3:7 20
SY22 7:1 4:6 40
SY23 7+ 1 535 10
SY24 7+ 1 6: 4 30
SY25 7+ 1 7+3 0
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Fig.2 Stacked plots of polar analysis of factors to physical and mechanical indices of similar materials
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Fig.3 Range analysis results of sensitivity of physical and

mechanical indexes of similar materials
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Table 5 Results of variance analysis on sensitivity of physical

and mechanical indexes of similar materials

S (80 IKE I ELRAE: 3
St 0.119 1
S. 0.056 1 0.007 5 0.024 9
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o S 0.014 0 0.001 9 0.006 2
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B W A AN
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Table 6 Results of range analysis of the effect of orthogonal factors on D of similar materials

N, D
% N, e 2
N, N N, N, Ns D, D, D; D, Ds
B L 508 1101 1765 1848 2 303 0.06 0.15 0.23 0.25 0.31 0.25
K 1545 1668 895 822 2 565 7 525 0.21 0.22 0.12 0.11 0.34 0.23
ERABE 2 025 1888 1081 1175 1326 0.27 0.25 0.14 0.16 0.18 0.13
Fx7 EXHEEMHEMUMM D FMPFTENTER
Table 7 Results of variance analysis of the effect of orthogonal factors on D of similar materials
i5E St S. Sk Sie Sk F
AR 395 856 1918 860 98 964 95 943 1.03
IKE 2314 716 380 012 1934 704 95 003 96 735 0.98
HRABE 129 501 2 185 215 32 375 109 261 0.30
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