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Experimental study on proportioning of epoxy resin-based transparent
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Abstract: In view of the difficulty that the spatial location, growth degree and development direction of cracks inside rock masses
cannot be directly observed, the transparent materials are considered as the effective method to build similar models. In order to study
the effect of raw material ratio on the mechanical properties of transparent rock-like material, and overcome the defect of insufficient
brittleness of transparent rock-like material at room temperature, a novel method to prepare the transparent rock-like material is
developed with epoxy resin as aggregate, modified anhydride as curing agent and rosin saturated solution (RSS) as brittleness
adjustment. The influence of the mass ratio of epoxy resin to anhydride and the content of RSS on the physical and mechanical
parameters of transparent brittle rock-like material were investigated using the comprehensive experimental design method. The
results showed that the prepared transparent rock-like material possesses good brittleness at room temperature. Furthermore, RSS
content has a significant impact on density, compressive strength, modulus of elasticity, peak strain, tensile strength, cohesion and
internal friction angle of the rock-like material, while the mass ratio of epoxy resin to anhydride has remarkable impact on its density.
With the increase of RSS content, the density, compressive strength, elastic modulus, peak strain, cohesion and internal friction angle
of the rock-like material reduce, while the tensile strength shows a trend of decreasing first and then increasing. In addition, with the

increase of the mass ratio of epoxy resin to anhydride, the density of rock-like material first increases and then decreases. Finally, an
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empirical formula between the mechanical properties of transparent brittle rock-like material and the mass ratio of epoxy resin to

anhydride and RSS content is established using multiple linear regression analysis, which provides reference for preparing transparent

brittle rock-like material.

Keywords: transparent brittle rock; similar materials; proportioning test; mechanical properties; epoxy resin
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Table 1 Design level of transparent brittle rock- like material
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Fig.1 Uniaxial compression specimens of transparent
brittle rock— like material prepared under different ratios
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Table 2 Physical and mechanical parameters of samples with different ratios
(Ve (kg + m)  PAHBUEGRSE/MPa WE(ENA/1072 #MERIE/GPa BURIGRE/MPa B JI/MPa W BEHEF/(°)
80:120 (0) 1163.05 70.36 7.00 1.378 3.58 7.94 64.58
80:120 (3) 1161.07 52.96 5.83 1.227 2.49 5.74 65.53
80:120 (6) 1154.02 6.04 2.53 0.312 1.07 1.27 44.35
80:120 (9) 1150.61 3.26 1.62 0.370 1.05 0.92 30.85
90:110 (0D 1173.94 82.26 7.24 1.514 3.52 8.51 66.63
90:110 (3) 1165.67 65.04 5.98 1.355 0.61 3.15 78.94
90:110 (6) 1155.50 8.67 3.38 0.364 0.76 1.28 57.01
90:110 (9 1154.56 5.26 1.98 0.332 1.29 1.30 37.31
100:100 (0) 1173.36 96.21 7.72 1.640 2.79 8.19 70.67
100:100 (3) 1168.26 27.78 3.27 1.142 0.47 1.81 75.18
100:100 (6) 1162.93 9.49 3.17 0.483 0.90 1.46 55.71
100:100 (9) 1158.49 9.32 3.29 0.490 1.78 2.04 42.79
110:90 (0) 1174.82 71.14 5.71 1.617 322 7.57 65.98
110:90 (3) 1171.74 13.66 2.60 0.400 0.46 1.25 69.20
110:90 (6) 1162.37 9.35 2.26 0.567 1.50 1.87 46.34
110:90 (9 1162.12 8.48 2.15 0.428 2.52 231 32.81
120:80 (0) 1166.95 67.84 5.49 1.620 2.24 6.16 69.40
120:80 (3) 1166.65 9.56 2.38 0.660 0.63 1.23 61.21
120:80 (6) 1157.67 6.96 2.27 0.380 1.55 1.64 39.47
120:80 (9) 1154.84 2.23 1.50 0.180 1.82 1.01 5.81
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Fig.5 Influences of two factors on density
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Table 3 Variance analysis of density of transparent brittle
rock- like material

g 3 R H R ¥ FE P1H
ARHE 266.272 4 66.568 19.256  0.000
B H# 680.859 3 226953  65.652  0.000

R 41.483 12 3.457
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Fig.6 Influences of two factors on compressive strength
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Table 4 Variance analysis of compressive strength of
transparent brittle rock- like material

FEFRIE I HHE ¥ FlE P1E

ARFE 915.778 4 228.944 1.332 0.314
BEE 16 697.089 3 5565.696 32.382 0.000
R 2062.533 12 171.878
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Fig.7 Influences of two factors on peak strain

RS MtEEVA ARG N T Z TR
Table 5 Variance analysis of Peak strain of transparent
brittle rock- like material
TEFRIR FITM H Hi ¥y FA PH
A FE 9.526 4 2.381 2912 0.068

B A% 60.357 3 20.119 24.599 0.000
R 9.814 12 0.818
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Fig.8 Influences of two factors on elastic modulus
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Table 6 Variance analysis of elastic modulus of
transparent brittle rock- like material

FERE PR H %175 F18 P
AHE 0.143 4 0.036 0.644 0.642
B % 4.639 3 1.546 27.855 0.000

R 0.666 12 0.056
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Fig.9 Influencs of two factors on tensile strength
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Table 7 Variance analysis of tensile strength of
transparent brittle rock- like material

FERE PR H %175 F18 P
AR 1.042 4 0.260 0.618 0.658
B % 13.810 3 4.603 10.926 0.001

W2 5.056 12 0.421
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Fig.10 Influences of two factors on cohesion
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Table 8 Variance analysis of cohesion of transparent
brittle rock— like material

FERIE IR HHE ¥ FiE PiA

NSk 4.560 4 1.140 0.907 0.49
BHE#ZE  129.884 3 42.295 34.452 0.00
R 15.080 12 1.257
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Fig.11 Influencs of two factors on internal friction angle
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Table 9 Variance analysis of internal friction angle of
transparent brittle rock- like material
JIZERIE FITAN H ¥177 FAH P1A

ARHE 775.933 4 193.983 4718 0.016
BRZE 5233.826 3 1744609  42.433 0.000
R 493.370 12 41.114
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Fig.12

Comparison of test results and calculated results of various parameters
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