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Abstract: Based on the orthogonal test data of the configured similar material samples, a new
integrated design method for the optimal mix proportion of transparent similar materials for soft
soil subgrade was developed by combining the multiple linear regression and support vector
regression (SVR). The unit weight, internal friction angle and cohesion were selected as the
evaluation indexes of physical and mechanical properties of the material. The particle size of
quartz sand and ratio of rubber to stone (the mass ratio of nano-silica to quartz sand) were
selected as influencing factors. The orthogonal test scheme with two factors and three levels was
designed. The evaluation indexes of physical and mechanical properties of transparent cemented
soil samples were determined by the ring sampler test and consolidated quick direct shear test.
Taking the physical parameters, strength characteristics and deformation characteristics of the
material as the entry point, the feasibility of the transparent similar material configured to
simulate the natural soft soil material was verified. The test data were randomly divided according
to the ratio of 2 + 8, and 20% of the data were used to fit the multiple linear regression equations.
The remaining 80% of the data were used for machine learning to quantify the optimal mix
proportion. The SVR evaluation model of the optimal mix proportion validity test was
constructed, and the integrated design method for the optimal mix proportion of transparent
similar materials for soft soil was established. Based on a practical project in Guangdong
Province, the application of the established method was completed, and the transparent similar
material was highly consistent with the parameters of the undisturbed soil. The research results
show that the unit weight, internal friction angle and cohesion of the transparent cemented soil
are 12, 53-16. 13 kN/m®, 14. 82°-27. 07° and 2. 3-31. 0 kPa, respectively. The normalized strength
evolution path has constitutive similarity with the stress-strain response of natural soft soil. The
configured transparent cemented soil can effectively simulate the natural soft soil. The particle
size of quartz sand and the ratio of rubber to stone have significant effects on the unit weight,
internal friction angle and cohesion. The changes in the unit weight, internal friction angle and
cohesion can be effectively expressed by the particle size of quartz sand and the ratio of rubber to
stone. The fitting goodnesses of the established SVR evaluation model for the unit weight,
internal friction angle and cohesion are 0. 980 4, 0. 979 6 and 0. 999 7, respectively. The research
results can provide theoretical supports for the design and implementation of visual model tests
related to soft soil subgrade. 9 tabs, 11 figs, 30 refs.

Key words: subgrade engineering; transparent similar material; optimal mix proportion; linear

regression analysis; support vector regression; integrated design method
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Table 1 Orthogonal test design of transparent cemented soil

555 Rt/ mm | A/ % 4 Z 5
1 1-(3,5) 1(10) 1 1
2 1-(3,5) 2(15) 2 2
3 1-(3.5) 3200 3 3
4 2-[1,2) 1(10) 2 3
5 2-[1,2) 2(15) 3 1
6 2-[1,2) 3(20) 1 2
7 3-(0.5,1) 1(10) 3 2
8 3-(0.5,1D) 2(15) 1 3
9 3-(0.5,1) 3(20) 2 1
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Table 2 Physical and mechanical test results of transparent cemented soil
s | TE y/(kN+m %) MEEHES o/ (D) FiR ) c/kPa LB e JE4E R B a/MPa ! JE4i it E./MPa
1 15.78 26. 26 30.0 0.813 0.09 20. 15
2 14.48 18.70 14.2 1.023 0.12 16. 86
3 12.56 15.69 8.0 1.557 0.29 8.82
4 16. 10 23. 86 20.0 1. 146 0.27 7.95
5 14.02 20. 22 13.0 1.784 0.93 2.99
86 13.93 22.81 11.9 1.283 0. 26 8.78
87 12.51 17.22 5.1 1.478 0.94 2.64
88 15.12 25.16 12.0 1. 509 0.62 4.05
89 14,11 22.11 6.8 2.198 0.98 3.26
90 13.54 16. 21 2.8 2.388 0.93 3. 64
x3 BHBECHBERARTIFNISHRITLE
Table 3 Comparison of evaluation indexes between transparent similar materials and natural soft soils
TEER | LEFS 7/(kN = m™%) eo ay/MPa ! E,/MPa o/ ) ¢/kPa
e T L 2-1B 15.288~17.738 | 1.020~1. 880 0.56~1.98 1. 45~3. 60 16. 30~26. 50 9.3~17.3
WV Ry 1 2-5 16.072~18.326 | 0.830~1.310 0.33~0.72 3.10~6. 30 22. 20 7.2
e T L 4-2B 15.876~17.738 | 1.020~1. 440 0.37~1.02 2.38~5.40 21.10~30. 20 8.3~16.3
il R 12.530~16.130 |0.813~2.414 0.09~1. 04 2.64~25.93 14.82~27.07 2.3~31.0
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Fig. 7 Standardized shear stress-shear displacement curves of
50 transparent cemented soil and Shenzhen marine soft soil
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Fig. 6 Consolidation quick direct shear test curves of

transparent cemented soil
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Table 4 Regression analysis result of unit weight
A o v 1% t P 95 % EAE F IR 9520 E A5 L
T 7 0.297 085 62.773 53 3.06X10"™ 18.058 57 19. 239 540
X 0.068 762 —0.349 03 7.91X103 —0.160 67 0.112 671
X, 0.068 762 —20.716 50 2.15X10% —1.561 17 —1.287 830
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Table 5 Regression statistical result of unit weight

ERa T R R? R? F S n
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Table 6 Regression analysis result of internal friction angle

A R t p 95 % B {5 TR 950 B A% LR

I 0. 882 454 35. 475 58 1.61X 1077 29.551 58 33. 059 530
X, 0. 204 248 3.187 30 2.00X10% 0.245 03 1.056 966
X, 0. 204 248 —19. 602 00 114X 1075 —4.409 63 —3.597 700
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Table 7 Regression statistical result of internal friction angle
geithi R R? R; F S n
ZE R 0.905 138 32 0.819 275 38 0.815 120 79 4.79X103% 1.582 101 02 18
x8 FEAEAEASWER
Table 8 Regression analysis result of cohesion
ARk Frif i t P 95% E {5 TR 950 B A5 LB
T 13 1.476 196 33.211 86 3.38X10 %! 46.093 12 51.961 32
X, 0.341 673 —16. 404 60 2.32X10 %8 —6.284 11 —4.925 89
X, 0.341 673 —20.067 90 2.13X10 3 —7.53578 —6.177 55
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Table 9 Regression statistical result of cohesion
Giit ik R R? R? F S n
ZE R 0.940 930 39 0. 885 349 99 0.882 714 36 1.21X10 2.646 588 32 18
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Fig. 8 Quantitative calculation method
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