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Abstract: The visualization physical modeling test plays an increasingly significant role in mechanical
mechanism and deformation characteristics of tunnel engineering, and the surrounding rock similar material meeting
the transparency and similarity theory is key to ensure the great agreement between the testing results and practical
engineering. This paper summarizes the strength property of prepared transparent cemented soil with similar material
based on statistical analysis of orthogonal test data, so as to explore the quantitative design method representing the
mix proportion of similar material of tunnel surrounding rock. The experiment utilized molten quartz sand, nano—
silica, and N-dodecane mixed with 15# white oil as raw materials, designing a 2—factor, 3-level orthogonal test to
measure unit weight, internal friction angle, and cohesion. Using the concatenation method, multiple nonlinear
regression equations were fitted to describe the relationships between unit weight, internal friction angle, cohesion,
and both the particle size of quartz sand and the cement—stone ratio (the mass ratio of nano—silica to quartz sand ).
The joint solution of these regression equations was then employed to determine the optimal quartz sand particle size ,
cement—stone ratio, and geometric similarity constant. The test results indicate that: 1) the ranges for unit weight,
internal friction angle, and cohesion of the transparent cemented soil are 16.13~12.53 kN/m?, 27.07°~14.82°, and
31~2.3 kPa, respectively, with shear stress—shear displacement curves displaying both post—peak platform and post—
peak drop characteristics; 2) T—tests and F—tests reveal that the independent variables in the fitted nonlinear
regression equations significantly influence the dependent variables, and the equations are authentic and reliable;
3) Combining the regression equations for specific gravity and internal friction angle, the optimal particle size and
cement—stone ratio of quartz sand are calculated, which are then substituted into the cohesion regression equation to
finalize the cohesion calculation. This study establishes a novel quantitative design method for determining similar
material mix ratios and geometric similarity constants, providing a theoretical foundation and data reference for
designing visual physical model tests in tunnel engineering.

Key words: tunnel engineering; quantitative design method ; multiple nonlinear regression; tunnel surrounding

rock ; transparent cemented soil
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Fig.1 Raw materials
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Tab.1 Orthogonal design combination scheme of

transparent cemented soil

n b5

s 1CKREAR) 20 3(=F) 4z
1 1(5~3) 1(10%) 1 1
2 1(5~3) 2(15%) 2 2
3 1(5~3) 3(20%) 3 3
4 2(2~1) 1(10%) 2 3
5 2(2~1) 2(15%) 3 1
6 2(2~1) 3(20%) 1 2
7 3(1~0.5) 1(10%) 3 2
8 3(1~0.5) 2(15%) 1 3
9 3(1~0.5) 3(20%) 2 1
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Tab.2 Orthogonal test results of transparent

cemented soil ratio

e W) TR

1 2 1 2 1 2
1 15.78 16.13 23.26 20.03 30.00 31.00
2 15.48 15.87 18.70 17.74 14.20 18.00
3 14.53 14.19 18.69 18.73 8.00 7.40
4 1436 14.93 20.86 24.55 20.00 18.00
5 13.02  13.38 22.22 21.30 13.00 12.80
6 12.53  12.56 18.30 19.23 4.30 3.70
7 1491 14.96 27.07 25.01 9.00 8.30
8 1453  13.79 23.71 24.17 5.00 4.90
9 12.87 12.97 15.40 14.82 2.30 2.50
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Fig.3 Shear stress—shear displacement curve
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Tab.4 X, X, and Y, regression statistics table

Multiple R R Square Adjusted R Square
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Tab.5 X, X, and Y, regression analysis table

brifEiR2E t Stat P-value
Intercept  9.634 784 475 4583176383  0.000513 164
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Tab. 6 X,, X, and Y, regression statistics table

Multiple R R Square Adjusted R Square
0.887 668 022 0.787 954 518 0.72 270 9754
Significance F FRifER 2 LI
0.000 256 248 1.787 850 647 18
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Tab.7 X,, X, and Y, regression analysis table

Frifte2s t Stat P-value
Intercept  6.154 296 641 -2.837943 186 0.013 976 24
X, 4.271 678 481 4732658286  0.000 391 466
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XX, 0.448 615 973 -9.163785194  4.907 24E-07
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XX, -5.080 196294  —3.141 844 522
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Tab.8 X,, X, and Y, regression statistics table

Multiple R R Square Adjusted R Square
0.990 901 132 0.981 885 053 0.976 311 223
Significance F PRifER 2 PURITIED
3.510 99E-11 1.345 161 786 18
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Tab.9 Physical and mechanical parameters of

weak prototype rock of grade V

Fagen  EEy/(KN-m™) NEEMe/()
Vg 16 25

FhT T e/kPa
200

FH SE R 00 FELE A B 2 28 (R 9) WA, il
0By RN BEHEE A @ 430124 16 kN/m’ 1257 4K
P A 0 37 B AR U BHEC & L i AR T vk, Y,
Y, B9 BB 43 51 K 16 1 25, 156 <7 7 2 (2) (3) , ffi ]
MATLAB 3K f## 5 X,=2.750 8, X,=0.266 1. %} #{ 2.1 77,



LR

A1 YERD K AR T HL 2~1 mm, A LA (E R AN
1.331%. % X, X, AR A #2(4) , 15 V,=33.282 2, B 44
B 18 33.282 2 kPa.

R T D PRI E S 4 A FE VR TR LY i A TR
N AT AT e BEE AR BU e 38 I e 245 1, 43 )k
15 Pt e i X 08 A 1 25 R HE K BT

F AR A ek 1 45 e B 356 14 55 10 ) - BT U B8
2R (Pl S ) AT 260« S 3] E B %) AR ARURA sk B 7 - 55 47
A A% 1 2R 400 43 SRy T8 ) DEe i B B A W {1 o Bt
g 15 S 1 U LW B | 5 W LR 14 = R e = U N TR 2T DV
F1-B5 VA% M 28 A T RFAE T AL, ] LA SE A R AR AR
A5 6 T L 110 5 AR AE 2 A

220
200 |- —=—0=100kPa S ASASASS
—e—0=200 kPa v
180 - —a—0=300 kPa =
—v—0=400 kPa "
160 |- : o “A'AA“AA‘
£ 140 - v ‘A,A"
< v A
R 120 v aat :
g2l ¥y A P e B S g
= 100 ;. o®
7:\R v'/‘ ."
=80 - « o
Y 4 .o‘
60 - "'" . ‘. L 4 . .7.7"‘<'—. - g
40 "o e
0 e
0 =t 1 1 1 1
0 1 ) 3 4 5
B RS /mm

A5 AamatAsT R A -3 i AS e 2%

Fig.5 Shear stress—shear displacement curve of similar material
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