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Proportion test and sensitivity analysis of similar materials in tunnel surrounding rocks

LIN Xianwen'?, YANG Jie'*, ZANG Wanjun'"
(1.Key Laboratory of Underground Engineering in Colleges and Universities of Fujian Province, Fuzhou 350118, China;
2.School of Civil Engineering, Fujian University of Technology, Fuzhou 350118, China)

Abstract; Based on the orthogonal design method, with iron powder, barite powder, quartz sand as aggregate,
and gypsum as cementing agent, the ultimate compressive strength, elastic modulus, cohesion and internal fric-
tion of similar materials in the surrounding rocks of a double-hole tunnel in Fuzhou were studied. Results show
that similar materials with different ratios have a wide range of physical and mechanical parameter values, and
can be used as physical model tests for similar materials in most rock masses. Through a large number of exper-
iments, the influencing factors of physical and mechanical parameters of similar materials were determined and
sensitivity analysis was performed. Finally, the reasonable ratio of materials was determined, and the physical
and mechanical parameters of target rock mass were well simulated.
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Tab.1 Main mechanical parameters of the materials

of the prototype and the model

WAL W WIRPUE S PEEE R/
H  (g-em?)MRE/MPa GPa fi/(°) MPa
J5i 226 159.00 16.80 54.84 9.630

A 2.26 2.65 0.28
PR NE 1:1 60 : 1

54.84  0.161

60:1 60:1 1:1
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FoAHENE K, B (ngy + mgpap +
Mg )/ Mg 3 B NN (migy + mg )/ () 5
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Tab.2 Orthogonal design level of similar materials

K% H A WEB/% HWEC%
1 7:1 20 20
2 8:1 40 40
3 9:1 60 60
4 10:1 80 80

WIIESS T4 Lo (47) %07 445 3 A4

2 4 K, it 16 AL, L3 3,

Tab.3 Proportioning scheme based on orthogonal design

*3 ETEXRITHIBELL AR

IG5 A B/% C/%
1 1 7:1 20 20
R 2 7:1 40 40
RIS 3 7:1 60 60
R 4 7:1 80 80
RIS 5 8:1 20 40
15 6 8:1 40 20
5 7 8:1 60 80
5 8 8:1 80 60
R 9 9:1 20 60
W5 10 9:1 40 80
W 11 9:1 60 20
R 12 9: 1 80 40
5 13 10:1 20 80
i 14 10:1 40 60
X5 15 10: 1 60 40
5 16 10:1 80 20
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Fig.1 Typical o—7 relationship curve
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Magpty © Mo - Mo =320 128 115225, % PUKIRE N 2.514 kN, #APERIE Y 294 MPa, 65
BE LU L AR R R 35 B O 22.20 g/em®  BRFR J120 198.74 kPa, INFEHESF N 56.29°
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Tab.4 Numerical results of shear tests on similar materials in surrounding rocks

g KB J1/kN RN PN JEE 5 £

100 kPa 200 kPa 300 kPa 400 kPa C/kPa @/ (°)
1 366.61 432.43 505.25 599.52 283.05 37.65
2 420.65 535.81 679.15 909.45 233.82 58.15
3 486.43 600.25 723.87 773.13 397.48 44.67
4 352.56 502.43 636.85 806.05 198.74 56.29
5 345.45 512.34 587.51 723.82 239.70 50.43
6 394.84 547.55 679.15 742.64 297.20 49.60
7 533.45 759.05 883.62 965.85 430.05 54.87
8 474.71 576.24 693.25 742.62 391.11 42.66
9 340.73 434.75 527.96 620.45 247.90 42.97
10 446.52 643.90 730.85 888.33 324.33 54.69
11 346.14 493.56 641.55 789.85 197.40 55.95
12 453.55 580.45 639.20 743.28 372.08 42.87
13 305.53 399.57 481.75 592.21 209.15 42.30
14 432.46 568.73 692.37 817.84 307.85 51.98
15 401.89 465.34 522.02 580.45 344.27 30.64
16 385.44 493.52 660.35 754.35 254.97 51.86

x5 ETEXKRAESHECMBER

Tab.5 Results of similar materials for surrounding rocks based on orthogonal tests

RN e R A B/%  C/%  WRHFiE/g BE/(g-em?) WRPUESRE/KN P/ MPa
5 1 7:1 20 20 331.5 16.88 0.818 71
15 2 7:1 40 40 351.1 17.88 1.444 255
I 3 7:1 60 60 412.5 21.01 3.267 348
15 4 7:1 80 80 437.0 22.20 2514 294
R 5 8:1 20 20 357.2 18.19 2.307 213
R 6 8:1 40 40 432.8 22.04 3.738 388
R 7 8:1 60 60 418.2 21.30 1.704 215
K 8 8:1 80 80 367.1 18.70 2.283 238
KK 9 9:1 20 20 363.9 18.53 2.855 244
K 10 9:1 40 40 414.8 21.13 3.422 223
K 11 9:1 60 60 365.7 18.62 1.631 154
R 12 9:1 80 80 358.6 18.26 1.160 95
W5 13 10: 1 20 20 352.1 17.93 1.233 93
KE 14 10: 1 40 40 378.5 19.28 1.759 147
K15 10:1 60 60 380.6 19.38 1.229 119

W5 16 10:1 80 80 353.2 17.99 0.614 126
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Tab.6 Range means of extreme compressive strengths

IKFE HE A H# B H#E C
K1 2.011 1.803 1.700
K2 2.508 2.591 1.535
K 3 2.267 1.958 2.541
K- 4 1.209 1.643 2.218

W2 1.299 0.948 1.006
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Tab.7 Range analysis of the elastic modulus

LS P A M B REY
K1 242.000 155.250 184.750
K2 263.500 253.250 170.500
K- 3 179.000 209.000 244.250
K 4 121.250 188.250 206.250

e 142.250 98.000 73.750
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Tab.8 Cohesion range means

K4 A K% B C
KF 1 278.273 239.493 218.908
K2 323.795 280.538 249.025
K3 256.442 270.330 336.085
K- 4 236.075 304.225 290.567

ez 87.720 64.732 117.177
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Tab.9 Range means of internal friction angles

K4 A4 H#% B xC
KF 1 49.190 43.588 51.705
K2 50.947 54.925 53.610
K3 50.740 55.978 45.570
K- 4 52.032 48.420 52.025

W2 2.842 12.390 8.040
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EBEKT a = 0.1 50T, 253207 0 Al Tab.10 Analysis of variance of ultimate compressive strength
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Fig.2 Visual analysis of various factors affecting ultimate compressive strength
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Fig.3 Visual analysis of the influence of various factors on the elastic modulus
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Fig.4 Visual analysis of the influence of various factors on cohesion
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Fig.5 Visual analysis of the influence of various factors on the internal friction angle
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