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Research on rheological similar material of soft rock based on Burgers model

CHU Zhaofei, LIU Baoguo, SUN Jinglai, SHEN Jun, SONG Yu, LI Tie
(School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: A new rheological similar material of soft rock(IBSRO) was developed with the iron ore powder,

barites powder and sand as aggregate, the solution of rosin and alcohol as glue, and the hydraulic oil as viscous
agent. The effects of components of the similar material on the elastic-plastic parameters and Burger's model
parameters were investigated through orthogonal tests. The test results indicate that the uniaxial compressive
strength(ay), elasticity modulus(E), Poisson's ratio(zs), cohesion(c), viscoelasticity modulus(£;, E;) and coefficient
of viscosity(7;, 17,) are all affected mainly by the rosin concentration and the content of hydraulic oil. The greater
the rosin concentration and the smaller hydraulic oil content, the larger the values of o, E, ¢, Ej, Ep, mand 7,
and the smaller the values of 4. The internal friction angle(¢) is mainly affected by the(iron ore powder + barite
powder)/ aggregates and the content of hydraulic oil, and the larger the two factors, the smaller the value of ¢. The
initial creep rate, stable creep rate, primary creep time and rheological strain ratio all decrease with the rosin
concentration, and increase with the hydraulic oil content. The range of elastic-plastic and Burger's model
parameters of the similar material corresponds to that of soft rock, which can be used to simulate the instantaneous
and rheological properties of soft rock. Finally, the method of determining the ratio of the material components
based the multivariate linear regression analysis is presented and is verified in the rheological model test on the
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shield shaft of soft rock.
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Fig.2 Curves of Burgers model of rock and similar material
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Table | Design levels of orthogonal test on similar material

KV ERSAEREZ/%  IBIBS VB R E/%
1 7.5 0.6 0.05 1.75
2 12,5 0.7 0.20 3.50
3 17.5 0.8 0.35 5.25
4 225 0.9 0.50 7.00

R2 MM BB T %

Table 2 Test schemes of similar material

Fett  WRSIARIRIE/%  IB/IBS I/IB R 2 8/%
1" 7.5 0.6 0.05 1.75
2! 7.5 0.7 0.20 3.50
3 7.5 0.8 0.35 5.25
4" 7.5 0.9 0.50 7.00
5 12.5 0.6 0.20 5.25
6" 12.5 0.7 0.05 7.00
7* 12.5 0.8 0.50 1.75
8" 12.5 0.9 0.35 3.50
9 17.5 0.6 0.35 7.00
107 17.5 0.7 0.50 5.25
1" 17.5 0.8 0.05 3.50
12" 17.5 0.9 0.20 1.75
13" 225 0.6 0.50 3.50
14" 225 0.7 0.35 1.75
15" 225 0.8 0.20 7.00
16" 225 0.9 0.05 5.25
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Fig.4 Uniaxial and triaxial compression tests on samples
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Fig.5 Stress-strain curves of uniaxial and triaxial compression

tests for the #10 sample
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Table 3 The results of basic parameters of similar materials

etk ¥#(kNem®) o/MPa  E/MPa u ckPa  ¢/(°)

1" 24.0 0.48 137 0.26 106 425
2" 25.7 0.26 75 0.31 63 38.2
3* 25.9 0.19 37 0.37 49 36.1
4* 283 0.17 29 0.42 44 34.8
5* 247 0.24 68 0.34 57 39.0
6" 25.0 0.11 32 0.39 27 37.0
7* 275 0.92 313 0.22 221 38.6
8" 26.5 0.85 202 0.29 232 32.8
9" 249 0.34 58 0.37 78 40.1
10* 26.6 0.38 84 0.26 95 36.5
1* 25.1 0.91 252 0.25 224 37.4
12% 26.0 1.06 354 0.17 270 36.4
13* 25.7 1.02 323 0.19 241 39.5
14* 25.6 127 448 0.14 295 40.5
15* 25.7 0.25 64 0.29 67 33.7
16" 255 0.52 181 0.23 143 322
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Fig.6 Creep data and fitting curves of Burgers for samples

#1 - #16 of similar materials
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Table 4 Results of rheological parameters of Burgers of similar materials

fctk E/MPa  m/(GPa<h) EyMPa  #,/(GPa * h) VISR % oo/ Hy IR AR o/ TEIRATFAS I H] 2/h A L e/ /%
1 129.5 116.7 556.6 3.3 8.99x10 3 2.49%X10°* 18.4 30.71
2" 66.2 34.4 2723 15 1.07X102 452x10°* 228 35.43
3 49.6 15.4 124 0.5 234X10 2 7.44%x10°* 23.0 41.00
4" 29.1 11.0 84.9 0.3 3.26X10 2 9.19%X10 * 26.0 44.66
5 61.1 272 153.2 0.9 1.59X 102 524X10°* 21.7 39.41
6" 21.9 7.1 67.1 0.4 1.59X 102 9.12X10°* 233 4331
7% 3034 145.2 1269.8 6.5 8.89x10 3 3.80X10°* 11.5 30.53
g 2115 104.6 736 53 1.01X102 4.89x10°* 18.8 36.41
9* 60.7 26.0 209 15 1.43X102 7.78X10°* 22.0 39.39
10" 1016 345 302.9 22 1.08X 102 6.57X10* 19.0 34.67
1" 3309 174.0 1443.9 123 472%X10°3 3.13%10°* 112 32.58
12" 3574 204.6 1692.5 163 421%X1073 3.11x10°* 13.0 32.18
13" 3278 3187 1606.3 183 3.53%10°3 1.92x10°* 1.8 31.03
14" 3949 320.0 1934.1 16.1 4.96X10°3 237X10°* 9.8 25.17
15" 86.6 226 198.5 15 8.81x10 3 6.57X10* 21.0 36.20
16" 1335 53.7 5275 3.8 1.08X 102 5.80X10°* 14.2 33.87
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Fig.7 Sensitivity analysis of the factors affecting basic parameters of similar material
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Fig.8 Sensitivity analysis of the parameters in Burger's model
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Fig.9 Sensitivity analysis of the factors affecting rheological effect
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Table 5 The parameters of muddy siltstone

KM Y(KN+m ) o/MPa E/GPa u ¢/MPa  ¢/(°)
R 227 16.8 4.95 0.29 42 365
Egit] E/GPa m/(GPa * h) E»/GPa  1y/(GPa * h)

WA 5.21 11 400 20.45 699

R o PR E MU RIS H R E

Table 6 Parameters and errors of similar material of muddy

siltstone
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W% 1.5 9.6 145 137 12,6 41 167 179 164 227

RT PR AR EHTRCLE

Table 7 Proportions of similar material of muddy siltstone
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Fig.13 Rheological model test of the shield inclined shaft
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