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Abstract: Disasters induced by rock creep in engineering are common, and soft rock creep is also
more common in actual engineering. In order to explore the soft rock creep characteristics and accurately
predict the soft rock creep deformation. In this study, firstly, a one-dimensional secondary consolidation
creep test was carried out on the soft mudstone in Lund area of Guyuan City, Ningxia, and the creep

characteristics of soft mudstone under the one-dimensional secondary consolidation creep test were
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analyzed. Secondly, the concept of fractional order theory was introduced to derive the fractional order
Burgers model constitutive equation which can describe the nonlinear creep characteristics. Finally, the
Isqcurvefit algorithm in Matlab was used to numerically solve the one-dimensional secondary
consolidation creep test data of soft mudstone, and the effect of fractional order number on the one-
dimensional secondary consolidation creep curve of soft mudstone was analyzed. One-dimensional
secondary consolidation creep test shows that the creep mechanism of soft mudstone conforms to the
three stages of transient deformation, consolidation deformation, and stable deformation in consolidation
creep, and shows obvious nonlinear characteristics. And the undisturbed sample, remodeled sample in
the consolidation process produced a large degree of secondary consolidation creep, the maximum
deformation can account for 59% of the total deformation. Numerical simulation results show that the
fractional order Burgers model can better describe the nonlinear characteristics of the sub-consolidation

creep; Model fractional order ¥ has a strong sensitivity to reflect the elasticity of the fitted curve and the

nonlinear viscoelasticity after the stage,

and f{ractional order f sensitivity is poorer than the

viscoelasticity stage of the creep tendency to make a subtle response.
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Creep strain-time curve of soft mudstone under different water content conditions
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Fig.2 Strain rate-strain inflection point division primary and

secondary consolidation method
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Creep strain rate-strain curves of soft mudstone under different water content conditions
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Fig.6 Fitting curves of fractional order Burgers model and traditional Burgers model for samples with different water content
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Table 2 Coefficient of determinism R’ between fractional order Burgers model and traditional Burgers model with different

water content

e " i 4%/ kPa
ke A
100 200 400 800 1 600
B Burgers 0.988 8 0.994 3 0.995 7 0.997 3 0.998 4
JFURFECw =20%) \ _
1£4; Burgers 0.925 3 0.978 9 0.982 9 0.976 1 0.975 5
. B Burgers 0.997 1 0.998 7 0.999 1 0.997 3 0.998 0
EIRECw =18%) \ )
%48 Burgers 0.967 2 0.971 0 0.941 3 0.950 9 0.971 7
BB Burgers 0.997 0 0.989 7 0.999 8 0.997 3 0.998 6
HEIRE (0 =20%0) .
&4t Burgers 0.951 8 0.982 0 0.983 5 0.931 3 0.929 7
B Burgers 0.994 4 0.997 5 0.999 6 0.999 2 0.999 2

IR (0w =22%) N
£ 45 Burgers 0.910 1 0.962 4 0.974 5 0.954 7 0.960 9
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Table 3 Fitting parameters of fractional order Burgers model for soft mudstone with different water content
W =a p/ kPa E,/ kPa E, /kPa Y B 7o /min 71/min
100 465 880.100 343.178 0.545 0.418 0.373 11.578
. 200 100.000 468.459 0.980 0.589 0.584 4 475.865
JECIRFE -
400 135.094 1417.284 0.992 0.667 0.654 8 974.416
(w=20%)
800 224.041 12 458.570 0.849 0.102 5 429.432 1 135.678
1 600 333.377 2 180.556 0.977 0.060 3 889.638 4 481.020
100 334 591.300 670.785 0.668 0.356 22.311 10.122
. 200 159.981 144.422 0.991 0.054 460.902 4629.034
IR
400 148.149 334.724 0.771 0.019 1214.981 3 924.300
(w=18%)
800 205.127 2 855.437 0.955 0.372 2 897.841 0.001
1 600 296.298 1 771.920 0.454 0.837 93 556.991 224.746
100 140 876.276 595.981 0.763 0.308 25.996 1.318
200 120.790 561.813 0.569 0.060 627.472 183 762.600
IR
400 153.846 1624.643 0.990 0.468 3 908.792 4.412
(w=20%)
800 219.277 3097.138 0.059 0.309 2 511.459 0.002
1 600 326.526 5 405.005 0.960 0.303 4 347.205 0.001
100 6 271.954 127,767 0.705 0.890 5.709 50.401
200 71.431 730.124 0.427 0.996 3.099 966.409
400 87.912 1474.939 0.391 0.438 0.001 1 936.591
(w=22%)
800 128.000 2 609.639 0.400 0.720 0.223 3 159.638
1 600 201.258 10 683.030 0.347 0.872 0.00 6 789.263

x4 ARSKETRREEL Burgers B G S

Table 4 Fitting parameters of traditional order Burgers model for soft mudstone with different water content

W= p/ kPa E,/ kPa E./ kPa 70/ (kPa « min) 71/ (kPa « min)
100 367 752.000 140.760 492 611.350 19.080
X 200 100.000 415.160 2 077 574.140 136.090
JEIR B
400 135.090 1 254.540 3634 910.520 1 665.990
(w=20%)
800 205.120 2 715.280 7 519 860.930 0.053
1 600 333.330 4 131.900 12 641 700.000 0.000
100 365 739.000 219.000 540 296.720 35.410
) 200 160.000 392.730 1021 357.620 20.780
400 148.140 896.870 2 553 112.670 0.446
(w=18%)
800 205.120 1 393.930 5036 886.050 418.540
1 600 296.290 3 666.790 13 927 600.000 1.550
100 1118 142.000 128.500 902 480.000 68.030
) 200 117.650 583.020 1 833 959.400 10 940.270
400 153.840 1 115.640 3 982 759.830 9.890
(w=20%)
800 219.180 1 583.140 6 093 938.430 2.970
1 600 320.000 3 016.230 12 132 700.000 1.880
100 1 824 060.000 124.230 255 677.920 2 058.110
200 71.430 329.200 845 634.560 0.460
pipiles
400 87.910 702.240 2 116 389.890 0.320
(w=22%)
800 128.000 1 231.970 4 174 853.070 5.120
1 600 201.260 4 197.250 13 208 700.000 1.210
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