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Research on One-dimensional Consolidation Model of Soil-rock

Mixtures Backfill under Forchheimer Seepage Model
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Abstract: The seepage in the soil-rock mixture belongs to non-Darcy flow and it does not conform to the premise
of Terzaghi’ s consolidation theory. Therefore, the consolidation settlement of soil-rock mixture backfill can hardly be
solved by Terzaghi’s consolidation theory. Based on Forchheimer seepage model which was confirmed to accord with
the seepage characteristics in soil-rock mixture, the linear one-dimensional consolidation model of the under
consolidated saturated soil-rock mixture is established by theoretical derivation, with its finite difference solution
calculated. The program of finite difference calculation is compiled by MATLAB software to verify the effectiveness of
finite difference solution, and the finite difference solution is compared with Darcy’s analytical solution and the results
of consolidation compression test. The results show that the linear one-dimensional consolidation model derived from
the Forchheimer seepage model can predict and analyze the consolidation settlement of the soil-rock mixture well, and
is of theoretical significance to the consolidation settlement of the under consolidated soil-rock mixture backfill in the
southwest region.
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Fig. 2 Average particle size distribution curve of the sample
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Table 1 Physical parameters of soil-rock

mixtures backfill specimen

WA AN . N
REEES TR, HE WATL
I S Y ( Sy 6 Bk

-/ %0 . s ~ELoe
“ w/% (g-cm™) & em '

0 15.4 2.188 1.895 2.680 0.414
20 14.9 2.177 1.895 2.640  0.393
40 14.3 2.167 1.895 2.601 0.372

60 13.8 2.156 1.895 2.564  0.353
80 13.2 2.145 1.895 2.526  0.333

100 12.6 2.134 1.895 2.490 0.314
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Fig. 4 Procedure of compression consolidation test
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Table 2 Test results of compressibility parameters

of soil-rock mixtures backfill

TR/ % 0 20 40 60 80 100

a,/(MPa™') 0.19 0.17 020 0.16 0.15 0.23
c, 0.06 0.06 0.07 0.06 0.05 0.08
E/MPa 7.12 7.81 6.52 8.17 843 5.5l
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Fig. 5 The Forchheimer model fitting figure

under different stone containings
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Table 3 Fitting parameters of

Forchheimer percolation model

AR BERE K/ A S

/% (em - S") lg/m*
0 0.0027 28.300
20 0.0053 2.145%10°
40 0.0133 2.417x10°
60 0.0370 5.083%x10’
80 0.6970 3.329x10°
100 4.0900 2.342x10°
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Table 4 Finite difference calculation results compared with the analytical
solution of excess pore water pressure U=u/q, at different spatial grid ( 7=0.05)
n=50 n=100 n=200

z/H FEATT i
FEo il W2/ % ZET R B2/ % ZEI R W2/ %
0.1 0.248 2 0.248 2 0.000 0 0.248 2 0.000 0 0.248 2 0.000 0
0.2 0.472 9 0.473 0 -0.020 0 0.472 9 0.000 0 0.472 9 0.000 0
0.3 0.657 2 0.657 2 0.000 0 0.657 2 0.000 0 0.657 2 0.000 0
0.4 0.794 1 0.794 1 0.000 0 0.794 1 0.000 0 0.794 1 0.000 0
0.5 0.886 2 0.886 1 0.010 0 0.886 1 0.000 0 0.886 1 0.000 0
0.6 0.942 2 0.942 1 0.010 0 0.942 2 0.000 0 0.942 2 0.000 0
0.7 0.973 1 0.973 0 0.010 0 0.973 1 0.000 0 0.973 1 0.000 0
0.8 0.988 4 0.988 4 0.000 0 0.988 4 0.000 0 0.988 4 0.000 0
0.9 0.995 1 0.995 0 0.010 0 0.995 1 0.000 0 0.995 1 0.000 0

x5 AEMERERFTFEHELE U, 25TEERSHERHBITLE
Table 5 The finite difference calculation results compared with the analytical
solution of average degree of consolidation U, under difference time factor
n=50 n=100 n=200
BRI T f#dTi %

KGR/ % WE/ % ZETHIR % WE/ % KGR/ % WE/ %
0.045 2 23.996 8 24.002 9 -0.025 6 23.993 0 0.015 8 23.990 5 0.026 2
0.085 3 32.955 7 32.965 3 -0.029 1 32.958 0 -0.007 2 32.956 2 -0.001 7
0.161 0 45.264 0 45.270 8 -0.015 2 45.265 7 -0.003 8 45.264 4 -0.001 0
0.221 2 52.970 6 52.976 1 -0.010 3 52.972 0 -0.002 6 52.970 9 -0.000 6
0.303 9 61.694 8 61.698 7 -0.006 3 61.695 8 -0.001 6 61.695 1 -0.000 4
0.417 5 71.065 3 71.067 6 -0.003 2 71.065 9 -0.000 8 71.065 5 -0.000 2
0.573 6 80.315 1 80.316 0 -0.001 2 80.315 3 -0.000 3 80.315 2 -0.000 1
0.788 0 88.401 9 88.402 0 -0.000 1 88.401 9 0.000 0 88.401 9 0.000 0
1.082 6 94.393 4 94.393 1 0.000 3 94.393 3 0.000 1 94.393 4 0.000 0
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Table 6 The finite difference calculation results compared

with the analytical solution of U, under variable load

BRI T Darcy fi#ttit/ % 225300/ % W22/ %

0.045 2 7.229 7 7.2319 -0.030 2
0.085 3 18.741 6 18.7449 -0.017 5
0.161 0 37.260 8 37.263 0 -0.005 8
0.221 2 46.490 2 46.4919 -0.003 6
0.303 9 56.528 2 56.529 4 -0.002 1
0.417 5 67.180 8 67.181 6  —0.001 1
0.573 6 77.673 8 77.674 1 -0.000 4
0.788 0 86.845 7 86.8458 -0.000 1
1.082 6 93.641 1 93.641 1 0.000 0
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Table 7 The parameters in the model

TAE 0,/ % 20 40 60 80

JE45 R a 0.17 020 0.16  0.15

wRFLBEL e, 0393 0372 0.353  0.333
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Fig. 6 The comparison of linear models and test results
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Fig. 7 The comparison of linear models and test data

when rock containing 40%
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