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Prediction of permeability coefficient of unsaturated lime-improved loess
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(Institute of Geotechnical Engineering, Xi'an University of Technology, Xi'an 710048, China)
Abstract: In view of the fact that most loess in the loess regions is in an unsaturated state, lime is used to improve the
unsaturated loess to solve the problem of permeability of unsaturated loess. The soil-water characteristic curves of the
compacted loess and the lime-modified loess are measured by an unsaturated consolidation instrument, and the Van Genuchten
model is used to fit the test data. The saturated permeability coefficients of the saturated compacted loess and the lime-modified
loess are also measured. The obtained soil-water characteristic curve is modeled using the Childs & Collis-George model to
predict the permeability coefficient of unsaturated lime-improved loess, and the relationship curves of the volumetric water
content of unsaturated lime-improved loess, the matrix suction and the permeability coefficient are obtained so as to analyze the
mechanism. The results show that the compaction degree has a significant effect on the soil-water characteristic curve of the
unsaturated lime-modified loess. The larger the compaction degree, the larger the air intake value. The saturated permeability
coefficient of the lime-modified loess is smaller than that of the compacted loess. Under the same compaction degree, the
permeability coefficient of the lime-improved loess increases with the increase of the volumetric water content, and with the
increase of the matrix suction, it first decreases rapidly and then tends to be equilibrium. When the suction is constant, the
greater the compaction degree, the smaller the unsaturated permeability coefficient. The permeability coefficient and matrix
suction can be expressed by a power function. The results may provide numerical calculation basis and theoretical support for

lime-improved loess and roadbed projects.
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Table 1 Basic physical parameters of loess
RETHE  RREKE IR TBRR Wi kA FIORLZH B/ Yo
/(g em’) 1% 1% /% e, XWEE <0.005mm  0.005~0.075mm  >0.075 mm
1.28 15.2 19.0 28.6 9.6 2.71 15.5 74.3 10.2
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Table 2 Main chemical composition of lime
Wy A EE% WEE Gy S8 %
CaO 72.12 MgO 3.90
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Fig. 1 Compaction curves of compacted loess and lime-modified

loess
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Fig. 2 Unsaturated soil consolidation instrument
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Fig. 3 Soil-water characteristic curves of unsaturated compacted

loess with different dry densities
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Fig. 4 Soil-water characteristic curves of unsaturated

lime-modified loess with different dry densities
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Table 3 Soil parameters of V-G model for unsaturated

0, =0, + (2

lime-modified loess

3% EK;;E 0.% 0./% a b R

e 95 31.74 12.84 4546 1.25 0978
gi 87 3413 1221 31.57 1.25 0.985
- 80 36.62 10.73  20.16 1.30  0.993
IR 95 31.74 10.70  51.62 1.24 0.973
gi 87 3413 1027 4293 123 0986
- 80 36.62 8.00 21.00 121 0974
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Table 4 Saturated permeability coefficients of unsaturated

compacted loess and lime-modified loess

FESE AR R 3K+
KI% ks/(105cmes ) K/% ks/(105cm-s 1)
100 0.82 100 0.15
95 1.61 95 0.30
87 3.50 87 0.55
80 8.20 80 1.30
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Fig. 5 Curves of permeability coefficient of saturated compacted

loess and lime-modified loess
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Fig. 6 Soil-water characteristic curves of unsaturated
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Table 5 Permeability coefficients of unsaturated lime-modified loess

. K=80% K=87% K=95%
' s/kPa kw(64)/(10° cm*s ™) s/kPa kw(64)/(10° cm*s ™) s/kPa kw(64)/(10° cm*s ™)
1 21.98 6.77 22.43 2.74 15.00 1.37
2 35.45 424 26.80 1.84 24.00 0.50
3 50.06 2.88 42.70 1.30 41.79 0.30
4 64.27 2.01 59.08 0.96 51.50 0.20
5 77.64 1.41 63.90 0.71 60.41 0.13
6 94.96 0.97 69.24 0.51 78.29 0.09
7 102.96 0.64 81.07 0.37 96.19 0.06
8 119.59 0.39 93.14 0.26 114.26 0.04
9 139.72 0.22 105.78 0.18 133.12 0.03
10 180.65 0.12 118.05 0.12 150.48 0.02
11 217.61 0.06 146.10 0.08 187.17 0.01
12 319.58 0.03 169.43 0.05 242.06 6.03X1073
13 429.95 0.02 193.84 0.03 297.9 3.49X1073
14 563.59 0.01 220.06 0.02 362.94 1.89X103
15 681.91 6.96X1073 285.90 7.77%X1073 437.21 9.27X10*
16 809.1 3.43X103 376.11 3.22X103 559.48 3.89X10*
17 1000.76 1.42X1073 560.37 1.05X1073 787.17 1.31X10%
18 1535.34 433X10* 998.17 2.48%X1073 1416.75 3.42X10°3
19 3215.28 9.02X10° 1592.64 5.19X10°3 2965.08 7.52X10°6
20 4935.80 1.68X10° 5543.13 3.43%X10°¢ 5185.58 1.24X10°
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Fig. 7 Curves of permeability coefficient and volumetric water

content of unsaturated lime-modified loess
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Table 6 Fitting values of permeability coefficient and matrix

suction
JESEE K% RS pal(grem ) a/103 b
80 1.32 4.48 2.466
87 1.44 3.13 2.669
95 1.57 3.07 2.771
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Fig. 9 SEM images of unsaturated lime-modified loess with

different compaction degrees
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