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Influence of dry density on coefficient of permeability of unsaturated loess
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Abstract: The unsaturated permeability coefficient is one of the important parameters in the researches on the rules of
unsaturated soil infiltration and the important basis of the researches on the instability of slopes and humidification deformation
of foundations. The variable water head method is used to measure the permeability coefficients of undisturbed soil and
remolded saturated loess. Combined with the soil-water characteristic curve and the saturated permeability coefficient, based on
the Childs & Collis-George model, remolded unsaturated loess with different dry densities and the relationships between
coefficient of permeability and volumetric moisture content as well as the rules of undisturbed loess are discussed. The results
show that the saturated coefficient of permeability of the remolded loess samples is greater than that of the undisturbed loess
samples, and it decreases with the increase of the dry density. The unsaturated coefficient of permeability of loess coefficient
decreases as the moisture content is reduced, and the decrease trend decreases as the dry density increases. However, under
about the residual moisture content, the permeability of the samples with different dry densities is basically identical.

Key words: unsaturated soil; coefficient of permeability; Childs & Collis-George model; dry density; volumetric moisture
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Fig. 1 Particle-size distribution of loess samples
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Table 1 Basic properties of loess samples

o
g

TR EKE EE DRAEX FLBEER OB R
WS /% Ngem?®)  EHE 1% % 1%
YZ1I 112 1.60 2.67 456 233 14.6
YZ2 15 1.57 2.68 453 235 17.1
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Table 2 Saturated permeabilities of loess in tests (10 m/s)

YZ1 YZ2 GM1 GM2 GM3 GM4 GMS5

97.0 180.0 310.0 200.0 47.0 9.6 8.0
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Fig. 2 Correlation of saturated coefficent of permeability with dry

density
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Table 3 SWCC fitting parameters from VG model

TR s S al(kPa™) b KA R
YZ1 17.981 2.410 0.9995
YZ2 14.357 1.872 0.9998
GM1 1.393 1.248 0.9995
GM2 3.563 1.347 0.9979
GM3 6.296 1.358 0.9980
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Fig. 3 Fitting SWCCs of VG model for loess samples with
different dry densities
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Table 4 Relationship between coefficient of permeability and
volumetric moisture content of compacted loess with

different dry densities

Py =15 g/em’ py=1.6 g/em’ Py =1.7 g/em’
R BIERH B BERE B BERY
HKE /(ms)  HKE S (msT)  FKE /(msh

0.42444 5.40X10° 0.41093 1.28X10° 0.38081 2.61X10°
0.38937 9.57X10° 0.37902 3.00X10° 0.35241 6.41X 10"
0.35430 2.85X10° 0.34712 1.07X10° 0.32402 2.38X 107
0.31923 9.04X107 0.31522 3.97X107 0.29562 9.23X10°®
0.28416 2.75X107 0.28331 1.42X107 0.26722 3.47x10°®
0.24909 7.62X10% 025141 4.65X10° 0.23883 1.21X10°*
0.21402 1.82X10% 02195 1.32X10° 0.21043 3.69X10°
0.17895 3.51X10° 0.1876 3.02X10° 0.18203 9.34X 10"
0.14388 4.92X10"° 0.1557 4.97X10" 0.15364 1.76X10"°
0.10881 3.94X10™" 0.12379 4.46Xx10™" 0.12524 1.89x 10"

*5 TRIERLBERBSHRE KRR
Table 5 Relationship between coefficient of permeability and

volumetric moisture content of undisturbed loess samples

JFEAR A1 R 2
BIE R BIE R
(ENA & . IRAE 7K .
/(m*s) /(m*s )

0.45919 2.50X10° 0.45923 4.84%10°
0.41877 1.41X10° 0.42006 2.15%X10°
0.37836 8.32X10° 0.38088 1.11X10°
0.33794 4.86X10° 0.34170 5.73X10°
0.29752 2.70X10° 0.30253 2.82X10°
0.25710 1.38X10° 0.26335 1.27X10°
0.21668 6.24X 10" 0.22418 5.01X107
0.17627 2.30X107 0.18500 1.59%X107
0.13585 5.89x10° 0.14582 3.50X10°
0.09543 7.15X 107 0.10665 3.65X10°
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Table 6 Results of fitting curve parameters from relationship
between volumetric moisture content and unsaturated

coefficient of permeability

A , n m FHR BB R?
/(g'em”)
1.5 7.0587X10  48.0456 0.99932
R+ 1.6 2.1108X103 43.6060  0.99875
1.7 4.1039X10™  47.1824 0.99868
R FoRE 1 4.2769X10°  13.8809 0.99929
- AR 3 6.9331X10°  19.2580 0.99871
1x 10747 o
1x 105 -~
= 1x 101 _
" 1x107 //‘//"‘/
8 ) . = FHEELS
2 1x 108 v, ® FHE1.6
W 1%109 4 THELT
w v FURA1
8 1000 / * JFUiR+2
(]
1x 1011 o’
1x10-12 L L L L L L ! L L )
0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55

HBE kR
4 FHAEBRBERBSHRE KRR
Fig. 4 Correlation of unsaturated coefficient of permeability with

volumetric moisture content
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