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Effects of wetting-drying cycles on permeability of compacted clay
cover at landfill site
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Abstract: This paper studies the anti-seepage failure of compacted clay layer (CCL) during wetting-drying cycles in a landfills cover
system. The permeability and microstructure tests are conducted. The effects of wetting-drying cycles, degree of compaction and
specimen size on permeability coefficient of CCL are discussed. The essence of anti-seepage failure is revealed at microscopic level.
The research results show that the permeability coefficients of two size specimens are the same before wetting-drying cycles, but the
increments of permeability coefficient of CCL with different degrees of compaction and specimen sizes are different after three times
of wetting-drying cycles. The high-compacted and low-compacted small-size specimens both show shrinkage but no crack during
wetting-drying cycles. For small-size specimens, the microscopic structural damage and the increment of permeability coefficient of
high-compacted clay are larger than those of low-compacted clay. Unclosed cracks in large-size specimens result in larger increment
of permeability coefficient than those in small-size specimens with the same degree of compaction. The small-size specimens can not
reflect the influence of shrinkage cracks on the permeability of CCL. Therefore the permeability results of small-size specimens are
not suitable for evaluating long-term seepage capacity of CCL.
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Fig.2 Crack characteristics of large-size specimen during drying process
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Fig.4 Variations of permeability coefficient for compacted clay during wetting-drying cycles



683

3
1 2 3 5 >100 pm
K AK ok >20 um 5 20 pum 04 5um
3 <0.4 pum
3 3
Table 3 Increments and increment rates of
permeability coefficient for compacted clay after three times
of wetting-drying cycles 6
6 C90—C98
AK/(c/s) Oxl% AK/(cm/s) Oxl%
90 6.20x10°° 129 -2.92x10°° -62
C94 5.29x10° 632 5.47x107 103
98 8.87x107 1417 5.23x107 995
&
4(a) 3 g
3
C98
[2] 1x
107 cm/s 3
3
1 3 =
C90 5
C98
4(b) 3
3
3 &
£
3
3.2
3.2.1
5
0.4 (c) C98
20 um
K 5
[17] Fig.5 Pore size distribution functions of compacted clay

during wetting-drying cycles



684 2015

[18] by 4 SEM
DW0—DW3 MIP
3 3
11.5% €90 3
6.0%(C98)

25.7% (€90 53.9% C98

3.1% C90 41.7% C98 4 o
Table 4 Area and number of pore in high-compacted and

low-compacted clays before and after wetting-drying cycles

322
um? /um? /um?
90 C90DWO 15585 212 7 845 27 0 0
C90DW3 10179 176 17179 24 0 0
C98 3 C98DWO 14787 201 6 436 23 0 0
SEM 7(a) C98DW3 12052 179 15273 15 14101 1
300
C90
3
(a) SEM
(2)
60
C90—C98
50 | g C90 DW0—C90 DW3
40 == C98 DW0—C98 DW3
X 30 f
20
10
0
-10
-20
-30
-40
-50
-60
(®)
6
Fig.6 Pore volume and variation rate of various pores in
compacted clay before and after wetting-drying cycles
(b) SEM
7
SEM 7(b) Fig.7 SEM results of compacted clay before and after

wetting-drying cycles



685

3.3
3.3.1
3
Phifer ¥
[20]
3
11.4%
3
41.6%
3

332

6.0%

[21]

3
2
3
3
114% 6.0%
3
4
1
C90 (94
98 3 4.8x10°

8.33x107 6.259x10°® cm/s 3

11.5%



686

2015

41.6% 3

(2]

- - 1.
,2011, 30(10): 1970—1988.
XUE Qiang, ZHAO Ying, LIU Lei, et al. Study of
thermo-hydro-mechanical-chemical coupling effect of
catastrophe process of landfill[J]. Chinese Journal of
Rock Mechanics and Engineering, 2011, 30(10): 1970
1988.
. CIJ112—2007
[S]. : ,2007.

KLEIN R, BAUMANN T, KAHAPKA E, et al.
Temperature development in a modern municipal solid
waste incineration (MSWI) bottom ash landfill with
regard to sustainable waste management[J]. Journal of
Hazardous Materials B, 2001, 83(3): 265 280.

[1. , 2013,
34(6): 1636 1644.
WAN Yong, XUE Qiang, CHEN Yi-Jun, et al.
Construction of consistent stability analysis model of
landfill cover system and its application[J]. Rock and
Soil Mechanics, 2013, 34(6): 1636  1644.
OMIDI G H, THOMAS J C, BROWN K W. Effect of

desiccation cracking on the hydraulic conductivity of a

compacted clay liner[J]. Water, Air, and Soil Pollution,

1996, 89(1 2):91 103.
DRUMM E, BOLES D, WILSON G. Desiccation cracks
result in preferential flow[J]. Geotech. News,

Vancouver, 1997, 15(1): 22 25.

RAYHANI M H T, YANFUL E K, FAKHER A.
Desiccation induced cracking and its effect on hydraulic
conductivity of clayey soils from Iran[J]. Canadian

Geotechnical Journal, 2007, 44(3): 276  283.

(8]

[11]

[12]

[13]

[14]

RAYHANI M H T, YANFUL E K, FAKHER A.
Physical modeling of desiccation cracking in plastic
soils[J]. Engineering Geology, 2008, 97(1 2):25 31.
[J1. ,2012,20(3): 397 402.
HE Jun, WAN Juan, WANG Yu. Desiccation cracks on
hydraulic performance of compacted clay liner via
laboratory wet-dry cycling tests[J]. Chinese Journal of
Engineering Geology, 2012, 20(3): 397 402.
BENSON C, BOUTWELL G. Compaction condition and
scale depended hydraulic conductivity of compacted clay
liners, Constructing and controlling compaction of earth
fills[M]. Madison: University of Wisconsin, 2000.
[J].
,2010, 32(1): 68 76.
YAO Zhi-hua, CHEN Zheng-han, ZHU Yuan-qing.
Meso-structural change of remolded expansive soils
during wetting-drying cycles and triaxial soaking tests [J].
Chinese Journal of Geotechnical Engineering, 2010,
32(1): 68 76.
[1. , 2009, 30(12): 3797 3802.

LU Hai-bo, ZENG Zhao-tian, ZHAO Yan-lin.
Experimental studies of strength of expansive soil in
drying and wetting cycle[J]. Rock and Soil Mechanics,
2009, 30(12): 3797 3802.

[J1. , 2013, 34(2):
322 328.
ZENG Zhao-tian, LU Hai-bo, ZHAO Yan-lin, et al.
Study of pore size distribution of expansive soil during
wetting-drying cycle and its application[J]. Rock and
Soil Mechanics, 2013, 34(2): 322 328.
HOSSEIN N, FARIMAH M. Hydromechanical
behaviour of an expansive bentonite/silt mixture in cyclic
suction-controlled  drying and tests[J].
Engineering Geology, 2008, 101(3 4): 154 164.
HOSSEIN N, FARIMAH M. Influence of suction cycles

wetting

on the soil fabric of compacted swelling soil[J].
Comptes Rendus Geoscience, 2010, 342(12): 901
910.

693



693

[11]

[12]

[13]

33(1): 137 142.

[M]. ,1998:2 8.

1 ’ ’

bl ,
2012, 31(4): 731 737.
ZHOU Ke-ping, LI Jie-lin, XU Yu-juan, et al.
Experimental study of NMR characteristics in rock
under freezing and thawing cycles[J]. Chinese Journal
of Rock Mechanics and Engineering, 2012, 31(4): 731

737.

1
734, 755.

, 2006, 26(6): 731

[16]

[17]

[18]

686

[J]- , 2011, 33(8):
1173 1177.
YE Wei-min,

WAN Min, CHEN Bao, et al

Micro-structural  behaviors

GMZ01 bentonite

of densely compacted

under drying/wetting cycles[J].
Chinese Journal of Geotechnical Engineering, 2011,
33(8): 1173 1177.

SHEAR D L, OLSEN H W, NELSON K R. Effects of
desiccation on the hydraulic conductivity versus void
ratio relationship for a natural clay[M]. Washington D.
C.: National Academy Press, 1993.

. MATLAB
I

SEM
, 2004, 23(5):

1 ’

579 583.
MAOQO Ling-tao, XUE Ru, AN Li-gian. Quantitative

[14]

[15]

[19]

[20]

[21]

ZHANG Yuan-zhong, XIAO Li-zhi. Experimental study
of the NMR characteristics in rock under uniaxial
load[J]. Nuclear Electronics & Detection Technology,
2006, 26(6): 731 734, 755.

’ 1 ’

(1. :
2013, 32(7): 1410 1416
ZHU He-ling, ZHOU Ke-ping, ZHANG Ya-min, et al.
Experimental study of rock damage by blasting based on
nuclear magnetic resonance technique[J]. Chinese
Journal of Rock Mechanics and Engineering, 2013,

32(7): 1410 1416.

[D]. .2012:96  100.

analysis of SEM
MATLABIJ]. Journal of Chinese Electron Microscopy
Society, 2004, 23(5): 579 583.

GARCIA B I, LOVELL C W, ALTSCHAEFFL A G.

image of microstructure with

Pore distribution and permeability of silty clay[J].
Journal of the Geotechnical Engineering Division,
ASCE, 1979, 105(7): 839  856.
PHIFER M, DRUMM E, WILSON G. Hydraulic
conductivity and waste contaminant transport in soil[M].
[S.1]: ASTM, 1994

[9]. , 2011, 32(6) : 1631 1636.
WU Jun-hua, YUAN Jun-ping, LU Ting-hao. Analysis
of initial cracking behavior of expansive soil due to
moisture change stress[J]. Rock and Soil Mechanics,
2011, 32(6): 1631  1636.



