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Creep and Recovery Characteristics of Composite
Geomembranes under Cyclic Loading

MA Shu-han'*, LI Xiao-lin'*, YANG Wu'?* | LIU Liang'*, YANG Hai-hua'"
(1. College of Water Conservancy and Civil Engineering, Xinjiang Agricultural University, Urumqi 830052, China;
2. Xinjiang Hydraulic Engineering Geotechnical and Structural Engineering Technology Research Center, Urumqi 830052, China)

[ Abstract] The prediction of dynamic stress-strain relationship of composite geomembrane is one of the key problems involved in
the long-term operation of seepage prevention projects of earth-rock dams. In order to study the effect of cyclic loading on the stress
and strain of the composite geomembrane, cyclic loading and unloading tests were carried out under three different stress levels of
10% , 20% and 30% , and the creep tests under 10% to 80% stress levels were carried out to compare and analyze the creep and
creep recovery characteristics of the composite geomembrane. The expression of strain under cyclic loading and accumulation condi-
tion was presented, and the constitutive model of composite geomembrane boundary surface under cyclic loading condition was con-
structed. The results show that the deformation of composite geomembrane increases instantaneously at the moment of loading and un-
loading, and then gradually slows down with the increase of time. After complete unloading, when the stress level is less than 30% ,
the deformation of the composite geomembrane can almost recover. When the stress level is greater than or equal to 40% , the residu-
al deformation increases gradually with the increase of the stress level. The effect of cyclic loading times on the creep deformation of
geomembrane is not a simple linear relationship. In addition, an improved three-parameter viscoelastic model was established, and it
is verified that the model can reproduce the creep recovery process of composite geomembrane under different load levels. The re-
search results can provide a reference for the long-term deformation analysis of composite geomembrane in earth-rock dams.

[ Keywords ] composite geomembrane; cyclic loading; creep; creep recovery; three parameter viscoelastic constitutive model
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Fig. 1 Creep curve of composite geomembrane
P2 F1 K-
2 —B—10% —A—30% —e—50% —>—70%
” —0-20% —¥-40% —<4-60% —e—80%
20 -
18
16
14+
S 2t
)
E 10 -
8 -
6+
4 +
2+
0F
_2 1 1 1 1 1 1 1 1 1 1 1

100 0 10 20 30 40 50 60
fifE/h

K2 525 TR AR A it 2

Fig.2  Creep recovery curve of composite geomembrane
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Fig. 3  Trend diagram of the proportion of creep recovery
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Fig. 4 Deformation curve of the first loading
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Fig. 6 Deformation curve of the third loading
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Table 3 Parameter values of viscoelastic model of

Fg 11

composite geomembrane with three parameters

R FI7KE/ % E,/MPa E,/MPa 1,/ (MPa-h)
10 2.150 1.510 9.800
20 1.709 1.520 8.020
30 1.517 1.560 4.000
40 0.874 1.250 2.600
50 0.785 1.500 4.010
60 0.811 1.450 3.200
70 0.777 1.190 3.800
80 0.780 1.140 4.300
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