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Experimental study and numerical modelling on creep and creep recovery
characteristics of geomembrane

CEN Wei-jun, WEN Zhen-yu, LI Deng-jun, WANG Li-bo
(College of Water Conservancy & Hydropower Engineering, Hohai University, Nanjing 210024, China)
Abstract: The creep and creep recovery of HDPE geomembrane with three different thicknesses under six different load levels
are investigated. The creep and creep recovery characteristics of the geomembrane and their influencing factors are deeply
analyzed. The test results show that the geomembrane deforms instantly when the load is applied and removed, and then the
deformation rate gradually slows down with time. When the load level is lower than 30%, the deformation of the geomembrane
tends to be stable with time. When the load level is higher than 40%~50%, the strain of the geomembrane increases at a
constant rate in the second stage creep. When the applied load level exceeds 20%, the geomembrane will produce residual
deformation after creep recovery and complete unloading, and the residual deformation will increase approximately linearly
with the increase of load level. The initial modulus of the geomembrane is influenced by both the load level and the creep
process. When the load level of the geomembrane rises to 40%~50%, its initial modulus will drop significantly by more than
100 MPa. In addition, a composite element model for the creep and creep recovery of geomembrane considering the
viscoelastic properties of materials is established. The numerical simulation shows that the proposed model can well reflect the

creep and creep recovery process of the geomembrane under different load levels.
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Table 1 Properties of geomembranes

R JEARBEEE  EARRL  WIRGREE BRNAR

/mm /(N'mm ") A5/% /(N'mm ") 1%
0.5 5.71 12.49 5.04 506.38
1.0 10.35 22.36 11.45 416.15
1.5 15.75 17.00 15.68 610.32
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Fig. 2 Curves of creep recovery of HDPE geomembranes
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Fig. 3 Comparison of creep and recovery curves of 1.0 mm-thick

HDPE geomembrane
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Table 2 Comparison of initial moduli under different load levels
" BUKAT KT/ MPa BURT KT/ MPa
J5 . /mm E/Es E\/Ey EW/E;s E\/Es
Es Es' Eu Eu'
0.5 432.43 387.49 274.58 164.08 0.90 0.60 0.63 0.38
1.0 387.53 381.91 194.90 155.17 0.99 0.80 0.50 0.40
1.5 287.17 276.45 194.40 145.80 0.96 0.75 0.68 0.51
TIE — 0.95 0.71 0.60 0.43
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Table 3 Parameters of creep deformation and recovery model of 1.0 mm-thick HDPE geomembrane
i 22 i AR
T K% . ’ .
E\/MPa E>/MPa n, (MPa-h) n, (MPa-h) E/ /MPa E’ /MPa n, /(MPa-h)
10 406.62 711.11 531.86 — 406.62 720.38 1852.12
20 381.84 475.39 1656.88 — 385.75 478.60 1762.96
30 374.15 24493 784.05 — 353.37 306.75 682.31
40 205.54 262.52 611.81 53866.31 190.53 331.86 627.10
50 192.61 164.97 381.58 28712.66 131.71 249.36 209.89
60 186.56 176.94 450.14 26936.52 143.26 228.82 387.86
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