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Influence of loading medium on mechanical properties of
geomembrane bulging deformation

LI Zheng', LI Wanglin’, WANG Wansheng', YU Hairu#?, XUE Xia’

(1. School of Water Conservancy and Environment, University of Jinan, Jinan 250002, P. R. China; 2.Shuifa
Planning and Design Co. Ltd, Jinan 250013, P. R. China)

Abstract: In order to find out whether the loading medium has an effect on the mechanical properties of
geomembrane bulging deformation, HDPE geomembranes with three thicknesses of 0.2 mm, 0.3 mm and
0.6 mm were selected as the research objects. Using the special test equipment for bulging deformation, we
used air and liquid as the loading media respectively. At the injection rate of 1 kPa/s, the spherical bulging
deformation test under annular constraints was carried out, and the microscopic morphology changes and
differential failure mechanisms of geomembrane bulging failure were emphatically analyzed by means of a
polarizing microscope. The results show that under the same environmental conditions, the bursting pressure
under liquid bulging is about 34 % higher than that under air bulging, and the bulging height under liquid bulging

is about 22% higher than that under air bulging. The bulging deformation of geomembranes under air and liquid
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bulging shows different stages of elastic, yield, strengthening and failure deformation. The geomembrane
presents a linear failure surface during air bulging, which is manifested as uniform tensile deformation and
fracture of the polymer chain segments at the micro level. The geomembrane presents a banded failure surface
during liquid bulging, which is manifested as uneven tensile deformation and fracture of the polymer chain
segments at the micro level. The influence of the loading medium on the mechanical properties and failure
characteristics of the spherical bulging deformation of the geomembrane is mainly related to the properties of the
medium itself, the distribution of pressure load under the membrane and the reorientation and recrystallization of
polymer chains. According to the research results, it is recommended to use liquid medium to carry out the
strength test for the bulging failure of the geomembrane.

Keywords: geomembrane; pressure medium; air bulging; liquid bulging; bulging deformation; damage mode
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Fig.1 Structural schematic of the test platform
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Table 1 Routine indices of test materials

H JERE /mm B/ (KN/m) B KR/ %
+ T 0.2 5.5 718
ol 0.3 7.2 631
+ T 0.6 16.6 759
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Table 2 Test protocol for geomembrane air and liquid

bulging
i 56 41 IR A S + A Jm#k R/ (kPa/s)
A-1 SR 0.2 mm £ T.J& 1
A-2 LS 0.2 mm + T Jii 1
B-1 SR 0.3 mm £ T i 1
B-2 WK 0.3 mm + T Jj 1
C-1 SR 0.6 mm + T Jj 1
C-2 WK 0.6 mm £ T i 1
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Fig. 2 Time-bulge pressure curves of
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Fig.3 Bulge height-bulge pressure curves of

geomembrane air and liquid bulging

®3 TTIBENEMESESKBES

Table 3 Geomembrane bulge height and burst pressure

L AU T SER s
W Silkrs e/ KBRS/ SR/ IKRERIES/
o mm MPa mm MPa
0.2 50. 67 0.026 1 66.41 0.0388
0.3 50. 68 0.0407 63.25 0.049 1
0.6 45.91 0.067 4 52.26 0.079 2
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Fig. 4 Tensile stress-strain curves of

geomembrane air and liquid bulging
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Fig. 5 Comparison of geomembrane air and

liquid bulging failure modes
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Fig. 7 Local microscopic details of 0.2 mm

geomembrane liquid bulging failure
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