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Experimental study on elastic deformation properties of geomembranes used
as barriers in upper reservoir of pumped storage power stations
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Abstract: Aimming at the deformation adaptability of geomembranes used as barriers in the upper reservoir of pumped storage
power stations, a set of bubble inflation multiaxial tension testing equipment for geomembranes is developed. The experimental
studies are conducted on the influence rules of the key factors including dimensions of specimen clamp, loading rates, and
waiting time of deformation on the test results. Subsequently, a test method to simulate the elastic recoverable deformation
properties of geomembranes under fluctuating water levels is formulated based on these findings. This method is applied to the
comparative researches on the elastic deformation properties of HDPE, LLDPE and PVC geomembranes commonly used as
barriers in the upper reservoir of pumped storage power stations. The experimental results indicate that the traditional uniaxial
tensile test method has limitations. Under the multiaxial tensile conditions, the ultimate strains of geomembranes are
significantly lower than those obtained from the uniaxial tensile tests. Under the multiaxial tensile conditions, the HDPE and
LLDPE geomembranes exhibit pronounced yielding at relatively low strain levels, with elastic recoverable strain ranges of only
1% to 3%. In contrast, the PVC geomembranes do not exhibit significant yielding, with elastic recoverable strain ranges
exceeding 22.8%. Moreover, thicker PVC geomembranes demonstrate greater elastic recoverable deformation capabilities and
higher tensile strengths. In the selection of geomembranes for engineering design, the geomembranes with sufficient elastic
recoverable deformation capabilities should be chosen based on the maximum deformation value of the seepage prevention
structures.
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Table 1 Physical and mechanical properties of geomembranes
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Fig. 1 Schematic diagram of stress and deformation calculation for

geomembrane specimens during bubble inflation tests
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Table 2 Minimum inner diameters of bubble inflation test fixture

for typical geomembranes

Mk KB 58 /M Pa ri/mm r2/mm r3/mm
PE 18.0 70.14 54.0 90
PVC 12.5 48.71 37.5
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Fig. 2 Bubble inflation multiaxial tension testing equipment
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Fig. 3 Typical stress-strain curves of loading-unloading tests
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Fig. 6 Stress-strain curves of geomembranes under different
loading rates at rated air pressure
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Fig. 7 Variation curves of bulging height and strain with waiting

time of deformation in loading and unloading tests
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Table 6 Multiaxial tensile mechanical properties of geomembrane

upR JRRE FEARSE RARMREG WREERR MR

s mm JE/MPa /% FEMPa K /%

HDPE i 1.5 1.83 1.60 11.76 50.00
LILDPEJEE 1.5  1.70 237 7.52 34.40
1.5 — — 6.23 63.65

PVC Ji 2.0 — — 6.37 75.97
2.5 — — 7.06 92.85

3.0 — — 7.72 112.42
3.2 mM-HESKRIEERS T
A B 1A 14 TR R EET 0 1 2Rk T EI AR
RIS IR HG, PE EDIE R ORI 1) UR 2 80
kPa, MILL2 {55 EME (160 kPa) NHEEZX|A]; PVC
FECON) DA Al SO SRy 2 5 IX ), B JE 3 4y 31 180,
200, 240, 300 kPa, f8ZK[WIEN 10 kPa. %M 1.4
S B N R IR, LA A A,
B R T INES BN T 0.1%E0E5 3, -0 2 Uik
W n = W 12,

QL L3
_/_L—— e 4 \ =
d_
HBE1 fnfaf R A SRR

Y N A W b —
—— —

[ o s m—)
PR3 BIR4 AT ERF

12 -EE S ARk iR S E
Fig. 12 Schematic diagram of loading-unloading bubble inflation

tests
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Table 7 Critical values of elastic strain FAT: %
ok 1.5 mm 1.5 mm 1.5 mm 2.0 mm 2.5 mm 3.0 mm
HDPE LLDPE PVC PVC PVC PVC
PR RS I FUE 1.3 2.4 22.8 41.1 52.0 62.3

SRR IA], BEA T GRS . W 13 AR B
TR AT AR () s I TR LR 7. T LUK I,
PE T 45 AR s, 2N JPIRET, TR
AR A 2 e A2 3% AR , HDPE A LLDPE fE v A%
AR 1.3%M0 2.4%0 4R 7= A2 S0 SR E AR . fi
PVC JEMPR Ay 3 BB R AAAE, G S L (s itk 14 e
e HLBf R 3N, LAWK SR I B AR TR LA
R, g 5N AR Y5 BN 22.8%~62.3% . X 15
T EFR A S PVC IR (2.5~3.5 mm) #E47K

Bl 14 st da A A b TR O X R
FEBE R AR A OC Rl 2, oA R R T b T
P BRI AR L, IR (1) HEAWN.
1 P 14 AT %0 AN R - TR S PR S L R AR A
HILA—3, PE BEENEL 6% (29 0.1 mm)
UG PE AR AR, 1 PVC 7E 3PN AR 22.8%~
62.3% W, JEEETT A LA 33%~60% (£ 0.5~1.9
mm); B E VUG EBEIIE 0, PVC I JE FE AR 0Bk,
JERETT 1] B RARER K, AH R, SR Rk B RAR

B2 A o O I AR XWYH], PVC EREEZ [0 )
307 FAFT, EORIEH FAE IR 1, R R R
25 JEE Yol 79 SR N 22 ) N A 2% A R AR T
L 207 _ 2(2) [ 1.50
A B
£ , il 28} 148
R /! / L 146
= ) 2.6 s
100 : _ 24p :

pral -
05 / / _ttggg}g i!% 2.0 4% 05 10 15 20_ %}5)})}3:10
.74 _ 1 /l 1 1 1 1 J 1-8 r _O_LIDPE
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BEAEI% Lar —0—2.5PVC
(a) PEA T L2y NTRoe
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.| Fig. 14 Thickness-strain curves in elastic range
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40
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30t TIERATRIE .
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Fig. 13 Stress-strain curves for loading and unloading
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(2) &4+ TR fa i fpiakae 5 ik B R BR 1%
XFT LR K & Re sl FOKERTZE A LT, £
Tia) oz A R 56 75 1) P 228 {1 SR 128 /N 1 B i) i ok 6 4
%%, HDPE 1 LLDPE fi 2 ) fi {81 i Al 28 (1% ~3%)
TR T 13% 1 B [l fuft o IR A%, oAbl PR AR B2
A (35%~45%) it /NI A f 2 R (700% ~
800% ), PVC JI5 % [a) i { il PR A 8 N2 AE (43%~100% )
WL N T B R EE R (236%~338%)

(3) TEZRHAHIRE T, PVC Rk 2 P Lk o
P, BA R RN E R, SR BRI R i T
Pifh PE 65, M0 PE ik B i, & AR A S 1 BAR IR 1
. MeAh, d - E KIS L KB PE
FPE AP R AR T BT T PVC B, UM 1%~3%,
1M PVC fEix 2 22.8%LL L.

(4) XFAFEEER PVC I, FEE SN,
PR IR N AE M 43%38 2 100%, 3P APk AR 0
FEIM 22.8%38 % 62.3%, JEREJ5 A A4 A 33%
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PRAUFFC PR () A T, B R FE ) FH P93 SR L
Z 1A NI 5 R IR AR o ORISR PVC IR AG B 1)
71550 E AR K & g
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