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Abstract: To investigate the gradual failure dfigh-density polyethylene HDPE)
geomembraneas a resultof longterm corrosion,four dynamic corrosiontests were
conductedatdifferent temperatures amdirations By combining tension and punctutests

we sysématically studiedhe variation law of tension and puncture propertiagh@HDPE
geomembraneaunder different corrosion conditionsResults showed that tension and
puncturefailure of the HDPE geomembrane was progressive, and tensile strengtte
longitudinal grain direction wa®vidently better than thatn the transversedirection.
Puncturs appearedhortly after puncture force reaetithe puncture strengtifhe ensile
strength of geomembrane was in invérgeoportioral to the corrosion timeandtheimpact

of corrosionwas more obvious the longitudinal directiorthantransversalirection. As
corrosion timeincreased puncture strength decreased and corresponding deformation
increased.As with corrosion time, the increase of corrosion tempeeataducel the
decrease offleomembraneensile strength. Terlsiand puncture strength were extremely
sensitive to temperatur®verall residual strength had a negative correlation with corrosion
time or temperature. Elongation variation increassiially and then decreased with the
increasdn temperatureHowever,it did not show significant law with corrosion time. The
reductionin puncture strength and the increasepuncture deformation had positive
correlatiorswith corrosion time or temperatufEhe geomembrane s@&hedunder corrgion
condition. The conclusion may be applicable to the proper designing of the HDPE
geomembrane in landfill barrier system.
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1. Introduction

The highdensity polyethyleneHDPE) geomembrane & majorpart ofthe barrieisystem ira landfill
that helps taonhibit the diffusion of leachate from polluting groundwat&he long-term reliability ofthe
HDPE geomembrane is they to guaranteeinthe ecological security of landfill. The permeability
coefficient ofan intact HDPE geomembrane is generally less tharx11@ * tn/s, which istypically
considered imperviouandexhibitsgood antiseepage performance. In addititme HDPE geomembrane
has stable chemical properties, corrosion resisiaacd relatively mature experience in project
implementation[1]. However, arge deformations, puncture holes, and tears occur under complicated
pressures generated by the landfill refuse dump because the HDPE geomembrane is prone to uneve
settlement and punctures. The waste body itself with a complex composition of gravebrylasther
hard objects can easily break the membr&hemechanical properties of materials, suclthagensle
and puncture strength, determihe sealingeffect ofthe HDPE geomembrane in landfill application.
Althoughthe geomembrane has good cheaiistability and corrosion resistance, tenand puncture
strength ofthegeomembrane gradually decressehich affectsthe barrieperformances a resulof
long-term exposure to leachate and heat relebgdulo-reactioninside the landfillwaste Thereforeijt
is imperative todevelop testsnethods on théension and puncture properties of HDPE geomembrane
under the corrosion déachateat differentdurationsand temperatures.

Studies on the mechanical deformation characteristics and other isslagsd rto HDPE
geomembranes in engineering applications have been conducted through experiments, theories, an
numerical simulationsHowever, these studies mainly focused onthe interface properties of
geomembranandother earthwork synthetic materigs 15], of which very fewwasinvolvedwith the
tensle and puncture propertiesf geomembranes [1&9]. Particularly raretestswere developed to
determinghe effect of landfill temperatures on tension and puncture propgtie22]. In this studya
stock solution of leachate was obtained fréme Wuhan Chenjiachong landfill in winteFhe effects of
leachate on the mechanical properties of HDPE geomembraneexarenedbased on the typical
temperature changes inside the landfihie varying behaviorfahe tensile and puncture properties of
the HDPE geomembrane at different corrosion durations and temperatures were analyzed by a dynami
corrosion instrument CERSM20 that was developed in our group and has been applied to study
polluted massife., rock/earthwork synthetic materials). The conclusioeached in this studgan
provide critical date support fothe quantitative evaluation of HDPE geomembrase well as the
designing and optimization ¢dndfills.
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2. Materials and Methods
2.1 ExperimentaMaterials
2.1.1 HDFE Geomembrane

The HDFE geomembrane used ihis studywas obtainedfrom High-Energy Era Environment
Technology Co. Ltd(Beijing, China) andvasmade of highdensity polyethylene resirwhich was
extruded toextrusionsheetNo obviots holes orcrackswere found orthe surfaceof geomembrane
satisfying thendustrial standardi®r applicationin landfill barriers The fundamentgdarametersf the
HDPE geomembrararepresentedn Table 1.

Table 1 Parametersf HDPE geomembrane

) ) Tensile strength Elongation at
Parameters Thickness Density
(crossbar) break (crossbar)
HDPE . .
1mm 0.95g/cn? 02 MPa O550%
geomembrane
Tangential breaking Permeability coefficient Oxidation induction .
Parameters o I
strength (crossbar) of water vapor time in 200°C
HDPE . 116 . . .
O 1 NOmm <1.0x10*°m/s O 2 1ain i
geomembrane

2.1.2 Landfill Leachate

The Stock solution oflandfill leachatewas obtainedrom the Wuhan Chenjiachong landfill in
winter. Thechemical componentsere analyzed by relevant instruments arelshown in Table 2.

Table 2 Chemical components contents of landfill leachate

Chemical . . . o4 o
COD BOD TOC Cl' Na NH4 N Pb Cd
components
Contents 8.56 21562 871.2 9032 2708 852 746.8 0.17 0.107
Chemical ]
Fe Zn  Phenol cC&* K* Mg?*  Hardness(CaC§) SO’
components
Contents 0.11 7.26 0.48 0.1117 2072 794 1537 3401 385

2.2 Test Methods

Thegeomembranspecimens fothe tensile strengttestwerecut into stripsat50 mm x 200 mm in
size andthe specimen®r puncture strength were circulaith a diameter 0400 mm. Under normal
condition, the corrosion rate wasteemely low.To shorten the test time, a dynamierosion method
was applied to accelerate the corrosidmovel dynamic corrosion instrument centrifugally stirred the
specimensThe temperature and pressure in corrosion tests could be controlled through temperature
control system and pressure systé&he prepared specimens wglacedinto theCERSM X20 reactor
at first,into whichthe landfill leachatevas added. Theentrifugal rotatiorspeed was 300min. And
the airpressuren the reactor was kept 20 MPa. Three corosion temperatures of 20, &d 80 °C, as
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well asthree corrosion timeof 5, 10and 15 days,werecarried out separatel$gpecimensvere taken
out of the leachate when the corrosion time was reached, anithé¥ensle and puncture strengtlof
corroded specimens were testedneditely by using the traditional testing machinequipped with
load cell, crosshead monitor andelf-aligning wedge grip8Because the timeeeded for théension and
puncture testeas much less thahecorrosion timethe impact of thaperiod of time wihoutcorrasion
wasnegligible Tension and puncture tests were conducted at room temperat@e (22

Two parallel lines perpendicular to the stretching direction were drawn 100 mm apart on the tension
specimens beforehandhe two lineswere as close tahe upper and lower edgef the clamps as
possible to ensure the gauge length of test specimen wasm0The stretch rate was 2dm/min. The
running speed of machine for puncture tests wasn3@@min, andthe center line was ensured to be on
the axis fo puncture specimens. Other factors involved in the test were consistent.

The effecs of corrosion temperatures addrationson the tension and puncture propertieshef
HDPE geomembrangereinvestigated in this studjeighteen sets afpecimens were gpared for the
tensile testsandnine sets of specimens were prepdogguncture tests under different conditions. The
test conditions arpresentedn Table 3.

Table 3. Working conditions of HDPE geomembrane for tests

Tensile test at bngitudinal Tensile test at cross grain
. L Puncture test
. grain direction, z direction, h
Test conditions . . .
Corrosion time, t (days) Corrosion time, t (days) Corrosion time, t (days)
5 10 15 5 10 15 5 10 15

z205 22010 z2015 h-205 h-2010 h-20-15 205 2010 2015
50C z505 z5010 z5015 h-505 h-5010 h-50-15 505 5010 5015
80C 7805 =z8010 28015 h-805 h-8010 h-80-15 805 8010 8015

Temperature,
T

The tension and puncture tests the intacspecimens wereonducted orthe same conditionsd
were considered as the control teShe st data were compared withe data fromcorroded
specimenso evaluate thénfluence of corrosion on the tension and puncture strength of specimens.

Tension and puncture testvere conducted in accordance wiBL/T 2351999 [23] and
GB/T 199782005[24].

3. Results and Analysis
3.1 The Tension and Puncture PropertiesrabctGeomembrane Specimens

The failure mode of geomembrawasprogressiveand necking occued randomly in the middle of
the geomembrangscimengluringthe stretch proce$s forma damaged extending zone. The damaged
extending zone develedat bothends with thencrease irtension, andhe damage zonegarrowedatthe
middle and wideedat both endsupontermination of the testhe HDPE geomembrane exhibited high
ductility and could be extenddy two to three times the length of the original without fraotyr

Figure lallustratesthe tension forceleformation curves dhe intacigeomembrane specimefifie
tension brcedeformation arves ofthe geomembrane specimens quickbachedhe peakstrength,
then gradually declined tbeloweststrengthand finally increasetb the horizontaltrendregardless of
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whether the tension was in the longitudinal or the transverse direttieninal strength remained
relatively constantwhich corresponed to the residual strength. The lagxhibitedin the tension
force-deformation curves waa agreementvith the deformation featureand failure nodes. Necking
did not occur befordhe geomembrane specimens readhhe tensile strength. The strength of
specimens began to decline when necking sedyiand the damaged extending zone began to develop
at two ends when strengtihecreasedo the lowest Strengththenroseat smallamplitudeuntil the
specimen strength reached the residual strength. Fisalgngth remained relatively constamhe
HDPE geomembrane congdbf numerousrisscrossed higpolyethylene chains, the directional trend
of which gradually improved under the tension forElee original disordered chains tendechtve a
more parallel distribution, which caused geomembrane specimemsiéogoprogressive failureThe
improvementn directional trend slightly increadéhe strength of the geomembrane specinagrsvas
the main reasofor theincrease of thestrength to the residual strength aftedribppedto the lowest
level. The strength of the uncorroded geomembrane speciménshe longitudinal andtransverse
directionwere respectively.47 and 1.27 kN/50 mm. Residual strengtivere determined dt.08 and
0.96 kN/50 mm The elongationwas at 13.2% and 14.8%. The drengthin the longitudinal grain
directionwasobviouslylarger tharthe strengthn the transversdirection.

Figure 1. Thetension and puncture properties of uncorroded geomembrane specimens
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In the puncture test, the cerstef the geomembrane sp@en moved down with the coreead, but the
specimensverepuncturedight away Instead, a circular depression with the specimen center ragditiie
of the circlewas formed becausef the good ductility of geomembrane. Puncture failure was also
progreswe, and the specimens could be punctured through only when the deformation eddogas
certain degree

Figure lbindicatesthe puncture forceleformation curve of the uncorroded geomembrane. As the
figure shows, the puncture force of the geomembradea Isaortslow decline process after reauipthe
puncture strengtand thenwasrapidly reduced to zerasthe geomembrane specimerns punctured
through. The change dfie puncture forceleformation curve was the same asdbe&ormationfailure
modesAs a result of e progressive failure mode of the geomembrdregpuncture did not occued
when puncture force increased to the puncture strehggtead it occured after the puncture force
slightly decrased. The puncture strength of the uncorroded geomembrane waskBl,848d the
puncture deformation was 141m.
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3.2 Impact ofCorrosion Time on the Tensile Strength Properties of Geomembrane Specimens

Figures 2 and 3 show the tension fordeformation arves of geomembrane specimens under
differentcorrosionconditionsin thelongitudinal and cross grain directiarespectively

Figure 2. The tension forcedeformation curves of geomembrane specimensthe
longitudinal grain direction(a) 20€ ; (b) 50€C and ¢€) 80C .
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Figure 2a shows that the corresponding tensile strengths of the geomembrane specimens in th
longitudinal grain direction were 1.466, 1.434 and 1.375 kN/50 mm, respectively, after being corroded
with leachate for 510, and 15 days at 20 €. In Figure 3a, the corresponding tensile strengths of the
geomembrane specimens in the cross grain direction were 1.258, 1.231 and 1.182 kN/&fanate]y.

The tensile strengths in the longitudinal grain direction decrease@ 6 02.45% and 6.46%ompared

with the uncorroded geomembrane specimens. The tensile strengths in the cross grain direction
decreased by 0.94%, 3.07% and 6.93%. All of the tensile strengths were proven to decrease with the
increase of corrosion time regédess of whether the geomembrane specimens were in the longitudinal or
the cross grain direction. The changes in the cross grain direction were greater than those in the
longitudinal grain direction under the 20 € condition. However, the ratio of tessgagthattenuation

was negligible particularly for the specimens that were corroded for 5 days mainly because of the
oxidative inductioneffects of the antioxidant in the geomembrange Tonsumption odntioxidant in

the geomembransas measured by oxative induction timg25]. The dtenuationof antioxidantcould

make thecrystallizationof geomembrane much easier, which would decrease the tensile strength under
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dynamic corrosioncondition. Rowe et al. [26] reported that the higher the temperature loé t
geomembrane, the fastiire oxidative induction timedecreasedOxidation induction time decreased
slowly at 20 €, whichcaused changasthe tensile strengtihatwerenot obvious. As Figure 2b shows,

the corresponding tensile strengths of the gedonane specimens in the longitudinal grain direction are
1.321, 1.168 and 0.973 kN/50 mm, respectively, after being corroded with leachate for 5, 10 and 15 days
under the 50 € condition. As Figure 3b indicatethe corresponding tensile strengths of the
geomembrane specimens in the cross grain direction are 1.133, 0.986 and 0.797 kKN/50 mm. The tensile
strengths in the longitudinal grain direction decreased by 10.14%, 20.54% .8&&33mpared with

the 20 € condition. The tensile strengths in the crossngilaection decreased by 10.79%, 22.388¢

37.24%, andthe attenuationof the oxidative induction time accelerated.he tensile strength also
decreased with corrosion timand the changes in the cross grain direction were greater than in the
longitudind grain direction. The aforementioned law was also met under the 80 € condition.

Figure 3. Thetension forcedeformation curves of geomembrane specimenthe cross
grain direction (a) 20€C ; (b) 50C and €) 80C .
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3.3 Impact ofCorrosion Temperature on the Tensile Strength Properties of Geomembrane Specimens

The corresponding tensile strengths of geomembrane spedimérsiongitudinal grain direction
were 1.466, 1.32and 1.21 kN/50 mm, respectivelyat corrosion temperatu@ 20, 50 and 80 € and
corrosion time of 5 days (Figuréa). The corresponding tensile strengthsthé geomembrane
specimensn thecross grain direction were 1.258, 1.18%1 1.05 kN/50 mm. The tensile strengilin



