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HDPE being deployed on a secondary GCL on the west sump
area of the Monticello mixed waste repository in Utah.

GCL internal shear strength requirements

HIS PAPER REVIEWS THE REQUIREMENTS FOR

internal shear strength of geosynthetic clay liners

(GCLs) from a waste containment designer’s per-
spective. This is a particularly important design concern,
given the wide range of commercial GCL structures, their
associated shear strengths, and a lack of standardization
of laboratory shear testing procedures.

The infornugion presented here is lrom the author™s owi projects
and Trom previously published references These include FR
an-going eovcational sevies on GCLs, in which Robert M. Ko
[1996h) presented an overview of GCLs, David E. Danel 11996)
revaowied their hydraulic propertes and Kent von Maubeuge (145961
resiewed manulieturer gualisy-control measues

Fhis papet reviews the components of wailable GCLs. their el
alive comtributiun te the internal shear strength of o GCL, and the
avauliile test dota on GCLL internal shear strength. TEalso exumines
fhe shorl- ad Tong-term shear stresses thal enginuers Lypically en-
vuunter it the design of kid (I iner systems and Tl covers, This
icludes construction, operational, and long-term service loudings.
The paper sl aderosses constroction guality-ussuranee (CQA
miethods W ensare e adegiaey of the mtermal shear steength of

By Gregory N. Richardson
GCLs delivered 1 the site, T canclusion, il reviews lypieal spee-
ications rellecting imenyad sbear strength considesations and pre-
sents the mithoc's opinion reearding where the consideration of
GOL imernal sheur strengll s important.

GCL types j

Koerner's overview ol GOLs shuws they cim be divided into the
Tublowing 1y pes:

+ sruoular bentonile bunded 0w geomembrane using i waler-
suluble adhesive

+ pranulin bentonite bonded between geotextiles using stlching
o connect the iwo geestiles

« wranular bentonite honded between ypeoteatiles using i walcr-
soluble ahesive and stitched o physically connect the two
seofextiles

+ eranular bentonite between geatextikes needlepunchied w-
wegher,

The frst two GCL ypes die eovinférced and are Tunived wol-
atively #Ti site apphications that do not present sigitiviat sleay
stresses or dilTerenal bearing pressures 1o ihe GO The Liter twe
GO types are reaforced und are the Tovus of tis anhcle,

The el shea stronaih of reinforeed GOLs will be influenced
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iv afiected by the clay™s
degree of hydration. the
poriaal load acting on
the GO, and the shew
strain that has cccurned
acroes the GOLL Unfortanately, the precise details on cach of these
componients for a given GCL is not availuble w the designer. Lab-
ortory tests performed on GCLs mensure the sivadluneons can-
tribiiont of ol intermd shear siength components und do not pre-
vide a elear understanding of iternal mechanisos.

The clay. exclisively bentonite, that forms the GCT hydraals
Larrier component has i hivdraied shear strength thad is inlluenced
by the degree of hydrution and the normad loading, The hyvdrated
stremgth properties wi relevant 1o long-term loading conditions
As witl all clay properties. the internak shear strength of the ben-
nite is strongly influenced by water content suud normal lomding
conditions,

1974).

The shear strength of bdrated clays was evaluated by Olson
{1971y who produced the effective suess failure cnvelopes shown
on Figure L Benonpg is @ sodinm montmorillonite—the most ac
tive of U smonbmorillonites, Here activiey refers to the ratio of the
clays plasticity index. PL 10 the percentage of soil piarhicles passing
a No. 200 sieve 16073 mim}. From Olson’s work we can see that
the lower limit of the effective shear strengeh (40, - as ol mont
morillonite clays 1s greater than 3 s (720 psthat o nonmal load ol
approsimaiely 0 psi (5760 ps).

This strength can be increased by decreasing the percentage ol
hemtonite in the cliy but at a cost ol wereased permeability, AL
Tower norial leads, the degree of hydration inencases and the shear
strength decreases to zera a1 no nermal doad. At higher normal
loads, the tower linad fon the shear strengtean be assumed o be
approximately 3 psi (720 psh). Swelling pressures of bentonite can
easily reach 20000 4000 pst (Gromoko, 19745 This may contiol
the cquitibriun water content wnd, therefoue. the shear strengtiva
Tow normal loads if o ready supply of moisture is avadable.

Clay soils expericnee time-dependent defonmition, or cieep,
under constint shear loads, To general, the potential for significant
creep increases wich higher clay conentand clay activity. Lnfor-
wnately, the bentonite nsed in GCLs is relatively pure, and the maost
avtive clay known to man. Thus the potential For creep deformation
is high, Ty pically. poteatial creep defornsitions ie controlled by
using u generous Tator of safety wlingt twe shoearstress acting on
the clay o signilicantly less than the peak shear strength.

Both the polymess issocided with the peedled fibers and the
bentonite iy creep, i, delorm, when subjected o long-term
lodings. Recent published repores by Koerner (19901 and Tranga
e al, ¢ FOG) e show that e majority of interoal shear displace:
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Figure 1. Ranges in effective suress failure
envelopes for pure clay minerals and quartz (Qlson.
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Figure 2. GCL peal shear strength
vs. normal load,

mients oceur during the firse {00 hours of loading. Paseatially, il
field conditions do not change and the GUL installation survisves
the initinl week of loading. the GCL is stable, This is certainly the
observation that has conwe out ol the recent GOL slope tests per-
formed over the past two years in Ciaginnati by EPA (Scranwon,
[996),

Stitched or necdled fibers that penetrate through the thickness
ef o reinforeed GOLL contribute foshear strenpth as (he two
textile surfaces move differentiolly apart. The amount of shear
atreneth added by the fibers ot kow strains may also be influenced
by the anchorge or tensioning of the libers 1 the geotextiles. The
Bentofis product. for example, oses a proprictary process (0 ther-
mally Jock the needled fibers e the gentestile surfuces. Such
libers may develop a larger shear resistance at w snadler relative
displacement of the two geotextiles than thuse ximply needled
through.

A similar stiffening of the GCL may oceur i stitched GCL» if
the tension in the stitching is increased, Al present, o dati exists
w clewrly show the relationship between needling and siching vai-
ables. Figure 2 shows the comubution of (e needled eeindurcenent
tibers ol current reinfinced GCLs o the peak shear strength of o
GOL. Here the internal totad siress peak shear strength data avadlable
to the author is compared to the effective shear strength of the moni-
morillomte, The ligher peak shear strength b the GCLs must be
due to the contribution of the necdled fibers und, possibly. the rate
ol shear,

The test data shown was obtained al a shear rate of 1.04 inmin,
(1 mmdnmuny. Note that the heat-set fibers of the Bemoliy appear
1o funcnon the same as those simply needled in the Bentenat,
Seranton {19967 has reported that the shear strength (ol stress)
of the GOL deereases as the st rale decraises 1o approximiely
001 o 00001 mdmin. The reduction in strength due o strain rite
wits less than approximately one-thivd, Even with the strun e
reduction instrength, the contrbution of the necdled fibers is very

significant across the Tl range of ol s

Comtinmied shear of a reinforced GCL beyond the pouk stress
point produces o kower residual sirength. Figure 3 plots the residual
shiear strengihs Tor Bentolix and Bentomar products as a function
ol normial Towd, Fhe residual total stengths are compared with
Olsonts ellective stress Tailure envelope for montmosillonite and
the peak strength values of an wnreinforced GCLL. Dastar prosented
by Seranton (19961 indicates that the eesilual steengsth of an un-
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Figure 3. GCL residual shear strength
ve. normal load,

reinforced GCL is approximately 10 0 (0.6
tiines the peak strength. The data on Figure
3 shows that the shear steength of o rein-
fireed GCL approaches that of an unrein-
furced GCL at large internal stiear displace-
ments. This also was observed hy Gilbert
21 al, (1996)

No theoretical method has been ad-
vineed Tor predicting the shear strength
contribution of the reinforcing libers that
penetyate through the thickness of the
GOL - The bonding of the needled libers 1o
fie peotextiles or the shitching ension st
Ive sufficient @ prevent them from easily
pulling fiee under the swelling pressures

An instaltatien crew deploys a secondary HDPE liner aver a secondary

tozerral shear sor
=)
iy

. -
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Figure 4, GCL peel vs. internal peak

shear strength,

peneraled by the hydrating bentonite.
Swelling pressures of bentonile nxay con-
trol the tension i she pinforcing fibers a1
low normal pressures, Swelling pressares
miay dissipate i the surrounding gevtextiles
are parous enowgh for the bentonite o ex-
srude through, & has heen the author's €x-
perence that the curent reinforeed GOl
which provide a mimmum internab shear
strength of S00 psf have sufficient seintore-
ing fiber tension o prevent [ull hydration
uf the bentonite,

On previows projects, the author his wsed
the peel strength of the nonhydrated GCL
as o index 10 the internal shear strength of

.
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GCL on the fleor of the Monticello mixed-waste repository.

a hydrited GCL. Peel strength was selecled
becanse it approximately gquantifies the
strengih of the necdled fibers. the bonding
ut the negdled fibers 1o the geotextiles, and
the rasistanee 10 swell by the bentonite. The
test is performed as a mobitfied ASTM D
4632 using 1 4- 10 8-inch-wide sample. Un-
{fortunately, the mudilied pecl test does nul
simulate the comect differential movement
of the geotextibes o1 provide w uniform
strain of the needled fibers in the sample.
These shurtcomings make the pzel strength
anindex wid 1ot a true measare ol ipternad
shear strength.

Figure 4 presents datu relting peel
strength (ASTM D 46321 w internal shes
strength of tie Bentofix and Bentonkal
products for two normal loads. Both GCLs
have a peel steength typically exceeding 15
ibs.fin, At low nermal pressures, the nee-
dled fibers prevent teee swelling of tie
bentonite. This, they contribute (o the in-
ternal shear steengtl of the GCL by both
bridpmg between the geotextiles and hy
Timiting hydrotion of the bentonite, Figure
4 indicates that the peak imernal shear
strength of these GCLs should be approx-
amately 450 st ut a normal foosd of 206
st This is slightly less than the maatac-
rer's specitications for bolh GCLx. e
500 psl, Unfortunately, peel strength data

-




Piacing GCL in the west upslope trench of the Moncicella repasitory.

i not prosided woath mose siernad shear
strengly duti so i as dithcah e extend shis
chianh with avaitable publisled duse e the
anithuen s opieon, peel srength is aningpor-
Lol property it must e clouly delined
b the project specificatioms and werified
ditring constiiction guality assuranee for
reittireed GOLx,

GCL design considerations

The designer miest e aware ol Held condi-
l3oms Wit can lewd 1 the faleee of A GCLL
barvicr within i liner systems oy vl cover,
Failure may result fraas eicher inndeguine
intermal shear stremed tha heads e sdabil-
ity problenm or Fronn relecation, e, squees-
g, of the bestonite that leids to @ Siguid
vontamment filure, The Toblow g consid

erations are wieinl W illusrate these consid-
erativis, ikt should not e thenght of gy
cingiprehasive,

Construction
It has been e authin™s exgerience tha,
next o o shiamn's chant. leaving exposed
GOLs on the ground s one of the best
i Of producing adesign s a s,
Al GCL namuiactunsrs recommend thit
the GCL be covered with at least 2 inches
of soil immediately ofter placement, Tiis
softcover may be w suid as used o Jateral
dratnage systems on dinal covers. The oil
cover linirs hydrtion of the bontomite fron
the frowe necess of surface water 1o the GCL
and provicdes oo small normal stoess.

Por alrerative liner systems, the GCL
must e coversd by o geonwmlange i, m
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iy, most e seamesd and eventualiy o
crec el by the Teachate collection sysaem,
Placement of the Jeaehiote coblection sysiem
nety el e for many weeks after phice
mem of the GCL T an wnremfurced GCLL,
ez, peel strength cgual teoacro, is exponed
e water under these conditions, the imesnal
shear steepgath o the GOLowill be fess than
100 sl as shosn on Figire 4. The consis-
ency of such clay is ‘very 5ol such tha
the bewtonite will ave the conssteney ad
propertics ol asufl grease and ltve a very
linw bearing cupacivy

Even with a 2-foot cover over the GCLL,
the contact pressure generated by icypieul
rubber-tived off-romd teack, v g, Cac 12250
feotlasst siress = TR pal.will greasdy
exceed the bearing capacity o hydraged
bemonine i, =N, 50 = 550 150 paf

L66 | Yy 8 100day souged Eaupazoan
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Figure 5. GCL alternative Subtitle D
liner.

= 825 put) % This con cause Lateral dis-
phacement of the bentonite and damuge to
the hydrawdic integrity of the GCL. The ou-
thor has avoided these cuncerns by not
using anreintorced GULs—even on low
slopre applications-——when the potential o
fal byddration and suetace ieofic exist
Bearing capacity consilerations should be
revpewad by the designer before an unre-
intoreed GCL is selected Tor a finak cover
applications,

Operations

Flgure § shows a typical allerative lines
system designed and perinitted by the au-
thor. As installed, the GCL initially has a
noeaitd kostd scting on Lol oaly 180 10 200

psf, Frgure J indicates that the neinforced
GCLs have @ peak internal shear strengily
ol approximately 430 pst, and an unrein-
torced GOL Jess than 200 ped when hy-
drated under such louds. Ax in the consinie-
tion consideration, typical kindilb oadfic on
the contipleted protectve coves can genere
excessive normal fomds on the unreinfurced

GCL prior to placement of the first Tifcof

waste. Here again. the author wall not ise
an unreinfureed GCL for aliermative liner
sy STes ek Hcan be sassured that full by
dration can be wvoided. Onee o lift ol wasle
ix placed over the liner systen the potential
Eut o bearing-capucty pooblem awith the un-
reinforced GUL dinimishes.

A majonty of the Landdfills being de-
stencd by the anthor will recuaire s initial
soil aceess ranp, Onee sufficient wuste is
aced within the Tandnill so that aceess is
possible across the waste, the tamp s pe-
mwved wnd used s diuly cover. The stability
of the xail ramp depends on the internal
shear strength of the GCL used in the hner
system. Figure 6 shows the sliding factor
of safery For a0 15 percent grade soil ramp
as @ function of the GCL imernal shear
strength amdd sicke slope angle. The georetry
and assumed soit groperties are also shown
tor clarification, The internal shear strength
ul the GCLL st be miaintained higher thin
200 psl tor ensie stabality of 1he nunp, Note
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Figure 6. The sliding factor of safety for a |5 percent grade soil ramp as a function of
the GCL internal shear strengeh and side slape angle,

24

Final caver pacial tond, paf

18D

140

o 140

Sy
£ 100 - .
§ 8o L] 1 00
2 & 3 ° = "o
i~ ‘m - - w :1,[)()
0 . . . " 500

0

15 G 25 30 1%

Slope argle, perceng

Figure 7. GCL alternative Subtitle D
liner.

that the ramp’s stability 5 dependent on the
GO surength, both o ihe side slope und
over @ petion of the bottom. Here again,
ther use ol an unreinforced GOLL can tead 1w
fadlure of the band WL Ler system and
shondd b avoaded iFa potentiul for free y-
drution of the GCL, exiss,

Long-term
The GCL daty on Figure 2 shows shag,
under the high normal loads gencrated by
the weight of refuse, the internal shear
strength of & GCL s very high. Because of
this high shear siengt, the avshor has
never encowmterad long-tenm, post-closure
slope <ability problems i the GOL-lined
lacitities be has evabiined, lowever, this
cannol b said ol the finul cove
ers that incorporaee o GCLL bar-
rier. Typical nonmal toads act-
g on a GCE barrier o a final
cover syshem Lypically range
from 2000 o 300 pst, These
Joneds qire Jess thn e swelling
pressure generuled by the hen-
wonite. The long-term swenglh
ol the GCT., therefimg, 15 poing
to be heavily dependent on (e
strength of the neediecd fibers
that penetrte through the dick-
L ness ol the GCL
Figure 7 shows the swatic-
side slope shear slresses pener-
ateck ina GOL barrier within the
lnak cover, For o JH: TV side
slape. these typical shear
stresses range from i3 a 80
pst As indicated before, at
these novmial lomds. the internal
shear strength of an unrain-
app  loreed GCOL is less than 1K)
ps) b the author's opinion.
this resnlts in lon lona o fuetor
el Safciy o ensore wgainst
long-rerm creep of the side




stogse eover, When wdded w 1he previously
mentionad bearing capacity problem. it
shows that untendoreed GOLs shumnbd not
b used in landfill final cover systems on
slopes greater than 10 percent.

Recommendations

Fhe Fonge-rerm mrensad shear strengtly of a
GO imporiamt Bur e sadie construction,
aperation, and long-tevm clusie ol coe-
teraperany kusdBll Liuder kow nermal loxds,
this internal shear strengtlh s stenficanty
intluenéed by the strengdr and bonding of
e esedled ibers thin penetrate througdnihe
thickeess Ol the GELL e follossing ane the
atithor’s recommendations ragirding the
wse of GOLs e feaed N sser oo il conver
suateris:

« Omly reinforeed GCLs hiving an inter-
il shear sirewgih greater i 430 psf
nndder normal hinds (250 pstoshould e
usesk. Aw yneciptenced GOL should not
Dir eovesd wendess e bvdieion of the
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GOL cern B anviolededd witl corteiinly:

* The peal stremnh ol the GCL must
el o exeeed TS Ths An, as mea
sured by ASTM D 4632 tpreferably
apecihed as a MARY and should he
venficd in the fiekl COA propram

= The desipnes nsg consider both shear
losacds C<Jope stabilinyy and tralfic-re
lated normald oads thearing capacity
i the evaluation of 2 GCL in bothy
liner and cover applicanons,

The uathor hepes this anicle will stim
ulwte other designers o publish additionat
GO progect datin that will Tesud 16 the de-
velopiment of begter pradelines for eisuriig
ehe interual stabiliny and hedraalic inegnty
ol GO fe: Y

Gregory N. Richardson, Ph.D, PE., 5
principal of G.MN. Richardson & Associates,
Raleigh, N.C,
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