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Field evaluation of geosynthetic protective

cushions; Phase 2

A follow-up to the authors’ 1996 field test helps to further define recommendations for geosynthetic-cushion

selection.

eosynthetic cushions are used to protect geo-

membranes from installation damage during place~

ment of drainage layers on the liner: These cush-
ions have been actively evaluated and discussed both
within the United States and internationally. The need for
effective cushions is exacerbated by the gravel and stone
used in the drainage layers to lessen the potential for bio-
logical clogging of the leachate-collection system,

Kaerner et al, {1996} proposed the most rigorous desipn proce-
dure for selecting a nonwoven peotextile cushion to protect high-
density polyethylene (VIDPE) geonwmbranes. Their procedure
combines theory and laborulory hydrostatic-puncture lests, which
use i lruncated-cone punctaring device, on geomembrancs
{Hullings and Koerner 9915, A thorowgh review of this design pro-
cedure 15 beyond the scope of this paper. Suffice it to say thit it al-
lows the determination of the nonwoven weight required w protect
2 G-mil HDPE geomentbrane trom damage related 1o o given sione
size and normal servics londs, The work deseribed in this aiticle
was performed o ensure that the cushion also would adequately
protect the geomembrane rom construction-relmed loads.

The March 1996 GFR includes results Trom previous cushion
ficld tests conducted by the suthors, The earlier tests used o #57
stone (1.3 in,) placed ata thickness of 30 and 60 cm over the 60-
) HDPE geomembranc. This store was tradficked upon by both
0 D7 dozer und a fully loaded dump ek ¢ 18-Kip axle load). For
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Photo 1. Well-defined ruts caused by a loaded dump truck
mark the craffic lane,

By Gregory N. Richardson and Sam johnson

ench of the cushions evaluuled, the entire geamembrane (approx-
imately & by 238 fi ) was recovered, Uowever, anly the most visibly
damaged liner portions were sanpled,

This studdy showed tha a 12 ofyd? nonwoven salliciently min-
smized geonembrune dumage coused by dozer vucking (e, non-
wrning) and damp-truck wallic on 12 in. of #57 stonme cover. This
obscervation was used o modify the geomembrane cushion-design
rocedure proposed by Koerner et al. by adding 5 minimunm ac-
cepluble cushion weight based on field-installation stresses. Phise
2 of this cushion study is veporied here and cxtends the previons
geomembrane-cushion work W include both a smaller stone size
(North Carolina Depuniment of Transpontation [NCIXOT] #7%) und
i more flexible reinforced and unreinforced geomembrane.

Additional lield-cushion demonstration data reported since our
initial paper is very limited, consisting of information previously
presented by Reddy et al. (1996) for smooth 6-mil HDPE geo-
membrane. They placed 30 ¢ of both fine and medivm i 1 in.}
stone agpregate ovey the geomembrane with and withoul an 8-
orfyd nonwoven-geotextile cushion present, Loading was supplicd
by vither a D4 or a D7 low ground-contact-pressure dozer used for
both stene placement and surfuce operations.

10 i instance was the geomembiane ully peneteated, The ton-
woven-protected geomembrane provided an increuse in average
clongation at burst in the multi-axial wensile lest (ASTM T3 56173
connpired (o the unprotected material. The protected liner ulse
showed increused average elongation and siress at break, as mea-
surcd in the wide-width test (ASTM L1 4885,

Phase 2 material components
Table T preseins the particle-size gradations For the #57 and #78
stone used in the Phase Two cushion wexting. This stone is
metaveleanic grunte fhat produces o highly angular aggregate with
a less elongated shape thun the stone used in Phase 1 ests. The
stone was quarried and crushed at the Martin Marictta quarry in
Raleigh, N.C.

The same compacted-clay liner subgrade was used in Phase 2
as i1 e Phase | study. This clayey sill was compacted o u dry den-
sity of 106 pof ata moisture content o 13.5%—drier than optimunm,
A very stif) subgrade resulied. The surface was smooth dinnn-rolled
and carefully inspected: all visible stones of a size greater than 0.5
in. were removed 1o limit geomembrane damage.

Three geomembranes. all manutactured by Henderson, Nev.-
based Serrot Corp., were used in Phase 2 tests:

e 60-mil smooth HDPE
* O0-mil unreinforced Metallocene peomembrunc
*» Gi-mil reinforced Metallocene geomembrane.

44




The physical propertios Tor the fhiee geo-
menmbranes e presenied in Table 2.
Figure 1 shonws the seoametry of The lin-
ers. ans-placed i the Phise Twa e

Geosynthienie cushions tested i Phase 2
ranged from a & azfyed’ nonwoven o 156
oty tre-chip-fithed geotestile sandwich.
The nanrrluctorers, structune and unit weigehl
for the cvalualed geosynthoetic cushicns ane
preseired on Table 3 (p.A6).

Phase 2 . i
construction and loading

A dozer was used Tor conventional ~mund-
wave -ty plicement of o eaiform 30-cm
stone N oves the peomembranes An add-
itionad weedee of stone v pluced ino sim-
ilar manner vwer the initial 30 hefore the
lndead dinge track began gslfking, Nolg
that & nuenbar of geolestile samples were
placed heneath the wedge of st W provide
dhita o geotestile suevivahality, The geolex-
Blke-survisability cesolis are nal reported
this aticle. sinee they swere previeusty pre-
sunttuck o CEFR T Hichardson T99E)

A shiowwn o Plaare Lok demp biock
followed two tralliv Tunes over cach ge-
wnembrae unit, This campucted the stone-
deptb 8o 3130w S e laver above
the sreonwmbrine. Fach lane was sabjecied
tey IO passies of o Toaded dump truck mov-
i al approximately S mph. The el Lo
ws chomneateed by the well-delined mats that
quickly dleveloped csee Photo 1) Rutdepiths
in Phase 2avere similar 1o those expericneed
in Phase | eelfickong. Note flal this iating
was e exchusieely o the Luteral nsovenwent
af 1he stone wird mot e Farmswing ol the sub-
arade soils. The rutting resulted i reported
cover=shone depths which are conseralng m
i e ane Baeasd on e as-constpocued -
ometry it non the post-traldiic seomeury.

Geomembrane recovery
and evaluation

In Phase 2, geomembrane recovery wis
macle e diflicul by the peed W aviid
dimaging the geotestile-suryvivability sam-
ples. The stone within wpproximately 2,
ol the survivability samples had to be re-
meve] by o smal haekhoe modidied witks
a seneed” welded Tohe teeth o ke buckel.
as showen on Pliote 2 (p. 4600 The sereed
sy tsed tocarelully serape thin layers of
srave ] frema dhe west DL The Badanew of the
stone over the survivability sauples wis -
mived by hand shoveling.

IABLE | PARTILE SUE GRADATION FOR GRAVEL

Percentage of total by weight passing

Standard size 1.5 in. I in. ¥in,  ‘hin.  Win. #4 B8 #100
NCROT #37 HOy 95100 2540 00 0-0.6
#57 as tested 100 21 50 5 2 1
NC-DOT #78 100 SB-100 75-100 20-45 0-15 0-06
#78 a3 1ested 100 98 40 9 0

I8BIE 2 GEOMEMBRANE PHISICAL PROPERTIES

Property 60 mil Unreinforced Reinforced
HDPE Metallocene Metaliocene

Yield lsad, ppi 185 — 195+

Yiald seraim, % |4 — 38

Break load, opi — 82106 -

Breal sorawn, Sa — 172-240 —
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FIELD EVALUATION OF GEOSYNTHETIC CUSHIONS

Adter the suvivability siples were ex
tractedd. the remaiming 30-cm T ol saone wiss
reinovad from the peomembranes with the
s Band-shovelime techmigue vsed adgi-
cent o the survivabilisy samples, The cush-
o then was used to poll buck the stens and
make recovery stinpler No aifempt was
ancle o mininiee custoen damage. This
stone-rerovatl wehngue dilfered from the
waker-cannen ttethod used in Phase
hreeovered geomembrang section
wats visually examingd Tor stone-relaled
dnnage. A vocuosn bos was made avalable
for testing all gesons with suspecled pene-
vagiean Sompling was performed eross
thuse points that exhibited damage,

This samplimg metliod emphasizes exe
treme domiage levels and is net intended to
portray lypicut dunage. Sampling abio lo-
cusecd o e unigue loading paths that
crossed each sample. which inclnded uck
Toadings on slone hicknesses of approsi-
mately 16,22, 20 ond 3 0. abovi the cush-
s s el ] s an st exposed only to dozer
lraftie chning stane placement.

Thus it is possible w obgiin a leass finn
istinut service-conddition samples front cach
aeomembramefeuslion setap. Tables 4, §
and & provide the resodts of widke-widkh test-

fing s the most visibly damaged portions of

the shullowser service somes for all peomen-
brane/cushion sewaps. As in Phuse 1.oall
wde-wrlhth tests were oriented in ihe ma-
chine direction: of the gecmembeane, with
the damage centered on the sumple, A sum-
ary ol the visual observigions of the ge-
omembringe comdition i cacl service zene
i ulsy presented.

Supplemental geosynthetic-
cushion testing

fis acddivion o the ealfic-damage study, sev-
aral other tests were performed o evaluale
geomembrane protection from exposurs 1o
the shearrype losding that is generated when
a sialh wy mexdiven dozer wnns shaply on the
stone, Previous observadions indicaled fhal
e 12 ozdyd® nenvoven dic not provide wi-
equaty prowection when i dozer turned
charply with oudy §2 b, of #57 stone cover,

The sapplemental dozer-tuming danige
tests used approxinutely 22 1007 m) square
sections of the soweth 6d-pul HDPE ge-
amembiang with 12 in, 130 coo ol Jighdly
widtickedd anud uncompacted #57 and #78
stone conver. Four different cushion sections
wane dsedl:

= A control test with i coshion prot
[T

= Synthetic Indusines 16 oefvd o
waoven cushions

« Sypthetie Indusivies 32 oafyd non-
woven costiiuns
o Tensar 120 ozfvd tire-chpipectesiite

COMPOSIe cushion.

Supplemental geosynthetic-cislion sec-
tions were loaded using a DT doser thal
tracked © the venter of e seviun mud made
u single Y-degree taen in place. [ ihen
rtcked snd wimed S degees wr move o e
section (sec Photo 3 p A0y This sigle-arn
Eexading as st aypical mumetser Wit & dozer op-
eriir weey W chienng steme phuceent. Cog-
rently, most speviiicatuns diseourage such
L, D these rely on iled-pisty imspecions
1¢r condrol o limit such activiey, Fiekl mei-
sureikes indicaled i, alter the single turs,
the iuial 12 m, vertical sepasation between
the tracks wid the peomembrane wiss reduced
W 25-=100n.

Alwer each secten
wirs [oaded, the stome
vty temoved using
the backhoe sereed
and hand shoveling
tu expose the eptg
geomembrine. The
material wis viswlly
inspected for lears or
pranciures causcd by
e wwening. This wis
mast convenientiy
done by wming the
gevmembrane over
and exanning the
foaver and essentially
wichaturbed Tace
None of the “lurn-
ing” geotbiiks
were punctured. and
only the comral ge-

armembrans witkou Manufactureriname
a cushion wis very

visibly dantaged. Ge- MSIEOED
omenmhegnes pro- TS E100
rected by the geotex- .

1ile had  faint S GO0
serptehes in b sut- ET) TG800
tncg thit rc.\emk_)[cd ETI TG 1000
these that wedivm

sgmcdpraper C120 oty ET) R#4-|
under ronderale pres- £TI RM2

sure wnght ereate
The geamembrancs
protecied by the
coposile tre-elnp
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Spmbhenc Industries 3201

cushens fuud no visible disuse o eithar e
of the gocmembrane, Hivwever, Hie 2 3~hm,
stone laver that remaned under the dover ot
the lest’s comapketion mmeant that the sysiem
couldd not have sustained an addibonal .

Cushion test summary

The woik of Reddy el al, (19961 indicanes
that imstallation damage has aogreater ef-
lact on the yvickh wad uliimale strain and
stress levels Trom wide-width sty than
fronn the mghi-asial test The fapact on
yiekd stress and stenn values wak greae
w cur Phase | instablation-dinmage data
U b Reddy's work, This miay veflect the
higher conlact stresses generaled by i
fruck wsed 1n ot Phase | testing as com-
pared 1o e Tow ground-vontuel-prassure
dozgr wsed by the others,

The sensitivity ol yield valoes o instal-
fation dumwge e Phase 2 remiined obvi-
vus {or the HDPE wnd the reinfinveed-Mel.-

Phota 1. A madified screed was used to remove agpregate
withaut damaging underlying samgles.

JABLE 2, GEOSYNTHEIIC CUSHION EROPERTIES e

Structure/polymer  Weight, oz/yd'
Nonwovon/palyprofpylene &
Nanwover/polypropylens o
Marwszvenipalypropylene 8
Nonwoven!polyprapylane 12
Nonwowen/polyprapyiene 16

lire chipfnorwoyven composite 120
Tire: chipfnanwoven composite |56
Nonwovendpalypiopylene 6

Nonwover'palypropylens 12




allocene gevmembeanes, However, the
unreinforced-metulticized peomaembrane
<ich nat exhibit a vield pointin ihe wide-
width test, As a gesult, the break values
must be used for comparison,

The HDPE geotwensrane-ciamage dota
ot Table 4 indicates o decrease in yield
Foree and incresse e viekd strain when
nomwoven cushions of less than 12 oedyd
are usedd For both the #7% and #3537 stone,
The Metalocene peomembrane dala in-
cluded on Tables 3 and 6 do not show a
similar reduction for the lighter cushions,

1t should be noted that the Metal-
locene geomembranes were cary pro-
duction samples thar had visible flow
matrks in the surfuce, and therefore a
arzater nenuniformity of thickness amd
resuliing swide-width strength. This is
thonght w contribute w the seatler in the
strength mensurements, However, i is
clear that even without a geosyntheric
cushion, both Metallocene geomem-
branes survived the stome placemest with
winiow) or ne dimage,

Geos%lnthegc cushion
recommendations

The Phase X testing allows us 10 extend
vur previous Phase | recommenditions
o irclude the finer #7R stone and alier-
native geomembranes, As in Pluse 1,
these recommendations use the more
generalized proceduse developed at GRI
tor selection of o geosyothetiv cusinon
i Wilsem-Fahimy el al. 1996, Nurejo et al,
1996 wid Koerner ¢ il 19901, The Phase
[and 2 field insullaion-lest dita is used
W prov ude o Lewer bound o the service-
load rebtionships developed by the insti-
wie, A Tactor of safety of 3.000s main-
tained tor the service-Iead porlion of the
recommendition 1o minimize fong-term
dantige to the peomembrane,

Figure 2 presents e nanwoven cush-
ion-tesign envelopes recommended for
the stwoth 60-nil HDPE geomembrane
sl the reinforced Melallocene for both
#57 wndd #78 stone. GRT's ewher work
wsing the tungated-cone 1est showed tiat
the serim-neinfoneed “flexible” geomenm-
baztnes st very similacly (o the more rigid
HIDPE i puncture tests (Koermer 19983
Figure 2 therstiore freats the reinforced ge-
cimeinhrane fike the rigid HOPE bt re-
duees the nunimum geotexile cushion o
Qv osdyd” norwoven 1o reflect the beiter
installation survivability of the reinforeed
Metallowene geoamentbrans,

JABLE 4, WIDE V0T TESTING RESULTS FOR SERROT 60 ML HDPE

Cushion 78M stone 57 stone
Depth= 18 in. Depth = 22 in. Depth=1&in. Depth=22in,
Yietd (ppl) Yield (%)  Yield (ppilYield (%) Yield (ppl)¥leld (%}  Yield (ppi)¥ield (%)
THS EDEC & oxfyd! 1) 3 171 23
16D 34 198 13
TNS E00 10 ozyg'! 169 16 227 15
164 10
ETI TG 800 174 i3 183 13 172 18 168 1?
172 14 IB7 ) £BO 19 17 19
ETI TG 16Ga0 171 19 171 14
189 0 175 19
ETI M. | £74 13 181 13
186 14 188 14
ETIRM-2 a3 4 133 14 172 18 173 19
178 12 182 18 127 1% 176 19
5 1201 176 19 i6B 19
185 18 174 a
Contred 177 20 %43 19 173 1 1] 175 [E:]
173 9 166 16 64 t8 177 }:)
Tl = Zvavgrees Tosrncloges b il = ratiz Industies

TABLE S WIDEWIDTH TESTING RESULTS EOR SERRQL RO T e

78 M stone
Depth=122in. Depth=léin.

Cushion

Depth = 16 in.
Yield (pp) Yield (%)

TNS EQ60 eciyd" 172
B2
TS EIDT 1D patyd? iTe
188
ETITG 700 152
142
ETI TG 800
ETI RM-1 162
174
Contrch P}
0%
ETi = fumnrgens Tecrociege: o

Cushion

TINS EQS0 & c2/yd
TNSEICO 1] ozlyd’
ETi TG 700

ETI TG 809

ETI RM-¢

Cantrol

Depth = 16 in.

30
35
32
32
29
E4

3
32
7
33

Yiold (ppi) Yield (%) Yield (ppi}  Yield (%)  Yield (ppi)

180
16&
193
153
154
168

16é
159
22
00

n
e
43
43
34
29

kN
30
41
36

78 M stone
Depth =22 in.

Breok Break Break
opi} %) {ppi)
67 41 63
5 33 Wl
3 465 62
% 613 58
] 87 43
83 -3 59
59 240 21
62 bl 58
az 178 6l
61 B4 S

ET < Bvorgrons Techinaiiges Ine
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186
141

X7
202

57 stone

Depth = 16 in. Depth = 22 in.
Break Breake  Breoh Breok
(%) it R {ppi}
B6 58 242 &5
375 2] 145 63
K1t 8 585 G
163 &l 14 63
92 &5 LY 66
98 T4 4717 92

63 74 23

4 5B
424 98 539 65
256 64 7 44
12 bi £ 79
244 64 ”

7
al
183
183
197
194
164
187

57 stone

2
0
3
16
30
3
a5
a2
34
33
30
32

Depth = 22 In,
Yield (%}
198 k0]
188 kY1
P 35
194 3]
164 28
164 3l
166 28
191 k4
189 3
196 34
208 k¥
173 31

Break
(%)

53
170
kg
I
7
50
4

&7
72
538

8461 13QLUBAD 4200320 B aoday sILIGRY EIUYIIIoag
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FIELD EVALUATION OF GEOSYNTHETIC CUSHIONS

Unfortunaely, we currently cannot cre-
ate u similar nonwoven cushion-design
chart tor the more fleible unresnforeed
geomembiane. The curves for such cush-
o types, as presented by Koerner, are
based on empirical measurement of the
hydrostatic failure pressure vs, cushion
mass per unit area for a range of tun-
cated-cone heights, This pioreering re-

search has not heen duplicared for more
Flexable geomembrangs,

Work by Hullings and Kocrner (1991
Ttus shosen that the romwovens do ot pri-
vile the same degree of protection wtlex-
ible gecnmiembranas because the striins at
failure. e, the cone heizh, are so large
that the gectextiles have failed at such
strains. However, our tests di indicate that

CETCO's New Generarion GCLS

Bentomal™ CL

Claymax” 600CL

Utilizing the mast advanced technology availabte, CETCO has evolved iis
geosynthetic clay liners (GCLs) inlo a new generation of composite lam-
ination (CL) GCLs. CETCO's latest additian Lo its wide range of function-spe-
cific 6CLs is the direct result of extensive research and response to market
demand. 8entamat (L and Claymax 600CC are designed For better performance
under mare variable conditions by providing permeabilities ranging from 19 to

1,000 times lowar than standard GCLs,

caLL | 800-527-9948

www.cetco.com

COLLOIC EAVIFONMENRTAL TECHNOLOGIES CLOMFPANY

Lining Technologies Group
A wholly awnerd subsidian of AMCCL Irterrationat

FREE information « circle 3003

48

flesible geomenthranes can survive instal-
lution beneath #37 and #78 stones with lit-
lle or noy cushiom reguined, The use ol Fig-
ure 2 tor the more flexible yenmembranes
is therelore very conservutive.

In the Phase 2 gese, the tre-chip com-
posite cushions provided such a high level
ol protection that none of the geomeni-
brancs which they protected expericnced
any visual damage during either the teaftic
of dozer-turning tests, Such cushions
would provide an unpacalleled level of
prelection to the geomembrane and wankl
be ideal beneath primary leachate-collee-
lion pipes with their coarse rock-collection
COVETS,

Heowever, the dozer-turning vest denon-
strates that even the cushion composites
are at risk if w dozer 15 allowed to freely
aperate on the stone surfice above the
cushions, No moderate-to-tiard tming of
a dozer should be allowed atop the stone.
Like the flexible geomembriane, we lack
the empirical measurement of the hydro-
stalic-fasline pressure vs. cushion mass per
unit area for a range of truncated-cone
heights to allow development of a design
chart simiila to Figure 2 for the tire chip-
composite cushion,

The uuthors wish 1o acknowledpe the
funding and technical suppint provided lor
this cushion study by the following: Rick

GNRA recommended washts
for non-woven gaotextile cushions
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Figure 2. Recommended nonwoven cush-
ion-design envelopes,
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Photo 3. A 07 dozer males a typical
stone-placement maneuver,
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