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Field evaluation of geosynthelic protection cushions

These tests results are intended to assist designers involved in landfill construction
using 60-mil-HDPE geomembranes and similar stone aggregate.

By Gregory N. Richardson, Ph.D.

e performance of contemporary
lined landfills depends on the abilities
of the leachate collection/removal system
(LCR) to remove leachate and minimize
the head acting on the liner, and on our
ability to install the geomembrane com-
ponent of a composite liner with minimal
installation-related damage. Technical de-
velopments during the past five years,
however, have increased the potential that
these two goals are mutually exclusive.
Research sponsored by the Environmen-
tal Protection Agency (EPA) and con-
ducted at the Geosynthetic Research In-
stitute (GRI) has highlighted the
significant potential for clogging of the
LCR by biological growth or mineral
precipitation (Koerner and Koerner
1991). This has led to the use of larger
aggregates within the LCR and an in-
creased potential for installation damage
to the geomembrane.
The field tests, conducted by G.N.

Richardson & Associates (GNRA),

Raleigh, N.C., were designed to evaluate
a range of eight geosynthetic products
and the degree of protection they provide
to a geomembrane. The geosynthetic
cushions included generic geotextiles
(GT), geosynthetic clay liners (GCLs), a

double geotextile-faced geonet (GN2),
heavy-weight-nonwoven geotextiles and
a recycled-tire rubber matting specifically
produced for cushion applications. Table
1 provides the physical properties of the
geosynthetic cushions.

The test program was designed to de-
termine the protection provided by the
geosynthetic cushions under the follow-
ing field conditions (bottom to top):

* a compacted clay liner (CCL) sub-
grade having a moisture content near
optimum, and a maximum particle size
less than 19 mun ( 0.75 inch),

* a 1.5 mm (60 mil) smooth HDPE
geomembrane, and

* an LCR stone

did not evaluate the impact of alternate
geomembranes, maximum particle size in
the clay layer or alternate stone grada-
tions on the resulting damage to the geo-
membrane. The test results are intended
to assist designers involved in landfill-
construction using 60-mil HDPE geo-
membranes and similar stone aggregate.

Two full-scale liner sections were con-
structed and test-loaded with 100 passes
of a low-ground-contact pressure dozer
and/or a fully loaded dump truck. The ini-
tial test strip was constructed using a 60-
cm (2-foot) layer of #57 stone and repre-
sents the final stone section commonly
provided around the primary LCR collec-
tion piping. The second test strip used a

aggregate having
an as-constructed
thicknesses of 30
cm (12 inch) and
60 cm (24 inch),
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Figure 2. Density-moisture relationship for soil layer




Table 1. Properties of geosynthetic cushions

30-cm (1-foot) layer of #57 stone and
represents an interim stone section used
when the full LCR system is constructed
with #57 stone.

60-cm stone thickness test
strip construction

The 60-cm stone thickness test strip
simulates the common use of stone
around the drainage pipes in the LCR
system, as shown in Figure 1. The test
strip consisted of a 6.67 m by 24.8 m (22
feet by 82 feet) flat area located at the
Martin Marietta Aggregate quarry in Gar-
ner, N.C. A CCL subgrade was prepared
by compacting a 8-inch-thick layer of a
low plastic silt (ML) that was free of
gravel size or larger particles. The soil
was compacted to more than 100 percent
density (ASTM D 1557) at a moisture
content of dry of optimum to produce a
stiffer, less yielding surface than associ-
ated with typical CCLs.

Field moisture-density tests were ob-
tained immediately after compaction and
are shown with the laboratory Proctor
curves in Figure 2. The use of a modified
Proctor compaction criteria produced a
very stiff subgrade that increased the po-
tential for localized puncturing of the
liner by the stone. Proof-rolling the sub-
grade with a fully loaded water truck pro-
duced a depth of the rutting less than 6
mm (0.25 inch). After compaction and
proof rolling, the test fill was rolled by a
smooth steel drum to prepare it for the
geomembrane.

A 1.5 mm (60 mil) smooth HDPE
geomembrane suppled by GSE Lining
Technology Inc., Houston, was immedi-
ately placed over the CCL to minimize
the potential for desiccation. The location
of each geosynthetic cushion was marked
on the GM with a paint pencil. Each
geosynthetic cushion ran the full width of
the test strip, as shown in Figure 3. A
control zone using no geosynthetic cush-
ion also was included in the test. Then,
the geosynthetic cushions were placed
over the geomembrane at their respective
locations and anchored with several shov-
els of the stone aggregate.

The stone aggregate used is a
AASHTO #57 stone with the particle size
gradation shown in Table 2. It is a washed
crushed stone with angular particles (Fig-
ure 4), specifically selected for its high
damage potential to the geomembrane.

LAYOUT FOR TEST 1
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Figure 3. Test strip layout for the 60-cm-thick stone
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Figure 5. Placement of AASHTO #57 stone

Figure 6. Soil-confinement berm

iur 7. Rutting of stone by dump truck
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Figure 4. AASHTO #57 Stone particle
size and angularity

The stone, a metavolcanic granite aggre-
gate, was quarried and crushed at the
Martin Marietta Aggregate quarry in
Benson, N.C. To avoid shifting of the
geosynthetic cushions, the stone was
placed and leveled using a large backhoe,
operating from the side of the test strip
(Figure 5). This placement technique is
commonly employed to protect the LCR
piping from traffic loading. Stone was
placed to a uniform thickness of approx-
imately 60 cm (24 inches).

To simulate common construction
techniques, no special compaction effort
was applied to the stone other than that
provided by the construction equipment.
After the stone placement was com-
pleted, a soil berm was constructed
around the test strip to provide lateral
confinement to the stone (Figure 6). This
simulated the large lateral extent of the
LCR systems in actual applications.

After placement of the stone, the GCL
cushion section was flooded the day be-
fore testing to allow the bentonite to hy-
drate and simulate the worst-case field
condition. Hydration of the bentonite
was confirmed during tear-down of the
test strip.

60-cm stone thickness

test strip loading

Typical construction loadings were
simulated by trafficking the completed
test strip with a fully loaded dump truck
(HS20 load) and a standard-tracked dozer
(D7G). The dump truck had a maximum
axle loading of 80 kN (18 kips) and tire
pressures of approximately 690 kPa (100
psi). The rear tires produced an equiva-
lent uniform vertical stress on the ge-
omembrane of approximately 23 kPa (3.7
psi). Higher contact stresses may be
caused locally from rutting of the stone
by the truck, as shown in Figure 7. The
speed of the truck was less than 8.3 km/hr
(5 mph) and no significant braking was
allowed while on the stone. This is con-
sistent with conventional construction
practice when less than 60 cm (2 feet) of
cover exists over the geomembrane. The




dozer has a ground contact pressure of 73
kPa (10.6 psi), which produces an equiv-
alent uniform vertical stress acting on the
geomembrane of approximately 21 kPa
(3.1 psi). The dozer was not allowed to
turn while on the test strip. Both vehicles
made 100 passes over the test strip in
their respective traffic lanes (Figure 3).
This allowed the impact of the truck and
dozer to be independently evaluated.
During application of the 100 loading
passes, the loaded dump truck created sig-
nificant rutting of the stone, as shown in
Figure 7. The depth of rutting at the com-
pletion of the test averaged less than 15 cm
(6 inches). This rutting depth increased the
geomembrane contact stresses by up to 60
percent. No stone rutting was generated by
successive passes by the dozer.

Table 3

Upon completion of
the test, the stone was re-
moved by first excavat-
ing a trench immediately
adjacent to the test strip,
then using a high-pres-
sure water jet to move the stone off the
cushions and into the trench. After re-
moval of the stone and geosynthetic
cushions, the individual sections of the
geomembrane were separated and re-
moved for inspection.

60-cm stone thickness test strip

geomembrane-damage evaluation

The degree of installation damage at
each geosynthetic cushion section was
evaluated for (1) that portion of the liner
that had not been loaded by the truck or

dozer, (2) that portion loaded by the truck
and (3) that portion loaded by the dozer.
Installation damage to the GM was eval-
uated as follows:

* visual inspection of the GM for
scratches and localized dents,

* visual inspection of the scratches and
localized dents on the GM for
punctures, and

* comparison of wide-width tensile
strengths (ASTM D 4595) at failure
for the geomembrane.
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Figure 8. Test strip layout to evaluate potential geosynthetic cushions for service

under 30-cm stone

The wide-width test data provided an
indication of the stone induced damage
to the geomembrane. The percentage of
original yield load and strain, and ulti-
mate load and strain retained in the ex-
humed samples is shown in Table 3. The
yield loads and strains appear to be sig-
nificantly impacted by even slight dam-
age to the geomembrane. The ultimate
loads and strains, which are an indicator
of the serviceability of the geomembrane,
are less impacted by the surface scratches
resulting from the stone.

30-cm stone thickness test
strip construction

A second, but smaller, test strip was
performed to evaluate potential geosyn-
thetic cushions for service under 30 cm
(12 inches) of stone. This stone thickness
has been proposed as an alternative to 60
cm (24 inches) of sand in the LCR. Typ-
ically, the 30-cm stone layer is covered
with an operational cover layer to provide
a minimum separation between the geo-
membrane and waste of 60 cm (2 feet).
The 30-cm stone layer, therefore, is not
exposed to long-term direct trafficking.
Because of the excellent performance of
the lighter cushions in the 60-cm test
strip, the cushions were limited to non-
wovens having a weight less than 24 oz.
and to the recycled tire matting. The
physical properties of the cushions are
presented in Table 1, and the physical lay-
out of the second test strip is shown in
Figure 8.

Stone for the 30-cm test strip was
placed by end-dumping the stone from a
truck operating on top of the 30-cm stone
layer, pushing the pile outward with a
dozer, then repeating. This stone place-
ment technique replicates the way area
collectors would be constructed.

30-cm stone thickness

test strip loading

After construction, vehicle loading was
provided by 100 passes of the same

“loaded dump truck used in the 60-cm test.

The 60-cm test had clearly shown that the
truck produced more damage to the geo-
membrane than the dozer so no dozer
loading was performed. As before, the
truck was restricted in operation so that
all passes of the truck were in a common
lane. The passage of the loaded truck
over the 30-cm stone layer produced sig-
nificantly less rutting than had been ob-
served during the 60-cm stone layer test.
Although the pathway of the truck was
clearly distinguishable at the completion
of the test, maximum rut depth did not
exceed 2.5 cm (1 inch). The normal stress
produced by the truck on the surface of
the geomembrane is approximately 65.5
kPa (11.4 psi). *

30-cm stone thickness test strip

geomembrane-damage evaluation

The stone for the second test fill was
removed by water jetting in the same
manner employed for the 60-cm stone
test strip. After removal of the geosyn-
thetic cushions, the geomembrane sec-
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tions were visually inspected for
scratches and localized dents. The geo-
membrane sections were then removed
for further testing. Each scratch or local-
ized dent was inspected for evidence of
puncture. Visual evidence of actual punc-
tures by the scratches or localized dents
was readily found by examining the un-
derside of the HDPE geomembrane. A
vacuum box was available for question-
able punctures, but it was not required for
any of the test-strip geomembrane eval-
uations. Wide-width test data in Table 3
show that the yield loads and strains are
significantly impacted by the stone in-
duced damage, but the ultimate load and
strains are only moderately impacted.

Geosynthetic-cushion
test summary

Neither the 60-cm or 30-cm stone test
strips produced a puncture of the HDPE
geomembrane. The control sections, i.e.,
the section with no cushion, were visibly
scratched and dented to a much greater
extent than when even the lightest
geosynthetic cushion was used. The wide-
width tensile data obtained from the ex-
humed geomembranes is presented in
Table 3. The visual evidence of geomem-
brane damage correlates well with the re-
duction in both strain and load at yield
from the tests. Wide-width samples were
oriented in the machine direction of the
geomembrane and the “damage” centered
within the gage length of the sample.

It is reasonable to conclude, therefore,
that the reported wide-width values rep-
resent ¢‘worst-case” values and not aver-
agewvalues. Note that the ductility, i.e., the
strain at yield, and not the strength of the
HDPE geomembrane was impacted by
damage from the stone. The ultimate load
and strains measured in the wide-width
test were significantly less impacted by
the stone-induced surface scratches. Cor-
relation of visual inspection and wide-
width data indicates that a 10 percent re-
duction in ultimate load should be
considered the limit for acceptable sur-
face damage. ‘

Recommendations for selecting
a geosynthetic cushion

The field testing presented in this study
was limited to a specific stone gradation
(AASHTO #57) and a specific geomem-
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brane (HDPE). A more generalized pro-
cedure for the selection of a geosynthetic
cushion has been developed at GRI (Wil-
son-Fahmy, et.al., Narejo, et al., Koemer,
et al.). This more generalized procedure
does, however, contain specific empirical
data and recommendations for the #57
stone and HDPE geomembrane used in
this study. Based on the GRI study, Fig-
ure 9 presents the GNRA-recommended
unit weight of geosynthetic cushion re-
quired to protect the HDPE geomem-
brane from a uniform normal stress act-
ing on the cushion. This cushion weight
provides a factor of safety of 3.0 and is
intended to eliminate all potential damage
to the geomembrane.

Data from the field tests conducted in
this study have been added to Figure 9 for
comparison to the GRI guideline. The
percentage reduction refers to the reduc-
tion in ultimate load capacity in the tested
samples. All of the tests conducted in this
study were at normal stress levels and
cushion unit weights such that the GRI
data would predict no degradation of the
geomembrane. The slight to moderate
degradation of the geomembrane’s ulti-
mate-load capacity that did occur can be
attributed to the difference in loading
characteristics between the GRI study
and the field test.

The GRI cushion procedure is based
on hydrostatically applied normal loads.
The normal stresses in the field study are
dynamic and include significant horizon-
tal-shear stresses in addition to the normal

load. In the field test, the normal load oc- -

curs in a manner that can “work” a stone
down through the plane of a cushion, ac-
tually pushing fibers away from the path
of the stone. The GRI hydrostatic loading
is an accurate model of what will occur
due to static stresses generated by the
weight of the waste over the liner, but the
model underestimates the impact of con-
struction and traffic-related dynamic
loads.

The recommended design procedure
for selection the unit weight of a geotex-
tile cushion to protect 60-mil HDPE geo-
membrane from #57 stone modifies the
GRI selection envelope at low normal
stresses based on the field test observa-
tions. The revised design envelope is
shown on Figure 9. The revised proce-
dure implies that, for typical municipal
solid waste landfills, the geosynthetic
cushion unit weight is based on installa-
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Figure 9. GNRA recommended weights for nonwoven cushions

tion and traffic loads for waste thick-
nesses less than 120 feet. For larger waste
thicknesses, the design cushion unit
weight is based on the normal stresses
generated by the waste.

The recommended selection envelope
is intended for nonwoven geotextiles
only. The field test does, however, indi-
cate the GCLs, geotextile-bonded geonets
and recycled-rubber sheeting do provide
acceptable protection of the geomem-
brane from installation damage. Design
curves similar to Figure 9 could be devel-
oped for these geosynthetics using the
generalized GRI procedure. In a similar
manner, design curves for alternative
stone particle sizes would require field
testing to evaluate field-installation and
traffic-related damage. It is felt, however,
that the cushion selection procedure is
conservative for stone gradations smaller
than #57.

Readers are cautioned that the geosyn-
thetic cushion selected based on Figure
9 is not intended to protect the geomem-
brane from damage caused by aggressive
operation of tracked equipment on the
stone. Limited field trials have shown that
even the heaviest of the nonwovens does
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not provide sufficient cushion to resist the
large shearing forces generated when a
tracked vehicle makes a sharp turn. The
operation of tracked vehicles on the stone
must be carefully monitored to prevent
damage to the geomembrane, regardless
of whether a cushion is used. 6

About the author Gregory N. Richardson,
Ph.D,, is principal of G.N. Richardson &
Associates, Raleigh, N.C.
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