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The enhancement of interface shear strength |
between two nonwoven geotextiles

By Gregory N. Richardson and Pieter K. Scheer

Introduction and
problem statement

Interfaces involving nonwoven to
nonwoven geotextile surfaces are some-
times part of the design of landfill liner
systems. This is most likely the case in
a double-liner system where a geosyn-
thetic clay liner (GCL) is often designed
below the upper (primary) geomem-
brane and is in contact with an under-
lying drainage geocomposite used in
the leak detection system (Figure 1) or
when multiple nonwoven geotextiles are
overlain to create a heavier cushion layer.
Unfortunately, the interface between

two nonwoven geotextiles has the po-
tential to have the lowest interface shear
strength when compared to other liner-
system interfaces. This problem is partic-
ularly true at low normal loads (< 1,000
psf) and if a hydrated GCL is involved.
Enhancing this interface requires
either finding the preferred orienta-
tion of the selected geosynthetics or
the addition of a small amount of
coarse sand to the interface. Such
means of enhancement of the shear
strength of this interface have been
found by the authors to be relatively
quick, simple, and inexpensive. This
article reviews these concepts.
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Background: Interface
shear strength—design
and specification

Interface shear strength is approx-
imated in terms of Mohr-Coulomb
shear strength parameters based on

the following equation:
T =octanp+c

Equation 1, where:
T = shear strength (psf)

6 =applied normal load
(or stress) (psf)

¢ = friction angle (degrees)

¢ = cohesion/adhesion (psf).
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Normally, the required shear strength
values are specified by the design en-
gineer corresponding to the values
required to achieve the minimum al-
lowable factor(s) of safety in the slope
stability evaluation. For low normal
loads (< 1,000 psf), the required shear
strength values are typically determined
using a veneer stability analysis. The
simplest and most conservative way to
evaluate veneer stability is to use the
infinite slope equation:

FS =tan ¢

tan o

Equation 2, where:
FS = factor of safety

¢ = minimum interface
friction angle (degrees)

d = maximum slope angle
(degrees).

Other more general stability
equations can also be used in the
evaluation of veneer stability (Ohio
EPA 2004). Of these, the Mataso-
vic (1991) equation is particularly
useful and widely used. For higher
normal loads, the required shear
strength values are typically deter-
mined by computer methods using
“block” failure surfaces where the
liner system forms much of the fail-
ure surface in each analysis.

The actual project-specific nor-
mal load range may include one low
normal load for short-term veneer
conditions (for example, 200 psf to
consider 2 ft. of overlying soil pro-
tective cover) and two to three loads
covering a range of higher service
normal loads that will eventually be
acting on the interface due to future
waste placement. Although, typically,
only peak shear strength values are
specified, sometimes, depending on
the design and/or permitting require-
ments, residual (large-displacement)
shear strength values are of interest
and are specified in addition to, or
in lieu of, peak shear strength values.
If, as the authors have seen to be the
case for many older landfill designs,
there are no design shear strength
values or if any of the shear strength
values or the prior evaluation(s) look
problematic, then additional slope
stability analyses should be performed

to verify or determine the required
minimum values.

It should be noted that most often
the slope stability evaluation identi-
fies only the friction angle (¢) compo-
nent of shear strength (i.e., the cohe-
sion (c¢) 1s assumed to be zero) for the
worst-case interface (see Equation 2).
To model all possible combinations
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of friction angle (¢) and cohesion (c)
would be too time consuming and not
necessary. The required interface shear
strength value at a particular normal
load should be determined from the
friction value only. As an example,
for ¢ = 20°, ¢ = 0 psf, and a normal
load of 2,000 psf, the required shear
strength (see Equation 1) is 728 psf
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(2,000 tan 20° ). Thus, the required
shear strength value of 728 psf should
be the minimum shear strength value
specified for this normal load. Alter-
natively, the designer in this case may
specify that interface shear strength
values must meet or exceed the Mohr-
Coulomb shear strength envelope de-
fined by ¢ = 20°. Typically the design

engineer must specify two separate
envelopes—one for low normal loads
and one for higher normal loads.

Conformance testing

Prior to construction, inter-
face shear strength must always be
confirmed using the direct shear
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Figure 2 | Typical laboratory test results.
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method—ASTM D 5321 or ASTM
D 6243 (for interfaces involving
GCLs)—using representative ma-
terials proposed for construction.
Testing must be performed over the
range of specified normal loads to
verify that the materials proposed for
construction meet the design shear
strength parameters. The design en-
gineer must also specify the rate of
displacement and any special sample
preparation requirements (i.e., how
to hydrate GCL test specimens). Un-
less non-standard materials are speci-
fied for use, representative materials
(i.e., same model) are typically used
in the testing in that waiting for ac-
tual materials to be produced for the
project is often not practical due to
scheduling concerns.

The direct shear test measures
the total resistance to shear along
the tested interface for a given nor-
mal load and rate of displacement.
The reported test results should
give both peak and residual shear
strength values and best-fit lines
are generated for both peak and re-
sidual values over the range of nor-
mal loads evaluated to give overall
peak and residual friction angles
and cohesion/adhesion values for
the interface (Figure 2).

Enhancement of
interface shear strength—
preferred orientation

The first potential solution to
the enhancement of interface shear
strength for any interface involving
a geosynthetic is to determine the
preferred orientation of the selected
product(s). A perfect example of this
relating to nonwoven-to-nonwoven
interfaces involves certain reinforced
GCLs which have one side where the
reinforcing has been heat burnished
against the nonwoven geotextile. This
side has been found to perform quite
well in contact with the nonwoven
surface of a drainage geocomposite
due to the “Velcro™” action of the
small nubs on the heat-burnished
side. (It acts in a fashion similar
to a textured geomembrane that is
manufactured using coextrusion or




impingement methods.) The key here
1s to make sure that the product is
tested and then installed in the pre-
ferred orientation to maximize inter-
face shear strength.

Sand addition—
mechanism, sand type

If material orientation does not
improve interface shear strength re-
sults for nonwoven to nonwoven
interfaces, the addition of a small
amount of coarse sand to the in-
terface can provide a dramatic im-
provement. If one were to take a
piece of a typical nonwoven geo-
textile and sprinkle some sand on
top, much of the sand would stick

Drainage Geocomposite
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(embed in reality) readily to the sur-
face even if the geotextile was held
vertically. Once another piece of
geotextile is added on top, the sand
grains are forced into the matrix

of the geotextiles. The sand has a
significant mechanical bond to the
fibers of the geotextiles, particu-
larly for coarser sand. Thus, a sub-
stantial interlocking mechanism is
created, which would logically be
maintained between the materials
indefinitely. As the amount of sand
used increases, the interface friction
angle approaches the internal fric-
tion angle of the sand.

As far as the type of coarse sand
to use, the authors recommend an-
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gular or subangular manufactured
concrete sand (majority of grain size
range between No. 8 and No. 100
sieve). The angularity is important
such that the sand grains do not act
as ball bearings. Additionally, the
grain size of concrete sand is large
enough for the sand particles to es-
tablish the desired mechanical bond
with the fibers of the geotextiles.
Concrete sand is also readily avail-
able in most locations.

Sand addition—
laboratory test results

The following is a discussion
of the results of laboratory test-
ing on two projects where sand was
used as an enhancement of the
interface shear strength between two
nonwoven geotextiles. For both of
these projects, the interface evalu-
ated was a GCL (hydrated) against
a drainage geocomposite.

installed geomembrane in four continent:
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Photo 1 | Sand application to GCL.

Project 1:

For Project 1 (a site in North Car-
olina), the materials met project re-
quirements except for interface shear
strength at a normal load of 200 psf.

The 77 pst shear strength measured at
200 psf normal load corresponds to an
interface friction angle of 21.1° (tan’
77/200). This was of concern due to a
portion of the site having 3H:1V (18.4°)

slopes. The resulting factor of safety
by Equation 2 would only be 1.16 (tan
21.1°tan 18.4°). With the addition of
approximately 1 1b/sy (1 Ib. per yd.?) of
sand, the interface shear strength im-
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proved 38% to 106 psf. This produced
an interface friction angle of 27.9° (tan™
106/200) and a factor of safety of 1.59
(tan 27.9°/tan 18.4°). Note that 1 Ib/sy
of sand is a very minor amount as it is
not nearly enough to cover (obscure)
the surface of the underlying geotextile
surface (Photo 1).

Project 2:

Although 1 Ib/sy is more than ad-
equate to improve the interface shear
strength values under low normal loads,
regulators for this project in Pennsylva-
nia were concerned about performance
under higher service loads. Under a low
normal load of 200 psf, the interface
shear strength improved from 77 lbs.
(21°) with no sand to 127 (32.4°) with 1
Ib/sy of concrete sand (a 28% improve-
ment). Under a higher service load of
3,750 psf, the interface shear strength
improved from 1,986 Ibs. (27.9°) with
no sand to 2,533 Ibs. (34°) with 1 1b/sy of
concrete sand (a 65% improvement).

Sand addition—
recommended specs
and COA parameters

Based on the authors’ experience on
two projects (as noted above), where
sand was used as an enhancement of
the interface shear strength between
nonwoven geotextiles, the following
information is offered for use in project
specifications and construction quality
assurance (CQA) plans.

Specifications:

For designs including a nonwoven
to nonwoven interface, the design en-
gineer should specify the preferred
orientation and/or addition of coarse
sand at a nominal rate of 1 1b/sy (ac-
tual rate to be verified by laboratory
testing). There are several options to
placing the sand: 1) spreading with
a small agricultural spreader towed
on the back on an ATV (if ATVs are
allowed); 2) placing at the top and/or

POLYPROPYLENE (PP)
OUTSTANDING FLEXIBILITY AND DURABILITY
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along the slope and brooming into
place; 3) hand broadcasting; 4) placing
at the top of the slope and pulling the
material down the slope with the in-
stallation of the overlying material; or
S) any combination of the above. Note
that Option 4 is a bit crude and is not
practical to verify over the whole slope,
but was thought to do an adequate job
on Project 1.

CQA:

The addition of sand should be
monitored visually in the field by ap-
plying 1 Ib. of sand evenly over a 1-sy
test area in the field and noting the
general appearance. If over a larger
area the sand is a bit heavier in one
area and a bit lighter in one area that
would be acceptable. However, the
general appearance of the sand should
mimic the test area. In addition, the
sand application could be monitored
quantitatively by tracking the approx-
imate weight of sand applied over a
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particular area. For example, truck
weight tickets could be used. Being
that there is a large tolerance for the
amount of sand creating the desired
improvement, the authors feel the vi-
sual methods are more than sufficient
to ensure proper performance. And
remember, more sand is OK!

Sand addition—cost

Based on a nominal application
rate of 1 1b/sy of sand, approximately
2.4 tons/acre will be required (1 1b/
sy x 4,840 sy/acre x 1 ton/2,000 1b).
That’s only about $72/acre for the
sand assuming a delivered cost of
$30/ton. The time and cost required
to spread the sand depends greatly
on the method that is used. However,
the authors think the overall added
cost for the sand addition would be
well less than $0.01 per ft.?
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Summary and
conclusions

The interface between certain
nonwoven geotextiles has the po-
tential to have the lowest interface
shear strength when compared to
other liner system interfaces. Often
finding the preferred orientation
of the geosynthetics can provide
acceptable shear strength values.
However, for some nonwoven to
nonwoven interfaces the addition
of a small amount of coarse sand
can significantly improve interface
shear strength.

Should the design include a
nonwoven to nonwoven interface,
the design engineer should antici-
pate that, depending on the actual
materials selected for use, there
could be a problem in meeting the
required interface shear strength

-5 pm .
Philadelphia -
strength

values for this interface especially
at low normal loads. By specifying
the preferred orientation or the op-
tional addition of coarse sand (the
need/amount to be determined
through actual testing), a relatively
quick, simple, and inexpensive
means can be provided for improv-
ing interface shear strength and
gaining material acceptance.
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