Geogrids vs. geotextiles in roadway applications

(September GFR, page 20), John Paul-

son reviewed design considerations for
geosynthetic-reinforced retaining walls
using granular backfill. Currently, Mark
Wayne of Tensar is preparing an article
on the design of such structures using on-
site materials that may be cohesive and
anything but free draining. Before I leave
road applications of geosynthetics to
begin a series on waste containment ap-
plications (my favorite), I would like to
address the most commonly asked ques-
tion during the recent Amoco-sponsored
geotextile training courses: “What is the
difference in the use of geotextiles and
geogrids in unpaved and paved road-
ways?” 1 know this should elicit some en-
thusiastic discussion. As with all of the
columns I author, the opinions expressed
here arc mine!

Given that the Romans began paved
roadway construction over 1,800 years
ago, and asphalt was first used in Paris in
1854, the relative age and experience of
geotextiles and geogrids in roadway sys-
tems is very young. The use of geotextiles
in roadway systems dates from the early
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70s. References in papers
presented at the First Interna-
tional Conference on Geo-
textiles, held in Paris in 1977,
contain no significant work
from the *60s. In fact, some
of the work reported is so
novel that the papers contain
no references! The use of
geogrids in North America
dates back to 1983. Even
middle-aged roadway engi-
neers (baby-boomers), then,
were trained in the absence
of geosynthetics.

As is customary, [ will
present my comparison of
geogrids and geotextiles as
they apply to two distinct roadway types:
temporary gravel-surfaced haul roads and
permanent roadway structures.

Pre-geosynthetics technical discussions
of such roads is typified by that of
Rodin! who developed a road design pro-
cedure for use by “earth moving plants”
(i.e., rubber-tired construction equip-
ment). Rodin indicates that acceptable
service pressure on a subgrade of shear
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strength, ¢, will be between the following
known limits:

=6.2c ultimate bearing capacity for
u g capacity
rigid surface footing
pP=TcC pressure causing initiation of

subgrade over-stressing for
flexible footing

Rodin postulated that bearing capacity
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would reflect varying rut-
ting depths and clearly indi-

cated that there is no accu- 16

rate method to relate a rut

depth to a given contact 14 s
pressure. Lacking data relat- )

v ---vmmﬁm.‘..........ﬁ--;--m.i it

ing rut depth to contact
pressure, Rodin theorized @ |
that a contact stress of e
would cause little rutting =~ 8
and a contact stress of 6.2¢
would cause excessive rut- 6
ting. He postulated that the 4
approximate rmean (6.2 =1

= 9.62 = 5) of these two 2
limits would result in 2 in.

of rutting. It should be 0
noted that this recommen-
dation was directed at con-
tractors to assist them in 4
maintaining the integrity of 0
their haul roads.

Temporary
roads: geotextlles

In 1974, Barenburg? performed labora-
tory model tests using aggregate and fab-
ric over soft soils (CBR<3) and con-
cluded that the bearing capacity factors
N (where qgwqpie = N, c) are:

Ne¢ =33 deep rutting (>4 in.) with
number of loads <100 without
a geotextile

deep rutting (>4 in.) with
number of loads (<100) with a
geotextile,

Based on actual field tests on U.S. For-
est Service log roads, this was extended
by Steward3 in 1977 to its current recog-
nizable form:

Ng =28  minor rutting (<2 in.) with num-
ber of loads <1000 without a
geotextile

deep rutting (>4 in.) with
number of loads <100 without
a geotextile

minor rutting (<2 in.) with
number of loads <1000 with a
geotextile

deep rutting (>4 in.) with
number of loads <100 with a
geotextile.

This increase in allowable bearing capac-
ity is attributed to localized restraint of the
subgrade by the geotexlile. Since cohesion
is the key subgrade shear strength criterion,
itis obvious that these methods were meant
for clay or silt subgrades. Note that the
strength properties of the geotextiles do not
play a role in this method as long as they
survive installation and the number of load

N = 6.0

Ng = 6.0

Distance, Ft
0 60 500

cycles is very low.

Based on laboratory model tests, Kin-
ney* extended the work of Barenburg to
include the influence of the tensile mod-
ulus of the geotextile. Simultaneously,
Webster® was investigating means of con-
structing temporary military roads across
soft subgrades (post-Vietnam). Figure 1
shows subgrade profiles that developed in
a soft clay (CBR=1) due to trafficking by
a military truck. Here, failure was defined
as a surface rut of 11 in. (0.3m), since the
truck could no longer pass, Based on
Webster’s work, Giroud® developed a
membrane model that incorporates the
tensile modulus of the geotextile and
agrees well with Webster’s data. The
model remains in use to this day.

The most important function for the
geotextile is that of a separator to keep
active fines in the subgrade from pump-
ing into the aggregate and degrading its
strength and modulus. This function can
be designed vsing the guidelines pre-
sented in the June/July 1997 issue of
GFER. The value of separation is obvi-
ously dependent on the presence of active
clay fines in the subgrade and a base
stone that is initially clean and easily pen-
etrated by the soft clay. Thus, a geotextile
separator would be of little value over
sandy soils or if the base stone contained
a significant sand and silt fraction com-
mon to subbase aggregates.

Nearly two decades of experience and ad-
ditional field tests7-8 have confirmed these
three benefits/functions for geotextiles in

i 4
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temporary roads over cohesive soils, and lit-
tle controversy exists regarding the advan-
tages of their use.

Temporary roads: geogrids

The use of a geogrid within (typically in
the lower third) or at the bottom of the
aggregate layer significantly improves the
stiffness of that layer. This stiffening
spreads the applied surface loads over a
larger area of the subgrade and therefore
limits or slows rutting. This spreading of
the applied load was studied by Giroud?
using an elastic finite element model. -
Based on this very simplified analysis,
Giroud developed a design procedure for
reinforcement of unpaved roads with geo-
grids that has to my surprise agreed with
many field observations?.

Itis important to realize that the geogrid
functions through improvement of the ag-
gregate layer. If separation is required, a
geotextile must be provided at the sub-
grade-aggregate interface. Separation may
not be required if the aggregate contains a
significant sand and silt fraction or if the
subgrade CBR>4%. In general, grids have
been very effective at reinforci ng thinner
sections of poor-quality aggregate where a
separator geotextile is not required.

Webster!! found that a geogrid over a
loose sand subgrade reduced the displace-
ments caused by a large truck. A separator
geotextile did not. Unfortunately, Webster
did not try using a high modulus reinforce-
ment geotextile—my dollar says it would
also reduce displacements.
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A geogrid for use in
road applications.

Perman,(int road
geotextiles and geogrids

With permanent roads, the number of
equivalent single axle (ESAL) design load-
ings easily increases to more than 200,000,
and the allowable surface rutting is com-
monly limited to 1 in. (25mm) to limit dam-
age to the surface pavement. Two signifi-
cant studies emerged in the past decade:
using a 1500-1b. wheel load, Barksdale!0
evaluated both geotextile separators and ge-
ogrid reinforcement for flexible paving on
a weak silty clay subgrade, and Webster!!
used a 30,000 Ib wheel load to evaluate
geotextile separators and geogrid reinforce-
ment for flexible paving on a weak, highly-
plastic clay subgrade. It should be readily
apparent that one of the problems in inter-
preting historical performance data results
from significant differences in loading
mechanisms, material types, variations in
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subgrade strengths and total number of e ABRIC FORMED CONCRETE REVETMENTS

loads applied. More on this later. § . C i d sl Prot N
Barksdale found that none of the geosyn- or Erosion Control an ope€ Fro ection

thetics had an effect on design sections for A high quality custom tailored solution proven to be durable and economical.

more than ESAL of about 200,000. Addi- Use Fabriform® revetments and concrete bags for

tionally, he found that placement of the grid e -

at the subgrade surface did not have a ben- channel protection

eficial effect—displacements actually in- culverts

creased. Since these tests used a relatively bridge abutments

clean aggregate, the grid failure due to ag- catch basins

gregate contamination is not a surprise. Grids reservoirs and lakes

performed better when placed in the lower streams and levies

third of the aggregate, away from the fines
intrusion. He also observed that the geogrid
provided a better “contact efficiency” with holding ponds
the clean aggregate and CBR = 2.5% sub- landfilis .
grade used, and thus better reinforcement of scour repair
the aggregate—again, no surprise. Based on
these test conditions, Barksdale recom-
mended that a minimum 5% secant modulus

liner protection
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of 4,000 Ib/in. for geotextiles and 1500 Ib/in. Construction Techniques, Inc.

for geogrids be used in such applications. . 1
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Total Deformation at 70 psi

Deformation (in.)

Ho, 1996
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Webster obviously wins the award for
biggest wheel—30,000 Ibs! These tests used
a poor-quality aggregate selected to maxi-
mize the potential improvement from ge-
ogrids. This minimizes the potential for a
separation problem and none was observed.
Not surprisingly, the grid now performed
best when placed at the base of the aggregate

| 100 1000

10,000
Number of cycles

since no fines intrusion occurred. Interest-
ingly, not all of the grids performed well.
Webster postulated that the grid aperture sta-
bility was a critical factor—junction strength
is apparently important for the most signif-
icant reinforcement in this application . In
one example, the degree of reinforcement
decreased rapidly as the thickness of the ag-

100,000 1,000,000

gregate increased (40% increase @ 10 in. of
stone and 5% @ 20 in. of stone).
Researchers for both geogrids and geotex-
tiles have atternpted to develop empirical re-
lationships that give the influence of the
geosynthetic on the pavement structural
number, SN. This is commonly done by
measuring surface rut deformation versus

sheet and pipe fabricator.
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NEW MAXITEST Seam Tester

WEGENER has been a worldwide leader in plastic welding technology for more than 40 years. During
this time, we have developed the reputation for producing durable, quality equipment. We are pleased
to announce the latest additions to the vast WEGENER line, the MAXITEST and MAXITEST/EL
tensiometers. Both units are battery-operated, can store data for up to 100 test samples and have a built-
in thermal printer. Please contact a member of our technical sales team for further details. In addition to
our geosynthetic seaming and testing equipment, we offer a full line of equipment for the thermoplastic

WEGENER North America, Inc.

231 Frontage Road, Unit #12, Burr Ridge, IL 60521
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number of load cycles and back calculating
anew SN value that corresponds to the re-
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Summary

Both geotextiles and geogrids can play an
important role in extending the life of a
roadway system—or they can be used in a
totally irrelevant manner. My personal
rules-of-thumb for the use of these geosyn-
thetics in roadways are as follows:
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800-882-9489 355 W Chestnut Street, Genesee Idaho 83832

visit our web site (@ www.bonterraamerica.com
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Temporary Roads
(This includes working platforms for a
permanent road construction)

e Clayey or Silty Subgrades with
CBR<4: If clean base aggregate is to
be used (and I don’t recommend its use
here), then a nonwoven separator geo-
textile must be used. If a “choked ag-
gregate,” like general crusher run, is
going to be used, then use either a geo-
textile or a biaxial geogrid that has
good aperture stability and appropriate
size. For a design ESAL less than
1000, I would use a woven geotextile
designed for both separation and merm-
brane roles—that is, consider the geo-
textile’s modulus. For larger ESAL,
use a woven or nonwoven geotextile
designed simply for separation. The re-
inforcement role of the geogrid seems
safe for approximately 10,000 ESAL.

» Sandy Subgrades with CBR<3: Select

a biaxial grid with good aperture sta-
bility and appropriate size or a woven
geotextile that has a reasonable inter-
face friction with the sand and the ag-
gregate. If a woven geotextile is con-
sidered, care should be taken to ensure

that it does not actually create a slick
slip-plane beneath the aggregate; i.e.,
look at the interface friction.

Permanent Roads
(ESAL>200,000)

¢ Clayey or Silty Subgrades with CBR<3:
Consider building a working platform
using the temporary road methods upon
which your conventional road can be
constructed. Neglect the working plat-
form in calculating the structural number
SN of the pavement, but consider it in es-
timating the subgrade resilient modulus.
This is essentially the approach proposed
by Christopher and Holtz!5.16.

¢ Clayey or Silty Subgrades with
3<CBR<S8: If there is any potential for
degradation due to water intrusion, frost
heave, etc., then include a separator geo-
textile to protect the base aggregate dur-
ing these periods.

* Sandy Subgrades with CBR<3: Use a bi-
axial geogrid that has good aperture sta-
bility and appropriate size to reinforce
the base aggregate. This is particularly
helpful when poor quality stone must be
used and when the aggregate thickness
is small, <10 in.

I can only warn the reader to be very
cautious in evaluating claims by both re-
searchers and manufacturers. All testing
programs require some “equivalence” as-
sumptions to be made. How does a
30,000-1b tire load relate to a 9,000-1b tire
load? How does applying the load
through a rigid plate with a fixed location
relate to actual loading by a moving tire?
Make sure you agree with the “‘equiva-
lence” assumptions, and make sure that
the performance under a limited number
of load cycles is not being extrapolated
several orders of magnitude for perma-
nent ESAL. Academics are not resistant
to exaggeration, either.

The bottom line is that both geotextiles
and geogrids can offer significant improve-
ment in roadway performance when used
appropriately! I must thank Deron Austin
of Synthetic Industries and Robert (Andy)
Anderson of Tensar for their review com-
ments on this column. Both were very hon-
est in their comments and surprised me
with the to degree which they are in general
agreement. If you have had a poor experi-
ence with geotextile or geogrids in roadway
applications, take a minute and see if you

SET YOUR|
ON FORTR

Polyester Soil-Reinforcing Geogrids
Fortrac does more than provide a high-quality; long-lasting
solution to your soil reinforcement and stabilization needs.
It makes your work on the jobsite more productive.

e Time Savings. Fortrac rolls are the widest in the industry.

That means using them can cut your installation time by

more than half.

® Less Strain, Fortrac Geogrids resist tensile strains,
installation damage and environmental attack more
efficiently than other soil reinforcement products.

© Cost Savings. Fortrac high-tenacity polyester geogrids
provide a more cost-cffective design strength than
HDPE or polypropylene reinforcement.

So the next time your site demands a high degree of
reinforcement, do yourself a favor. Set it on Fortrac.

Carolina Pavilion
Charlotte, NC

77:400 Square Yards

ﬂHuesker, inc.

HIGH STRENGTH GEOTEXTILES AND GEOGRIDS
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broke one of my rules-of-thumb. Let’s do
a follow-up column next year with a revised
list of our combined experiences. Let me
know at greg@gnra.com. G

Gregory N. Richardson, Ph.D,, PE,, is
principal for G.N Richardson and Associ-
ates, Raleigh, N.C., and the technical advi-
sor for this column.
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