Swamp roads and ramblings

be interesting to revisit one of the first
geosynthetic applications: geotextile
separators in roadways over soft (CBR < 3,
cohesion < 1800 psf) soils. Photo 1 on page
18 shows a typical swamp road applica-
tion—plenty of water and low soil strengths.

This has been a classic geotextile appli-
cation since it caught the industry’s focus
in the 1970s. At that time, patents held by
the Reinforced Earth Co. precluded the
marketing of geosynthetic-reinforced soil
applications, and geosynthetic environmen-
tal applications were still trapped within the
imagination of Congress. This was a
decade when “geosynthetics” meant “geo-
textiles,” J.P Giroud was a young, recently
emigrated, French engineer working for
Woodward-Clyde in Chicago, Bob Koemer
was known for his work in acoustic emis-
sions, and Europe dominated the geosyn-
thetics technology.

In the United States, elaborate field tests
were being performed on roadways by the
Army Corps of Engineers, Law Engineer-
ing, and the University of Illinois. During
this same time, Jerry Raymond of Queens
University, Kingston, Ontario, Canada, and
I were independently monitoring geotextile
separation applications on railroads. Fun was
being had by all.

THIS MONTH, | THOUGHT IT WOULD

Geotextile design

Two very different design roles for geotextile
separators on soft clayey soils emerged dur-
ing this period: first, geotextiles provide a lo-
calized restraint (Figure 1) and, second, they
can provide reinforcement (Figure 2). Lo-
calized restraint requires very low geotextile
strengths, so that typical applications are
controlied by the geotextile strength required
to survive installation.

The April Designer’s Forum presented
the current American Association of State
Highway and Transportation Officials
(AASHTO) M288-96 geotextile survivabil-
ity selection applicable for the localized-re-
straint mechanism. (Although these guide-
lines were approved in 1996, they are not
official until the AASHTO specifications
are published—this is expected to happen
before August.)

Localized restraint is the mechanism in-

corporated in the design charts first pre-
sented by Steward, et.al., (1977) for the
U.S. Forest Service. In this case, the geo-
textile’s role is quantified by modifying the
bearing capacity equation for the underly-
ing subgrade. The bearing capacity, q,y.,
for a continuous footing on a cohesive sub-
grade is provided by

Qur = cN; + YD
where

c = the cohesion of the subgrade
N, = abearing capacity factor

vy = the unit weight of the stone/etc.
above the geotextile

By Gregory N. Richardson, Ph.D., P.E.

D = the depth of stone/etc.

For typical foundation applications, N,
is approximately 5.5. This bearing capacity
factor is adjusted when a geotextile is intro-
duced between the soft subgrade and the
base stone as follows:

* N, = 2.8 produces little rutting under
large traffic loads without a geotextile

* N¢ = 3.3 produces large rutting under
light traffic loads without a geotextile

* N¢ = 5.0 produces little rutting under
large traffic loads with a geotextile

* N = 6.0 produces large rutting under
light traffic loads with a geotextile.
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Figure 1. Localized bearing failure.
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subgrade.

Use of a geotextile allows the granular
sub-base to be treated as a rigid footing con-
crete in that localized penetration of stone
into the clay is prevented. Typically the
analysis is performed by assuming either a
Boussinesq elastic condition or a simple 60-
degree angle for estimating the distribution
of the applied surface load through the
stone. The thickness of stone is adjusted so
that the stress applied to the subgrade is less
8 than qy,. It has always amazed me how
small a difference in stone thickness can

separate a marginal road from one that will
Figure 4. Rut depth as a function of vehicle passes. provide years of service.

Average rut depth, cm

Number of passes (x100)

Tensile reinforcement

An alternative tensile reinforcement mech-
anism was being researched in the 1970s
by the Army Corps of Engineers, the Uni-
versity of Illinois, and Georgia Tech Uni-
versity. I used to think of this as a woven
vs. nonwoven model, since in those early
years many manufacturers carried one or
the other type of geotextile. Figure 3
shows the essential fabric-tensioning mech-
anism. As the rut develops, the fabric is
tensioned and begins to contribute a verti-
cal force component that helps support the
wheel load. Many of the researchers, and
certainly all woven geotextile manufactur-
ers, believed that low-strain modulus was
the most important property for a geotextile
in this application.

- ] | ) J : The work at Georgia Tech showed that
Photo 1. This swamp road is a classic example of a geotextile separation application. continued on page 23
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continued from page 18
the modulus of the geotextile significantly
“influenced the rate, nol the magnitude, at
which rutting developed, as shown on Fig-
ure 4. Design procedures for “lensioned”
geotextiles bccame more complex Lhan
thosc previously devcloped by Steward,
and I suspect that most designers have used
the charts prepared by Giroud, since they
are easily found in Koerner’s Designing
with Geosynthetics textbook.

My interpretation of my own data and
that of the previously mentioned studics
was that, regardless of modulus, a geotex-
tile-stabilized roadway with the ruts main-
tained, i.e., filled, would deform at the ruts
to produce a bearing capacity factor of
safety of 3.0 with the subgrade.

To illustrate this, I reintcrpreted the re-
cent excellent work by Fannin and Sigurds-
son, 1996. (My hats off to those brave
enough to actually do field tests.) Figure 5
(page 24) shows the rut depths measured as
a function of base course Lhickness for one
of the study’s tesL geotextiles. The base
course depth corresponding to a quppticd =
3¢ is, by my calculations, 0.4 m. Fannin and
Sigurdsson indicate that the “rut depth” and
a base course thickness of 0.5 m was due
to gravel compaction alone, and not rutting
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Figure 5. Average rut depth vs. base course thickness (adapted from Fannin

and Sigurdsson).

of the subgrade.

For the geotextiles and geogrids tested,
the rutting at 0.4 m thickness of stone was
actually slightly less than for 0.5 m stone

thickness. This is probably because there
was less stone to compact with both having
no rutting of the subgrade. Fannin and Sig-
urdsson did not repair the ruts (Figure 6 on

page 26), so the rut depth for 0.25 m of base
course increases dramatically.

By Fannin and Sigurdsson’s interpreta-
tion, this testing confirmed the importance
of fabric modulus of the performance of
such haul roads. My interpretation is signif-
icantly different. Looking at the data, it tells
me that either quick repair of rutting by the
adding more stone or using the initial de-
sign for Qapplied = 3¢ Will produce a very
stable road at a lower cost than relying on
fabric modulus. The difference between
using an initial stone thickness of 0.25 m to
0.4 m in this test would be less than 7 cents
per square foot of stone—hardly a reason
to begin designing with high-modulus geo-
textiles or geogrids.

Note how fast the rutting develops. Also
note that if qgpplied = 5¢ is assumed, then
the stone thickness is approximately 0.25m
and significant rutting still develops! I'm
afraid that the subgrade soil remolds so that
the actual-service undrained shear strength
will be significantly reduced. The subgrade
soils used in the above test have a sensitivity
of 7 and would easily strain and be reduced
in strength. Very quickly in the life of the
roadway, we would need the extra stone we

1If you're part of the
geosynthetics community, you
will benefit by joining the
North American Geosynthetics
Society (NAGS). NAGS is a
professional society dedicated
to the development and
advancement of geotextiles,
geomembranes and related
products, and their
applications. Whether you're
an academic, in govemment
or in the commercial sector of
the field, there’s great value to
being a member. Here’s what
your peers have to say:

g AGS provides an excellent forum for the

distribution of the latest geosynthetics
technology and helps keep me on the cutting edge. In
addition, it provides an excellent opportunity to network
with experts in the geosynthetics field and gain from
their experience.”

Alice Comer
materials englneer; winner, Women in Science

and Engineering 1995 Engineer of the Year award.

i AGS plays a crucial role in heightening the
overall awareness of the geosynthetics field and
provides me access to geosynthetics publications |

otherwise wouldn’t be aware of.”

Dr. Shobha Bhatia,
Professor; Syracuse University
| Civil Engineering Department

For more information, contact

Martha Barnes NAGS managing director
345 Cedar St., Suite 800

St. Paul, MN 55101-1088 USA
612/225-6973 or fax 612[222-8215
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tried to eliminate with the geosynthetic sta-
bilizer.

1 believe the use of a tension membrane
model for the geotextile stabilizer is a
waste of time for the designer and a waste

Precision

Geosynthetic

of money for the owner, since many of
these roadways are now being developed
for long-term service. I do, however, think
the geotextile stabilizer performs a vital
role in keeping fines from intruding into
the stone and in preventing local bearing
capacity failure of individual stones with
the subgrade.

GAl Accredited

Design recommendations

With the previous considerations in mind,
and in keeping with pragmatic design
habits, I recommend designing long-term
service “swamp” roads as follows:

Established in 1984

| GEOSYNTHETIC
INSTITUTE
(GSh

Laboratories

Geosynthetic 'l'esling-'. -
our only Business. :

~ In-Plant QA & Sampling

Step |
Use a stone thickness that produces a sub-

o >

Stringent Internal QA/QC program

Where & When You Need It.

grade pressure quppjieq = 4¢ and realize that
now operations can simply grade the ruts
and forget about hauling additional stone in
to fill them. (This keeps the field mainte-
nance people happy.) The 4c results in suf-

1742 W. Katella Ave.
Suite 4
Orange, CA 92867

www.precisioniabs.com

800/522-4599 - USA Only
714/744-4599 - International

Fax: 714/744-0357

E-Mail: precisionlab@earthlink.net

ficient stone being placed initially to fill the

SET YOUR

Document #3020

THE

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.

® 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-effective 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.

(@arolina Pavilion
Charlotte, NC
77400 Sqllill'cr Yards

Huesker, inc.

HIGH STRENGTH GEOTEXTILES AND GEOGRIDS

of Fortrac

We're known for our strength.

P.0. Box 411629, Charlotte, NC 28241-1529 » (704) 588-5500 = (800) 942-9418  Fax (704) 588-5988

Document #3010

25

1661 Aep B 3a0day sonqed [eatuydd3o0an




echnical Fabrics Report m May 1997

DESIGMER'S FORUM

Base material

Final
base

] 3;7; SASIISIASISS
KA XA 2

Figure 6. Repair of rutting.

ruts that will develop as the geotextile/ stone
deforms to develop the 3¢ subgrade long-
term stress beneath the traffic lanes.

Step 2

Determine the geotextile’s minimum sur-
vivability requirements by using the
AASHTO M 288-96 guidelines in Table 1.
This should be a Class 1 geotextile with the
minimum average roll value (MARYV)
strength in Table 2.

Ruts filled with
new base
material

»~~  Soft subgrade —\ &

Step 3

Determine the geotextile’s minimum hy-
draulic requirements by using the
AASHTO M 288-96 guidelines for stabi-
lization drainage. This requires a permittiv-
ity of the geotextile greater than 0.05 sec’
(the more the better) and an apparent open-
ing size (AOS) less than 0.43 mm. I prefer
aminimum permittivity of 0.05 sec” for all
geotextiles.

o
o3
fe

-5

RO
Geotextile

Step 4

Select a suitable geotextile that meets the
criteria in Steps 2 and 3. Almost any woven
or nonwoven geotextile can be used if it
meets the requirements in Steps 2 an 3.
The geotextile specifications, therefore, can
be written as follows:

¢ The geotextile shall be a woven or
needlepunched nonwoven fabric.
* The geotextile shall have MARV

A
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Please call us for more information and competitive prices.
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and

Soil-Geosynthetic Interaction
Laboratory
Atlanta, GA
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strength properties meeting the require-
ments of an AASHTO M 288-96 Class
1 geotextile.

o The geotextile shall have MARV hy-
draulic properties meeting the require-
ments of AASHTO M 288-96 geotex-
tile criteria for stabilization.

Thus, the design of the swamp road is
simple and the engineer can better spend his
or her time worrying about construction de-
tails and the wetlands permits required for
a majority of such sites. [ encourage readers
who favor the “tensioned membrane” alter-
native to write a “counter-point” article for
[uture publication in this column. Certainly
on very weak soils the value of fabric mod-
ulus may be important—anyone have a cri-
teria to suggest? Or, how about an opinton
on long-term vs. short-term applications?
Your comiments and suggestions are always
welcoine (see page 29). G

Gregory N. Richardson, Ph.D,, PE,, is
principal for G.N. Richardson & Associates,
Raleigh, N.C.
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