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Information contanad in this documen fas been devaloped for the
guidance of ampioyeas of ®a Forest Service, USDA, it contrac-
fors, and Its cooperaling Federal and State rgancies. The Depart-
ment of Agrculture assumes no nesponsiblity for the intarpratation
or use of this indormation by ofhar than #s own employess. The use
of tracdm, fiern , or corporation names i Tor the informasion and con-
verignce of e readar. Such use does nod constiute an official avalu-
tion |, comclusion, recommandalion, endarsemant, or approval of
any product or service to tha exclusion of athers that may ba st
ElHE

The United States Dapartmant af Agriculiure (US0A) prohibss des-
crimination i (85 programs an the basis of moe, colon, national orl-
g, 56w, raligion, apa, deabity, polilical belafs, and mantal or fa-
mikal status, (Mot all pronibled bases apply o all programs. ) Par-
sons with disabiliies who require albarmative rmeans for communi-
cation of peogram infeemation (Braila, large prim, large peint, audio-
tape, eic.} should contact the USDA Office of Commurications at
202-T20-2701,

To file & complaind, writa the Secratary of Agricutiure, LLS. Depani-
ment of Agriculiute, Washingion, DO 20250 of call 202-720-7327
fvoica) of 202-T20-1127 (TOD), US0A |5 an agqual amployment
opportunity employer.
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BACKGROUND

Many Forest Service frail sites are located in
seflings where concrete or asphalt paving for
universal access are nol consistent with the de-
sired recreation exparanca. Technigues ars available
to improve the esthetic appeal of paved asphalt or
concrate walkway surfaces, though they are not
covaered in this report. There are a numbear of
products currently being marketed as soll stahiliz-
ers which hopefully maat the nead of providing
natural appearing trail surfaces that are both firm
and slip resistant.

Over the pas! several years a number of Forest
Service units, and other government agencies,
have been using some of the soil stabilizers with
less than complete safisfaction, The problems
appear to be insufficient guidelines from the prod-
uct manufacturars and users who have not been
strict in following application specifications pro-
vided by manufacturers, However, it s possible
that some products may not be as beneficial as
the suppliers lead users 1o balieve.

The Forast Service is currently establishing sav-
eral trail test locations where a number of differ-
ent products will be applied and monitored under
the sama sl and climatic conditions. The product
types used in this study include; ground seed
hulls, trea rasin amulsion, latex polymers, banto-
nite, Class C flyash, enzymes, and asghalt emul-
sion macadam. These products will be tested
under a number of differant conditions including
using either fine or course aggregatas; SUnNY vs.
shaded trail locations; and varying proportions
and/or combinations of products. Since final test
results will not be available for several years this
repart provides general guidelines and informa-
tion 1o help achieve greater succass whan imple-
meanting a trail stabilization project.

REMEMBER: It is important to follow good
construction practices,

GUIDELINES

The purpose of the products discussed in this
repart is to provide a more natural appearance to
the finished trail while providing a firm, non-slip
tread surface, These altlermative products for hardening
trail surfaces are not miracle workers, and they
should not be used solaly as a means o reduce
construction costs. Suppliers may remark that
these producis can be ysed with the native sails
and that no import materials need be used. This
may be true, but there is concern as to their
longevity and cost effectiveness, so be sure 1o

ask the suppliars which types of soils work best
with their products.

Trails are really small roadways for travel; though
the loads are not heavy it is still important to have
a proper designincorporated, particulariy the neces-
sary drainage requirements. Also, consult with
the engineering staff before starting any acoes-
gsible trail construction or improvement project.
The plasticity index, optimum moisture content,
and sieve gradation are important to know prior 1o
using the stabilizer, This information will be help-
ful in deciding which type and quantity of stabi-
lizer o usa.

Bass Course

Abways plan an having &8 compacted base course,
particularly if the project is located in a wet area or
a2 lecation with moderate to high pracipitation
levels. The base course may be a granular native
soil material, or an imported material that the
enginaering department has found to be suitable,
Since trails are usually too narrow and meander-
ing to allow for heavy construction eguipment,
and because of the lighter loads an trails, it is not
necessary to meet the same compaction require-
ments as for roads. However, compaction of the
base material is important and requires the best
type of equipment available that is suitable for the
site. Il possible, use a steel-wheeled vibratory
type roller, otherwisa use nothing less tham a
vibratory plate compactor {figure 1) to compact
the base material. Make sure that the material is
near optimum moisture contant, and make at least
three passes with the vibration compaction equip-
ment,

Figure 1—Vibvatory plate compactaor.




Some stabilizer products become as hard as as-
phalt or concrale, while other stabilizers solten
somewhat whean exposed to maistura, and than
re-harden. In either case, if the base course fails,
the surface course fails sooner.

Vegetation Problems

If the trail is located in an area where there is
concern aboul vegetation growing up thraugh the
trail surface, consider using a non-woven con-
struction fabric o help prevent vegetation dam-
age. Use a non-woven fabric meating AASHTO
M208 criteria for Class B subsurface drainage
with an apparant opening size greater than a Na.
70 U.S. Standard Sieve. Another option is black
plagtic (4 mils or thicker), but be sure to poke
some fine holes in the plastic for drainage. Exist-
ing vegetation must be killed or complately re-
moved prior to placing the fabric. If possible, the
fabric should be placed beneath the basa course,
but If # is placed on top of the base course there
should be a minimum of 2 inches {51mm) of
surface material over the fabric. If a rototillar is
usaed to mix the stabilizing product with the sur-
face materials, plan the depth of the fabric ac-
cordingly! Also, use a rototiller with the tines lo-
cated at the back {figure 2}). The machine is big and
bulky but it is relatively easy to controd the depth of
the tines and It is remarkably maneuverable.

Figure 2—Rear-tinad rofotiflar.

Trail Tread Surface
Stabilization of Impored Materials

Based on current experience, it is recommeanded
that 3/8-inch (8.5 mm) minus trail surface matarial
be imported whean using any stabilizer product.
Imported material should be very consistent in its®
properties and the soil analysis information ob-
tained will be vary halpful In specifying the type

and guantity of stabilizer needad. If the trail project
i& near a road, or is being designed for universal
access, budget the additional funds necessary to
impart 3/8-inch (8.5 mm) minus trail surface mate-
rial. If there is a good base course already, then 2
inches (51mm) of surface materal should be anough,
Otherwise, plan on at least 3 inches (76 mm) of
stabilized tread material. The reasons for requir-
ing the finer grade of material are ease in creating
a smooth, visually appealing surface; improved
universal accessibility; and a smoath tread that
has smallar voids In the surlacea to pravent waler
from being trapped. Waler can quickly break down
the trail tread by softening the surtace material or
by freezefthaw causing it to break apart,

Stabilization of Mative Materials
If there is an immediate need, and importing
surface material is not an option, it is possible to
stabilize the native soil for the tread surface. If this
method s used the trall will have a much shorter
life span for several reasons:

1. Since only the surface materal Is being
treated, there will not be a properly com-
pacted base course,

2. Vegetation may begin to break down the
tread surface prematurely because it was
not feasible to place construction fabric
under the native soil.

3. Drainage design and construction may be
mare difficult because compaction of the
trail surface may create low spots that will
collect watar.

4, The nafive trail material may vary in type
and size from one location to another, mak-
ing it difficult to proportion the stabilizer,

PRODUCT APPLICATION

After a soil analysis has been completed, a sound
dacision can be made on the best type of product
for the site. It is important to follow the guidelines
of the manufacturer and supplier, since the cor-
rect application of any stabilizing product is nec-
essary in order to monitor the effectiveness ofthe
product.

It is advisable to prepare a test section to deter-
mine if the designed quantities appeaar to be cor-
rect. Construction of the test section also gives
the work crew a chance to become famillar with
the characteristics of tha product, and what re-
strictions may be needed to maintain consistency
throughout the application of the product,



It is also recommeandead that a cantrol section be
constructed into the trail. The control section should
be the same lype of imported ar native material
and eonstructed to the same standards as the rest
of the trall, but without the added stabilizer prod-
uct. This halps determine whether the added product
actually provides a belter stabilized sudace, or il
itwould have been possible to simply moisten and
compact the material without the extra expanse of
a stabilizer. This information will be very banefi-
cial as future projects are planned and carried
o,

TYPES OF SOIL STABILIZERS

Class "C" Flyash

Flyash is a byproduct obtaingd from the stacks of
powear plants that burm coal, and is available in
differant classes. Bacausa the quantity of lime in
coal deposils vanas from place o place, the
resulting flyash varies in the guantity of quicklima
that it contains. Class "C” Flyash containg the
necessary percentage of quicklimea lo be of ban-
efit when stabilizing soils, The flyash works bast If
the material being stabilized has a plasticity index
less than ten, The flyash causes a reaction that
helps to camant the aggregate particles lagether,
The reaction takes place when moisture is added,
and it happans very quickly. Therefare, do not try
to do too much at a time. Fiyash can also be usad
to strengthen the base course, particularly if the
trail iz in a wet area,

Flgure 3— Lavaling trall affer modisture added,

Flyash is very inexpensive provided there s a
close source of supply: otherwisa transportation
increases costs. Plan o add about five percent
flyash by dry weight of the materials baeing stabi-
lized, It iz best to do a test section to see if the
percentage of flyash nesds o be increased or
decreased. Bacause of the quick reaction time,

mix the flyash into the tread surface with a rotolillar.
The moisture in the soil beains the reaction, but
additionzl water is reguired. Once moisture s
added, the surlace must be quickly lavaled and
compacted (figure 3) because the soil may set-up
in as little as 15 minutes.

Caution-Flyash is very dusty; dust
masks and eye protection may be
necessary. Also, fiyash, when reacting
with water, releases heat which can
cause skin burns.

—
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SOURCE OF SUPPLY

Western Ash Company (4 Offices)
10410 Live Oak Ave.

Fontana, CA 82335

(909) 350-31565

216 Vista Glen Place
Martinez, CA 94553
{5107 370-7138

4380 Syracuse St,, Suite 305
Danver, CO B023T
{303) 779-B366

5020 Narth a1k Place
P.0. Box 7360
Phoenix, AF 85011
(602) 248-TO46
(BOD) 528-6630

Bantonite

Bentonite is a clay type material found in natural
deposits throughout the country. If the native trail
traad coursa is lacking in clay material, the addi-
tion of three parcent bentanite by dry waight may
be all that is needed to stabilize the surface, The
clay simply bonds the aggregate particles to-
gather. Be aware thal too much bentonite can
cause the material to become very slippery when
wel.

Bentonite is also very inexpensive if there iz a
source nearty. Mix the bentonite in a pug-mill or
cemeant mixer and then apply 1o the trail; or rototill
the bentonite directly into the surface matearial.

Caution-Bentonite is very dusty; dust
masks and eye protection may be
Necessary.




SOQUARCES OF SUPPLY

Willameatte Graystona
(503) 388-3811
Cantral Oragon Bantonite
(503) 477-3351

Ground Sead Hulls
Stabilizer, a patented, organic, and pon-1oxic praduct
is manufactured from the seed hulls of the plantego,
a plant native to Arizona. Stabilizer is odorless;
will not stain the matarials that it is mixed with;
and is safe for humans, animals, and vegetation.
Stabilizer softens somewhat when subjected to
maisture, but rehardens when dry. It has been
used successiully in differing climatic conditions
including heavy snow and freezing temperatures
in Chicagao, Illinois and Brooklyn, New York; heavy
precipitation (80 inches or 1.5 m per year) in
Huntsville, Alabama; moderate pracipitation (20
inches or 0.5 m per year) in Pomona, California;
and very hol temperatures with light precipitation
in Phoenix, Arizona. Stabilizer works well with
raterials that are 38 inch (9.5 mm} and less in
diameter, but will not bind larger aggregates and
hold them in place. Most applications specify a 2-
inch (51 mm) depth of surface materials, which
requires approximately one pound (0.5 kg) of
Stabilizer per 12 squara feet{1.1m). It Is impor-
tant however to review suppliers Installation di-
rections prior to determining final design quanti-
tas.

Stabilizer is easy to repair and consequently makes
it a good cholce to use in areas that may have
vegetation growing through the trail tread. The
vegetation can be removed from the trail and the
saction repaired by scarifying the surface, rewsatting,
and compacting. If additional materials are neaded
use a similar aggregate as the original source to
maintain a similar coloration. Mix the materials as
for the original construction; place in location,
grade and smooth; wat thoroughly; compact; and
lat dry.

Caution-Stabilizer is dusty; dust masks
and eye protection may be necessary.

Stabilizer 15 sold in 20 Ib.{9 kg) and 40 Ib. (18 kg)
bags.
SOURCE OF SUPPLY

Stabilizer

4832 East Indian School Road
Phoanix, AZ 85018

(602) 952-B009 (B00) 336-2468

Pine Resin Emulsions

Pine resin is a byproduct from the distillation of
turpentine. The pine resin emulsions contain ap-
proximately thirty percent rosin solids. As the
water evaporates from the treated aggregates the
surface becomes harder than asphalt cement.
The resin basically binds the aggregate particles
together. During the application process the liguid
emulsion has a very strong foul odor, but should
not prohibit the work being done, After the product
cures there is na noticeable odor. Some applica-
tion instructions recommend using only 0.15 gal-
lons per square yard (0.6 liters per square meter).
This guantity is more appropriate for dust abate-
ment than trail stabilization, Plan to use one gal-
lon per square yard (3.8 liters per sqguare meter)
for each one-inch (25.4 mm) of depth. Prepare a
short test saction to verify tha quantity of emul-
glon required far the desired result in the spacilic
application.

The emulsion can be mixed info the aggragale in a
concrate mixer and then spread an the trail, or it
can be spread over the trail surface and mixed in
with a rototiller. The easiest way to spread the
emulsion over the trail surface is to take a five
gallon (19 [iter) plastic bucket and punch many
nail holes in the bottom. Calculate the square
footage that four gallons (15 liters) will cover to
the desired depth, and then quickly pour in four
gallons (15 litars) from another container and
move the bucket back and forth as the liguid
drains through the nail holes (figure 4). The nail
holes will plug up after several of these cycles
because of the sticky nature of the solids. To keep

Figura 4—Fine resin being appiad fo trail suracs.



the project moving along, use two application
buckets; one can be kept in use while the other is
being unplugged.

After spreading the emulsion over the surface,
rototill until all the material applied is incorporated
imo the surface matarial. Level the materials after
tilling and then compact with a roller or vibratory
plate. Wipe diesel fuel owvar the vibratory plate at
frequent intervals, ctherwise the resin tends to
stick to the plate and will cause scrape marks on
the trail surface. Also, have a fool on hand to
scrape the plate clean if material sticks to the
suriace,

Because this is a very messy job, it is recommend
that the crew wears old clothes, long sleeved

shirts, gloves, and rubber boots.

The supplier recommends that afterthe area cures
for several days, the surface be sprayed with a
sealer coat to prevent water from entering surface
volds. The recommended application rate is ap-
proximately 0.15 gallons per square yard (0.6
liters per square meter). The application is diffi-
cult and the enly suitable methoed found (o work is
a weed sprayer. Because of the solids in the
emulsion the sprayer will plug up after spraying
about two to three gallons (7.5 to 11 liters). It is
than necessary to lake off the spray tip and run a
nail or wire throeugh the halas to re-open them.
The completed trall surface leoks very good, but it
is more expensive and time consuming than soma
of the other stabilization products.

SOURCE OF SUPPLY

Soil Stabilization Praducts Co., Inc,
{Road Oyl)

P.O.Box 2779

Merced, CA 95344

(209) 3B3-3256

(209) 3B3-7848 (FAX)

Latex Polymers

Latex polymers are a byproduct of the paint indus-
try. Several Forest Service locations have at-
tempted to use latex polymers for trail stabiliza-
tion, but the completed projects have not been
considered too successful. The latex polymers
are applied in an emulsion, and as it dries the
latex creates a coaling that bonds the aggregate
particles together. The products have been usad
with some success to prevent surface erosion
until vegetation can grow o protect a slope. The
products are also used for dust abatement an
roads, but when there is traffic over the surface it

tends to cause raveling, separation of the aggre-
gate, and requires additional treatments as with
mest dust abatement products. At this time, the
latex polymers seam to have a shortar life span
than some of the other types of stabilizers. The
life span can be increased by applying a seal coat
every 2 to 3 years.

SOURCES OF SUPPLY

Midwest Industrial Supply, Inc.
(Soil Sement)

P.0. Box B431

Canton, Ohio 44711

{216) 456-3121

(218) 456-3247 (FAX)

PM-10 Consultants (Eco-CF)
P.O., Box 4327

Cerritos, CA 90703

(310) 821-63M

Mative Soil Tachnolagies, Inc.
(Nasolid 2000)

5230 Sellers Avenue

Oakley, CA 84561

(510) G25-8411

(510) 679-8528 (FAX)

Enzymes

Bacterial culture is the active ingredient in en-
zyme solutions. Since the bacteria multiply very
rapidly when exposad to the alr, a small quanfity
of the enzyme products goes a long way. Depend-
ing on the product, only one gallon (3.8 liters) of
anzyme stabilizer is needed for avary 9 to 15
cubic yards (6.9 10 11.5 m®) of agaregate [475 to
BOO linear feet {145 to 244 m) of four-foot (1.2 m)
wide trail]. Enzyme products have been shown to
work very well in stabilizing road surfaces that
have high clay contant (10-15%), howaver, there
have not baen many well documented trail stabili-
zatlon projects to date.

SOURCES OF SUPPLY

C.5.5. Technology, Inc. (EM-1)
P.O. Box 1365

Weatherford, TX 76086

(8O0} 541-3348

Pacific Enzymes (Parma-Zyme)
4608 Orange Grove Ave
Sacramento, CA 95841

{516) 645-0189
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