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GEOSYNTHETICS IN SOIL IMPROVEMENT,
TYPES, FUNCTIONS AMD PRINCIPAL USES.
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1. ABSTRACT- More recently, the soil 1s improved by introduclng locally separaled
reinforclng elements. These include: the placlng of metallic strips Into the soil
(relnforced earth), the Introduction of steel rods or grouted needle piles (soil nailing)
or the use of geosynthetle.

Geosynthetles were first used in connection with erosion cootrol applica-
tHons and were intended to be an alternatlve For granular soil filters, {Barrett, 1964).
Synthetic reinforcement Is being increasingly used for temporary and permanent
structures to improve the shear strength of soil. The fact that an Lncreasing number
of structures must be built on poor solls, has speeded up the development of soil
relnforcement technigues. The basic principle of soll reinforcement, as described
by Jewell (1982), is that when an orlented reinforcement is included, a higher
shear strength is developed in the soil. Credit for early work In the use of geosynthe-
tles should be given to the ICI fabries in England. Their work and others such as
Chemle Linz In Austrig gnd Oy pent and_Mlcafl In the States has continued. Today
many manufactures are involved In the production, sales, and distribution of geosythe-
tics. McGown and others (1988) expected that sales of geosythetles may reach
one hillion square meters by the end .of 1990,
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2. INTRODUCTION

Hoil improvement for highway and buildlng purposes is probally the
oldest hut still the most interesting technique of all common execution methods
in c¢ivll engineering. It rang2s from slmple soll compaction to elegant technigues
ol grouting systems.

In 1963 Vidal proposed a soil Improvement technigue for fills using
"reinforcement" {Fig.1). Flexible, about 5> mm thick strlps of galvanized steel are
laid in the layers of the fill bolted to the retalning wall at the faclng of the FLL
The main Ildea is that when slidlng starts to ovcur In the soil, the anchored metallic
strips will provide a complementary shear strength and therefore will stop further
deformation.

Root plles were Inidally installed accorlding to a patent of the ltalian
firm FONDEDILE (Lkzzi, 1978). piles are Inserted by means of a high speed rotary
drill (Flg.z) In a way nob te cause any collapse of the borehole walls or loosing
the soll itself.

"Soil nalllng” means the soil lmprovement by means of driving steel
rods Into the soll. This technlque has been proposed by kocmer 1776 who used
a combination of this technique with the use of a surface protection of geotextile
{Fig.2). The fiber is stretched over the surface of the slope to be stabilized. Fy{3)

Soll improvement uslng gcosynthetic is related primarily to their tensile
strength. The term geosynthetic means that matecials used in soils and are synthetic
in nature. The Ffirst use of fabrics made from natural flbers to reinforce roads
was attempted by South Carolina Hlghway Department in 1926. They use a hcavy
cotton fabric on a primed earth base and then applled hot asphalt mix. Results
showed a reduction In cracking, ravelling and locallzed road fallures.

This state of-the-art papcr deais wlth geosythetlcs In hlghway engineering
It dascribes types and manufacturing of geotextiles, geogrids, geomembranes and
geocomposites as they are the famous types In use in s0il improvement. Moreover
the paper explains the functlon of different geosynthetics, and thelr principle uses
to improve sl properties for highway purposes.

3. TYPES AND HANUFACTURING OF GEOSYNTHETICS

Geosynthetics means that materials used in soils and are synthetic in nature. They
are usually hydrocarbons. The specific families of geosynthetics on which this
paper will focus are the following: (Fig.4.)

- Geotextlles;

- Geogrids;

- Geomembranes; and

- Geocomposites.

3.1 Geotextiles

Geotextiles are permeable textlle materlal (usually synthetic} used with soil, rock
or any geotechnlcal englneerlng related matevial to enhance the performance or
cost of a human made product, structure or system. They are indeed textiles in
a traditional sense, bubt consist of synthetic fibers rather than nateral ones like
cotton, wool or silk. Thus blodegradadon ls not a serious problem. The flbersare
made Into a flexlble, porous fabric by standard weaving machinery or are melted
together. The major polnt that they are porous to water Flow acress their manufactu
red plane and also with their plane.
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3.1.1. Geotextle Manufacturing

The fibers used In geotextile manufacturing are made from any of the lollowing
materials (ordered in decreaslng order of use) :

- Polypropylene ;

- Polyester;

- Polyamide {nylon); or

- Polyethylene.

All are hydrocarbons derived from gil. The basic polymers are made
into flbers by melting them and forcing the product through a spinnert similar
in principle to a bathroom shower head. The resuiting fiber filaments are then
hardened or solidified by wet, dry or melt.

3.1.1.1. ¥Woven Geotextiles

Modern industrial textlles are created by textile englneers using preeise sclentific
methods to produce fabrics that will properly perform specific tasks. The textile
englneer works with five basle elements : (1} fibers; (2} yarn; (3) weave (4} count;
and {5) Flnish. All of these elements must be accurately evaluated and controlled.
The fabrics produeed in thls way are ealled “woven Ceotextiles" (Fig. 5).

3.1.1.2 Non~woven Geotextiles

Many constructden Ffabrics are non-woven where the elements of yarn and weave
" are completely lacking. These fabrics are composed of textile fibers bonded together
by resins, gther bonding agents, or-mechanlcal methods to form a smooth, uniform
mat. Each pon woven geotextlle manufacturing system generally includes four
basic steps : 1} fiber preparabon; 2) web formation; 3) web bonding; and %) post-
treatment. The kpown types of non-woven geotextiles are :

~ Heedle punched where a fibraus web s intreduced into a machine equipped with a
group of speciaily designed needles (Fig. Sa).

- 5Spun-Bonded where a conlinuous process Is performed to produce a finished
Fabric from a polymer (Fig. 6b}

- Melt-Bonded consists of long staple fiber melted together at fiber crossover
points. Products are tough and compact.

- Resin-Bonding where acrylic resin is sprayed lnte a fibrous web.

3.2 Geogrids

Geogrids are relatively sHff, netllke materiais with large open spaces (typically
12,5 to 50.8 mm) between ~he ribs that make up the structure. The ribs can be
of three varieties as shown in Fig. (7).

1. MNon-deformed nets

2. Deformed grids that have been work hardened to enhance properties.

3. Strips of polymeric materials laid ln a grid fashion and bonded or joined at
their intersections.

The basic polymer materials used In the manufacture of geogrids are
either polypropylene or high density pelyethylene. Ipitiaily, they are of a heavy
gauge and In sheet form. Holes are then punched into the sheeting on a regular
pattern, and the sheet is theo drawn uniaxially or bLiaxlally. Drawing is done under
controlled temperatures and strain rates s¢ as to avoid fracture but allow free
flow of the molecules Into elongated and isotropic condidons. Key variatles In
this process are the drawn, ratic molecular weight, molecular weight distribution,
and degree of branehlng or cross linking.

C.35
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4.1 Separation

The major point in geasynthetic (all types) manufacturing is the introduction of
a flexible synthctlc harrier placed between dissimilar materlals such that the integrity
and Functiening of both materials can remain intact or be improved.

When placing stone on a soll there are two simultaneously mechanisms
that tend to occur; one Is that the s0il fines attempt to enter into the voids of
the stone ruining its drainage capability, while the ather is that the stone attempts
to intrude into the spil thereby rulning the stones strength. Geasynthetics may
stop the two mechanisms and improve the properties of each layer as designed.

4.2 Reinforcement

Geosynthetic relnforcement (all types) Is the synergistic effect on system strength
created by the introduction of geosynthetics {which are good in tension} inta the
soil {which is poor im tension but relatively good in compression}. Geosynthetics
improve the strength of soil in three different ways: (Fig, 9)

1. Membrane reinforcement when a vertical load is applied to a geosynthetic on
a deformable soll, It depends upon the depth that the geosynthetic is placed
from the surface of lead appllcation.

2. Shear reinforcement when gcosynthetic placed on a soil loaded in a normal
direction and then the two materials are sheared at their interface. Geocomposite
sections may prove excellent performance in this case.

3. Anchorage reinforcement when  the soil acts on both sides of the geotextlle
as a tensile force tends to pull it out of the soil. Again gecomposite in the
eggshell form or box-form may be guite efficient.

4.3 Filtration

Filtradon is the equilibrium fabric-to-soil system which allows for free water
flow (but not soll loss}) across the plane of the Ffabric over an Indefinilely long
time perlod. The geosynthetic concept {geomembranes) function of filtration involves
the movement of water through the fabrle itself {ie, across its manufactured planej.
At the same time, the fabrlc serves the purpose of retalning the soil on ibts upstream
side. The selection of geosynthetic type is very lmportant since permeability requires
open fabric structure while soil retention requires a tight Fabric structure. Moreover,
the long term soil-to-fabric compatibility which will not allow the geosynthetlc
clogged during the lifetime of the system is lmportant. Geotextiles should be avoided
in cases of coheslonless sand and silts, gap graded particle distribution or high
hydrauiie gradient. The large open mesb structure of the geogrld ensures the rapid
dissipation of excess pore water pressure from over-burden Icading. [his provides
a rapid Increase in shear strength in the underlying subgrade.

4.4 Drainage

Dralnage is the equilibrium Fabric-to-soll system which allows foc free flow (but
not soil loss) In the plane uf the fabrics over an indefinitely long time period.

All fabrics (except geogrids) can provlde such a function bub to widely
varylng degrees. It is important to note that there is a considerable overlap of
drainage and flltration and except for the consideration of direetion of flow, the
soil retention and long-term compatibility concepts remain the same. Fabrie thickness
will decrease with increaslng normal stress on it which increases the Inplane
permeability.

4.5 Molsture Barrier

A moisture barrier can be created by rendering the fabric relatively impermeable
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to both cross-plape and in-plane flow. The {mpermeability is generally obtained
by spraying bltuminous, rubber-bitumen or palymeric mlxes into a properly deployed
geotextile to create the In sltu molsture barrler. Geomembranes can do thls fuction
perfectly.

Geogrids are not used jin filtration or as a molsture barrer due to their
large opening slze. Also, when used as a drainage core they are generally protected
by a geotextile acting as a fllter.

8.6 Combined Function.

Although geosynthetlcs are used for a single function, but they often serve mulkiple
or combined function. Some examples are:

1. Prevention of crack reflection In asphalt pavement overlays where hoth reinfor-~
cement and moisture barrler functioons are involved.

2. Beneath railroad ballast where separation, reinforcement, filtration and drainage
can all be involved.

5. PRINCIPLE APPLICATIONS OF GEOSYNTHETICS

The choice of a proper geosynthetic Is dependent upon many factors
such as the primary regquired functions, secondary functions, and the environmental
conditions. Within the functions mentioned before, there are large number of applica-
tlons or use areas for each type of geosynthetics. Some of these uses {principle
ones) which can be located ln the literature are shown Jn table 1. Obwiously it
1s an all-inclusive 1ist because the fleld of geosynthetic application is constantly
growing. (Fig. 10)

6. COHNCLUDING REMARKS

1. There are many applications where geosynthetics are used for improving earth
structures. There is a large number of results on the performance of thcse
materlals. However ooly in few cases has this evaluation been scientifically
examined on the hasis of thc physical and ehemical laws that govern the long
term behaviour of polymer products.

2. Ccrtainly ncw products will appear and existlng ones may disappear in the
future. It is upto the designer to understand the applicatlon, evaluate the function
or functions, and compare Cthese requirement to that of the candldate geoco-
mposite's propertles.

3. Whle geosynthetics Dby themselves can be made very strong, Lthe eombined
use of polymcric flbers with other materials cao be made considerably strongcr
and sometdmes less expensively.

4. There 1ls one characteristlc which the many different types of geosynthetics
have in common: the baslc products are manufactured under strict and carefully
controlled conditions. fhe properties of the material, which are required in
order to fulflll certain functloos and which have been defined hy the designer,
can he best obtained by checking the criteria continuously throughout the produc-
tion process.

5. The quallty of the product, as a component of the completc structure, will
depend not only on the product itself, as it leaves the plant, but also on the
way in which it is handled during transport and construction. Careful supervision
will increase the quality and reliabllity of the fioal product and performance.

C.3%
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