INTERNATIONAL SOCIETY FOR
SOIL MECHANICS AND
GEOTECHNICAL ENGINEERING

SIMSG [} ISSMGE

s

This paper was downloaded from the Online Library of
the International Society for Soil Mechanics and
Geotechnical Engineering (ISSMGE). The library is
available here:

https://www.issmge.org/publications/online-library

This is an open-access database that archives thousands
of papers published under the Auspices of the ISSMGE and
maintained by the Innovation and Development
Committee of ISSMGE.



https://www.issmge.org/publications/online-library

XU ICSMFE, 1994, New Delhi, India [ Xill CIMSTF, 1994, New Delhi. Inde

N
LS

UTILISATION OF GEOSYNTHETICS AND NATURAL FIBERS IN GEOTECHNICAL
ENGINEERING

UTILISATION DES GEOSYNTHETIQUES ET DES FIBRES NATURELLES
EN GEOTECHNIQUE

F. Schlosser' Ph. Delmas? Ph. Unterreiner?
' TERRASOL, Immeuble Helios, 72 Avenue Pasteur, 93100 Montreuil, France
2Bidim Geosynthetics, 9 rue Marcel Paul, BP 80, 95873 Bezons Cedex, France

3CERMES (ENPC/LCPC), La Courtine, 93167 Noisy-le-Grand Cedex, France

Abstract : The remarkable development in Civil Enginecring of geotextiles, gecomembranes and related products during the last twenty years gives rise (0 several
questions which are important for the design of structures. The present state of knowledge is relatively well developed for the traditional products and
applications. However, the development of new products, for example the geocomposites which ensure several functions in a structure, and of new applications
like waste disposal, give rise to new questions. This article deals with some of the questions which are still opened on natural fibres, geocomposites and two types
of structures, bridge abutments and geotextile reinforced walls.

INTRODUCTION

In places where synthetic materials are relatively expensive as compared to
the labour cost like in India, very cheap constructions can be built using
natural fibres such as jute and cotton, combined with bamboos and synthetic
strips 10 hold everything together (Datye et Murthy, 1992). Applications to
retaining structures and roads have been successfully developed (Figure 1).

During the last 20 years, geosynthetics have experienced a remarkable
development in Civil Engineering. New fields of application have been
developed and nowadays, geosynthetics are present in most Civil

Engineering structures. Geosynthetics are usually classified in (1)
geotextiles and related products, and (2) geomembranes and related
products. The products which come from the textile industry are called
geotextiles, which includes geotextiles made with synthetic or natural fibres.
In this article, those later ones will also been considered. The products
related to geotextiles include polymer geonets and geogrids. All these
products can be used cither in sheets or strips depending on the applications.
Are classified as geomembranes, continuous fluid impermeable sheets
which are most of the time made with polymer or bitumen. Products related
to geomembranes include for example some of the products made with
bentonite. Geotextiles and related products, whatever their origins :
synthetic or natural, as well as geomembranes can be characterised by
several properties and their comesponding functions and fields of
application (Table 1 and 2) (Giroud, 1986). Numerous State of the Arn
papers have been already written on the subject : Schlosser et al. (1985),
Giroud (1986), Holtz (1990), Gourc (1990). The reader can also refer to the
general report of J. K. Mitchell in the present conference. In this article,
cmphasis will be given to the principal questions which are risen by
geosynthetics and the new types of structures which are currenty under
development.

NATURAL FIBRES

The use of natural geotextiles is rather limited in industrialised countries
because of the relatively cheap cost of synthetic materials and their better
durability performances. In Europe, for example, natural geotextiles are
essentially used to turf over embankments and slopes, since they degrade
themselves very rapidly with time. For reinforcing fills, synthetics are most
of the time preferred. One can quote one example in Italy, where the fill is
reinforced with geosynthetic sheets while the facing consists of a steel mesh
and a "bio-material™ made with straw, which withholds the ground between
the mesh (Rimoldi et Cambiaghi, 1992).
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It should be noticed that the number of research studies which have been
conducted in the past on such techniques is rather limited. More research is
required 10 better characterise the physical, mechanical and bydraulic
properties of geotextiles made with natural fibres (Karunaratne et al., 1992).

Table 1 : Relationship between the products and their functions
(Giroud, 1986)
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Figure 1 : Example of application with natural geotextiles in roads
(Datye et Murthy, 1992)

MULTIFONCTIONS GEOSYNTHETICS

In gencral, geosynthetics cnsure scveral differcnt functions in structures as
can bc observed in Table 2 (Giroud. 1986). In hydraulic structures,
geotextles usually ensure two functions, they filter the particles but also
drain water. Within an embankment over a soft ground. a geotextile may
have to ensure thrce functons : it separates the (ill from the in situ soils; it
rcinforces the fill and therefore increases the stability; moreover, it can drain
the foundation soils. More recently, new (ypes of geosynthetics which
reinforce the soil but also drain it, have been developed for earth support
systems. In environment, lining systems with geomembranes usually
combine geomembranes with draining geolextiles to form complex
geocomposites.

Filter and drainage

Because of their structures, geotextiles have the property 10 ensure a
function of filier while staying permcable to water. In Civil Engineering
applications, they can thus replace very economically a layer of granular
material which was the solution classically used to drain the water at the
base of an embankment When a geotextile is used by itself, the choice of its
characteristics results from a uade off between an open geotextile with a
high permeability and a close one to retain the particles of the skeleton.
More recently, geocomposites combining a geogrid, which ensures the
function of a separator, in sandwich between two geotextiles, have been
developed. They allow to choose independently the characteristics of filter
and drainage.

Reinforcement, Filter and Drainage

Geotextiles are uscd a lot in roads applications for temparary or permanent
roads, building site roads as well as embankments on soft soils. Whatever
the use of an embankment : road (Nishigata et Yamaoka, 1992), railway
(Yakovleva et al, 1990), airport runway (Haliburton et al., 1980) or
embankment on soft grounds (Magnan, 1993), it is important to distinguish
between high and low embankments. In high embankments, surcharges are
relatively small compared to the dead weight of the fill. Even if the
geotextile works as a separator, its main function is to avoid a localised
failure by reinforcing the embankment.

FUNCTIONS
Table 2 : Relationship between functions and applications of geosynthetics (Giroud, 1986) 5
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For embankments of Ic:v heights. the dynamic surcharges can be high
compared to the dead weight of the fill. Geotextile, which is generally
placed at the bottom of the embankment, functions as scparator between the
fill and the in situ soils but also as reinforcement by taking into tension part
of the surcharge. Morcover, whatever the type of embankment, low or high.
geotextiles can be used as drains. Concerning construction and design of
geotextiles reinforced embankments on soft soils, the present state of
knowledge on the different failure mechanisms and the corresponding
design methods is relatively well developed (Schlosser et al., 1985; Holtz,
1990; Rowe and Mylleville, 1990). However, design mecthods which are
used in practice, do not allow (o take into account, simply but completely,
the deformations of the soil and the geotextile. Nevertheless, they allow to
account for all the types of failure mechanisms which have been observed
on full scale structures (Haliburton et al., 1978). The methods which allow
to calculate the deformations of geotextile reinforced structures on soft
grounds are at the present ime relatively well developed but are still used
mainly for research purposes. In order to be used currently in practice, those
methods need to be validated on full scale fully instrumented experimental
embankments like the one constructed at Guiche, France (Quaresma, 1992,
Magnan et al., 1993; Delmas et al., 1994) (Figure 2).
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Figure 2 : Experimental geotextile reinforced embankment
at Guiche, France(Delmas et al., 1994)
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y=2

Figure 3 : Deformed shape of a geomembrane over a circular cavity
(Perrier, 1983)

In the case of roadways and railways subjected to repeated loading, the
presence of a geotextile increases significantly the long term bearing
capacity for a large number of cycles (Gourc et al., 1982). In some cases, the
CBR of a roadway ¢an thus be multiplied by three under repeated loading
(Omoto, 1992). The state of knowledge concerning the improvement due to
a geotextle in a roadway is still relatively limited even if empirical
relationship have been developed based on several studies. In addition, there
are several particular applications of geotextiles for embankments on very
heterogeneous foundations soils such as karstic ground with sinkholes (Gabr
et al., 1992) or soft soils reinforced by friction piles (Kempton et Jones,
1992). In that type of applications, geotextiles function as separaiors but
mostly as membranes since they can take imto tension part of the efforts
induced by the differential setdements of the foundation (Perrier, 1983)

(Figure 3).

Reinforcement and drainage

Since their introduction in Civil Engineering, geotextiles have been used
with various fill materials, from very frictional to purely cobesive soils. In
the case of cohesive soils, water contents are usually relatively small in
order to develop sufficient ultimate pull-out forces in the reinforcements.
More recently Tatsuoka et al. (1990) have studied with the help of five full
scale experimental geotextile reinforced structures, with a small batter and
relatively short reinforcements lengths (about 30% of the height), the
possibility of using the volcanic clayey ash of Kanto as fill material (water
content ranging from 100% to 120% with a degree of saturation of about
80% to 90%). To stabilise such a fill, the authors have used a polypropylene
non woven geotextile (Figure 4). Geotextiles have very well performed as
drains by maintaining a high suction at their levels while in the rest of the
fill, between two reinforcements levels, positive pore pressures were
measured during rains. The suction contributed significantly to the stability
of the structure by increasing the shear resistance of the soil. The direct
contribution of the geotextile on the stability through its tensile resistance is
thus increased by an indirect influence through the increased shear
resistance of the soil itself. Similar measures bave been done in France on a
full scale wall constructed using a silt as fill material. This one was
compacted at the optimum Proctor plus 5%. Pore pressures dissipated during
the construction with the development of suctions of the order of -5 kPa at
the levels of the reinforcements which were composed of a non woven high
strength geocomposite. Parallely, pore pressures of about +5 kPa were
measured at the levels of the reinforcements which were composed of a non
woven geotextile (Perrier et al, 1986). Even if those preliminary studies
give very interesting results, several points oneed more research For
example, bow is the coupling between the drainage and reinforcement
functions, both at short and long term, taken into account in the design? On
the short term high suctions develop but they reduce with time. However,
they are partially compensated by the improvement of the mechanical
properties resulting from the consolidation of the soil. Taking into account
the suction in the design may be a delicate point. On the contrary, it is
possible to account for the improvement of the soil properties due to the
consolidation process by assuming full saturation (Gotteland, 1991)
(Figure 5).
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Onc can mentioned on the same subject the stabilisation of an unstable slope
which was done in Singapore using geolextiles (Broms, 1992). A high
strength non woven geotextile was used in combination with a granular
material (o form geoanchors which function as drains but also as passive
reinforcements (Figure 6).

Conclusions on Multifunctions Geosynthetics

The development of multifunctions geosynthelics, also referred as
geocomposites, can go on only if calculation methods taking into account all
the introduced couplings can be developed parallely. However, such
methods should be validated first on monofonction geatextiles before being
generalised to geocomposites.

APPLICATIONS OF GEOSYNTHETICS IN EARTH SUPPORT
SYSTEMS

Facing

In structures reinforced with inclusions, the facing function is esseatially to
confine the sodl between the reinforcing sheets. Concerning geotextile
reinforced structures, the facing is most of the time made with the sheets
wrapped around the soil layers. This type of technique, whose main
advantage is to minimisc the earth pressures on the facing in service, bas
however the disadvantage of giving an unattractive facing. To avoid this, a
great variety of facings have becn imagined and used. A first type consists in
hiding the geotextile facing behind a prefabricated facing, made with one or
more elements, which is installed in front and away from the fill and does
not play any mechanical function as for example the EBAL-LCPC technique
(Figure 7). An other type of facing consists in using cellular type elements
in between the geotextiles sheets. Those elements can be prefabricated with
concrete (Gotteland et al., 1992) or simply consist in gabions or sand bags
(Miki et al., 1992). Finally, one can mention a technique which is more used
in Japan than in Europe and which consists ip casting in place a reinforced
concrete wall, once the geotextile reinforced fill has settled down enough
(Murata et al., 1990). Concemning the facing, several questions have 10 be
asked. How much does the facing contribute to the global stability? If this
contribution is important, bow can it be taken into account simply in the
design? Several recent research programs have been dedicated to that
subject by Miki et al. (1992) on continuous cast in place concrete facings,
by Murata et al.(1990) on facings made with gabions or sand bags in
sandwich between the geotextiles sheets and by Gourc et al. (1990) as well
as by Bathurst et al. (1993) on cellular facings (Figure 8). It should be
noticed that this last type of facing is increasingly used and several major
structures have been built as for example the RN 21 wall (12 m high) at
Limoges in France with a non woven geotextile (Gourc et al, 1990;
Delmas et al., 1993).
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Conceming the behaviour of facing under seismic loading, it is interesting to
look at the study by Sakaguchi et al. (1992) who investigated the behaviours
of different types of facing and concluded the two following points : facings
elements have 10 be attached sufficiently not to fall down but above all, in
order to limit the wall deformations, the facing has to be as light as possible
to minimise the inertia forces.

Bridge abutments

For several years already, part of the research on soil reinforcement have
been concentrating on using geosynthetics for bridge abutments. Several
huge research programs based on full scale experimental structures have
been performed in Japan for the high speed train Tokaido Shinkansen
(Kasugai et Tateyama, 1992) and in Europe for the use of geotextiles in
bridge abutments in cooperation between France and Germany (Balzer et al.,
1990). These studies have shown the importance of the installation
procedure on the behaviour of the structure. In the design of bridge
abutments, two criteria have to be satisfied concemning the limit allowed
load and the setlement of the fill. It seems that geotextile reinforced
structures, for a reinforcement density of the same order than a structure
reinforced with inextensible reinforcements, can carry higher loads because
of the important deformations which occur before failure and which have a
positive effect on the stability. However, in service, the deformations and
displacemeants of the facing are one order of magnitude bigger
(Smith, 1990).
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APPLICATIONS OF GEOSYNTHETICS IN ENVIRONMENT

Geotextiles and gcomembranes are increasingly used in environment for
waste dcposits. Geotextles and geomembranes can be used either by
themselves or more often in combination with other materials to form
geocomposites. Geotexules can be used as horizontal reinforcements for the
waste deposit, in order to stabilise it during the filling, or for the dikes and
embankments around the deposit (Lee et al,, 1990). They can be used as
well to improve the stability of the lining systems of the pit slopes or
capping system (Hoekstra et Berkhout, 1990). For the lining and draining
systems with geosynthetics, geotextiles are used very often in combination
with geomembranes to function as drains but also to protect the
geomembranes from mechanical degradations during installation. Two types
of geomembranes exist : synthetic gcomembranes made with plastic (PVC-
P, HDPE, etc.) or elastomer materials, and bituminous geomembranes which
consist in non woven geotextiles impregnated with bitumen. In addition to
the draining and lining systems with geosynthetics, simple or double, which
are used a lot in the USA. an other type of lining has to be mentioned; its
principle is to combine a passive lining (a clayey layer of important
thickness) with an active lining consisting in a geomcmbrane, a draining
system and a filter (Artidres et al., 1993). Numerous questions arise for
these applications of geosynthetics in environment. In addition to
geotechnical problems of foundation (Gabr et al., 1992) or slope stability
(Mitchell et al., 1990), which are relatively well solved, other problems arise
in hydraulics to calculate the long term permeability of the lining systems
with respect to the different polluting agents (Gross et al., 1990) and in
physics and chemistry to estimate the long term compatbility of the
geocomposites with the stored wastes (Verschoor et al., 1990). In this field,
which is at the intersection of numerous specialities, a lot of research has
still to be done.

DURABILITY OF GEOSYNTHETICS AND NATURAL FIBRES

Natural fibres

Durability of geotextiles made with natural fibres like jute and cotton is
relatively limited by their nature. Concerning bamboo fibres, a better
durability can be expected. However, the use of such materials in soil
reinforcement should oot be considered for permmanent structures (service
life ranging from 75 to 150 years depending on the application and the
country code of practice). If the short term durability of natural fibres is a
disadvantage for reinforcement, there are some applications like turfing of
slopes and embankments, where this can be an advantage. Indeed the
principal quality which is required for such applications is the short term
bio-degradability. This is perhaps the principal application of such products
in Europe.

Geosynthetics

Concerning the durability and long term behaviour of geosynthetics, there
are still a lot of questions opened. One of the principal ones is to know if
one can extrapolate over several dozens of years, results of creep tests which
are performed over a few days or wecks (Matichard and Delmas, 1988). In
particular, do physical and chemical aggressions undergone by a buried
geosynthetic make its behaviour change from a “ductile” to a "fragile” one,
which would not allow then t0 extrapolate linearly? Debate on this subject is
still going on all the more as after the first generation of HDPE (High
Density PolyEthylen) around the fifties, new types of HDPE which do not
show the same change of behaviour next to the failure point have been
developed around the sixties (Wrigley, 1990).



In addition ncw types of gcognds have been developed using a HDPE with
aramide fibres, which arc known for their low dcformability, high tensile
strength and low creep (Kasahara, 1992). The development of new products
make thus things more complex and in this subject only long term tests in
laboratorics as well as on the field can give a precise answer for each of
these products. That is the rcason why a lot of rescarch programs on the long
term evolution of hydraulic and mechanical properties of geotextiles are
being performed at the present time based on samples taken out of in service
structures after scveral years. Among the subjects which are being studied
one can list the following ones : the durability of geotextiles for repairing
unstable slopes in Great Britain by the TRRL (O'Reilly et al., 1990),
degradation of geotextiles below railways in Canada (Raymond et Bathurst,
1950) and in Australia (Hausmman et al, 1990), evolution of the hydraulic
properties of filter geotextiles in dams in France (Alonso et al, 1990;
Delmas et al., 1992), evolution of the tensile strength of geotextiles in earth
support systems (Leclerc et al.,, 1990). French results in (hat subject are
consistent with what has been found in other countries. Concerning the
evolution of hydraulic properties, test performed on samples taken out of the
Valcros dam built in 1977, have yielded a permeability twice lower after 22
years of service, which confirms that filter geotextiles can performed well
on the long term (Delmas et al, 1992). Concerning the evolution of
mechanical properties, the reduction of the tensile strength measured on
geotextile strips sampled in a fill, at some distance away from the facing,
after 17 years of service, is only a few per cents, which is smaller than the
strength reduction due to installation and especially compaction (Leclerc et
al., 1990). The reduction of the mechanical properties due to the mechanical
aggressions during installation is much bigger than the reduction which has
10 be expected from creep. That is the reason why a rescarch program was
performed in France to study the influence of installation on 13 different
geotextiles. Strength reductions ranging from 5 to 30% were measured. To
prevent such degradations, special geotextiles have been developed by
combining a non woven with a woven needled together (Figure 9).

CONTINUITY OF BEHAVIOUR AND DESIGN METHODS

The notion of extensibility or inextensibility of a reinforcement was first
introduced in soil mechanics by Mc Gown et al. (1978). A reinforcement is
called inextensible if its deformations in tension at failure are smaller than
those required by the soil to reach a plastic active earth pressure state. A
reinforcement is called extensible if its deformations in tension at failure are
of the same order or bigger than those required by the soil to reach a plastic
active carth pressure state. Historically, Reinforced Earth strips are the first
type of inextensible reinforcement to have been used. Under service loads,
the deformations of steel reinforcements are of the order of 0.1%. Geotextile
or geogrid reinforced structures are classified as extensible reinforcements.
In the average, geotextiles and geogrids deform under service loads
between 3 to 7% depending on the type of polymer (Delmas, 1988). It
should be noticed that the definition of extensibility given by Mc Gown et
al. (1978) is based only on the reinforcement material independently of the
reinforced structure and more especially of the density of reinforcements.
An other definition, which accounts for that density of reinforcements, has
been proposed by Mitchel and Villet (1987). It is currently used in France to
classify reinforcement techniques (French Standard NF P 94-210). This
definition is based on the definition of an equivalent modulus an defined as
follows for reinforcement sheets :

Eeq=J/Sy

and for reinforcement strips made with geotextile :

Eeq=Jb/(SySp)

where J is the modulus of the reinforcement in its initial non altered state, b,
the width of the strip. Sy and Sy the vertical and horizontal spacings. The
limit between extensible and inextensible reinforced structures is taken as
20 MPa
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Figure 9 : Comparison of mechanical characteristics before and after
compaction for different types of geotextiles

Whatever the definition chosen for the extensibility, the two oldest
techniques which are Reinforced Earth and geotextile reinforcement, are
located at the two extremities of the scales measuring the extensibility.
However, for the last 20 years, numerous intermediate techniques have been
developed. One can quote for example two intermediate categories :
deformable steel meshes (Lo et Nanetti, 1990) and linear geosynthetic
reinforcing elements like for example Paraweb strips (Schlosser and
Unterreiner, 1992; lones, 1992) (Figure 10). Concerning the behaviour
during construction as well as during service, onc can notice the continuity
of behaviour from Reinforced Earth structures to reinforced ones with very
extensible geotextiles. With reference to this point, the study conducted by
Smith et Segrestin (1992) is very interesting. Using a three dimensional
finite elements code, they modelled three types of reinforced structures : one
with high adherence Reinforced Earth strips, an other one with polyester
strips and the last one with polyethylene geogrids. It should be noticed that
in those three structures, Reinforced Earth strips are about 10 times less
extensible than geosynthetic strips, which are themselves 10 times less
extensible than geogrids while the tensile strengths of those three
reinforcements are about the same order. The results of these simulations
show clearly a continuity of the behaviour for the in service state, with the
facing displacements increasing with the extensibility. At failure, however,
the mass of soil reinforced with inextensible reinforcements behaves like a
monolithic block with plastic shear deformations which are zero within it.
On the other hand, in the case of extensible elements, important plastic shear
deformations develop within the volume of reinforced soil and lead
progressively to the development of an internal failure surface. These
differences of behaviour between extensible and inextensible, sheets and
strips, has been shown as well by Chaoui (1992) with a three dimensional
finite clements modelling. At failure all three types of structures have
different bebaviours, which requires to use different ultimate limit state
designs. However, in service, the three behaviours are similar. It thus
possible 10 use for service states a same design method for all these
techniques like for example the local equilibrium method. That is the choice
which bas been done in the USA by Christopber et al., (1990). The
maximum tension line, which defines the limit between the active and
passive zones, varies with the type of reinforcement, extensible or
inextensible. Moreover, the coefficient, which allows to calculate the local
equilibrium of a soil layer, is varied depending on the reinforcement
technique and its extensibility and is based on measures performed on in
service full scale structures.
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Figure 10 : Example of earth support systems reinforced with Paraweb strips

[a addition to the local equilibrium method which allows to design
structures at service state, one can mention the finite elements method which
is still used mainly for research purposes. In practice, limit equilibrium
methods are used for design most of the time. Those ones do not allow to
take into account the deformations of the soil and reinforcements and in
addition do allow to study the stability only in the initial geomeirical
configuration. Efforts have been made in France for example, to account for
the extensibility of the reinforcement in the limit equilibrium design A
computer program CARTAGE has been developed by the Laboratoire
Central des Ponts et Chaussées (LCPC) to account for the stretching of the
reinforcing sheets and their pull-out behaviour (Delmas et al., 1986).
Comparisons between the German method using a two block failure
mechanism and taking into account no displacements, and the method,
which is implemented in CARTAGE, have been done on full scale
structures  built by the Bundesanstalt fir Strassenwesen (BaSt) in
cooperation with the LCPC. The limit analysis (two block failure
mechanism) yields a limit load which is underestimated by about 20% while
the CARTAGE method gives results which are less conservative with a limit
load underestimated by about 10%. The conclusion which can be drawa
from such a study and which is confirmed by other results as well, is that a
simple limit equilibrium calculation without taking account of any
displacement is relatively conservative. Taking into account those
deformations, which is sometimes referred as "strain compatibility” is still 2
major axis of research for the next years. The objective is to have a desiga
method general enough to be used continuously from inextensible
reinforcements to the most extensible ones.
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STANDARDISATION

The devclopment of geosynthetics over the last ten years has been
accompanicd with the multiplication of the products available on the market
(Giroud, 1986). The characterisation of thosce products for a rational use in
structures is not standardised at the present time. The Intcmational
Geosynthelic Society (IGS) has recenuy conducted a survey on the different
tests which are available to evaluate the properties of geotextles. It found
that more than 300 such tests had been developed (Rigo et al., 1990). Therc
is thus a big effort to be done in order to achieve a sufficient standardisation
of the geotextles and their related products. Following the wark of the
International Standards Organisation ISO TC 38 SC 21, an Europcan
Technical Committee, named CEN TC 189, entirely dedicated 1o geotextiles
and related products, and geomembranes has been aealed (Rigo et Delmas.
1992). This TC is preparing European standards which will replace the
present national standards of the 12 countries members of the European
Economic Community EEC as well as the 6 countries of the Europcan Free
Trade Association (EFTA). Those standards are performance oricnted.

CONCLUSION

The present state of knowledge on geolextiles bas been well developed over
the last ten years for the classical applications of geosynthetics in Civil
Enginecring. The development of new products, such as the geocomposites
and of new applications requires 10 go on performing research on
geosynthetics and natural fibres.
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Discussion

Relnforcing Soll Sub-grades with
Geosynthetic Composite Elements

N.M. Patel
Discussor: M. Venkataraman
Sr. Manager, Netlon India

The author in his paper has drawn one of his conclusions that the dampening
capacity of reinforced soil subgrade improves with the properties of the
geosynthetic composite. But as per the paper published in SERC 1984
Symposium, (Use of Polymer Geogrids in Civil Engineering) by J.P.
Gvovid, Bonaparte on "Design of unpaved roads and traffiked areas’ it
quotes that *Geogrids can improve the performance of the subgrade soil in
a way that is different from the way they improve the performance of the
base layer. Unlike the base layer, subgrade soil properties cannot be
improved or maintained through reinforcement. The performance of the
subgrade can be improved only through changes in the boundary conditions
i.e. applied stress and deformation. Hence, its a misnomy to say that a
geosynthetic improves the CBR value, rather it improves the stress
conditions of the subgrade.

A geosynthetic essentially performs through the mechanisms of 1.
confinement 2. load distribution and 3. tensioned membrane effect.
Geogrids however perform essentially through the principle of positive
*interlocking’ or confinement and the tensioned membrane effect is quite
negligible in this case. Membrane effect requires a large "Rvt depth’ and
is the principle for functioning of a geotextile. The author has not clarified
about the position and depth of the materials (i.e Netlon CE121, poly G
Mat) used in conducting the experiments. The position and depth are
important considerations for performance of the grid. The experiment has
been done using a subgrade CBR of 8. Such geosynthetic materials are
especially suitable for CBRs lesser than equals 5 where a substantial gain
can be achieved in cost and equivalent performance level. Hence, a better
stress performance of the subgrade could be achieved if the experiment was
carried out for subgrades CBR < 5.

97

K



XII1 ICSMFE, 1994. New Delhi, India / X11l CIMSTF, 1994, New Delhi. Inde

Dlscussion

Bearing Capacity Analysls of Relnforced Sand

N.M. Patsl
Applied Mechanics Department
Faculty of Technology & Engineering
Baroda, India

In absence of certain basic details, like the manner in which the action of the
reinforcement is considered, the mechanism by which the friction between
the reinforcement and soil is mobilised, the way the pull-out and tie-break
failures are considered etc., the utility of the proposed bearing capacity
analysis of the reinforced sand may remain uncertain. Even in Fig. 2 of the
paper, the reinforcements are shown at 3 levels but the reinforcing resistance
- F is applied only at one level.

The resistance provided by the horizontal reinforcements will have zero
component in vertical direction. So it would be difficult to accurately
account for the horizontal reinforcements in both Terzaghi's and Meyerhof’s
analysis. In this respect, Balla’s (1962) analysis which also satisfies other
conditions of static equilibrium is expected to give more reliable results. The
rupture surface and reinforcing action - Ts as adopted by Patel and Patel
(1991) in modifying Balla’s analysis is shown in Fig. 1. A set of design
curves plotted by obtaining the maximum value of root - for the
reinforcement which can offer resistance Ts = 10 kg per cm width is shown
in Fig. 2. Similar design charts are formulated for Ts 20, 30 and 40 kg/cm
of geotextile. It is also felt that it may not be possible and necessary to
consider contribution of different layers of reinforcement in such analysis,
since the resistance - Ts depends on many factors like kind of reinforcing
element, material of the reinforcement, surface roughness and stretcheability
of the reinforcement in the medium of soil, stage of loading, strain level etc.
So far such analysis, the best is to formulate design charts for the possible
range of Ts for specific reinforcing members like geotextile, geogrid etc.

Moreover the author has avoided analysis of soils which may be
cohesive having low or negligible angle of friction. But generally
reinforcement is required for such soils only. Patel and Patel (1991) also
modified theory of Prakash and Saran (1971) by introducing Resistance - Ts
of the reinforcement in the original system of forces as shown in Fig. 3.
Necessary design charts were also reported in that paper.

Lastly for a typical case of sand with ¢ = 35 deg.,‘bearing capacity
factors obtained by the different analyses discussed here are given below :-

(1) Analysis of K.M. Soni (1994) :
for u/B = 0.5, for single layer of reinforcement
Nq’ = 6.42 and Nr’ = 11.70
(2) Modified Balla’s thory (Patel and Patel, 1991) :
for c/b = zero, depth of footing = width,
(a) for Ts = zero, Nq = 46 and Nr = 135
(b) for Ts = 40 kg/cm, Nq = 49 and Nr = 175

Modified Prakash & Saran theory (Patel and Patel, 1991) :
(a) for Ts = zero, Nq = 37 and Nr = 47
(b) for Ts = 40 kg/cm, Nq = 48 and Ts = 57

3

(4) Terzaghi’s bearing capacity theory :

Nq =414 Nr =424

Comparison of these factors speak themselves.
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