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SUMMARY
This practice manual narrates the Standard Operating Procedure [SOP] for application of the
Technical Textiles for the various water resources works. The compilation of the standards of
the material and standards of the operating procedures is presented in the Manual.
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GLOSSARY
Absorption: The process by which a liquid is drawn into and tends to fill permeable pores in
a porous solid body, also, the increase in mass of a porous solid body resulting from
penetration of a liquid into its permeable pores.
Apparent opening size: A property which indicates the approximate largest particle that
would effectively pass through the geo-textile.
Biodegradability: Degradation of natural and synthetic geotextiles and related products
with micro-organisms such as bacteria or fungi.
Blinding: The condition whereby soil particles block the voids at the surface of a geotextile,
thus reducing the hydraulic conductivity of the system.
Bonding: The process of combining fibres, filaments, or films into sheets, webs, or baths by
means of mechanical, thermal, or chemical binding.
Bituminous geo-membrane: A planar, relatively impermeable sheet manufactured from
natural bituminous materials.
Bonded geo-grid: A geo-grid manufactured by bonding, usually at right angles, two or
more sets of strands or elements.
Chemically Bonded geo-textiles: This is the least common method for forming non-woven
geo-textiles. They are produced by spraying polymer filaments on to a moving conveyor and
then spraying or impregnating an acrylic resin on to or into the fibrous web. After curing or
rolling, strong bonds are formed between the filaments. Often a forced-air drying operation
is required to establish the fabrics open pore structure.
Chemically Bonded Non-woven Fabric: Non-woven fabric, the cohesion of which is
achieved by addition of chemical products (binding agents).
Clogging: The movement by mechanical action or hydraulic flow of soil particles into the
voids of a fabric and retention therein, thereby reducing the hydraulic conductivity of a geotextile.
Coated Fabric: Fabric which has been impregnated and/or coated with a rubbery or plastic
material in the form of a solution, dispersion, hot melt, or powder. The term also applies to
materials resulting from the application of a preformed film to a fabric by means of
calendaring.
Cross Machine Direction: The direction of a geosynthetic which is perpendicular to its
long, manufactured, or machine direction. Often referred to in hydraulic situations.
Direction, cross-machine: The direction perpendicular to the machine or manufactured
direction.
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Direction, machine: In textiles, the direction in a machine-made fabric parallel to the
direction of movement the fabric followed in the manufacturing process (synonym:
lengthwise).
Geo-composite Drainage composite: A prefabricated subsurface drainage product which
consists of a geo-textile filter skin supported by a geo-net or a geo-spacer.
Elastomeric geo-membrane: A planar, relatively impermeable sheet manufactured from
elastomeric polymers.
Electro kinetic geosynthetic: A composite material which may provide filtration, drainage,
reinforcement in addition to electrical conduction.
Elongation, percent: For geo-synthetics, the increase in length of a specimen expressed
as a percentage of the original gage length (i.e. engineering strain).
Elongation: The increase in length produced in the gauge length of the test specimen by a
tensile load.
Extruded geo-grid: A geo-grid manufactured by extruding polymers and drawing in a sheet
form with different adjustable apertures.
Extruder: A machine with a driver screw for continuous forming of polymeric compounds by
forcing through a die; regularly used to manufacture geo-membranes or geonets.
Fabric, composite: A textile structure produced by combining non-woven, woven, o rknit
manufacturing methods.
Fabric Reinforcement: A fabric, scrim, and so on, used to add structural strength to a two
or more ply polymeric sheet. Such sheeting is referred to as ‘supported’.
Fabric: Term used interchangeable with geo-textile.
Film: Sheeting having nominal thickness not greater than 254 μm (0.254 mm).
Filter cloth: A deprecated term for geo-textile.
Geo-armour: A permeable geosynthetic material placed over the surface of the soil, in
conjunction with pattern-placed block armour units, to prevent erosion.
Geo-bar: A polymeric material in the form of a bar, used in contact with soil/rock and/or any
other geotechnical material in civil engineering applications.
Geo-blanket: (Erosion Control Blanket) A permeable, biodegradable (natural)structure
placed over the soil for temporary erosion control applications, usually while vegetation is
being established.
Geocell: A three dimensional structure filled with soil, thereby forming a mattress for
increased bearing capacity and maneuverability on loose or compressible subsoils.
Geo-composite clay liner: An assembled structure of geosynthetic materials and low
hydraulic conductivity earth materials (clay or bentonite), in the form of a manufactured
sheet, used in contact with soil/rock and/or any other geotechnical material in civil
engineering applications.

2

Geo-composite reinforcement: An assembled structure of dissimilar geosynthetic
materials used for soil reinforcement.
Geocomposite:

A

manufactured

material

using

geotextiles,

geogrids,

and/or

geomembranes in laminated or composite form.
Geo-foam: A polymeric material which has been formed by the application of the polymer in
semi-liquid form, through the use of a foaming agent, and results in a lightweight material
with high void content, used in contact with soil/rock and/or any other geotechnical material
in civil engineering applications.
Geo-grid, knitted: A geo-grid manufactured by knitting together yarns or elements, usually
at right angles to each other.
Geo-grid, woven: A geo-grid manufactured by weaving yarns or elements, usually at right
angles to each other.
Geogrid: A deformed or non-deformed netlike polymeric material used with foundation, soil,
rock, earth, or any other geotechnical engineering-related material as an integral part of the
human-made project structure or system.
Geo-mat: (Turf Reinforcement Mat)A three-dimensional, permeable, polymeric structure,
made of bonded filaments, used to reinforce roots of grass and small plants and extend the
erosion-control limits of vegetation for permanent erosion control applications.
Note-Geomat is a composite mat comprising a layer of bio-degradable mulching material
sandwiched between and mechanically bonded to two layers of polymer netting. The
product combines the moisture retention and soil enrichment characteristics of the mulch
with the tensile strength and durability of the polymer netting. Geomat consists of three
layers shall be held together at every 100 mm spacing in a staggered manner with the
stitching thread of the same material of the Geomat in both directions. The netting used for
fabrication of Geomat shall be depth stretched in autoclave so as to achieve good knot
tightness, uniformity of mesh size & good dimensional stability of netting.
Geo-mattress: A three-dimensional, permeable geosynthetic structure, placed over the
surface of a soil, and then filled with concrete mortar or soil, to prevent erosion.
Geo-membrane, plastomeric: A planar, relatively impermeable sheet manufactured from
plastomeric polymers.
Geo-membrane: An essentially impermeable membrane used as a liquid or vapour barrier
with foundation, soil, rock, earth, or any other geotechnical engineering-related material as
an integral part of a human-made project, structure, or system. Note-Geo-membrane
materials are relatively thin and impervious sheets of polymeric material, used primarily for
linings and covers of liquids- or solid-storage facilities. This includes all types of landfills,
reservoirs, canals, and other containment facilities. Thus the primary function is always
containment as a liquid or moisture barrier or both. Geo-membrane are of different types as
per density and texture. Use of geo-membrane is rapidly increasing in areas of soil
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stabilization, landfills, lagoons, lining, pavement, dams and spillways etc. These membranes
can be classified into HDPE (high density polyethylene) and LDPE (Low density
polyethylene).
Geotextile Bag: The Geotextile Bags are sand-filled high-strength woven geotextile bags
available in the size of 3m long, 1.7m wide, and 0.8m high. Each bag weighs about 8 tons
and has the applications in riverbank, beach protection, and offshore breakwaters.
Geotextiletube: The geotextile tubes are sediment-filled sleeves of geotextile fabric having
an oval cross section of approximately 12 feet. They rest on a fabric scour apron that has
sediment-filled anchor tubes along each edge.
Geo-net: A planar, polymeric structure consisting of a regular dense network, whose
constituent elements are linked by knots or extrusions and whose openings are much larger
than the constituents, used in contact with soil/rock and/or any other geotechnical material
in civil engineering applications. Geo-nets are formed by a continuous extrusion of parallel
sets of polymeric ribs at acute angles to one another. When the ribs are opened, relatively
large apertures are formed into a net-like configuration.
Geo-spacer: A three-dimensional polymeric structure with large void spaces, used in
contact with soil/rock and/or any other geotechnical material in civil engineering
applications.
Geo-strip: A polymeric material in the form of a strip, used in contact with soil/rock and/or
any other geotechnical material in civil engineering applications.
Geosynthetic clay liner: Factory-manufactured hydraulic barriers consisting of a layer of
bentonite clay or other very low permeability material supported by TT and/or geomembranes, and mechanically held together by needling, stitching.
Geosynthetics: The generic classification of all synthetic materials used in geotechnical
engineering

applications,

it

includes

geotextiles,

geogrids,

geomembranes,

and

geocomposites.
Geosynthetic, knitted: A geo-textile produced by inter-looping one or more yarns, filaments
or other elements.
Geosynthetic, nonwoven: A geo-textile in the form of a manufactured sheet, web
ofdirectionally or randomly orientated fibres, filaments or other elements, produced from
randomly distributed continuous or staple fibers and mechanically and/or thermally and/or
chemically bonded.
Geosynthetic, woven: A geo-textile produced by interlacing, usually at right angles, two or
more sets of yarns, filaments, tapes or other elements. Woven geo-textile are manufactured
by interlacing weft thread through warp thread.
Geosynthetic: Any permeable textile (natural or synthetic) used with foundation, soil, rock,
earth, or any other geotechnical engineering-related material as an integral part of a humanmade project, structure, or system.
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Grabtest: In fabric testing, a tension test in which only a part of the width of the specimen is
gripped in the clamps.
Heat Seaming: The process of joining two or more thermoplastic films of sheets by heating
areas in contact with each other to the temperature at which fusion occurs. The process is
usually aided by a controlled pressure. In dielectric seaming the heat is induced within films
by means of radiofrequency waves.
Hydraulic conductivity: The rate of discharge of water under laminar flow conditions
through a unit cross-sectional area of a porous medium under a unit hydraulic gradient and
standard temperatures (20ºC).
In-plane: The direction of a geosynthetic which is parallel to its long, manufactured, or
machine direction. (Usually referred to in hydraulic situations).
Impervious or Water-tight Membrane: Flexible continuous product or article, such as film,
coated or impregnated geotextile, film geotextile complexes, to provide imperviousness
usually to water.
Impregnated Cloth: Cloth which has been dipped in an impregnating bath( polymer resin).
The purpose of this treatment is the strengthening of the product, protection against external
wear, and in certain cases, water tightness.
Index Test: A test procedure which may contain a known bias but which may be used to
establish an order for a set of specimens with respect to the property of interest.
Laboratory Sample: A portion of material taken to represent the lot sample, or the original
material, and used in the laboratory as a source of test specimens.
Lot: A unit of production or a group of other units or packages, taken for sampling or
statistical examination having one or more common properties and being readily separable
from other similar units.
Laminated Cloth: Cloth to which an adhesive film has been attached either by means of
heat-sealing or by application of binding agents. The aims of this pretreatment are the
strengthening of the product, protection against external wear and/ or water-tightness.
Lapped Joint: A joint made by placing one surface to be joined partly over another surface
and bonding the overlapping portions.
Machine Direction: The direction in the plane of the fabric parallel to the direction of
manufacture.
Mechanically Bonded geo-textiles: These geo-textiles are formed by introducing a fibrous
web into a machine equipped with groups of specially designed needles. While the web is
trapped between plates, the needles punch through it and re-orientate the fibres so that
mechanical bonding is achieved among the individual fibres. In some cases, the needles
may also vibrate or rotate to speed up the entanglement. This process produces fabrics
which have a high density, considerable bulk, and thick. In stitch bonded nonwovens instead
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of needle punching stitching is done using sets of stitching needles (set at particular
distance) to the fibre bat or fibre web
Needle-punched: Mechanically bonded by needling with barbed needles.
Non-woven Fabric: A cloth obtained by mechanical and/or chemical and/or thermal binding
of textile fibres arranged to form a fabric ( fabrics ), but excluding weaving and knitting, or a
combination of these latter.
Normal Direction: For geotextiles, the direction perpendicular to the plane of a.
Permeability: The rate of flow of a liquid through a materia1 under a differential pressure.
Permittivity: For a geo-textile, the volumetric flow rate of water per unit cross-section area,
per unit head, under laminar flow conditions, in the normal direction through the fabric.
Polyamide (PA): Linear macromolecule, the chain of which is characterized by the
repetition of the functional amide group C-C-O-N-H. May be either aliphatic or aromatic.
pH: A measure of the acidity or alkalinity of a material, liquid, or solid. pH is represented on
a scale of 0 to 14; 7 represents a neutral state; 0 represents the most acid, and 14 the most
alkaline.
Polyester (PES): Linear macromolecule, the chain of which is characterized by at least 85
percent in mass of ester of diol and teraphthalic acid.
Polyethlene (PE): Linear macromolecule saturated with aliphatic hydrocarbons, nonsubstitutive.
Polymer: A macromolecular material formed by the chemical combination of monomers
having either the same or different chemical composition. Plastics, rubbers, and textile fibres
are all high molecular- weight polymers.
Polymeric Liner: Plastic or rubber sheeting used to line disposal sites, pits, ponds, lagoons,
canals, and so on.
Polypropylene Rope Gabion: A flexible structure where the horizontal and vertical
polypropylene 4 strand ropes of diameter of 9 mm -24 mm are intersect each other with
woven joint to form a polypropylene Rope Gabion.
Polyolefin (PO): Class of polymer which includes polyethylenes and polypropylenes.
Polypropylene (PP): Linear macromolecule, saturated with aliphatic hydrocarbons, in which
one out of every two carbons carries a methyl radical, generally in isotactical arrangement,
and without further substitution.
Polyvinyl chloride (PVC): A synthetic thermoplastic polymer prepared from vinyl chloride.
PVC can be compounded into flexible and rigid forms through the use of plasticizers,
stabilizers, fillers, and other modifiers; rigid forms used in pipes and well screens; flexible
forms used in manufacture of geo-membranes.
Resin bonded: The joining of fibres at their intersection points by resin in the formation of a
non-woven geo-textile or geo-composite.
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Scrim: A woven, open-mesh reinforcing fabric made from continuous-filament yarn. Used in
the reinforcement of polymeric sheeting.
Seam strength: Strength of a seam measured either in shear or peel modes. Strength of
the seams is reported either in absolute units (e.g. KN per m of width) or as a percent of the
strength of the sheet.
Tear Strength: The force required to either start, or continue or propagate a tear in a fabric
under specified conditions. This test method uses the test maximum of the tearing force as
the tearing strength.
Technical Textile (or TT): Technical textiles are also called as geotextiles and may be
referred to as geosynthetics.
Temperature Stability: For a geotextile, the percentage change in tensile strength and
elongation measured at a specified temperature as compared to the values obtained at the
standard conditions of temperature for testing.
Tenacity: The fibre strength expressed as force per unit linear density (gram force per
denier)
Tensile Modulus: For geosynthetics, the ratio of change in tensile force per unit width
(N/m) to corresponding change in strain (slope).
Tensile Strength: The maximum tensile stress per unit of original cross-sectional are
applied during stretching of a specimen to break.
Thermally Bonded geo-textiles: These geo-textiles are produced by spraying a moving
belt which is then passed through heated layers of loose filaments and cause partial melting
of the polymer, leading to thermal bonding of the filament cross-over points. Thermally
bonded geo-textiles tend to be relatively thin. The random distribution of the filaments
results in a wider range of opening sizes than is found in a woven geo-textile. The absence
of any preformed orientation of the filaments results in a more isotropic strength compared
to woven.
Transmissivity: For a geo-textile, the volumetric flow rate per unit thickness under laminar
flow conditions, in the in-plane direction of the fabric.
Transverse direction: A deprecated term for cross-machine direction.
Tarza mat: Mat made up of locally available bamboo.
Ultraviolet degradation: The breakdown of polymeric structure when exposed to natural
light.
Unsupported Sheeting: A polymeric sheeting consisting of one or more plies without a
reinforcing-fabric layer or scrim.
Voids: The open spaces in a geosynthetic material through which flow can occur.
Warp: The yarn running the length of the fabric in the machine direction when
manufacturing woven fabrics.
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Water Vapour Transmission (WVT): Water vapour flow normal to two parallel surfaces of
a material, through a unit area, under the conditions of a specified test.
Water table: (1) The upper limit of the part of the soil or underlying rock material that is
wholly saturated with water. (2) The upper surface of the zone of saturation in ground water
in which the hydrostatic pressure is equal to atmospheric pressure.
Weft: The cross-machine direction when manufacturing woven geo-textiles.
Yarn: A generic term for continuous strands of textile fibres or filaments in a form suitable
for knitting weaving, or otherwise intertwining to form a textile fabric. Yarn may refer to (1) a
number of fibres twisted together, (2) a number of filaments laid together without twist (a
zero-twist yarn), (3) a number of filaments laid together with more or less twist, or (4) a
single filament with or without twist (a monofilament).
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CHAPTER 1
GEOSYNTHETICS AND TECHNICAL TEXTILES
1.1 Introduction
Geosynthetics are man-made polymeric materials used in various geotechnical
applications to enhance functioning of the structures. As defined by ASTM, geosynthetic is
defined as planar product manufactured from polymeric material which is used in conjunction
with soil, rock, earth or other geotechnical related material as an integral part of the civil
engineering project, structure or system. They are typically manufactured from petrochemicalbased polymers termed as ‘Plastics’, mainly Polypropylene, Polyethylene, Polyester, Polyvinyl
chloride, Elastomers and Polyamides. Polymeric nature of the products makes them suitable for
use in infrastructure and hydraulic projects where high level of durability is required.
“Geosynthetics” is a generic name given to a variety of products viz. Technical textiles (TT) or
Geotextiles,Geogrids, Geonets, Geomembranes, Geosynthetic clay liners (GCL), Geofoam,
Geocells and Geocomposites.
Technical textiles (TT) or Geotextiles are flexible fabrics, permeable in nature used to
provide one of the following functions in a civil engineering project: Separation, Filtration,
Reinforcement, Drainage and Protection. Geogrids, which are primarily used for reinforcement
function, are formed by a regular network of tensile elements with apertures of sufficient size to
interlock surrounding fill material. Geomembranes are polymeric sheets impermeable in nature
and are used as fluid barriers. There are a number of other geosynthetic materials available including webs, grids, meshes, composites, etc. - that are used in combination with or in place
of technical textiles. These are sometimes referred to as TT related materials. Technical textiles
and related products, such as nets and grids, can be combined with geomembranes and other
synthetics to complement the best attributes of each material. These products are called
geocomposites. They may be products made from combination of geotextile-geonets,
geotextile-geogrids, geotextile-geomembranes, geomembranes-geonets, geotextile-polymeric
cores and even three-dimensional polymeric cell structures called geocells. There is almost no
limit to the combinations of geo-composites.
1.2 Classification / types of technical textiles
In manufacturing TT, elements such as fibers or yarns are combined into planar textile
structures. The fibers can be continuous filaments, which are very long thin strands of a
polymer, or staple fibers, which are short filaments, typically 20 to 150 mm long. The fibers may
also be produced by slitting an extruded plastic sheet or film to form thin flat tapes. In both
filaments and slit films, the extrusion or drawing process elongates the polymers in the direction
of draw and increases the filament strength.
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Figure 3: Photograph of a nonwoven needle-punched staple-fiber geotextile, magnified view (1mm scale). The needle holes are visible in the photograph. The entanglement of the fibers holds
the fabric together

Woven fabrics are individual threads (monofilaments, multifilaments or fibrillated yarns)
or slit films and tapes that are woven on a loom. The weaving process is as old as Homo
Sapiens’ textile cloth-making. Woven fabrics exhibit high tensile strength, high modulus and low
strains; while nonwoven fabrics have high permeability and high strain characteristics. Knitted
TT are manufactured by intermeshing loops from one or more yarns, fibres or filaments.

Figure 4: Woven monofilament (vertical fibers) and fibrillated slit film (horizontal fibers) geotextile;
magnified view, a scale with 1-mm gradations is shown along the bottom.

Figure 5: Woven fibrillated slit film geotextile, magnified view (1-mm scale). This geotextile has a
greater porosity and is therefore more permeable
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Manufacturing of TT related products is as varied as the products themselves. Geonets,
geosynthetic erosion mats, geogrids, etc., are made from large and often rather stiff filaments
formed into a mesh with integral junctions or which are welded or glued at crossover points.
Geo-grids with integral junctions are manufactured by extruding and orienting sheets of
polyolefin. These types of geogrids are usually called stiff geogrids. Geogrids are also
manufactured of polyester yarn, joined at crossover points by knitting or weaving process, and
encased with a polymer based, plasticized coating. These types of geogrids are generally called
flexible geo-grids.
Geocomposites result when two or more materials are combined in the manufacturing
process. Most are used in highway drainage applications and waste containment. A common
example of geocomposites is a prefabricated drain formed by wrapping a fluted or dimpled
polymeric sheet, which acts as a conduit for water, with a geo-textile which acts as a filter.
Description of a geosynthetic product typically includes:
1) Type of polymer (high density, low density, etc)
2) Type of element (filament, yarn, strand, rib, coated rib, etc)
3) Distinctive manufacturing process (woven, needle punched nonwoven, heat bonded
nonwoven, stitchbonded, extruded, knitted, roughened sheet, smooth sheet, etc)
4) Primary type of geosynthetic (TT, geogrid, geomembranes, etc.)
5) Mass per unit area, if appropriate (for TT, geo-grids, erosion control blankets) and/or
thickness, if appropriate (for TT, geomembranes, etc)
6) Any additional information or physical properties necessary to describe the material in
relation to specific applications.
Classification of Geosynthetics based on permeable or impermeable nature is given in table 1.
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Table 1: Classification of Geosynthetics

1.3 Functions of geosynthetics
Every geosynthetic material, when used in any of its diverse applications, has a specific
role to play in the system which is known as its function. A geosynthetic normally has one of the
six primary functions to perform viz. (i) Separation (ii) Filtration (iii) Drainage (iv) Fluid barrier (v)
Reinforcement and (vi) Protection. In some applications they may also serve dual functions.
These functions are described below briefly.
1.3.1Separation - The geosynthetic acts to separate two layers of dissimilar soil materials that
have different particle size distributions, thus preventing penetration of relatively coarser particle
layer into an underlying soft layer.
1.3.2 Filtration - The geosynthetic acts as a filter layer by allowing water to move through the
soil while retaining upstream soil particles. Filtration is the equilibrium soil-to-geotextile
interaction that allows for adequate liquid flow without soil loss, across the plane of geotextile
over a service lifetime compatible with the application under consideration. TT are used as
filters to prevent soils from migrating into drainage aggregate and pipes, while maintaining
13

water flow through the system. They are similarly used below riprap and other armor materials
in coastal and stream bank protection systems to prevent soil erosion.
1.3.3 Drainage - The geosynthetic layer acts as a drain to carry fluid flow through less
permeable soils. Function of drainage represents the ability to collect and carry off fluids within
a geosynthetic. Drainage is the equilibrium soil-to-geosynthetic system that allows for adequate
liquid flow without soil loss, within the plane of geosynthetic over a service lifetime compatible
with the application under consideration. TT and geo-composites can also be used as drainage,
or lateral transmission media, by allowing water to drain from or through soils of lower
permeability.
1.3.4 Fluid Barrier - The function of barrier to fluids represents the ability of a geosynthetic to
prevent migration of fluids or gases. A geosynthetic, while performing the function of fluid barrier
acts like an almost impermeable membrane. Geomembranes and GCLs play a crucial role as
fluid barrier in landfills and all hydraulic applications involving tunnels, dams, canals, reservoirs,
etc.
1.3.5 Reinforcement - The geosynthetic acts as a reinforcement element within a soil mass to
produce a composite that has improved strength and deformation properties over unreinforced
soil. It is important that TT is capable of providing tensile strength at a strain level which is
compatible with the performance of soil structure. Applications of geosynthetics with
reinforcement function include reinforced soil walls, reinforced soil slopes, foundation
improvement for embankments, etc. Geogrids and TTare used as reinforcement to add tensile
strength to a soil matrix, thereby providing a more competent structural material. Reinforcement
also enables embankment to be constructed over very soft foundations and permits the
construction of steep slopes.
1.3.6 Protection - The geosynthetic acts as a protection layer and prevents puncturing or
damage of other geosynthetic layer by absorbing local stress. Geosynthetics are used for
protection over soil layer to reduce effects of erosion due to rainfall or impact of shear stress
due to flowing water. A protective cushion of nonwoven TT is often used to prevent puncture of
geomembranes (by reducing point stresses) from stones in adjacent soil or drainage
aggregate.Geo-synthetics also act as stress relief layers. Temporary geosynthetic blankets and
permanent geosynthetic mats are placed over the soil to reduce erosion caused by water flow
shear stresses.
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1.4 Laboratory tests and evaluation of properties
Selection of TT material for a particular application depends on suitable properties
of the product used. If these properties are excessive, an uneconomical solution would be
derived. On the other hand, if these properties are inadequate, the solution would be a failure.
As such, before application, evaluation of properties of the product is required. This is done by
conducting various laboratory tests based on ASTM, BS, IS and ISO standards. Laboratory
tests, which are basically classified into two broad categories viz. Index tests and Performance
tests are described below.
Index tests: The tests on TT include index tests and performance tests. Index tests do
not produce an actual design property in most cases, but they do provide a general value from
which the property of interest can be qualitatively assessed. Index tests are primarily used by
manufacturers for quality control purposes. When determined using identical test procedures,
index tests can be used for product comparison, specifications and quality control evaluation.
Performance tests: On the other hand, performance tests require testingof
geosynthetic with its companion material (e.g. soil) to obtain a direct assessment of property of
interest. Since performance tests should be performed under specific design conditions with
soils from the site, manufacturers should not be expected to have the capability or responsibility
to perform such tests. These tests should be performed under the direction of design engineer.
Performance tests are not normally used in specifications; rather, geosynthetics should be
preselected for performance testing based on index values, or performance test results should
be correlated to index values for use in specifications.
Significance of particular property depends on the function which the TT material is
intended for in its application. For example, if the TT is used for reinforcement application,
tensile strength and elongation play an important role. For filtration and drainage applications,
apparent opening size and hydraulic conductivity of the material are significant. For Protection
function, Puncture Resistance and thickness of TT play an important role. Few important
laboratory tests routinely conducted on TT products are described in following paragraphs.
Broadly, the TT properties can be classified into five different categories viz. (i) Physical,
(ii) Mechanical, (iii) Hydraulic, (iv) Environmental and (v) Endurance. Properties corresponding
to each of these categories for TT are indicated in Table 3.
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Table 3: Significant Properties of TT
CATEGORY
Physical

Mechanical

Hydraulic

Environmental

Endurance































PROPERTY
Thickness
Specific gravity
Mass per unit area
Tensile strength & Elongation (Wide width, Grab)
Compressibility
Fatigue strength
Burst strength
Tear resistance (Trapezoidal tear / Tongue tear)
Impact resistance
Puncture resistance
Interface friction with soil
Seam strength
Pull out Resistance
Percent open area
Apparent opening size
Permittivity (cross-plane permeability)
Transmissivity (in-plane permeability)
Soil retention test
Clogging potential
Resistance to chemicals
Resistance to temperature
Resistance to sunlight / UV / weather
Resistance to bacteria
Resistance to burial deterioration
Creep
Abrasion
Clogging
Water Absorption
Aging

1.4.1 Physical Properties
1.4.1.1 Nominal thickness: According to ASTM, thickness of a TT is defined as the distance
between upper and lower surfaces of the material, measured under specified pressure and
time. The nominal thickness is determined by placing a sample of the TT on a plane reference
plate and applying a pressure of 2 kN/m2 through a circular pressure plate with a crosssectional area of 2500 mm2. A vernier gauge measures the distance between the reference
plate and pressure plate. The test is useful for quality control and classification of TT.
1.4.1.2 Mass per Unit Area: Mass per unit area is determined by cutting from a roll a minimum
of 10 specimens of square shape with sides100 mm, and then weighing the specimens on an
accurate balance. The value is reported as gm/sq.m (GSM). This simple test is frequently used
for quality control and can help identify the material. It is an important property to measure as
fabric cost is directly related to mass/unit area.
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1.4.2 Mechanical Properties
1.4.2.1 Tensile Strength: To understand the load-strain characteristics, it is important to
consider the complete load-strain curve. It is also important to consider the nature of test and
testing environment. With most materials, it is usual to use stress in strength and modulus
determination. The tensile strength of TT and related materials is a very important property as
virtually all applications rely on it either as the primary or secondary function. This test is useful
for quality control and can also be used for design purposes. Geosynthetics may have different
strengths in different directions. Therefore, tests should be conducted in both principal
directions. However, because of thin, two-dimensional nature of geosynthetics, it is difficult to
use stress. Therefore, it is conventional with geosynthetics to use force per unit length along the
edge of material. Then, strength and modulus have unit of FL-1 (i.e. kN/m).There are several
types of tensile strength tests. A plane-strain test represents the loading for many applications,
but because it is complicated to perform, it is not a practical test for many routine applications.
Therefore, it is approximated by a strip tensile test.
a)

Wide Width Tensile Strength and Elongation: Since many narrow strip geosynthetic

specimens neck when strained, most applications use wide, short specimens. This is called a
wide strip tensile test. Wide width tensile test gives the strength and elongation properties of TT
sample when subjected to tensile load. In this test, a TT specimen of 200 mm width is fixed in
between two grips with gauge length of 100 mm (Fig. 7) and subjected to tensile load by pulling
the grips apart with a strain rate of 10 mm/min. The specimen is stretched up to failure. During
loading, a load-strain curve is plotted and, from this, the maximum load, breaking load and the
secant modulus at any specified strain is determined. Corresponding load per meter width of
the sample is calculated from failure load and reported as the wide width tensile strength
(kN/m). The elongation is reported as percentage (%) of the original gauge length.

(i) Arrangement for Wide Width tensile test

(ii) Specimen for Trapezoidal Tear strength test
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1.4.2.3 Static Puncture Strength: This test method is used for determining puncture
resistance of TT. In this test, square specimen of sides 220 mm X 220 mm is clamped in the
grips with plunger of diameter 50 mm (Fig.7). The frame is mounted on tensile testing machine.
The plunger is pushed into the TT specimen with constant speed of 50 mm/min. The push
through force and elongation of the specimen are recorded. Maximum load at failure or rupture
of the specimen is reported as static puncture strength of the specimen in ‘N’.This is a common
test used for quality control. The results of this test are used to assess the fabric's resistance to
aggregate penetration, particularly in separation applications.
1.4.2.4 Friction (Shear) Properties: Soil-geosynthetic and geosynthetic-geosynthetic friction
are important properties. It is common to assume a soil-TT friction value between 2/3 and 1 of
the soil angle of friction. For geogrid materials, the value approaches full friction angle. Caution
is advised for geomembranes where soil- geosynthetic friction angle may be much lower than
the soil angle of friction. For important application, tests are justified. This is an adaptation of
direct sheartest. In this test, the fabric is firmly fixed to the top half of shear box and a standard
laboratory soil is used in the bottom half. Force required to cause sliding between the fabric and
soil is determined for different normal stresses and the shear strength parameters are obtained.
The direct friction test is simple in principle, but numerous details must be considered for
accurate results. Recent procedures proposed by ASTM indicate a minimum shear box size of
300 mm by 300 mm to reduce boundary effects. For many geosynthetics, the friction angle is a
function of soil type on each side of the geosynthetic and normal stress; therefore, test
conditions must model actual field conditions. The test is useful for quality control and may be
used to compare different TT. It is not a suitable test for assessing parameters to be used for
analysis of reinforced soil. For reinforced soil applications the proposed fill material should be
used in the test.
1.4.2.5 Burst Strength: The burst test is performed by applying a normal pressure (usually by
air pressure) against a geosynthetic specimen clamped in a ring. Burst strength is reported in
Pascals. This is not the stress in specimen, but is the normal stress against the geosynthetic
specimen at failure. Burst strength depends on the strength in all directions and is controlled by
minimum value. Burst strength is a function of diameter of the test specimen; therefore, care
must be taken in comparing tests.
1.4.3 Hydraulic Properties
1.4.3.1 Apparent Opening Size Test: The pore size distribution of TT is determined by sieving
dry spherical solid glass beads for a specified time at a specified frequency of vibration and
then measuring the amount retained by the fabric sample. The test is carried out on a range of
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sizes of glass beads. The apparent pore size distribution is presented on a graph using scales
compatible with soil grading curves. The apparent opening size as per BIS 14294-1995 (O95) is
determined, this being the pore size at which 95% of the glass beads are retained on and within
the fabric. This test provides information on the pore size distribution which is an important
parameter to be used in assessing a TT's soil filtration capability.
1.4.3.2 Percent Open Area: A small section of the fabric is held within a standard slide cover,
inserted into a projector and the magnified image traced on to a sheet of paper. Using a
planimeter, the magnified open spaces can be measured and expressed as a percentage of
whole area. The test is primarily applicable to monofilament woven fabrics. The test provides
information on pore size openings which is important in assessing a TT's soil filtration capability
1.4.3.3 Permittivity: Permittivity of a TT is defined as the volumetric ﬂow rate of water per unit
cross sectional area per unit head under laminar ﬂow conditions, in normal direction through a
TT. Permittivity is measured either in constant head or falling head test, although constant head
testing is more common due to high flow rates through TT which makes it difficult to obtain
readings of head change versus time in falling head test. In constant head test, a head of 50
mm water is maintained on the TT throughout the test. Quantity of flow is measured versus
time. In falling head test, a column of water is allowed to flow through the TT and reading of
head change versus time is taken.
1.4.3.4 Transmissivity: This test is used to estimate the in-plane permeability of a TT or a
composite drain. The sample is confined, at varying normal stresses, and flow under a constant
head is measured. This test is useful for classifying TT and geo-composite drains and will
provide information to allow comparisons of in- plane permeability of TT to be made. However,
in drainage and filtration applications, the influence of in-soil confinement should be established
prior to selecting a geo-textile.
1.4.3.5 Filtration tests: The ability of water to pass through a TT is determined from its
hydraulic conductivity (coefficient of permeability, k) as measured in a permeability test. The
flow capacity of material can then be determined from Darcy’s law. Due to compressibility of TT,
the permittivity (permeability divided by thickness) is often determined from the test and used to
directly evaluate flow capacity.
1.4.3.6 Gradient ratio test: This test is primarily suitable for sandy and silty soils (k ≤ 10-7 m/s).
In this test, a rigid wall permeameter, with strategically located pyrometer ports, is used to
obtain a ratio of head loss in soil to the head loss at soil TT interface under different hydraulic
gradients. Although the procedure indicates that the test may be terminated after 24 hours, to
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obtain meaningful results, test should be continued until stabilization of flow has clearly
occurred. This may occur within 24 hours but could also require several weeks. A gradient ratio
of 1 or less is preferred. Less than 1 is an indication that a more open filter bridge has
developed in the soil adjacent to the TT. However, a continued decrease in gradient ratio
indicates piping, and an alternate TT should be evaluated. A high gradient ratio indicates a flow
reduction at the TT. If the gradient ratio approaches 3, flow rate through the system should be
carefully evaluated with respect to design requirements. A continued increase in the gradient
ratio indicates clogging, and the TT is unacceptable.
1.4.3.7 Hydraulic conductivity ratio (HCR) test: This property should be considered for finegrained soils. The test uses a flexible wall permeameter and evaluates long-term permeability
under increasing gradients with respect to short-term permeability of the system at lowest
hydraulic gradient. A decrease in HCR indicates flow reduction in the system. Since
measurements are not taken near TT-soil interface and soil permeability is not measured, it is
questionable whether an HCR decrease is the result of flow reduction at TT or blinding within
the soil matrix itself. An improvement to this method would be to include piezometer or
transducers within these zones (after the gradient ratio method) to aid in interpretation of
results.
1.4.3.8 Caltrans slurry filtration test: Other filtration tests for clogging potential include
Caltrans slurry filtration test which was developed into the Fine Fraction filtration (f3test and the
Long-Term Flow (LTF) test. According to some, all of these tests have serious disadvantages
that make them less suitable than the Gradient Ratio (GR) test for determining filtration
behavior of the soil-geo-textile system.
1.4.4 Environmental Properties
While most geo-synthetics are manufactured from polymers, which are relatively inert materials,
some are more susceptible to chemical, biological or mechanical damage than others.
Resistance to environmental factors must be considered for both installation and in service.
Areas to consider are:
1.4.4.1 UV resistance: The performance of most polymers is degraded, to different extents, by
ultra violet light (UV). The polymer bonds breakdown and this can result in a loss of properties.
If geo-synthetics are to be exposed for more than 30 days, it is recommended that they should
contain a well-dispersed UV inhibitor that protects the polymer chains. Carbon black is the most
cost-effective agent for these purposes. Specifications should therefore include an accurate
description of type of UV protection and concentration by weight - 1% is typical. This should be
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the concentration of carbon black and not the weight of carbon black dispersion that is added to
polymer. Carbon black comprises very fine particles that are difficult to handle. It is normal to
mix the particles with a carrier to make a dispersion that is easier to handle. So, 2.5% by weight
of the dispersion could be added but this equates to 1% carbon black.TT when exposed to
sunlight and alternate cycles of wet and dry conditions, start deteriorating and lose strength. In
laboratory test to determine this degradation, reduction in strength of TT is determined upon its
exposure to alternate cycles of Light, Moisture and Heat for about 500 hours duration.
1.4.4.2 Chemical and Biological resistance: Some geo-synthetics are used inaggressive
environments such as in containment of landfills and contaminated land. As the rate of chemical
attack relates directly to the surface area available it is important for engineers to request proof
of stability with specific chemicals present. This information, generated by the polymer
manufacturers, should be available from geosynthetic manufacturer. In some instances it may
be necessary to carry out a specific immersion test at elevated temperatures using the actual
mix of chemicals
Other properties that require consideration are related to durability and longevity. The
geosynthetic polymer must be compatible with the environment chemistry. The environment
should be checked for such items as high and low pH, chlorides, organics and oxidation agents
such as ferruginous soils which contain Fe2SO3, calcareous soils, and acid sulphate soils that
may deteriorate strength of geosynthetic with time. Other possible detrimental environmental
factors include chemical solvents, diesel, and other fuels. Each geosynthetic is different in its
resistance to aging and attack by chemical and biological agents. Therefore, each product must
be investigated individually to determine the effects of these durability factors. The geosynthetic
manufacturer should supply results of product exposure studies, including, but not limited to,
strength reduction due to aging, chemical attack, microbiological attack, environmental stress
cracking, hydrolysis, and any possible synergism between individual factors.
1.4.4.3 Other Durability Properties: Other properties that require consideration are related to
durability and longevity. Exposure to ultraviolet light can degrade some geosynthetic properties.
The geosynthetic polymer must be compatible with the environment chemistry. The
environment should be checked for such items as high and low pH, chlorides, organics and
oxidation agents such as ferruginous soils which contain Fe2SO3, calcareous soils and acid
sulphate soils that may deteriorate the geosynthetic in time. Other possible detrimental
environmental factors include chemical solvents, diesel, and other fuels. Each geosynthetic is
different in its resistance to aging and attack by chemical and biological agents. Therefore, each
product must be investigated individually to determine the effects of these durability factors. The
geosynthetic manufacturer should supply the results of product exposure studies, including, but
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not limited to, strength reduction due to aging, deterioration in ultraviolet light, chemical attack,
microbiological attack, environmental stress cracking, hydrolysis, and any possible synergism
between individual factors.
a) Mechanical damage resistance: The rigors of installation can often be more demanding
than ultimate in-service requirements. Site damage tests can be specified such as rock drop
tests for coastal applications. Laboratory tests have been developed to closely simulate inservice conditions. One of these is the Cylinder test that evaluates performance of TT protector,
liner and drainage aggregate combinations.
b) Toxicity: Geo-synthetics are frequently used where surface or groundwater regulations
apply. Evidence must be provided to confirm that no materials will migrate or be extracted from
the geosynthetic. Alternatively, that nature or levels of any extracts do not present a risk to the
environment.
1.4.5 Endurance Properties
1.4.5.1 Creep: Creep is a time-dependent mechanical property. It is the strain occurring in a
geosynthetic at constant load. Short term creep strain is strongly influenced by the geosynthetic
structure. Geogrids and woven TT have the least; heat-bonded TT have intermediate; and
needled TT have the most. Long-term creep rates are controlled by structure and polymer type.
Of the most common polymers, polyester has lower creep rates than polypropylene. Creep limit
is the load per unit width above which the geosynthetic will creep to rupture. Creep limit is
controlled by polymer type and ranges from 20% to 60% of the material’s ultimate strength.
Laboratory determination of TT creep is done by subjecting wide width TT specimens to tensile
stresses by means of hanging weights for duration up to 100 hours. Plot of % strain vs. time is
plotted. Selection of load is based on percentage of TT’s strength determined from short term
conventional tests or the wide width tensile test. Response of TT is assessed for 25%, 50% and
75% of short-term TT strength. The results are influenced by various factors viz. – specimen
length to width ratio, temperature, moisture, lateral restraint and confinement.
1.4.5.2 Clogging Potential: Clogging potential of a TT determines its long term flow capability
with respect to hydraulic load coming from upstream soil. The ability of water to pass through a
TT over the life of the project is dependent on its filtration potential or its ability not to clog with
soil particles. Essentially, if the finer particles of soil can pass through the TT, it should not clog.
Effective filtration can be evaluated through relations between the TT’s pore size distribution
and the soil’s grain size distribution. For a precise evaluation, laboratory performance testing of
the proposed soil and candidate TT should be conducted. Laboratory determination of clogging
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potential is done by installing a sample of TT in cylinder below column of soil. Flow rate passing
through the TT is monitored over long time duration under constant head conditions. In a period
of about 10 hours for granular soils and of about 200 hours for fine grained soils the TT–soil
system will begin its field simulated behavior. If flow rate becomes constant after this transition
time, the TT is said to be compatible with the soil under imposed test conditions viz. hydraulic
gradient and temperature.
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CHAPTER 2
APPLICATIONS OF TECHNICAL TEXTILES (TT) IN FLOOD MANAGEMENT WORKS
2.1 Use of geosynthetics in flood management works
The frequency and intensity of floods have grown in India over the years primarily because of
the increased encroachment in flood plains. These trends demand better preparedness at
national, provincial and local levels to make sure that appropriate and effective response
measures are taken during flood emergency to minimize the loss of life and property. This
chapter discusses several measures aiming to reduce the risk of flooding by managing land,
rivers, coastal systems and flood defenses. While we do everything to reduce the chance of
flooding, one should always be cautious that it is a natural process and can never be completely
eliminated.
Flood management activities can be broadly classified into four major groups:
• Attempts to modify the flood
• Attempts to modify the susceptibility to flood damage
• Attempts to modify the loss burden
• Bearing the loss
The flood protection systems can be briefly classified as:
Flood protection
measures

Pre flood
measures

Post flood
measures

Emergency
protection work

Structural
measures

Non‐structural
measures

Broadly, all measures taken up under the activity of “Modifying the flood” which are in the nature
of physical measures are “Structural measures”, while the others which are taken up as
management tools without major construction activity are grouped as “Non-structural
measures”.
2.2 Applications of TT in flood management works
2.2.1 Bank Protection/Anti-erosion and River Training Works using Graded Filter and TT
Stone and concrete revetments are often used on slope of river banks to prevent soil
erosion. These armoured systems, when placed directly on the soil, have not sufficiently
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prevented erosion. River water level fluctuates between Lowest Water Level (LWL) and Highest
Flood Level (HFL). This causes seepage in and out of the bank slopes. If the seepage is
blocked by placing impermeable protection material, it leads to development of pore pressure
which further destabilizes the bank slope. Further, the seeping water also removes the fine soil
particles especially with receding flows. This leads to undermining the armoured protection,
leading to failure of bank slope. As with trench drains, these fine soil particles are carried away
with receding flows. This action eventually leads to undermining of the armor system.
Similarly, armoured protection is also required on river bed close to the bank/toe. The
armoured layer for protection of river bed also called as apron may consist of crated boulders,
concrete blocks, sand bags, mechanically woven double twisted wire mesh gabion mattresses
with advanced coatings (galvanized & polymeric) as per latest provisions of IS 16014 and IRC
SP 116. During high flows, the discharge intensity (q) increases, causing erosion of river bed.
Even when it is protected, fine soil particles are removed from between the voids of the
armoured layer. Hence a properly designed graded filter is to be provided below the armoured
layer on the river bed.
To ensure success of the armoured layer on bank/slope, graded filter has to be provided
below the armoured layer or pitching. The purpose of the graded filter is to allow water to flow
through it while preventing fine soil particles from being washed away along with water. The
design of graded filter is based upon the particle size distribution of the soil on the bank. Under
the conditions where the availability of conventional filter material is a concern and in
underwater application, the TT can be used as filter. Similarly, the armoured layer/apron
provided on river bed also needs graded filter below it to prevent removal of soil fines of the bed
through the voids of the armoured layer. It is very difficult to provide graded filter on river bed.
However, TT may be used for this purpose as the TT prohibit the escape of particles through
the voids in boulder apron.
2.2.2 Design criteria using Graded Filter and TT
a) Design of Graded Filter as per IS 8237:
Provision of two layers of filter (coarse and fine) is usually necessary under Revetment/
foundation to prevent the waves from eroding and washing out the underlying embankment
material. Also, since the Revetment/ foundation is generally poorly graded due to predominance
of one size material, the provision of adequate filter is essential. The thickness and number of
layers of filter are mainly governed by considerations of intensity of wave action gradation of
Revetment/ foundation, gradation of embankment material and ease of construction. Thickness
of each of the two layers shall not be less than 150 mm under hand placed Revetment/
foundation and 200 mm under dumped Revetment/ foundation. Course filter material of the
graded inverted filter with respect to riprap material should roughly conform to the following
design criteria:
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The graduation requirements for the fine filter with respect to embankment material should
conform to the following criteria:

The two layers of filter shall also satisfy these criteria with respect to each other. Where the
embankment material satisfies this criterion with respect to coarse filter, fine filter could be
omitted. Filter material for the revetment/ foundation shall consist of gravel/metal/crushed rocks
or sand of medium to coarse sizes. They shall satisfy the required gradation criteria. Filters with
large percentage of fines are not desirable.
b) IS 6966 (PART 1) provisions regarding graded filter:
The graded inverted filter should roughly conform to the following design criteria:

NOTE — D15 and D85 denote grain sizes. D15 is the size such that 15 percent of the soil grains
are smaller than that particular size. D85 is the size such that 85 percent of the soil grains are
smaller than that particular size. The filter may be provided in two or more layers. The grain size
curves of the filter layers and the base material shall be roughly parallel.
c) Design of Bank Protection/ Anti-Erosion/ River Training works using Geosynthetic
Filters:
TT are frequently used in armoured erosion control and drainage applications. TT are used to
retain soil particles while allowing liquid to pass freely. Designing with TT for filtration is
essentially the same as designing graded granular filters.
Mechanism of Filtration: A filter should prevent excessive migration of soil particles, while at
the same time allowing liquid to flow freely through the filter layer. Filtration is therefore
summarized by two seemingly conflicting requirements:
1. The filter must retain soil, implying that the largest size of filter pore spaces or openings
should be smaller than a specified maximum value; and
2. The filter must be permeable enough to allow a relatively free flow through it, implying
that the openings of the TT filter are sufficiently large enough and in large number to
allow water flow while preventing clogging.
Design Philosophy: The design philosophy includes the estimation of scouring potential of
river which is a function of the discharge intensity and lacey’s scour depth. The fineness of river
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bed material is indicated in terms of silt factor which along with discharge intensity governs the
lacey’s scour depth. The thickness of sloped bank pitching is determined on the basis of
velocity of flow along the bank. Thickness and length of launching apron is determined once
the scour depth, High Flood Level (HFL), and Low Water Level (LWL) are known. Proper
drainage arrangement behind revetment is necessary. A suitable filter is also provided below
the sloped pitching and launching apron to prevent fine soil particles from being removed.The
provisions regarding Design of revetment and design of apron are available in IS 14262 and IS
10751 respectively and the same are discussed later.
Design of Geosynthetic Filter: Before the introduction of TT, granular materials were widely
used as filters for geotechnical engineering applications. Drainage criteria for TT filters are
largely derived from those for granular filters. The criteria for both are, therefore, similar. In
addition to retention and permeability criteria, several other considerations are required for TT
filter design. Some considerations are noted below:
1. Retention: Ensures that the TT openings are small enough to prevent excessive
migration of soil particles.
2. Permeability: Ensures that the TT is permeable enough to allow liquids to pass
through without causing significant upstream pressure build-up.
3. Anti-clogging: Ensures that the TT has adequate openings, preventing trapped soil
from clogging openings and affecting permeability.
4. Survivability: Ensures that the TT is strong enough to resist damage during
installation.
5. Durability: Ensures that the TT is resilient to adverse chemical, biological and
ultraviolet (UV) light exposure for the design life of the project.
The specified numerical criteria for TT filter requirements depends on the application of the
filter, filter boundary conditions, properties of the soil being filtered, and construction methods
used to install the filter. These factors are discussed in the following step-by-step TT design
methodology.
Design Methodology: The proposed design methodology represents years of research and
experience in TT filtration design. The approach presents a logical progression through seven
steps.
Step 1: Determine Soil Retention Requirements
Step 2: Define Boundary Conditions
Step 3: Define the Application of Filter Requirements
Step 4: Determine Permeability Requirements
Step 5: Determine Anti-Clogging Requirements
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Step 6: Determine Survivability Requirements
Step 7: Determine Durability Requirements
STEP 1: DETERMINE SOIL RETENTION REQUIREMENTS: Analysis of the soil to be
protected is critical to proper filtration design. The particle-size distribution of the soil to be
protected should be determined using test method IS: 2720 part-4. The grain size distribution
curve is used to determine parameters necessary for the selection of numerical retention
criteria. The maximum allowable opening size (O95) of the TT is one that will provide adequate
soil retention. It is also known as the geo-textile’s Apparent Opening Size (AOS) and is
determined from test procedure IS 14294:1995.
STEP 2: DEFINE BOUNDARY CONDITIONS: Confining Stress: The confining pressure is
important for several reasons:
1. High confining pressures tend to increase the relative density of coarse grained
soil, increasing the soil’s resistance to particle movement. This affects the
selection of retention criteria.
2. High confining pressures decrease the hydraulic conductivity of fine grained soils,
increasing the potential for soil to intrude into, or through, and the geo-textile filter.
3. For all soil conditions, high confining pressures increase the potential for the geotextile and soil mass to intrude into the flow paths. This can reduce flow capacity
within the drainage media, especially when geo-synthetic drainage cores are used.
Flow Conditions: Flow conditions can be either steady-state or dynamic. Defining these
conditions is important because the retention criteria for each are different. Examples of
applications with steady-state flow conditions include standard dewatering drains, wall drains
and leachate collection drains. Inland waterways and shoreline protection are typical examples
of applications where waves or water currents cause dynamic flow conditions.
STEP 3: DEFINE THE APPLICATION OF FILTER REQUIREMENTS: Geo-textile filters are
used between the soil and drainage or armoring medium. Typical drainage media include
natural materials such as gravel and sand, as well as geo-synthetic materials such as geo-nets
and cuspated drainage cores. Armoring material is often Revetment/ foundation or concrete
blocks. Often, an armoring system includes a sand bedding layer beneath the surface armour.
The armoring system can be considered to act as a “drain” for water seeping from the protected
slope.
Drainage Material: The drainage medium adjacent to the geo-textile must be identified. The
primary reasons for this include:
1. Large voids or high pore volume can influence the selection of the retention criterion
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2. Sharp contact points such as highly angular gravel or rock will influence the geosynthetic survivability requirements
Retention vs. Permeability Trade-Off: The drainage medium adjacent to the geo-textile often
affects the selection of the retention criterion. Due to the conflicting nature of filter requirements,
it is necessary to decide whether retention or permeability is the favoured filter characteristic.
For example, a drainage material that has relatively small grain size (D15) requires a high
degree of retention from the filter. Conversely, where the drainage material has large grain size
(D85), the permeability and anti-clogging criteria are favoured.
STEP 4: DETERMINE PERMEABILITY REQUIREMENTS: Soil Permeability (ks): The soil
permeability should be lab measured using representative field conditions in accordance with
test procedure BIS 2720- part 36.
Minimum Allowable Geosynthetic Permeability (kg): The requirement of geo-textile
permeability can be affected by the filter application, flow conditions and soil type. The following
equation can be used for all flow conditions to determine the minimum allowable geo-textile
permeability (Giroud, 1988):
kg ≥ is.ks ; where:
kg=minimum allowable geo-textile permeability
ks=the soil permeability
is= desired hydraulic gradient (based upon the filtration application)
Permeability of the geo-textile can be calculated from the permittivity test procedure (IS
14324:1995). Geo-textile permeability is defined as the product of the permittivity, Ψ, and the
geo-textile thickness, tg:
kg= Ψ.tg
STEP 5: DETERMINE ANTI-CLOGGING REQUIREMENTS: To minimize the risk of clogging,
one should follow the provisions of IS 14262.
STEP 6: DETERMINE SURVIVABILITY REQUIREMENTS: Minimum strength properties of TT
shall be selected based on the severity of installation procedure and construction survivability.
Selected TT shall be as per section 702 of MoRTH specifications.
STEP 7: DETERMINE DURABILITY REQUIREMENTS: During installation, if the geo-textile
filter is exposed to sunlight for extended periods, high carbon black content and UV stabilizers
are recommended for added resistance to UV degradation. Polypropylene is one of the most
durable TT today. It is inert to most naturally occurring chemicals in civil engineering
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applications. However, if it is known that the geo-textile may exposed to adverse chemicals
(such as in waste containment landfill applications), use test method IS 16351:2015 to
determine its compatibility.
BIS Specifications (IS 14262):Geo-textile filters may be recommended because of ease in
installation and their proven effectiveness as an integral part of protection works. A 15 cm layer
of sand is provided over filter fabric to avoid its mechanical rupture by protection material. The
following criteria, depending on the gradation of bed material, may be used to select the correct
filter fabric:
a)

For granular material containing 50 percent or less fines by weight, the following ratio
should be satisfied:

≥1
In order to reduce the chances of clogging, no fabric should be specified with an
equivalent opening size smaller than 0.149 mm. Thus the equivalent opening size of
fabric should not be smaller than 0.149 mm and should be equal to or less than 85
percent passing size of the bed material.
b)

For bed material containing at least 50 percent but not more than 85 percent fines by
weight, the equivalent opening size of filter should not be smaller than 0.149 mm and
should not be larger than 0.21 1 mm.

c)

For bed material containing 85 percent or more of particles finer than 0.074 mm, it is
suggested that use of non-woven geo-fabric filter having opening size and
permeability compatible to the equivalent values given in a) above may be used.

2.2.3 Specification of TT material used in graded filter works: A geo-textile fabric is in the
form of strong flexible sheets either woven or non-woven. It is used in flood management works
to improve soil quality and performance in different applications like lining, drainage, filtration,
separation, reinforcement and protection. The basic raw material which is used in geo-textile is
polymer and the most widely used polymers are polypropylene and polyester. Based upon the
manufacturing process, geo-textile is often categorized as woven or non woven. Woven geotextiles are manufactured by weaving weft thread through warp thread. While non woven geotextile is produced from randomly distributed continuous or staple fibers which are bonded
together chemically, thermally or mechanically.
Geo-textile fabrics are used with specific strength and durability requirements as per the
proposed work. The detailed technical specifications of the geo-textiles along with the test
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methods and their recommended values for each parameter are being described in the
following paragraphs in detail:
a) Woven Geosynthetic
The material should be woven with multifilament yarn in both warp and weft direction or
non-woven needle punched type with Staple fibre. The geo-textile shall be preferably
made of polypropylene. The material may have about 70% polypropylene and rest may
be polyethylene or any other equivalent material. The standard roll length and width
should be 100 m and 5 m. Unit weight should be more than 140 gm/Sqm. The average
roll values of geo-textile should be as shown in the Table 4.
Table 4: Properties of Woven TT

34

Woven fabrics are individual threads (monofilaments, multifilaments or fibrillated yarns)
or slit films and tapes that are woven on a loom. The weaving process is as old as Homo
Sapiens’ textile cloth-making. Woven fabrics exhibit high tensile strength, high modulus and low
strains; while nonwoven fabrics have high permeability and high strain characteristics. Knitted
TT are manufactured by intermeshing loops from one or more yarns, fibres or filaments.
b) Non-Woven Geo-textile
Table 5: Properties of Non-Woven TT

2.2.4 Installation Procedure

Figure 8: Installation Procedure
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Site Preparation
Subgrade shall be excavated to proper lines and grades based on construction plans.
Any over-excavated areas should be filled with backfill material and any depressions should be
filled so that there are no depressions that exceed 6” (15 cm) in depth.
The subgrade shall be fairly smooth and free of sharp objects and debris that may damage the
geo-textile.
The soils should be proof rolled prior to geo-textile and backfill placement. The soils should be
compacted to 95 percent of the relative density based on the Geotechnical Engineer’s
recommendations. For each layer of the slope, repeat these preparation steps before laying the
geo-textile.
Geosynthetic Installation on Bank Slopes
Before unrolling the geo-textile, verify the roll for size, damage, and installation orientation
according to construction plans.
Geo-textile should be placed in correct orientation as shown on the construction plans and
approved by the Engineer. The Contractor should verify the orientation. The orientation of the
geo-textile should be such that it is rolled in the direction of the slope– not perpendicular to it.
The geo-textile should be cut to length based on construction plans using an Engineer
approved cutting tool. Each sheet of Geo-textile should be pulled out by hand to get rid of any
wrinkles.
Adjacent sheets should be overlapped based on the soil properties.
The preceding steps should be repeated for additional sheets.
Each sheet may be secured in place using staples, pins, sandbags, backfill, or by other
Engineer approved methods to help prevent disruption during the installation of adjacent sheets
on the same elevation. Fixing of ends of TT by driving wooden pegs should be discouraged,
however, if site conditions demand pegging by wooden wedges, the punctured part of geo
textile shall be well overlapped by sound quality geo-textile.
Do not piece together separate sheets in the primary strength direction through any mechanical
connection unless directed by Engineer. Each sheet should be installed as one continuous
piece, extending the full length of the area.
Only place the amount of geo-textile needed for the pending steps of construction to avoid
excess exposure of the geo-textile to the elements. Any leftover exposed part of geo textile
shall be covered with sand or locally available well spread soil.
After each layer of Geo-textile has been placed, the same shall be covered by compacting the
overlying layer of soil according to the construction plans and the Engineer. For the slopes
steeper than 1V:2H, slippage of soil layers may be there. Under such a situation, soil layer be
laid and compacted in about 1m wide strips starting from the bottom most part of the slope. At
localized places, tarza mat may be laid instead of sand/soil cushion.
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Although care is required to be taken that geo textile should have continuous contact with the
sub-grade, however, sufficient slackness to be kept for stretching of geo-textile by the
component of weight of the pitching along the direction of slope.
Boulders of pitching are not to be directly dumped over the geo textile to prevent puncturing of
the same. Boulders are to be stacked either on the soil cushion or over the After the soil layer
has been completed, the next layer of Geo-textile can be installed by following all preceding
steps.
Repeat all steps for each additional level according to the construction plans, until all levels are
installed.
Geo-textile Installation on River Bed below Apron
Before laying of apron at or below LWL, geo textile is to be laid for the complete length of the
apron (along the slope) and complete width of roll of geo-textile avoiding any joint in between,
e.g. for under water apron of length 30 m and width of roll of geo textile as 5m, geo-textile to be
laid for coverage of 150 sq.m (30m x5m) at one go. Laying of geo-textile shall be done in the
presence of site in charge. Adequate care is to be taken that no gap is to be left in the adjacent
rows of geo-textile. To ensure that there is no gap between adjacent rows of TT, there should
be an overlap of the order of 0.5 m towards the river end of geo-textile by adjusting the position
of the boat carrying that end.
For proper placing of the geo textile under water, the same is required to be tied to a locally
available flexible medium which may be tarza mat (mat of split bamboo).
Tying with tarza mat should be done in the presence of authorized representative of the site
engineer. Width of tarza mat should be equal or slightly greater than the width of the geo-textile.
Due care is to be taken that velocity of water at the time of laying of geo-textile should not
exceed 1.5- 2.0 m/s. Even for velocity in the above range, the river side edge of geo textile tied
to tarza mat be carried slightly upstream of the designated place of laying as due to water
current, geo textile would be carried away slightly downstream.
In order to counter the effect of buoyancy over the geo-textile, the same is required to be loaded
adequately the moment river end of geo-textile is released into the water. Loading can be done
by dumping HDPE/ Empty Cement bags filled with locally available silt/soil. To ensure this the
boat at the river side end of geo-textile should have adequate number of sand filled bags as
well as workmen. Simultaneously, another boat is required to be stationed midway on the
upstream side to put additional load over the geo-textile as well as to prevent the geo-textile
from twisting.
Dumping of boulders is not advisable as boulder may hit some sharp object on the river
bed, thereby puncturing the geo textile.
River side end of apron is required to be overlaid by apron in the first instance in order to preempt any chances of dislodging of geo-textile in the event of high discharges.

37

As soon as geo textile is laid, the work of placing of apron be taken up as prolonged gap
between laying of geo textile and apron may result in dislodging of geo-textile.
2.2.5

Quality Control and Assurance

Filter should be laid on fairly even ground properly dressed and free of debris and bushes etc.;
depression or holes may be filled; seam or overlap filter fabric as required; uniform layer of sand
may be provided over filter fabric; the protection material should not be dropped over filter fabric
but placed gently.
All the current geo-textile polymers are relatively stable under normal temperature ranges.
However, certain changes in mechanical properties may occur in some instances, especially in
relation to stress-strain characteristics. At present, there is no BIS specification for the
procedure of determining the effects of climatic temperature on the tensile strength and
elongation properties of TT.
The manufacturer provides the working temperature range of the geo-textile. The Department
should ensure that the temperature during transportation, storage and handling of the geotextile does not exceed its working temperature range.
IS 13162 (Part 2):1992/ can be referred for standard test method for assessment of
deterioration of TT by exposure to UV light.
Field Inspection &laying of geo-textile: Laying of geo-textile shall be done under the supervision
of the site in charge. Laying of geo-textile under water should be done at least in the presence
of concerned Assistant Engineer. Laying work shall be inspected time to time by the Executive
Engineer.
2.2.5

Cost Consideration

There may be wide variation in the cost of geo textile depending upon type of material used and
physical, mechanical and hydraulic properties of geo-textile. However, with the passage of time,
it is felt that due to improvements in the manufacturing technology and production on mass
scale, the cost of TT would get stabilized and lowered for standard design parameters. To have
an indicative idea of the cost implications, Irrigation and Waterways Deptt., Govt. of West
Bengal has adopted rate of many items of Technical Textiles ( 2018) , example:

Sl. No.
1.16

Description of Item

Unit

Rates

Sq. m.

195.00

Supply of continuous filament, needle punched, 100%
polypropelene UV stabilized non woven Geo-textile used as a
filter in anti-erosion works as per specification given below
including carriage of material to work site complete. (The rate is
inclusive of all taxes, duties and transportation charges as
applicable).
Specification :
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1)Physical Properties :
i) Mass per unit area (IS 15891 (Part 1):2011 / ASTM D
5261) – 280 gm/sq.m
ii) Thickness (IS 15891 (Part 2):2011 / ASTM D 5199) – 2.5
mm
2)Mechanical Properties :
i) Tensile strength (Wide Width) (IS 15891 (Part 3) : 2011 /
ASTM D 4595) – 19 kN/m
ii) Grab Tensile strength (ASTM D 4632) – 1090 kN
iii) Trapezoidal Tear Resistance (IS 14293:1995 / ASTM D
4533) – 445 N
iv) Rod Puncture Strength (IS 16348:2015 / ASTM D 4833)
– 550 N
3)Hydraulic Properties
i) Permeability (IS 14324:1995 / ASTM D 4491) – 0.03
mm/sec
ii) Apparent Opening Size (IS 14294:1995 / ASTM D 4751)
= 0.09 mm
iii) Permittivity (IS 14324:1995 / ASTM D 4491) – 0.012 /
sec

Source: Schedule of rate of geo‐textile by Irrigation and Waterways Deptt., Govt. of West Bengal 2018

2.3 Use of TT bags in flood management works
Erosion is caused by a group of physical and chemical processes by which the soil or rock
material is loosened, detached, and transported from one place to another by running water,
waves, wind, moving ice, or other geological sheet and bank erosion agents. Clayey soils are
less erodible than fine sands and silts.
Boulders are used conventionally for revetment / apron in the country. It is neither cost
effective (at location where its availability is less) nor environmental friendly. Transporting and
handling the material to work site is also difficult. TT bags are an appropriate alternative; which
are cost effective in long term. Bags can be transported long distance and filled at site and also
the handling the TT bags is easier than boulders. They are also sufficiently durable if not
exposed to sun light. TT bags are flexible armour system made of Geo-textile, fabricated in form
of bags. They can be designed in any size and shape depending on site requirement and can
be filled with locally available material (local earth). TT bags are well proven system of erosion
control across the world. Geo-textile bags are made of woven or non woven geo-textile fabrics
which are specially designed for good soil tightness and high seam efficiency. Geo-textile bags
range in volume from 0.05 m3 to around 5 m3, and are pillow shaped, box shaped or mattress
shaped depending on the required application. Geo-textile bags have also been used as
revetment, breakwaters, etc to build erosion protection measures.
2.3.1 Design of anti-erosion works using TT: TT bags as protective elements have to satisfy
four main criteria
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Stability against flow and wave attack : Field Experience and Physical Modeling
indicated that bags of 126 Kg are stable to depth average velocity of 3m/s and that only
very few bags would displace at high velocities of 4.5m/s



Filtration: Geosynthetic in the Bags also act as filter for preventing loss of fines in bags,
this type of failure is called as winnowing failure. This can be prevented by using
multiple layer coverage



Launching



Longevity : UV stability, Abrasion resistance

Design steps
Application evaluation
Obtain soil samples from the site
Evaluate armor material and placement
Calculate anticipated reverse flow through erosion control system.
Determine geo-textile requirements
Retention criteria
Permeability criteria
Clogging criteria
Estimate costs
Prepare specifications
Obtain samples of the geo-textile before acceptance
Monitor installation during construction and control drop height. Observe erosion control
systems during and after significant storm events. The provisions regarding design of revetment
and design of apron are available in IS 14262 and IS 10751 respectively
Size of Bags
For velocity up to 3 m/s, bags of lay flat size 1.03m x 0.7m may be used
(weight around 126 kg)
For higher velocity, weight should be more than that calculated as under:
W (in kg) = 0.02323*Ss*V6/[K* (Ss-1)3];
where V – velocity in m/sec
Ss - Specific Gravity of protection material (adopted between 1.5 to 1.8)
K - Correction Factor = [1-sin2θ/sin2φ] ½
θ - Angle of sloping bank
φ - Angle of repose of protection material
The geo-synthetic material should be safe against the UV rays and abrasion.
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For higher velocities the abrasion resistance of bags is needed to be checked against the
sediment load and flow velocity. However, for velocities higher than 3 m/s mechanically woven
double twisted wire mesh gabion mattress filled with stones can be used following the design
criteria mentioned in latest provisions of IRC SP 116.
Thickness of Pitching
Thickness should be more than that calculated as under:
T (in m) = V2/2g (Ss-1);
where V – velocity in m/sec
Ss - Specific Gravity of protection material (adopted between 1.5 to 1.8)
g -Acceleration due to gravity (9.81 m/Sec2)
Thickness of protection shall be provided in two layers of bags or one layer of geo-textile bags
encase with polymer ropes/Galvanized wire/PVC coated Galvanized wire mesh crates
determined for the velocity given in the equation for size of bag. Mechanically woven double
twisted wire mesh gabion mattress filled with stones may also be used as one bag layer as per
the criteria mentioned in latest provisions of IRC SP 116. Geotextile bags encased in polymer
ropes determined for the velocity given in equation for size of bag conditional that the entire
system remains under water for its entire life.
Filter: A layer of Geo-textile filter may be provided under Geo-Textile bags.
2.3.2 Specification of TT used in above works: Geo-textile bags are made of woven/nonwoven polypropylene/polyester geo-textile. Double layer geo-textile bags using woven and nonwoven geo-textile are used for harsh conditions. Geo-textile used to manufacture geo-textile
bags should have high mechanical properties for enhanced durability along with enhanced
puncture, abrasion and U.V. resistance characteristics. Geo-textile should be inert to biological
degradation and resistant to naturally encountered chemicals, alkalis, and acids.
Requirements for a Sustainable and Performing Geo-textile bag System:


Adequate weight to sustain the uplift pressure due to hydraulic forces



High Abrasion Resistance



Adequate Puncture strength



High Elongation to absorb the hydraulic energy



Lower Apparent Opening size to retain even the finer soil particles



High Permittivity &Transmissivity



Adequate UV Resistance



Stable in wider pH range
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Important Considerations in Specifying the Right TT bags system:


Type of Polymer: Type of polymer shall be polypropylene / polyester



Quality of Polymer Fiber: the virgin fibers with more than 70 % UV resistance shall be
used as raw material for making the Fabric and Geo-bags, no re-cycled fiber shall be
allowed for making of Geo-textile bags.



Type of Fiber: Staple Fiber is much better and found to have superior performance for
River bank and Coastal application compare to Continuous Fibers.



There are several bonding mechanisms available, however the appropriate for river
application is Needle – Punching.



Important Properties for performance of Geo-textile bags are- UV Resistance,
Resistance to Abrasion, CBR Puncture, Tensile Strength, 80% Seam strength, Apparent
Opening size and Permeability.

Geo-textile used to manufacture TT bags made of non-woven material may conform to the
properties listed in Table 6.
Table 6: Requirements of Nonwoven Geobags for Coastal / Waterways Protection
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*Manufacturer shall provide certificate for durability of TT bags based on durability tests.
Type-I: Less Severe Installation condition
Type-II: Moderate Installation condition
Type-III: Harsh installation condition
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Table 7: Requirements of Polypropelene / Polyester Multifilament Woven TT bags for
coastal and waterways Protection

SL.
No.

Properties

Test Method

Unit

Minimum
average bag
value (MABV)
Type-1
Type2

Mechanical Properties
1)
2)

3)
4)
5)
6)

Tensile Strength Min
MD
CD
Elongation at designated
tensile strength Max.
MD
CD
Seam strength, min

IS 1969 : Part 1/
ISO 13934-1

55
40

70
60

25
25
50

25
25
60

75

75

N

800
500
700

1500
1300
900

IS 14324

l/m2/s

10

18

IS 14294

µm

75

250

0.5
1.1

2

IS 1969 : Part 1/
ISO 13934-1

Abrasion resistance
Tensile strength retained, Min
Trapezoidal tear strength, Min
MD
CD
Puncture resistance, min

kN/m
Percent

IS 15060 /
ISO 10321
IS 14714

Percent

IS 14293

N

ASTM D 4833

Percent

Hydraulic properties
1)
2)

Water permeability at 100 mm
water head
Apparent opening size (AOS),
Max

Physical properties
1)
2)
3)

4)

Length of geo-textile bag, min
A) Small size
B) Large size
*Width of geotextile-bag, min
A) Small size
B) Large size
Mass of sand filled geo-textile
bag, min
A) Small size
B) Large size
UV resistance after 500 h, min

IS 1954
IS 1954

m
m
0.5
0.7

Electronic
weighing scale

kg

IS 13162 (Part
2)

Percent

*Stitch to stitch distance with a margin of 10 mm from either side
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126
70

1.5
1350
80

Material of TT bags
Geobags shall be made from needle punched nonwoven fabric (Types 1 to 3) manufactured
from ultra violet stabilized Polyester or Polypropylene OR shall be made from Polypropylene
Multifilament Woven Fabric (Type 1 and Type 2) and constituent fibre shall be identified by the
microscopic and confirmatory tests as specified in IS 667; depending upon the end use
requirements and shall conform to the requirements as specified in Table 9 and Table 10. The
geo-textile bags shall be inert to commonly encountered chemicals, resistant to rot and mildew,
and shall have no tears or defects which adversely affect or alter its physical properties.
All property values except apparent opening size and Elongation at designated break
(in case of PP Multifilament Woven Geobag) in these specifications represent minimum
average bag values (MABV). Average of test results from any sampled bag in a lot shall meet or
exceed the minimum values specified in this standard. In case of apparent opening size and
Elongation at designated break (in case of PP Multifilament Woven Geobag), the MABV shall
represent the Maximum Average Bag Value.
Polymers used in the manufacture of geo-textile bags, shall consist of long chain
synthetic polymers, composed of 100 percent by weight of virgin polypropylene or polyester. In
any case recycled polyester shall not be permitted in view of its inherent non uniformity and
substandard quality as compared to virgin polyester fiber. The isophthalic acid content of the
virgin polyester fiber shall be zero. Polypropylene fiber and multifilament yarn in case of woven
generally used is virgin only as it is not recycled. Geo-textile bags shall be dimensionally stable
and able to retain their geometry under manufacture, transport, and installation.
Prefabrication of TT bags
Geo-textile bags shall be prefabricated using UV stabilized PES/PP thread. The geotextile bags shall have seam with double line chain stitches along the edges on two sides with a
stitch density of 20 stitches/dm + 2. The sewing shall be done at a minimum distance of 10 mm
from edges by using a ring spun polyester / polypropylene thread, as the case may be, of linear
density 1500-2500 Denier (167 – 278 Tex) for bags up to 400 g/m2 and of 2500-3500 Denier
(278 – 389 Tex) for bags greater than 400 g/m2. The distance between the two rows of stitches
shall be 5 to 10 mm. Stitch lines on both sides of the bags shall continue beyond the bag’s open
mouth and end in a loose loop of thread of length 25 to 50 mm. The ring spun polyester /
polypropylene thread used for stitching shall be UV stabilized. The stitching shall be uniform
without any loose thread or knot.
Geotextile used to manufacture TT bags having double layers both for woven and nonwoven material should conform to the properties listed in Table 8.

45

Table 8: TT Specifications used to manufacture TT bags having double layers

Note: Lay Flat dimensions of the TT Bags given in the table above are maximum preferable
sizes. The Department is free to use site specific sizes lesser than specified values but shall not
exceed the dimensions given in Table 8.
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Table 9: Requirement of PP Rope Gabion

(Bombay Textile Research Association)
Standard sizes of the Gabions (+5%) m x m x m: 1x1x1, 1x1x0.5, 2x1x1, 2x1x0.5, 3x1x1, 4x1x1 with/without partition, lid & slings are
tied together to form a continuous monolithic structure

2.3.3 Installation Procedure

Figure 9 (i): Typical layout

Figure 9 (ii): Bank Protection using Gabion Mattress

Figure 9 (iii): Bank Protection using Gabion Mattress and Gabion wall
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Figure 9 (iv): Bank Protection using TT bag/ cylindrical gabions
The site survey and bathymetric survey for the affected reach, where the geo-textile bag
protection is proposed, may be carried out.
The river bank may be trimmed to achieve the required slope mentioned in the project
drawing. Excavation may be mostly carried out by track mounted excavators. Lighter
excavators may be employed if required.
The excavated earth may be disposed of by tippers/tractors to a suitable distance from the
bank sides, so as to reduce the overburden on the existing bank.
The loose earth residue remaining after the excavation by the machineries may be removed
manually. The slope formation may be given necessary ramming to remove any undulations
and corrected to the desired slope (if required) before the start of installation of the non woven
geo-textile on the trimmed surface. At the bottom and top of the slope, anchor trench or key
shall be prepared as per the required design.
The geo-textile fabric may be laid across the dressed slope over which sand filled geo-textile
bags may be kept.
The geo-textile may be filled at a location preferably higher than the HFL. This may ensure
that the filling process of the bag remains unaffected by the rain and subsequent changes in
the water levels.
The sand used for filling may be transported to the site by dumpers and bulldozers or any
other appropriate mode conducive to the local availability and geographical suitability. The
bags may be supplied to the project in the folded form and packed in bundles. The bags may
be filled with sand by suitable methods. The sand used for filling should posses the technical
specifications of the project.
After the sand filling is completed, the geo-textile bag may be weighed to confirm the desired
weight as per the technical requirements of the project. After confirmation of the weight, the
geo-textile bag may be stitched at the mouth by means of a bag closing machine.
For the sake of easy counting and monitoring the geo-textile bags may be stored in batches
of 100 numbers or any suitable multiple as per the available space at site. The dumping of
geo-textile bags for launching apron may be carried out using the motor boat/barge. The
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motor boat/barge may be positioned at the required location with the help of Total Station
and anchored in position with the help of anchors. The dumping of the geo-textile bags shall
be continued up to the location of the key at the bottom of the slope near LWL.
2.3.4 Quality Control and Assurance
Bags should be fully filled to obtain desired specific weight; bags at site may be closed using
hand held sewing machine than closing by manual sewing; bags should be handled properly
at site to avoid its getting punctured; dumping of bags under water may be done from toe
and proceed towards bank ensuring uniform thickness; regular monitoring and maintenance
of work is necessary to identify weak spots and repairing the same to enhance life of
protection work.
All the current geo-textile polymers are relatively stable under normal temperature ranges.
However, certain changes in mechanical properties may occur in some instances, especially
in relation to stress-strain characteristics. At present, there is no BIS specification for the
procedure of determining the effects of climatic temperature on the tensile strength and
elongation properties of TT.
The manufacturer provides the working temperature range of the geo-textile. The
Department should ensure that the temperature during transportation, storage and handling
of the geo-textile does not exceed its working temperature range.
IS 13162 (Part2):1991/ASTM D 4355 can be referred for standard test method for
assessment of deterioration of TT by exposure to temperature/heat.
Laying of geo-textile bags shall be done under the supervision of the site in charge. Laying
of geo-textile bag under water should be done at least in the presence of concerned
Assistant Engineer. Laying work shall be inspected time to time by the Executive Engineer.
2.3.5 Cost Consideration
The total cost of a riprap geo-textile revetment system will depend on the actual application
and type of revetment selected. The following items should be considered:
Grading and site preparation
Cost of geo-textile bags
Cost of placing geo-textile bags, including special considerations for below water placement.
Bedding materials, if required, including placement
To determine cost effectiveness, Benefit Cost Ratios should be compared for the riprap geotextile system versus conventional riprap granular filter systems or other alternatives of equal
technical feasibility and operational practicality. A sample calculation for construction of bank
pitching in geo-textile bags is presented below:
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Estimate:
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2.4 Use of TT tubes in flood management works
TT tubes are basically containment systems in tubular forms filled with locally available
sand which are formed in-situ on land or in water to protect shore and marine environments. It is
in tubular shape made of geo-textile and is generally filled with sand or dredged material. These
tubes are generally about 1 m to 3 m in diameter, though they can be customized to any size
depending on their application. Today, geo-textile tubes ranging in diameters from 1.5 m to 5.0
m are used in many coastal and flood protection applications. Earthen embankments are
constructed for Flood Protection. Availability of good quality earth is a major bottleneck in
ensuring the quality of embankment. Embankment quality can be substantially improved by the
use of TT tubes. Use of TT tubes also provides enhanced security against breach and hence
reduces investment on anti-erosion measures. TT tubes are very effective in breach closure
without back shifting.
Quite often, conventional construction techniques will not allow dikes or levees to be
constructed on very soft foundations because it may not be cost effective, operationally
practical, or technically feasible. Nevertheless, TT tube-reinforced dikes have been designed
and constructed. TT tubes used in those dikes alleviated many soft-ground foundation dike
construction problems because they permit better equipment mobility, allow expedient
construction, and allow construction to design elevation without failure. Embankments
constructed on soft foundation soils have a tendency to spread laterally because of horizontal
earth pressure acting within the embankment. These earth pressures cause horizontal shear
stresses at the base of the embankment which must be resisted by the foundation soil. If the
foundation soil doesn’t have adequate shear resistance, failure can result.
2.4.1 Design of Embankments using TT Tube
The cross section of the embankment made using Geo-textile tube is to be designed as
per usual earthen embankment. The Geo-textile tubes are placed in the core of such
embankment generally in a pyramid shape. As with ordinary embankments on soft soils, the
basic design approach for reinforced embankment is to design against failure. To successfully
design a dike on a very soft foundation, three potential failure modes must be investigated:


Horizontal sliding and spreading of the embankment and foundation.



Rotational slope and/or foundation failure.



Excessive vertical foundation displacement.

The geo-textile tube must resist the unbalanced forces necessary for dike stability and must
develop moderate-to-high tensile forces at relatively low-to moderate strains. It must exhibit
enough soil fabric resistance to prevent pullout (circumferential stress). The geo-textile tube
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tensile forces resist the unbalanced forces, and its tensile modulus controls the vertical and
horizontal displacement of dike and foundation. Adequate development of soil-geo-tube friction
allows the transfer of dike load to the geo-textile tube. Developing geo-textile tube tensile
stresses during construction at small material elongations or strains is essential. In addition,
potential creep of the reinforcement must also be considered. Because the most critical
condition for embankment stability is at the end of the construction, the reinforcement only has
to function until the foundation soils gain sufficient strength to support the embankment.
The cross section of the embankment made using Geo-textile Tube is to be designed as per
usual earthen embankment. The Geo-textile tubes are placed in the core of such embankment
generally in a pyramid shape. Double layer of sheets of woven textiles is also used for added
UV protection for a prolonged life and sufficient abrasion resistance
Design Steps
The following is a step-by-step procedure for design of reinforced embankments.
STEP 1Define embankment dimensions and loading conditions
A. Embankment height, H
B. Embankment length
C. Width of crest
D. Side slopes, b/H
E. External loads
1. Surcharges
2. Temporary (traffic) loads
3. Dynamic loads
F. Environmental considerations
1. Frost action
2. Shrinkage and swelling
3. Drainage, erosion and scour
G. Embankment construction rate
1. Project constraints
2. Anticipated or planned rate of construction
STEP 2 Establish the soil profile and determine the engineering properties of the foundation soil
A. From a subsurface soils investigation, determine
1. Subsurface stratigraphy and soil profile.
2. Groundwater table (location, fluctuation)
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B. Engineering properties of the subsoils
1. Undrained shear strength, cu, for end of construction
2. Drained shear strength parameters, c’ and Φ’, for long-term conditions.
3. Consolidation parameters (Cc, Cr, cv, σP’)
4. Chemical and biological factors that may be detrimental to the reinforcement C.
Variation of properties with depth and areal extent.
STEP 3 Obtain engineering properties of embankment fill materials
A. Classification properties
B. Moisture-density relationships
C. Shear strength properties
D. Chemical and biological factors that may be detrimental to the reinforcement.
STEP 4 Establish minimum appropriate factors of safety and operational settlement criteria for
the embankment. Suggested minimum factors of safety are as follows
A. Overall bearing capacity: 1.5 to 2
B. Global (rotational) shear stability at the end of construction: 1.3
C. Internal shear stability, long – term: 1.5
D. Lateral spreading (sliding): 1.5
E. Dynamic loading: 1.1
F. Settlement criteria: dependent upon project requirements
STEP 5 Check bearing capacity
A. When the thickness of the soft soil is much greater than the width of the embankment,
use classical bearing capacity theory : qult= γfillH = cuNc; Where Nc, the bearing
capacity factor, is usually taken as 5.14 – the value for a strip footing on a cohesive soil
of constant undrained shear strength, cu, with depth. This approach underestimates the
bearing capacity of reinforced embankments.
B. When the soft soil is of limited depth, perform a lateral squeeze analysis.
STEP 6 Check rotational shear stability.
Perform a rotational slip surface analysis on the unreinforced embankment and foundation to
determine the critical failure surface and the factor of safety against local shear instability.
A.

If the calculated factor of safety is greater than the minimum required, then
reinforcement is not needed. Check lateral embankment spreading (Step 7).

B.

If the factor of safety is less than the required minimum, then calculate the required
reinforcement strength, Tg, to provide an adequate factor of safety where
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STEP 7 Check lateral spreading (sliding) stability.
Perform a lateral spreading or sliding wedge stability analysis
A.

If the calculated factor of safety is greater than the minimum required, then
reinforcement is not needed for this failure possibility.

B.

If the factor of safety is inadequate, then determine the lateral spreading strength of
reinforcement, Tlsrequired. Soil/geosynthetic cohesion, Ca should be assumed equal
to 0 for extremely soft soils and low embankments. A cohesion value should be
included with placement of the second and subsequent fills in staged embankment
construction.

C. Check sliding above the reinforcement.
STEP 8 Establish tolerable geosynthetic deformation requirements and calculate the required
reinforcement modulus, J, based on wide width (ASTM D 4595) tensile testing.
Reinforcement Modulus: J = Tls/Є geosynthetic
Recommendations for strain limits, based on type of fill soil materials and for construction
over peats, are:

STEP 9 Establish geosynthetic strength requirements in the embankment’s longitudinal direction
(i.e. direction of the embankment alignment).
A.

Check bearing capacity and rotational slope stability at the ends of the embankment
(Steps 5 and 6)

B.

Use strength and elongation determined from Steps 7 and 8 to control embankment
spreading during construction and to control bending following construction.

C. As the strength of the seams transverse to the embankment alignment control
strength requirements, seam strength requirements are the higher of the strengths
determined from Steps 9A or 9B.
STEP 10 Establish geosynthetic properties.
A. Design strengths and modulus are based on the IS 13162 (Part 5):1992/ASTM D
4595 wide width tensile test. This test standard pewits definition of tensile modulus in
terms of: (i) initial tensile modulus; (ii) offset tensile modulus; or (iii) secant tensile
58

modulus. Furthermore, the secant modulus may be defined between any two strain
points. Geosynthetic modulus for design of embankments should be determined using
a secant modulus, defined with the zero strain point and design strain limit (i.e., 2 to
10%) point.
B.

Seam strength is qualified with ASTM D 4884 test method, and is equal to the
strength required in the embankment’s longitudinal direction.

C. Soil-geosynthetic friction, Φsg, based on ASTM D 5321 with on-site soils. For
preliminary estimates, assume Φsg= 2/3Φ; for final design, testing is recommended.
D. Geo-textile stiffness based on site conditions and experience.
E.

Select survivability and constructability requirements for the geosynthetic based on
site conditions, backfill materials, and equipment.

STEP 11 Estimate magnitude and rate of embankment settlement- Use conventional
geotechnical procedures and practices for this step.
STEP 12 Establish construction sequence and procedures.
STEP 13 Establish construction observation requirements.
STEP 14 Hold preconstruction meetings- Consider a partnering type contract with a disputes
resolution board.
STEP 15 Observe construction.
Geo-textile tubes fabric undergoes several stress cycles during its installation as well as
during its life cycle. Theoretically the tube fabric is subjected to maximum stresses, both in
circumferential and axial, directions at the time of filling. The Geo-textile skin of the Tube and it’s
component parts should have adequate tensile strength to resist the various forces generated
during filling as well as during the life time of the structure. The required Ultimate Tensile
Strength of the Geo-textile Tube Fabric is: [Tu]c>= FS [Tu]c
The FS must account for factors such as TT Tensions, Creep, seam factors and Durability.
If any specific analysis is not undertaken a minimum FS of 4-5 shall be applied.
2.4.2 Specification of TT tube used in Embankment
Once the design strength requirements have been established, the appropriate geosynthetic
must be selected. In addition to its tensile and frictional properties, drainage requirement,
construction conditions, and environmental factors must also be considered.
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Geo-textile tube strength requirements: The most important mechanical properties are
the tensile strength and modulus of the reinforcement, seam strength, soil-geosynthetic
friction and system creep resistance.
Drainage requirements: The geosynthetic must allow for free vertical drainage of the
foundation soils to reduce pore pressure buildup below the embankment. Pertinent geosynthetic
hydraulic properties are piping resistance and permeability. It is recommended that the
permeability of the geosynthetic be at least 10 times that of the underlying soil. The opening
size should be a maximum to reduce the risk of clogging, while still providing retention of the
underlying soil.
Environmental considerations: For most embankment reinforcement situations, geosynthetic
have high resistance to chemical and biological attack, therefore, chemical and biological
compatibility is usually not a concern. However, in unusual situations such as very low (i.e., < 3)
or very high (i.e., > 9) pH soils, or other unusual chemical environments such as in industrial
areas or near mines or other waste dumps, the chemical compatibility of the polymer in the
geosynthetic should be checked to ensure it will retain the design strength at least until the
underlying subsoil is strong enough to support the structure without reinforcement.
Constructability requirements: In addition to the design strength requirements, the geo-textile
tube or geo-grid must also have sufficient strength to survive construction. If the geo-textile tube
is ripped, punctured or torn during construction, support strength for the embankment structures
will be reduced.
Geo-textile tubes should be made of high-tenacity polypropylene yarns which are woven
into a stable network such that the yarns retain their relative position. These geo-textile tubes
are often filled hydraulically with slurry of sand and water, although many other fill materials may
also be used. Each fill port may consist of a Geo-textile sleeve having a length of at least 1.5 m
and a circumference slightly greater than that of the filling pipe. Sometimes double layer of
sheets of woven textiles may also be required in consideration of added UV protection for a
prolonged life and sufficient abrasion resistance. The length of tube is generally 20m and
diameter is 3 m. Other sizes can also be manufactured based on site specific requirement. The
diameter of the Geo-textile tube should be minimum of 2.75m and maximum of 4m. Unit weight
of the material should be more than 330 gm/sqm.
Based on work taken up in past, the geo-textile tubes should be constructed to meet the
dimensions, type of materials and properties mentioned in following tables (Source: Handbook
for Flood Protection, Anti Erosion and River Training Works, FMO, CWC):
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Table 10: Dimensions for Geo-textile tube
Property/Parameter

Units

Values

Geo-textile tube length

M

20

Geo-textile tube diameter

M

3

Filling port length

M

2

Filling port diameter

M

0.5

Filling port spacing

M

5

%

60-70

Seam strength efficiency
(=>)

Table 11: Type of fabric for geo-textile tube
Property

Reference for

Units

Values

Test Method
Polymer

IS:667

virginity

Poly propylene/PET

Roll dimensions (LxW)

n/a

m

100mx5m

Structure

n/a

n/a

Woven
multifilament
both warp
directions

Weight per unit area

ASTM D 3776

gm/m

2

with
yarn
in
and
weft

>=330

Table 12 : Properties for geo-textile tube
Properties

Marginal

#

Reference
Test Method

for

Value
Mechanical Properties
Tensile strength (Warp/Weft)(=>)
Elongation at designated peak tensile
load
(Warp/Weft)(<=)

80/70 KN/m

IS 1969(Part 1):2009

25%/25%

IS 1969(Part 1):2009

Trapezoid tear strength Warp/Weft) (=>)

1600N/1400N

IS 14293:1995/
ASTM D 4533

Puncture
Strength(=>)

800 N

IS 16348:2015/
ASTM D 4833

Hydraulic
properties
Apparent opening size(<=)

250 microns

Permeability(=>)

18 l/m2/s

IS 14294:1995/
ASTM D 4751
IS 14324:1995/
ASTM D 4491
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2.4.3 Installation Procedure

Figure 10: Typical layout
Fill Material - Material for filling the geo-textile tube tubes for coastal and riverine applications
will normally consist of fine sand dredged from a designated borrow site. Suitable material for
filling the tubes will contain not more than 15 percent fines (percent by weight passing the No.
200 sieve) to minimize subsidence of the tubes after filling. If excessive fines are observed
during the filling process, the contractor should divert the flow until more suitable borrow
material can be located. If the fill material is known to be primarily organic and/or fine-grained
material, repeated fillings may be required to reach the design elevation of the tube.
Considerable care must be taken to avoid overstressing the geo-textile tube and inducing creep
strains and excessive distortion. This type of fill material is not suitable for designs where the
primary objective is a specified elevation.
Fill Gradation - Gradation testing of hydraulic fill materials shall be conducted in accordance
with ASTM D 422. Samples shall be obtained from the dredge discharge pipe immediately
before inserting the pipe into the fill port. At a minimum, one gradation test shall be performed
for each 1000 linear feet (300 m) of fill tube. Extremely large tubes may require more frequent
testing. Also, additional testing may be warranted at any time that visual inspection of the sand
fill materials indicate that the percentage of fines may exceed the requirements presented
herein. The sand gradation report tests shall be carried out prior to start of the filling of the tube
and post completion of filling of tube. This sieve analysis may be carried out in situ also, and
gradation curves should be made available readily to monitor the fill materials.
Tube Foundation - The foundation for the placement of the geo-textile tube and its scour
apron(s) shall be smooth and free of protrusions which could damage the geo-textile tube.
Remnant timber piles, piers, footings, underground utilities, etc., at or below grade, shall be
removed if located within 20 feet (6.0 m) of the project site. Weak or unsuitable foundation
material shall be removed or stabilized.
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Tube Alignment - Tubes used in coastal and riverine applications normally require alignment
within 600 mm of the baseline. The alignment can be facilitated by a number of methods, e.g.,
earthen cradles, tie-down straps, or physical buttressing. The filled tubes shall have an effective
height of 150 mm of the specified elevation. Effective height is defined as the height from the
existing tube foundation to the average top of the filled tube measured every 7.0 m along the
length of the tube between fill ports. Any subsidence of the top elevation of the tube below the
specified height shall be corrected by supplemental filling or, if the tube has been damaged,
replacement of the tube. Filling tubes higher than the manufacturer's recommended height can
lead to failure during construction.
At no time shall construction equipment be operated directly on the geo-textile tube or its
ancillary materials. Filled geo-textile tubes and scour aprons can be traversed if 300 mm
minimum of soil is covering the geo-textile. No hooks, tongs or other sharp instruments shall be
used for handling. The geo-textile tube or scour apron shall not be dragged along the ground.
Tube Anchorage - The main geo-textile tube and scour apron shall be deployed along the
alignment and secured in place as necessary to assure proper alignment after filling. No portion
of the tube shall be filled until the entire tube segment has been fully anchored to the foundation
along the correct alignment and pulled taut. Tolerance for deviation from the alignment shall be
plus or minus 600 mm. Means of assuring that the tubes are properly aligned within the
specified tolerances, shall be incorporated into the placement methodology presented in the
Plan of Construction.
Tube Overlaps - Tubes shall be overlapped at end joints or butted together so that there are no
gaps unless permitted otherwise in the Plan of Construction. Beneath the geo-textile tube, the
ends of each geo-tube scour apron shall be overlapped a minimum of 1.5 m. The effective
height of the tube structure at the overlap is typically 80% of the specified height. This equates
to 300 mm drop in effective height at the overlap for a 1.8 m high structure.
Tube Filling - After completing the deployment and anchorage of the geo-textile tube, filling with
sand from the borrow area shall be accomplished in accordance with the approved Plan of
Construction. The discharge line of the dredge shall be fitted with a "Y-valve" to allow control of
the rate of filling. The Y-valve system must be fitted with an internal mechanism such as a gate,
butterfly valve, ball valve, or pinch valve to allow the contractor to regulate discharge into the
geo-textile tube. Any excess discharge shall be directed away from the tubes toward the borrow
area. The discharge pipe shall also be fitted with a pressure gage as an aid to monitor pressure
within the tube. The gage can be attached to the discharge pipe continuously or only at times
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when excessive pressure is obvious. It should be noted that internal pressure and stress on the
tube fabric can vary along the length of the tube; therefore stress failure of seams and fill ports is
not precluded by simply monitoring discharge fill pressure. Discharge pressures at the tube fill
port shall not exceed 35 kPa. As a rule of thumb, dredged discharge pipes should be limited to
250 mm diameter and smaller. This is due to the fact that as dredge discharge size increases;
the flow rate being delivered by the pump increases greatly, increasing the potential for
overstressing the tube. Dredge discharge pipes below 150 mm are often too small to adequately
fill the tube to the proper height. Fill ports are sleeves sewn into the top of the geo-textile tube
into which the pump discharge pipe shall be inserted. Ports are typically 300 to 450 mm in
diameter and 0.9 to 1.5 m in length. Ports are spaced along the top of the tube to provide
access to the installer. Spacing is usually no closer than 7.6m to accommodate sand slurry but
can be as far apart as 30m for some viscous fill materials. After pumping, ports are to be closed
by tying, sewing or gluing shut. After filling the tube the port sleeves shall be closed and
attached to the main tube in a manner sufficient to prevent movement of the sleeve by wave
action. Fill ports are fabricated from the same geo-textile as the main tube.
The dredge discharge pipe shall be free of protrusions that could tear the fill port. It is generally
accepted practice to support the dredge discharge pipe above the fill port in a manner which
reduces stress on the fill port seams.
Excessive movement of the dredge discharge pipe during filling can result in damage to the fill
port. If a diffuser is used at the end of discharge pipe, it should not extend beyond the outside
diameter of the discharge pipe. It is good practice to fill long tubes from multiple ports along the
length of the tube. This reduces stress on the fill port and reduces the risk of sand bridging
which can cause local stress on the fabric.
After filling the tube, the port sleeves shall be closed and attached to the main tube in a manner
sufficient to prevent movement of the sleeve by subsequent wave action or other disturbances.
External Tube Backfilling - If the tube is not to be externally backfilled, the areas should be left in
a neat and properly graded manner. In case the design of the Structure requires provision of
armour layer, with stones and/or sand over the installed Geo-textile tubes, a substantial
protective covering of Geo-textile materials (Non-Woven, Needle punched, minimum 600gsm)
should be provided in the between the existing filled Geo-textile tubes and the stone armour
layer. In any case it is to be ensured that the Geo-textile tube shall not be directly exposed to UV
radiation or else sufficient protective measures are to be adopted
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Height to Width Ratio - The height to width ratio of the fully deployed tube shall not exceed a
value of 0.5. The height to width ratio is an indicator of the stability of the tube in coastal and
riverine applications. The design engineer should evaluate stability with respect to sliding,
overturning, bearing, global stability, and overtopping of waves and associated wave forces.
2.4.4 Quality Control and Assurance
Since implemented construction procedures are crucial to the success of reinforced
embankments on very soft foundations, competent and professional construction inspection is
absolutely essential. Field personnel must be properly trained to observe every phase of the
construction and to ensure that the specified materials is delivered to the project, the geo-textile
tube is not damaged during construction and the specified sequence of construction operations
are explicitly followed. The Quality assurance plan has to be provided and reviewed. The Quality
assurance plan should contain the following:
Material specification requirement and checks during manufacturing and fabrication
of tubes- specification of material should confirm as per the provisions above. Site material
storage and handling and checks as per particular site requirement - transportation, Storage and
Handling of TT should be in accordance with the guidelines. Installation Checks as per particular
requirement/ field Inspection & laying of geo-textile tubes - laying of geo-textile tubes shall be
done under the supervision of the site in charge. Laying of geo-textile tubes under water should
be done at least in the presence of concerned Assistant Engineer. Laying work shall be
inspected time to time by the Executive Engineer.
All the current geo-textile polymers are relatively stable under normal temperature
ranges. However, certain changes in mechanical properties may occur in some instances,
especially in relation to stress-strain characteristics. At present, there is no BIS specification for
the procedure of determining the effects of climatic temperature on the tensile strength and
elongation properties of TT. The manufacturer provides the working temperature range of the
geo-textile. The Department should ensure that the temperature during transportation, storage
and handling of the geo-textile does not exceed its working temperature range. ASTM D 4355 is
for the measurement of deterioration of TT by exposure to UV light & not by heat
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2.4.5 Cost Consideration
The cost analysis for a geo-textile tube reinforced embankment includes:


geo-textile tube cost– including purchase price, factory prefabrication and shipping



Site preparation– including clearing and grubbing and working table preparation.



geo-textiletube placement– related to field workability with or without a working table.



Fill material–including purchasing, hauling, dumping, compaction, allowance for
additional fill due to embankment subsidence.

Following is a sample of the cost incurred per kilometer construction of a typical embankment
constructed using geo-tubes. Basic price of geo-textile tube of dia 2.5 m and length 25 m has
been taken as Rs. 3 lakh per tube. The prices shown are indicative only and may not represent
the actual prices.

Example of Cost of construction of geo-textile tube-embankment/km length
Design Assumptions:
Length of embankment

=

1000

m

Top width

=

5

m

R/S slope

=

2

:1

C/S slope

=

3

:1

Average height of embankment

=

5

m

Base width

=

30

m

Average cross sectional area

=

87.5

m2

R/S slope length

=

11.2

m

C/S slope length

=

15.8

m

Considering 1 over 2 Geo tubes of dia 2.5 m
and length 25 m as core of the embankment,
nos. of geo tubes

=

120

Nos

Volume of slurry in one geo tube

=

123

m3

=

492

m

=

328

m

Considering above assumptions

Total length of pile , assuming 4 piles @ 25 m
c/c 3 m above the ground, for profiling
Total length of pile , assuming 4 piles @ 25 m
c/c 2 m below the ground, for profiling
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Estimate:
Item of Work

Quantity Unit

Rate
(Rs.)

Amount
(Rs.)

13,500

m3

58.31

7,87,136

2 Earth work in embankment by
truck 72,768
carriage in all kinds of soils excluding
sandy rocky soil free from roots and
vegetation and filling in uniform layers not
exceeding 22.50 cm thick including cutting
and clearing light jungles and trees any
etc. .(1000*87.5) (rates as per analysis no.
10.1.2).

m3

275.11

2,00,19,192

3 Supply and transportation of geo-textile
tube with requisite qualities

120

Nos

3,00,000 3,60,00,000

4 Filling and laying of geo-textile tubes

14,732

m3

246

3,6,24,107

5 Turfing with grass sods of largest possible 26,992
rectangle of 12 mm thickness placed
closely including dressing earth, pegging,
ramming and watering till the grass grows
for a lead upto 90 m and all lifts complete
as
directed
on
both
slopes
(1000*(11.2+15.8)) (rates as per analysis
no. 10.1.3)

2

m

8.11

2,18,792

6 Collection and supply of boulders/gravel
from approved quarry free from dust dirt
and any foreign materials (1000*5*0.15)
(rates as per analysis no. 10.1.6).

750

m3

537.75

4,03,310

7 Spreading of earth stack over the crest and 750
in uniform layers not exceeding 30 cm
thick (1000*0.15*5) (rates as per analysis
no. 10.1.4)

m3

45.98

34,486

1 Earth work in grabbing the seat (0.45 m
deep trench) of the embankment by
removing the sludges/ undesirable, foreign
materials and refilling the same with
selected soil (1000*30*.45). (rates as per
analysis no. 10.1.1)

Total

6,10,87,023

Add 1.5% contingency

9,16,305

Grand Total

Rs

6,20,03,328

(Source: Handbook for anti erosion flood protection & river training works, published by
FMO, CWC)
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2.5 Use of TT in erosion control
2.5.1 Scope
This standard prescribes guidelines for installation of TT for permanent erosion control in hard
armor systems. It does not apply to other types of geosynthetic erosion control materials such
as turf reinforcement mats.
2.5.2 Surface Preparation
The slope or bank shall be graded smoothly and be free from obstructions, depressions and soft
pockets of material by clearing vegetation, large stones, limbs, stumps, trees, brush, roots and
other debris. The surface shall be compacted. Any pockets of soft soil shall be removed and
replaced with compacted earth material to provide a consistently uniform and strong, stable
surface. Remove all sharp objects and large stones.
NOTE –Excessive soft spots or voids may be unsuitable for geosynthetic installation.
2.5.3 Deployment of TT
1) Unroll the TT directly on the prepared soil. It shall not be exposed to ultra-violet (UV)
deterioration for more than one week in case of untreated TT and for more than 30 days in case
of UV protected and low UV susceptible polymer TT. The TT shall be placed parallel to small
ditch and stream alignments and perpendicular to lake or ocean shores to minimize the
exposure of the TT to current or wave uplift.
2) Secure the TT in place using 15 to 45 cm steel pins, pointed at one end and fitted with 40 mm
metal washer at the other end or staples. Longer pins are advisable for use in loose soils. The
pin spacing dependent on slope shall be as follows:
Slope

Pin Spacing, mm

Steeper than 1 V over 3 H

600

1 V on 3 H to 1 V on 4 H

900

Flatter than 1 V on 4 H

1 500

3) Do not drag the TT or mishandle in any way. Loosely place the TT without wrinkles or folds
and with no void spaces between the TT and the surface so that it does not tear. Lap or sew the
TT at the ends and sides of adjoining sheets as specified by the construction drawings or by the
Engineer. Successive sheets of TT shall be overlapped a minimum of 500 mm with the
upstream sheet overlapping the downstream sheet in order to provide continuous erosion
protection.
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4) When used for wave attack or cut and fill slope protection, the TT shall be placed vertically
down the slope and the upslope strips shall cover the downslope strips. In case of slopes, place
the TT with the machine direction oriented up-down. Stagger the overlaps at the end of the
strips at least 1 500 mm. The TT shall be anchored at its terminal ends to prevent uplift or
undermining. For this purpose, key trenches and aprons are used at the crest and toe of the
slope.
5) When used for stream bank protection, where currents acting parallel to the bank are the
principal erosion forces, place the TT with the machine direction in the direction of the
anticipated water flow. The upper strips of the TT shall overlap the lower strips.
6) On curves, the geosynthetic may be folded or cut to conform to the curves. The fold or
overlap shall be in the direction of construction and held in place by pins, staples, or piles of fill
or rock.
7) If TT are placed under water or in areas where water will flow, a TT material of a density
greater than that of water shall be selected. The TT may be placed with the machine direction
parallel to the direction of water flow. Overlap sheets such that upstream sheet is placed over
the top of the downstream sheet. Adequately secure the TT to prevent slippage. As the TT is
placed under water, place the backfill material on it to the required thickness. Do not place the
TT more than 15 m ahead of the specified cover material.
8) When field sewn seams are required, sew field seams with polymeric thread consisting of
polypropylene or polyester and as resistant to deterioration as the TT being sewn. Use a colour
of thread that contrasts with the TT being sewn so that the stitches are exposed for inspection
when the TT is placed. Seams shall meet the testing requirements given below:
a) Use two rows of lock type stitching, to make the seams. The two rows of stitching shall
be 12 mm apart with a tolerance of ± 6 mm and not cross except for re-stitching.
b) The minimum seam allowance (the minimum distance from the edge of TT to the
nearest stitching shall be:
Flat or Prayer Seam, Type
SSa-1

40 mm

“J” Seam, Type SSn-1

25 mm

Butterfly-folded Seam, Type
SSd-1

25 mm
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c) Obtain the TT manufacturer’s recommendation for the type of seam and stitch to be
used. If the contractor does not obtain and provide this information, use a “J” seam with
at least three stitches per 25 mm. The flat or prayer seam may be used for repair or
damaged in-place TT.
9) Adjacent TT strips shall have a minimum overlap of 300 mm along the edges and at the ends
of the rolls. Specific application may require additional overlaps. Sewing, stapling, heat welding,
or gluing adjacent panels, either in the factory or on site are preferred to lapping only.
10) Prior to covering, the geosynthetic shall be inspected by a certified inspector of the Engineer
to ensure that the geosynthetic has not been damaged during installation. Damaged
geosynthetic shall be repaired or replaced immediately. In case the TT is damaged during
installation, or aggregate placement, a TT patch shall be placed over the damaged area
extending beyond the damaged area a distance of 300 mm, or the specified seam overlap,
whichever is greater.
11) The TT shall be laid at the proper elevation and alignment as shown on the construction
drawings. The TT shall be installed in accordance with the installation guidelines provided by the
manufacturer or as directed by the Engineer. The TT may be temporarily secured in place with
ties, staples, pins, sand bags or backfill as required by fill properties, fill placement procedures
or weather conditions or as directed by the Engineer.
12) Place, spread, and compact granular fill material in such a manner that minimizes the
development of wrinkles in or movement of the TT.
2.5.4 Placement of cover material
The cover material such as armor, riprap or concrete blocks shall be placed in accordance with
accepted practices. For sloped surfaces, placement of the cover material shall start from the
base of the slope moving upward and preferably from the centre outward to limit any partial
movement of soil because of sliding. The drop height shall be held to a minimum and care shall
be exercised to avoid damage to the geosynthetic. If a drop height greater than 100 cm is
anticipated, a heavier, more durable geosynthetic shall be required.
2.5.5 Protection of TT
Protect the TT at all times from ultraviolet (UV) rays, contamination by surface runoff and
construction activities. Traffic or construction equipment shall not be permitted directly on the TT
except as directed. During installation, cover the TT with specified cover material as soon as
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possible. Do not leave in uncovered condition for more than five days, except when used with
temporary, wrap faced, mechanically stabilized earth walls and asphalt overlays. Place the
cover material on the TT in such a manner that the TT is not torn, punctured or shifted. Do not
end dumping cover material directly on TT other than riprap TT.
2.5.6 Inspection
The owner or owner’s representative may randomly inspect TT before, during and after (using
test pits) installation. Any damaged or defective TT (that is frayed coating, separated junctions,
separated layers, tears, etc) shall be repaired / replaced.
2.5.7 Damage Repair
Repair or replace all torn, punctured or contaminated TT during placement of the armor. Clear
the damaged area, plus an additional 1 m around it, of all armor material and cover it with a
patch of the specified TT that extends 1 m beyond the perimeter of damage. The patch should
be placed beneath the damaged TT and pinned. Then carefully replace the armor material.
Where TT seams are required to be sewn, repair any damaged sheet by sewing unless
otherwise indicated on the plans or special provisions, as directed below:
a) Embankment TT–Construct embankment stabilization according to details shown on the
plans. Place the TT layers so that the TT machine direction is transverse to the
embankment centerline. Spread the TT so that all slack and wrinkles are eliminated.
Construct embankment in uniform layers.
b) Riprap Geotextile –Place TT behind and beneath riprap, buttresses, inlays, shear keys and
erosion control applications according to the details shown. Demonstrate to the satisfaction
of the Engineer that the combination of the rock-fill drop height and the thickness of any
aggregate cushion, when specified or required, is adequate to prevent puncturing or
damaging the TT when placing the riprap or stone embankment material, the following
limits shall apply:
Maximum Drop Height, m
Size of Rock

Onto Geotextile Material

Onto an aggregate Cushion Blanket

Greater than 90 kg
90 kg or less

1

1

After placing the riprap, backfill all voids in the riprap face so that the TT is
completely covered and not visible
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2.6 CASE
E STUDIES
udy 1
Case Stu
Project: Emergent Works
W
for the
e Protection of Rohmoria
a Area in Dib
brugarh Disttrict,Assam, India
ment: Water Resources Department, Assam
Departm
Year: Occtober 2011 to April 2012
2
Project Details:
D
Rohmoria, in th
he upper rea
aches of the
e Brahmaputtra River in Assam,
A
isan
n area
most sev
verely affectted by riverr erosion. This area is located abo
out 20 to 30 km away from
Dibrugarh town in the upstream direction of the south bank of Brahmaputra Riv
ver. The area
a has
or the last sixty
s
years a
and more th
han 25 villages had be
een wiped o
out by
witnessed erosion fo
ource Department sugg
gested the use
u of TT B
Bags for the bank protection.
erosion. Water Reso
ght of slope was approx
ximately 5.5m
m. The bankk and bed protection
p
we
ere done with TT
The heig
Bags pla
aced on TT filter
f
layer. Peripheral
P
sttrips of Steel Gabion and PP rope gabions
g
filled
d with
layers off TT bags were placed at regula
ar intervals to impart fu
urther stability to the scour
protection measures.

couring of the
t Banks of
o Brahmaputra
Sc

Cond
dition during
g Flood

P
Placement
o TT Bags
of

Cond
dition after Flood
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Cond
dition after 2 years

udy 2
Case Stu
Project: Installation
n work in connection
c
with the re
epairing pro
otection and
d preservattion /
ening work of
o our existin
ng River Embankment at River Gang
ges near Exxport Jetty arrea at
strengthe
your Jute
e Mill at 19, Mehta Road
d, Bade Kalin
nagar, Budg
ge Budge, So
outh 24 C Parganas to ccheck
soil erosiion.
Departm
ment: Chevio
ot Company Ltd.
Year: 2014
D
The
e Cheviot Grroup of Com
mpanies is located along the River Hooghly,
H
at Budge
B
Project Details:
Budge, 24
2 Paragana
as, Kolkata, and
a West Be
engal. Tidal Bore pheno
omenon occu
urs in the esstuary
zone and
d the intense
e turbulence and the hyd
draulic jump, caused as result had le
ead to dama
age of
the compound wall of Cheviott Jute Mill. Maximum height
h
of th
he tidal borre observed
d was
mately 2.10 m and the velocity
v
wass 7-10 m/s. Tidal Bore occurred on
nce or twice
e in a
approxim
month an
nd condition
n extended for
f a period of 2-6 days occurring o
once each da
ay. The heig
ght of
the emba
ankment to be protecte
ed was appro
d slope 1V:2
2H. The thicckness of syystem
ox. 6 m and
was anallyzed and co
onsidered ass approxima
ately 3 m. TT
T bags and S
Sack Gabion
ns filled with sand
was adopted as unitt for solution
n system. Th
hese Bags were
w
producced from wovven Polyester TT
ons lined witth TT materiial containment system were filled with
w dry sand
d and
material. Sack Gabio
n position. Th
hese were used
u
for prep
paration of fo
oundation ba
ase for the structures.
s
placed in
T Bags, Sa
ack Gabionss, DT Mesh Netting, Ga
abion
The erossion measurres construccted with TT
Mattress effectively functioned
f
protected the
e banks, aga
ainst the tidal bore.
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Site Condition before
b

Installation of Sack Gabio
ons

Installed Sack Gabions
G

Ins
stalled TT Bags
B

G
s
Bank Prottection by Geosystems

TUDY 3
CASE ST
Project: Nourishme
ent/Rebuildin
ng of Spurss & Bank Protection
P
W
Works for Eroding
E
zon
ne of
apur Kulpi, Parganas
P
(so
outh), India
Nischinta
Name off the Departtment: Kolka
ata Port Trusst
Year: De
ecember 2008 to July 20
010
Project Details:
D
Ero
osion of the bank
b
was the observed problem. It w
was known by the tide gauge
g
record as
s per oceano
ography stud
dies of Jadh
havpur Unive
ersity, aboutt the sea is arising
a
at the
e rate
of 3.14 mm
m every ye
ear. Due to the
t rising off sea level and
a high rise
e tides, part of the river bank
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a
80 Sq
q km of land during last 20
2 years. Ho
omes and la
ands washed
d away with water
w
had lost about
and life of
o the people
e was badly affected due
e to the tidess of the riverr.
In order to protect bank
b
from waves
w
and ccurrent, transverse strucctures were proposed which
w
he water awa
ay from river bank. Spurs were the best option to reduce im
mpact of watter on
deflect th
the bankk. As affected
d bank was so long i.e 5
5-6 Km, Kolkkata Port Trust (KoPT) had
h suggestted to
constructt spurs in se
eries to resist the currentt.
Multifilam
ment woven TT, as a filte
er was place
ed with the help
h
of fascin
ne grid. Build
ding of new spurs
& Nourisshment of exxisting spurs
s was done with TT ba
ags made off Polypropyle
ene multifila
ament
woven fa
abric, so tha
at they got almost a permanent
p
bank
b
after ccertain time due to siltation.
Laterite blocks
b
were used to covver and prote
ect the spurss made from TT bag.

TT with Fascine

A
Arranged TT
T Bags

T Bags
Sttitching of TT

Dum
mping of the
e TT Bags

After the
e completio
on of work
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Case Stu
udy 4
Project: Bridge Prote
ection work for River Ya
amuna, Delh
hi Noida toll b
bridge, India
a
ment: Noida Toll Bridge Corporation
C
limited
Departm
Year: De
ecember 199
98 to Decem
mber 1999
Project Details: A Road Brid
dge across the river Yamuna w
was propose
ed by the Delhi
Administration for the Mass Rap
pid Transporrt System. The
T proposed Bridge wa
as about 2Km
m u/s
a barrage and
a
had a w
waterway of 554.4m. Be
ecause of th
he bridge, itt was
of the exxisting Okhla
anticipate
ed that the velocity
v
wou
uld be very high and he
ence the pie
ers of the briidge and the
e bed
had to be
e protected.
The orig
ginal design of the rive
er training works all provided
p
forr massive apron
a
and slope
protection, using 1 m thick stone
es by way off pitching. The
T original ttendered esttimate was about
a
sed to use a single laye
er of 0.5 m thick Gabio
ons. Zinc Co
oated
INR 275 millions. It was propos
a
wire dia
a 3.0 mm were
w
used. T
This resulted
d in reduction of
Gabions of Mesh tyype 10x12 and
5
as compared to con
nventional protection
p
an
nd resulted in
n huge savin
ngs in
Apron thickness by 50%
early INR 13
30 millions)
constructtion costs(ne
n
Solution
The riverr training wo
orks were de
esigned for a design disscharge of 14866 cum/ss and a maximum
velocity of
o 3.3 m/s. The
T solution offered mad
de use of 1 single layer of 0.5 m thiick Gabions. Zinc
Coated Gabions
G
of Mesh
M
type 10
0x12 and wire dia 3.0 mm was used
d.
The decision of Gab
bion and re
eno mattresss was well accepted b
by the Noida Administration,
CWPRS

etc. since there wa
as a reducttion in the apron thickness by 50%
5
againsst the

onal stone protection.
p
conventio
The struccture provess to be stable
e even after 19 years.

During Construction

Afte
er Constructtion
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Afte
er Construc
ction

Installe
ed Gabion Mattress
M

udy 5
Case Stu
Project: Shore Prote
ection of Rivver Mahanad
di, Orissa, India
ation Departm
ment of Orisssa
Name off the Departtment: Irriga
Year: Ma
arch 2003 to
o December 2003
he embankm
ments and the
t
river ba
ank were se
everely erod
ded following the
Project Details: Th
he year 199
99 and it re
equired exte
ensive
devastatiive cyclone which hit the state of Orissa in th
reconstru
uction. The waves, co
ombined witth the velo
ocity genera
ated (2-3 m/sec)
m
had been
instrumental in dislo
odging the existing pro
otection worrk using rip--rap in som
me stretchess and
er stretches..
bamboo piling work in some othe
d launching of prefilled Gabion mattress. In th
he rehabilitattion processs, the
The project involved
e
ts and banks
s had to be reconstructe
ed. The Gab
bion mattres
ss were placced at
eroded embankment
a depth of 20 meterrs under water at a disttance of 12 meter from the bank. The
T
embankkment
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onstructed using
u
locallyy available earth fill co
ompacted to
o 90% of th
he maximum
m dry
was reco
density as
a per Ministtry Of Surfacce Transporrt standards.. The side sllope of the embankmen
e
t was
protected
d with a 0.6m
m thick stone pitching. T
The river ban
nks which w
were at a verry precariouss and
unstable slope were reconstructe
ed. The slop
pe was stabiilized by loose dumping of rocks (rip
p rap)
orm a bank slope
s
of 1:2. Permanent protection o
of the formed
d bank slope
e was
30-40 kg weight to fo
ng a Gabion
n revetment.
done usin

e Filled unitts being lifte
ed
Pre

nder water placement
p
Lowering for un

mpleted Stru
ucture
Com

Installe
ed Gabion Mattress
M
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udy 6
Case Stu
Project: River Training work nea
ar Guide Bun
nd on River Gandak
Nirman Niga
am Limited
Name off the Departtment: Biharr Rajya Pul N
Year: 2013
ng and sudd
den increase
e in discharrge, the river flow
Project Details: Due to limited river openin
e
Gopa
alganj side bank. On th
he banks and
d toe of D/ss Guide bund, tension ccracks
started eroding
were visiible. The sta
ability of con
nstructed guiide bund and the areas lying D/s to
owards Gopa
alganj
were highly susceptible to be washed
w
off and
a
could ha
ave triggered possible channel
c
avu
ulsion.
ank protectio
on measure
es were urg
gently required. Protecction in the form of sttrong,
River ba
mechanic
cally salvag
ged, double twisted co
ore Gabionss were sugg
gested. The
e protection was
terminate
ed with bull head
h
structu
ure near the end to diverrt the flow.

Beforre Construc
ction / Installation of Sa
ack Gabions

Installled Sack Gabions
G
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U
Underwater
r Installed Sack
S
Gabion
ns

udy 7
Case Stu
Project for
f anti ero
osion work to protect sensitive cluster
c
of villages alon
ng left and right
bank of river Sarda in distt. La
akhimpur an
nd Sitapur
ESTIMAT
TED COST:

Rs. 2504 Lakhs
L

2 BENEF
FITED AREA
A:

140 ha.

3 BENEF
FITED POPU
ULATION:

142
285

DESIGN CRITE
ERIA/PARAMETERS
1 NAME OF
1.
F RIVER :

SA
ARDA

2 MAXIMUM
2.
M DISCHAR
RGE:

18500
0 Cumecs

3 H.F.L.:
3.

129.3
34 M

4 SIDE SLO
4.
OPE:

2H:1V
V

5 TICKNES
5.
SS OF PITCH
HING SLOPE:

1.00 M

6 LACEY SILT FACTOR
6.
R

:

0
0.505

PROPOSAL
ng by geoba
ag filled with river bed material for a length of 24
410 m
1. M thick slope pitchin
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2. Laying apron of geo bag filled with river bed material with 8.00 m width and 4.00 m
depth for length 2410 m
3. Laying of 1761 nos. Of porcupine on geobags filled with river bed material @ 60 m
c/c in three row

INDEX MAP

LAY OUT PLAN
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PLAN AN
ND SECTION
N OF PORC
CUPINE PLA
ACING

AN AND SE
ECTION OF GEO BAG S
SLOPE PITC
CHING AND
D LAUNCHIN
NG APRON
N
PLA

PLA
AN AND SE
ECTION OF GEO BAG S
SLOPE PITC
CHING AND
D LAUNCHIN
NG APRON
N
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H DURING FILLING
F
GE
EO BAG
PHOTOGRAPH

T AFTER CO
OMPLETION
N OF PROJECT
BENEFIT
T River go
oes away fro
om bank of vvillage and villagers
v
feels protection from erosio
on.
1. The
2. 100
1 ha agric
cultural land
d reclaimed a
after comple
etion of proje
ect
3. Rs.
R 688.80 Lakhs
L
is savved every ye
ear after com
mpletion of prroject.
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Case Study 8:
PROJECT FOR BANK PROTECTION WORKS IN RIVER GANGA ADJACENT TO
RESIDENTIAL
COMPLEX AT BUDGE BUDGE , KOLKATA
Project Details
There are very few locations around the globe where Tidal Bore occurs, Budge Budge region of
Kolkata is one such location in India where the phenomenon occurs.
The intense turbulence and the hydraulic jump, caused as result of the Tidal Bore, has led to
damage of the compound wall of Caledium Jute Mill.
To mitigate this problem, Cheviot Group of Companies had proposed bank protection works.
The anti erosion works were being implemented in a 100 m stretch along the Ganga river along
the compound wall of jute mill that was identified as highly affected zone.
Key Features of the Tidal Bore Phenomenon
Construction during the Tidal Bore is highly challenging and nearly impossible. Large Tidal
variation is observed to occur in these regions. The funnel shape increases the tidal range and
reduces the tidal duration of the flood tide. Turbulent mixing is generated during the occurrence
of Bore Tide, and the effects of it are felt along the certain distances.

Tidal Bore Phenomenon

Occurrence of the Tidal

Bore
Maximum height of the tidal bore observed was approximately 2 m and the velocity was 7—10
m/s. Tidal Bore occurs once or twice in a month and condition extends for a period of 2-6 days
occurring once each day.
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OT COMPANY LTD
Department: CHEVIO
u
TTBag
gs, Sack Ga
abions, Gabio
on Mattress
Product used:
Quantity:: TT Bags — 9960 Nos, Sack Gabio
ons — 4765
End of co
onstruction: Year 2014

Existing
g damaged Compound
d Wall
Solution
n:
It is impo
ortant to carrryout the co
onstruction planning
p
in order that th
he system sustains
s
in all
a the
worst loa
ading conditions.
The desiign thickness calculation
n of the sysstem shall su
ustain the lo
oad imparted
d from Tidal bore
and this has
h to be do
one during th
he constructtion phase.
Hence th
he focus wass particularlyy on embankkment protec
ction system
m using Geossystems.
The height of the em
mbankment to
o be protectted was approx. 6 m and
d slope 1V:2
2H. The thickkness
m was analyz
zed and con
nsidered as a
approximate
ely 3 m.
of system
TT bag (MacBags) filled with sand are ccommonly adopted
a
as solution forr river hydra
aulics
s. These Bag
gs shall be preferably
p
prroduced from
m woven Polyester TT material.
m
problems
Sack Ga
abions lined with TT material
m
conttainment system which is filled with dry sand
d and
placed in
n position. Th
hese are use
ed for prepa
aration of fou
undation basse for the structures.
Summarry:
Floods th
hat occurred
d during the year 2013, damaged the compoun
nd wall of th
he Caledium
m Jute
Mill. The
e anti-erosio
on works ca
arried out du
uring 2014 got submerrged under water during the
occurrence of the tid
dal bore. The erosion measures
m
constructed with MacBagss, Sack Gab
bions,
h Netting, Gabion
G
Mattrress survive
ed the tidal bore
b
and prrotected the banks. Afte
er the
DT Mesh
occurrence of the lasst tidal bore considerable
e amount off silt deposit was noted.
he Project:
Present Status of th
ect is comple
eted successfully.
The proje
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Sack Gabions

Placed MacBags on the Slope

Case Study 9:
PROJECT FOR CHECK DAM FOR VAMANAPURAM RIVER, TRIVANDRUM, KERALA,
INDIA
Project Details:
The Suryakanthi pump house with infiltration gallery is located at Chettachal in Vamanapuram
river. The water pumped from this source is utilized for the drinking water and irrigation needs of
Peringamala panchayath, Trivandrum. In summer the water level and base flow gets confined to
the central portion of the river thereby reducing the recharging capacity in the infiltration gallery
considerably and resulting in only intermittent functioning of the pump house. This adversely
was affecting the water needs of Peringamala Panchayat as it depended on this source.
Solution:
The Irrigation department, Govt of Kerala, India decided to construct a check dam across
Vamanapuram river in the downstream location of the infiltration gallery. The main purpose was
1) to head up the water upstream of the check dam and thereby improve the recharging capacity
in the infiltration gallery and ensure minimum head required for operating of the pump house. 2)
to recharge the ground water table and to recoup the water level in the nearby wells adjacent to
the structure and solve the problem of water scarcity during dry seasons 3) to trap sand in the
sand mined location upstream of the structure and thereby bring back the geomorphology of the
river to the original river bed profile
One of the specific requirement of the Department was to have an innovative, eco-friendly and
cost effective solution. The proposal finalised was by replacing the concrete structure with
Gabion wall with Geosynthetic Clay Liner across the central portion of the Gabion structure. The
Gabion wall provided flexibility to the structure and MacLine GCL NL20 functioned as an
impermeable membrane preventing water percolation through the check dam. The GCL was
sandwiched between Gabion walls to check the seepage.
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After completion of the check dam the intended purposes were met. The local soil moisture
profile and ground water recharge improved considerably. The water shed structure improved
the water level in the nearby wells adjacent to the structure. Also there was adequate suction
head in the infiltration gallery for pumping and meeting the needs of the Peringamala
panchayath during the severe drought period of 2016. This is one of the first works wherein GCL
has been used as the impermeable layer replacing other measures conventionally adopted.
Department: IRRIGATION DEPARTMENT, KERALA
Products used:GABIONS, MACLINE GCL NL20

Construction of check dam using Gabions and GCL
concrete

Macline GCL placed in between Gabions
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GCL terminated inside

Cross section of 2m high Check dam and protection works

Completed structure with the infiltration gallery in the upstream side (GCL working
efficiently with out seepage through the structure)
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Case Study 10:
BANK PROTECTION FOR RIVER TAPI, SURAT
Tapi flowing in a rift valley parallel to Narmada River gets mainly its water from rain and hence it
is seasonal. During rainy seasons, river flows with high speed causing heavy erosion to the
banks.
Surat being one of the major townships in the banks of Tapi. Therefore, the bank erosion was
considered an important issue concerned to people as well as to the Authorities of Surat. Since,
conventional methods were not able to provide a technically and commercially viable solution to
the heavy erosion problem. The consultant CWPRS recommended use of mechanically double
twisted wire mesh gabions and mattresses.

After Completion
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CHAPTER 3
APPLICATIONS OF TECHNICAL TEXTILES IN DAMS
During last 40 years, use of geosynthetic products has gradually increased to solve civil
engineering problems including those of application in dams. Dams are constructed all over the
world to store large amount of water for irrigation, power generation, flood control, etc. There are
more than 36,000 dams in the world, out of which about 20,000 dams are more than 50 years
old. Most of the dams were constructed during the period when knowledge about dam
construction and technology were in a primitive stage. Now since stringent guidelines have been
developed based on state of art technology, in terms of design, construction and maintenance of
dams; a need arises to rehabilitate most of the dams following a check of their compliance with
current standards. Need for dam rehabilitation also arises due to distresses resulting from
ageing, foundation failure, seepage, heavy floods, earthquakes, etc. In addition to these, for
augmentation of storage capacity, it is necessary to increase height of the dam and thereby
rehabilitate the structure. It is evident from the worldwide usage of geosynthetics for dams in
new construction as well as rehabilitation, that geosynthetics provide long term benefits in terms
of reduced time of construction, reduced maintenance and speedy recovery of cost. A review of
geosynthetic applications for dam strengthening and rehabilitation for embankment and gravity
dams has been presented below.
3.1 Embankment Dams
Embankment dams have served mankind for at least 5,000 years. About 40 percent of
failures in embankment dams are the result of leakage and piping through the dam, foundation,
and/or through abutments. Flood discharge, overtopping and washout are second major causes
of failures and accidents. Slides within the abutments or embankment slopes caused by high
phreatic surface, drawdown of the reservoir, or earthquake are another major cause of failures.
First pioneering application of geosynthetics in embankment dams dates back to the year 1950
where a geomembrane was used as a water proofing element on upstream face of the dam.
Since then several dams have been water proofed using geomembranes. Use of geosynthetics
for other potential applications such as filtration, drainage, erosion control, etc also gradually
increased with the advent of growing awareness and research associated with the products and
their applications. General Cross section of Earthen Dam is shown in Figure 11(i).
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Internal downstream filter
External toe drain filter
Separation of dissimilar materials
For TT, the separation or interlayer function sometimes coincides with the filter function in that
the TT separates a finer material from a coarser material to prevent mixing. This could occur on
the upstream or downstream shell of an earth dam when separating different materials, or
between an embankment and its foundation soils.
Planar drainage
TT are usually associated with geocomposites in planar transmission or drainage. However,
geocomposites are formed by combining geotextiles or geomembranes with a core of geonet.
Typical locations of drains are as follows. Typical locations of drains are as follows:


Upstream face drainage



Internal chimney drain



Horizontal layer drains



Downstream geocomposite drain



Horizontal blanket toe drain

Reinforcement
Both woven and nonwoven (to a lesser extent) TT can be used in the reinforcement functional
application, although geogrids are preferred for economy and tensile strength depending on the
application. This application is particularly suited for rehabilitation of embankment dams,
especially in the raising of dams or in increasing the slope on an existing dam.
Protection
The primary application for the protection function is placement of a TT against one or both
sides of a geomembrane designed as the hydraulic barrier. The TT protects the lining system
from damage before, during, and after construction. This function is best served by a thick
nonwoven needle punched TT or TT composite (woven/nonwoven composite).

Table 12 Different types of geotextile suitable to varied functions
Function

Geotextile type

Filtration





Nonwoven needlepunched continuous filament (Polyester and
Polypropylene)
Woven monofilament

Drainage




Nonwoven needlepunched staple fiber (large mass/unit area)
Composite
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Separation




Woven Slit Film
Nonwoven needlepunched staple fiber and continuous fiber

Reinforcement




Woven monofilament
Woven slit film

Protection



Nonwoven needlepunched staple fiber and continuous filament

Erosion Control




Nonwoven needlepunched stable fiber and continuous filament
Composite

Applications of TT in earth dams and few case studies are discussed below.
3.1.2 Seepage Prevention through Upstream Face and foundation
Seepage through dams and foundation is the most common cause of its deterioration and
structural damage. Geosynthetic products viz. Geomembranes, Geosynthetic clay liners and
Geocomposites have been widely used to minimize seepage in dams. Geomembranes are
placed on upstream face of dams, to prevent water infiltration and degradation of dam material.
They are installed in vertical strips of 2 to 4 m wide, so as to cover entire upstream face of the
dam. For protection, a thick TT is placed beneath the geomembrane and subgrade material.
Also, there is a risk of leakage through geomembranes due to damage or deterioration causing
infiltration of water in between spaces of geomembrane and the dam face. Infiltrated water can
cause undue uplift pressures or piping in embankment dams. As such it is essential to drain out
the infiltrated water and discharge it on downstream side. The drainage is achieved by providing
a layer of freely draining TT or geonets beneath the geomembrane barrier. The geomembrane is
also externally protected from atmospheric agents by superposition of a cover layer, like
concrete slabs, precast concrete elements, TT-reinforced gunite, etc.
Stability of geomembrane underlain by TT (geomembrane+geotextile), thus installed on
upstream face of an embankment dam, depends on the frictional resistance between geotextile
and underlying subgrade material. It is considered that geotextile+geomembrane system should
not be the primary defense against dam failure. Stability of embankment slopes should be
analyzed for all load combinations considering as if the geotextile+geomembrane did not exist.
This is especially applicable for rapid drawdown case where the material underneath
geotextile+geomembrane could be saturated from leakage. Differential deformation between the
upstream face fill and intake and outlet structures may be large and can induce tension in the
geotextile+geomembrane, which should be taken care of in design.
A geomembrane was first used as waterproofing element of a dam in 1959 at Sabetta
dam, Italy (Fig.12). This rockfill dam, 32.5 m high, has performed successfully to date. Two
93

o a polyisob
butylene ge
eomembrane
e (each 2 mm
m thick), w
were installe
ed on the 1V:1H
1
sheets of
upstream
m face of the dam durin
ng initial co
onstruction. The
T
geomembrane she
eets were placed
over rein
nforced conccrete slabs and
a
protecte
ed with bitum
men impregnated cardb
board covere
ed by
concrete slabs. In 19
997, it was decided
d
to in
nitiate rehabilitation of th
he dam and some samples of
p
ene geomem
mbrane were
e taken. Labo
oratory test results indic
cated that ge
eneral
original polyisobutyle
behaviou
ur of the geo
omembrane was
w still goo
od (Fig.12).

Figure 12(i) :Sabetta Dam, Italy

amples of Geomembra
G
ane
Figurre 12(ii) : Sa
extra
acted 38 ye
ears after co
onstruction in
Sabe
etta Dam, Ita
aly

S
Since
then, rehabilitation
r
n of number of embankment damss has been carried outt with
geomembrane waterproofing. Few
F
significa
ant example
es include Mast
M
dam, California, 1963;
amp Dam, 1983; Go
oronyo Seccondary Da
am, 1987; Mucone Dam,
D
1987; etc.
Gold Ca
Geomem
mbranes havve also been used whe
ere heighten
ning the dam
ms was und
dertaken. Pa
actola
dam, US
SA, a zoned embankme
ent dam (67.0 m high) with
w clay core constructted initially in
i the
year 195
56, was heig
ghtened by about 6.0 m using an HDPE
H
Geom
membrane as
a water pro
oofing
element (Fig.13).
New
w Embankment
Geomembrane
166 ft

Exxisting Clay Coore

1 Heighte
ening of Pac
ctola Dam, USA
U
Figure 13:
A a part of the Telugu Ganga Projject two sub
As
bsidiary rese
ervoirs were
e proposed to be
created by
b constructting two eartthen bunds in Cudappah district of Andhra Pra
adesh. The bunds
b
were founded on highly pervious
s strata and the seepage
e that was exxpected to occur
o
through this
94

pervious foundation was arrested by providing cut off trenches (CoT), about 15 m deep. After
site visit and perusal of the design drawings, it was felt that the base width of the cut off trench
needs to be checked in view of highly pervious strata in the foundation.
Seepage analysis indicated that high hydraulic gradients existed in the cut off trench
yielding a very low factor of safety against piping. In order to reduce the hydraulic gradient below
unity, an increase in the base width of the cut off to the order of upto 17 m (for Bund C) and 26
m (for Bund D) was required. Further analysis indicated that the base width could be restricted
to 6 m if a geomembrane on the upstream slope of the cut off is incorporated (Fig.9). As such,
the seepage path within the CoT (Cut Off Trench) was increased by partly widening the base
width of CoT and partly by providing Geomembrane on the upstream face of the cutoff. As the
bunds were under construction, application of geomembrane was found to be an easy and cost
effective method as compared to any other alternative. Graded sand filter or TT filter was also
proposed on the downstream side of the cut off to avoid migration of soil particles.

3.1.3 Filters and Drains
Zoned embankment dams are constructed with adequate drains, filters and cutoff trench.
Conventionally, filters and drains are constructed with naturally available materials such as
sand, gravels, etc. However, Geosynthetics are presently gaining attention for their application
to replace conventional filters and drains. Few of such applications are discussed below.
Predominant function of a TT, when used in embankment dam is likely to involve
filtration. Filtration is establishment of a stable interface between fine soil and coarse soil or TT,
when the interface is subjected to flow of water. Migration of soil particles causing piping or
erosion failure is controlled in earthen dams using filters. A filter should prevent excessive
migration of soil particles, while at the same time allowing liquid to flow freely through the filter
layer. Filtration is therefore summarized by two apparently conflicting requirements.
a) It must retain soil, implying that the size of filter pore spaces or openings should be
smaller than a specified maximum value; and
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b) It must be permeable enough to allow a relatively free flow through it, implying that the
size of filter pore spaces and number of openings should be larger than a specified
minimum value.
Granular filters are conventionally used in embankment dams. TT perform the same
function, but there are differences in their nature and action that should be considered when
replacing granular filter with a TT. Advantages / Disadvantages of using TT as filters in
embankment dams are given below.
a) TT often have better uniformity than granular filters. TT are subjected to manufacturing
tolerances under factory conditions, while granular filters are subjected to the natural
variability of soils and segregation during placement.
b) TT rely on their extensibility and strength to remain continuous during placement and
subsequent deformation. They can tear or rip during placement or when subjected to
concentrated displacement such as at a crack on downstream face of a cohesive core.
TT are much thinner than typical granular filters and are therefore inherently less
conservative.
The first application of a TT filter in embankment dam was in 1970 at Valcros dam in
France, 17 m high. Polyester (PET) nonwoven geotextile filters were used around the
downstream gravel drain and also under rip-rap. Performance of the dam and extensive
investigations clearly demonstrated effectiveness of TT filter. A constant trickle of clean water
with seepage rate of less than 0.1 liter/hr/m2 for about 35 years was observed and no leakage
was ever observed through downstream face after installation of TT filter.
After this pioneering application, TT have been used worldwide as filters in various
locations within embankment dams, both for new construction and rehabilitation purposes.
However, many of these uses have been in non-critical locations within dams, where
examination and repair is relatively easy. The possible applications of TT as filters in dams are
listed in Table 12. Few examples of applications of TT as filters and drains in earth dams are
shown in Fig.15.
Table 13: Possible applications of TT as Filters in Embankment Dams
Location of TT in dam section





Downstream slope protection
Downstream surface drains
Upstream slope protection
Temporary internal drainage

Purpose
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Control erosion by rainfall
Removal of surface seepage
Control of erosion by wave action
Dissipation of excess pore pressure

 Upstream internal fill boundary
 Downstream internal interface – no
continuous flow
 Downstream internal fill boundary –
continuous flow

during construction of wet fills
 Prevention of migration of fills in
upstream direction
 Prevention of migration of fills in
downstream direction
 Prevention of internal erosion,
including effects of concentrated
flow in cracks

Figure 15: Applications of TT as Filters and Drains in Embankment Dams
Infiltrated water in the dam body can cause undue uplift pressures or piping in
embankment dams. As such it is essential to drain out infiltrated water and discharge it on the
downstream side safely. Function of drains is to draw the zone of saturation away from
downstream face of embankment. Conventionally, naturally available freely draining materials
such as sands and gravels are used as drains in earthfill dams. Geosynthetic applications
involve replacing these conventional materials by TT, geonet or geodrains. TT filters and drains
are used in embankment dams as a replacement or in combination with conventional materials
for chimney drains, horizontal drains, vertical drains, etc.
In case of embankment dams that exhibit seepage through their downstream slope,
construction of drainage system in downstream zone is required. Solution to this consists of
using a geocomposite drain (GCD) made up of TT, placed on entire downstream slope or only
on lower portion of it and covered with backfill. GCD must be connected with toe of the dam with
outlet pipes or with a drainage blanket. This technique has been used at Reeves Lake dam in
United States, 13 m high, which was repaired in 1990 by placing a GCD on downstream slope
of 1V:2H.
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For new construction, first application of TT as chimney drain was at Brugnens earth
dam, in France, 11 m high, constructed in 1973. The TT used was of thick Polyester (PET)
needle-punched nonwoven type.
Geosynthetics have been used as a substitute or in combination with natural drains in
dams. A number of situations exist for potential use of TT in earth dams for drainage
applications. Few are shown in Fig. 16. Dashed lines in the figure show various locations of TT
used in zoned earth embankments. For drainage applications Geocomposites are being
extensively used. Compressibility of geocomposites is low; as such they are suitable when
drainage under high overburden pressure is required. A geocomposite shaft drain (including a
nonwoven TT draining core between two nonwoven TT filters) has been used instead of
granular drain for construction of a number of homogeneous earthfill dams.

Figure 16: Possible locations of TT in Zoned Earth dams
3.1.4 Protection of other geosynthetic layers
In many embankment dams, geomembranes are used as upstream water barrier to
prevent seepage. In all these cases, a thick TT is placed on one or on both sides of the
geomembrane to protect it from damage by adjacent granular layers. For example, at Codole
dam in France, 28 m high, constructed in 1983 and also at Jibiya dam in Nigeria, 23.5 m high,
constructed in 1987, two thick TT were placed on both sides of the PVC geomembrane (Fig.17).
In both dams, lower TT was factory-bonded to the geomembrane. Similar technique could be
applied for rehabilitation purposes. For example, at Goronyo secondary dam in Nigeria, 13 m
high, constructed in 1982 and rehabilitated in 1987, two different layers of TT were laid, both
having a protection function. Lower TT, bonded in factory to the geomembrane, was glued to
original bituminous concrete facing, while the upper TT was independently placed between PVC
geomembrane and cast-on-place concrete cover layer.
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geosynthetics in order to reinforce bituminous concrete layers incorporated in embankment
dams revetments.
3.1.5.1 Types of Reinforced Soil Dams
Reinforced soil dams can be classified into two groups viz. homogeneous fill type and
zoned fill type (Fig.18). Zone reinforced soil dams can be further classified as impervious
upstream shell type and central impervious core types.

Figure 18(i) : Homogeneous Fill
Reinforced Soil Dam

Figure18(ii) : Zoned Reinforced Soil Dam

Few case histories of use of soil reinforcement in embankment dams are described
below.
Geosynthetics, with reinforcement function, have been used for dam heightening. This
technique has been used at Davis Creek dam in the United States. The dam, constructed in
1990, is 33 m high. Its upper part consists of a steep geogrid-reinforced down-stream slope.
Two types of HDPE (High Density Polyethylene) geogrids were adopted: six layers (each 5 m
long) of geogrids were used to provide adequate deep-seated stability and 19 layers (each 2 m
long) were used to give adequate near-surface stability.
The first Reinforced soil earth dam was constructed in Bimes valley, France. The height
of the dam was 9.0 m with vertical downstream face using precast concrete facing units (Fig.19).
Another example is that of L’Estella dam in Estella, USA with height of 29.5 m (Fig.20).

Figure 19: C/s of Vallon des Bimes dam

Figure 20: C/s of L’Estella dam

100

The Taylor Draw Dam on white river in USA is the largest and most complex dam built
using reinforced soil technique. The dam is 380 m in length and consists of two sections: toe
embankment section from each abutment and a central section of reinforced earth which
supports the spillway (Fig.21). The wing walls are also built of reinforced earth.
Earth dam at Lake Sherburne, USA is a good example of use of geosynthetics for dam
heightening purpose. This dam is 60 years old with height of 26.0 m. In 1983, the dam was
topped with a reinforced soil wall of 7.3 m width and 350.0 m long, increasing the reservoir
storage capacity of about 200 Mm3 (Fig.22). It was also established that use of reinforced soil
system for increasing the dam height was 35 % less expensive than other methods of dam
heightening.

Figure 21: C/s of Taylor Draw Dam, USA

Figure 22: New section of earth dam
at Lake Sherburne

Vaalkop Dam near Brits, South Africa was raised in 2007 using reinforced soil wall on
the crests of dam’s earth embankments. Spillway of the dam comprised of 27 m high concrete
gravity structure and was flanked by a 520 m long and 1260 m long earth embankments on left
and right flanks respectively. It was concluded from studies that to increase the spillway
capacity, the main embankments needed to be raised by 1.42 m. Options of raising the
embankment height using soil reinforcement technique was preferred over construction of
concrete parapet wall. Apart from cost consideration, the soil reinforcement technique was
chosen on the basis that it would accommodate settlements and therefore the overall stability.
Gcuwa Dam near Butterworth, South Africa comprised of a 251 m long earth
embankment with maximum height of 18.5 m and an ogee shaped concrete gravity spillway on
right flank. The dam was to be rehabilitated to increase its flood handling capacity. Raising the
embankment crest by means of reinforced soil wall with 2.5 m and widening the spillway with 6
m was recommended. The embankment crest of Kromellenboog Dam, South Africa was raised
in 2009 using Reinforced soil earth wall. The dam comprised of a 485 m long earth embankment
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with a height of 20.5 m. This technique of dam heightening using geosynthetic reinforcement will
surely have an important development in coming years.
Reinforced soil technique is also used for strengthening existing dam section. In
Jamesville dam, USA which was 100 years old was restored using this technique. Stability of
this dam was improved by adding a reinforced soil earth zone of height 15.0 m. The reservoir
storage capacity was also increased by 80 lakh m3. For rehabilitation of Rietvlei Dam near
Pretoria, South Africa the spillway was to be widened and height of non-overflow section was to
be raised by 3 m. Design for the raised wall required that there be an amount of flexibility in the
completed structure and it was found that reinforced soil technique was ideally suited for this
purpose.
3.1.5.2 Design considerations for Reinforced Soil Dams:
On upstream side, design of reinforced soil dam is analogous to conventional earth dam
with respect to slopes required for embankment. However, for downstream slope the situation is
different. Stability of a dam and spillway depends on following two factors: Computing slope
stability of upstream slope against failure and computing internal downstream stability of
reinforced earth volume. Stability of reinforced earth volume must be considered for two
conditions:
 Normal operating conditions
 Saturated condition in which the dam ceases to be water tight and drains become clogged
or pore pressure in highly impervious soil is not dissipated
Resultant of internal and external forces and effective vertical stress within the fill for each
level of reinforcement is determined for various loading conditions. The resulting horizontal
stress and interstitial pressures determine the required tensile stress in reinforcements. Pullout
resistance of reinforcements in the zone of resistance is checked taking into account effective
vertical stress due to weight of the dam and a friction coefficient which depends on depth and
whether or not the fill is saturated.
Similar to conventional earth dams, seepage occurs through reinforced soil earth dams.
However, the slope of seepage line in reinforced soil earth dam is usually steeper than
conventional earth dam with same conditions, because the base width of a reinforced soil dam
is smaller than a conventional earth dam (Fig.23). As such in a reinforced earth dam, hydraulic
head (dh/dl) is high. This causes an increase in seepage flow and seepage velocity which
increases the driving force acting on soil particles in the dam. As such for any soil particle the
value of seepage force should be less than the value of resistance force with appropriate factor
of safety to avoid occurrence of unstable conditions.
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Figure 23: Comparison of seepage line in conventional earth dam and reinforced soil
earth dam of equal height
3.1.6 Surfacial Erosion Control
Geosynthetics have been used to control surfacial erosion caused due to atmospheric
agents or due to overtopping of the dam, in a number of embankment dams for rehabilitation
purposes. To prevent the erosion of dam slopes typical techniques such as rip-rap, in which TT
are performing a filter function can be used. The products commonly used to control surfacial
erosion are mainly geomats, geocells, biotextiles, biomats and biocells.
Protection against overtopping represents a crucial aspect of dam engineering. Many
failures of embankment dams have been induced in the past by overtopping, mainly because
the downstream face was not protected. In Australia, about 40 rockfill dams since 1964 have
been protected and reinforced on their downstream side using metallic grids and gabions. In
Moochalabra dam in Australia, 12 m high, constructed in 1971, metallic grids and meshes were
adopted to reinforce the downstream side and to protect the downstream face. The dam had
already overtopped several times, without any substantial damage. Lake-in-the-Sky earth dam
in United States, 10 m high, constructed in 1964, was rehabilitated in 1991 by placing a turf
biomat (reinforced with a geosynthetic) over the entire downstream facing, in order to control
erosion due to overtopping. In the case of the construction of Maraval dam in France a PET
woven TT was adopted to improve the resistance to overtopping, but mainly to perform a
reinforcement function. In the case of rehabilitation of three small dams in United States (Bass
Lake dam, 12 m high, constructed in 1990; Trout Lake dam, 8.5 m high, constructed in 1951;
and Price Lake dam, 9 m high, constructed in 1958), articulate concrete blocks linked by cables
and resting on a TT have been used in 1991 in order to protect the crest and downstream slope
against overtopping.
3.2 Gravity Dams (Masonry And Concrete)
A number of concrete dams constructed in the first half of the 20th century have been
rehabilitated because they suffered from deterioration of the concrete facing leading to heavy
seepage. Few of TT applications and case histories are described in subsequent paragraphs.
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3.2.1 Seepage prevention through upstream face
In the last 25 years, geomembranes were used to rehabilitate approximately 40 large
concrete and masonry dams, in order to reduce leakage. The first dam in which a geomembrane
was used for waterproofing rehabilitation was Lago Baitone masonry dam in Italy, 37 m high,
constructed in 1930 and rehabilitated in 1971 using a polyisobutylene geomembrane, 2.0 mm
thick.
The most popular rehabilitation technique, developed in Italy and used in about 25
applications around the world, consists of fastening a PVC (polyvinyl chloride) geomembrane to
metallic ribs anchored in the upstream face. Usually the PVC geomembrane is thermocoupled in
factory to a PET (polyester) nonwoven TT (thus forming a geocomposite membrane liner GCM). The first large dam rehabilitated with this technique was Lago Nero concrete dam in Italy,
40 m high, constructed in 1929 and rehabilitated in 1981.
3.2.2

Drainage of infiltrated water
Seepage through upstream face of the dam results in deterioration of dam facing. In

most of the rehabilitation cases of concrete and masonry dams, repair to deteriorated upstream
facings is carried out. As a part of this rehabilitation, a thick nonwoven TT is used between the
geomembrane and the dam facing. Number of layers of the freely draining materials viz. TT,
geonets or a combination of both, can be selected based on the quantity of discharge. It is
important that the geosynthetic is connected to a collector pipe at the toe of the dam. In case of
rehabilitation of concrete dams, concrete of dam body, which has been saturated with water
over the years, is allowed to drain. This drainage of water is achieved using a drainage TT, thus
contributing to slow down the mechanism of concrete deterioration occurring due to presence of
water. A lot of concrete dams have suffered the effects of AAR (Alkali Aggregate Reaction),
which is influenced by the presence of water. Some of these dams have been rehabilitated
using the GCM (Geo Composite Membrane) Liner technique.
3.2.3 Protection of other geosynthetic layers
Thick nonwoven TT or geonets beneath the upstream geomembrane cover are used not
only for drainage function, but also for mechanical protection of geomembranes. The first case
reported for a TT as protection of geomembrane was Lago Nero dam in Italy, where a GCM was
used. In some deteriorated zones of concrete upstream face, it was decided to add an additional
TT layer as an extra protection between the GCM and the dam. The first case reported for the
application of an additional geonet performing the same function was Publino dam in Italy, 42 m
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high, constructed in 1951 and rehabilitated in 1989. For this work, a HDPE geonet was used as
protection of the GCM.
3.2.4 Case Study: Rehabiliation of Kadamparai dam, Tamilnadu
Use of Geocomposite as upstream water barrier, the first of its kind in India, was done in
Kadamparai dam, Tamilnadu. Over the years, the seepage rate in Kadamparai dam had
increased well above the acceptable limit, to around 38,000 litres/min. The sources of leakage
were identified as deteriorated contraction joints/cavities between rocks of the masonry facing,
joints between monoliths and foundation rock. Various conventional seepage reduction methods
were carried out, however none of the methods were found to be effective and the leakage went
on increasing.
To cure persistent leakage at Kadamparai earth and masonry dam, application of a PVC
geomembrane on the upstream face had been undertaken. To reduce concentrated stresses
and risk of puncture by very aggressive surface of stone masonry blocks, an anti puncturing
layer consisting of a thick 200 gm/sq.m pure polyester fibre, needle punched nonwoven TT was
mechanically anchored to the face. A water proofing liner in the form of a geocomposite
consisting of flexible PVC geomembrane 2.5 mm thick, heat coupled during extrusion to a
nonwoven needle punched TT of 500 gm/sq.m, was used. Installation of the geocomposite was
performed from special travelling platforms suspended from the crest (Fig.24). Geocomposite
sheets were lowered from the dam crest and positioned on the upstream crest. The PVC
geocomposite was exposed to water and secured to the dam body using special fasteners. At
the bottom, the geocomposite was confined by a water tight double seal.
The total installation of the geocomposite system, covering more than 17,000 m2 of
surface area, was completed in 3 months. The efficiency of the geocomposite was checked by
monitoring the water drained by four separate compartments into which the face drainage
system was divided. The dam is presently at full supply level, rate of leakage being around 30
litres/min. The installation of the exposed PVC geocomposite has more than confirmed the
efficiency of an adequately designed and installed geomembrane system, in terms of being
advantageous alternative to traditional repair systems.
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Figure 24: Rehabilitation of Kadamparai dam, Tamilnadu
3.3 Design Criteria for Reinforcement Function
Providing reinforcement in soil refers to introduction of layers of geosynthetic material
viz. TT or geogrids in the soil mass to improve its shearing resistance. Inclusion of reinforcement
in soil mass allows stabilization of a steep natural slope or construction of embankments with
steep slopes. The mechanism of increase in shear strength of soil by inclusion of reinforcement
is explained below:
The technique of soil reinforcement was developed in early 1960’s by French engineer
Henri Vidal and the patented concept quickly found wide applications in civil engineering
industry. Soil mass deforms when it is loaded in shear. Shearing resistance of soil is due to
frictional contact between soil particles subjected to compressive stress. Both compressive and
tensile strains usually develop in the soil mass when it shears (Fig. 25). When reinforcement is
placed in soil, it develops bond through frictional contact between the soil particles and planar
surfaces of the reinforcement. Deformation in soil causes tensile or compressive force to
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develop in the reinforcement, depending on whether the reinforcement is aligned in the direction
of tensile or compressive strain in soil mass (Fig.25). Studies have shown that soil reinforcement
is effective when it is aligned in a direction of tensile strain in soil so that tensile reinforcement
force (Pr) develops. Horizontal component of this Tensile Force (PrSin) directly supports some
of the applied shear loading whereas vertical component (PrCos) increases normal stresses in
the soil on rupture surface, thereby allowing greater frictional shearing resistance to be
mobilized.

Figure 25(i) : Unreinforced Soil element

Figure 25(ii) : Reinforced Soil element

To date, most Geosynthetic Reinforced Soil Structures have been designed using Limit
Equilibrium methods of analysis. These methods produce safe but very conservative designs.
Whenever a structure or a part of a structure operates at a level equal to any of the performance
criteria, it is said to have reached a limit state. Limit states are divided into two categories;
Ultimate Limit States (ULS) and Serviceability Limit State (SLS). ULS is concerned with safety,
loss of static equilibrium or rupture of either a critical component or the entire structure. SLS are
conditions, or performance criteria, beyond which the functional or aesthetic utility of a
component or the entire structure is lost. Loss of serviceability may be due to deformations in
the ground or deformations in the structure itself.
In order to design a reinforced soil structure, following information is required:
Foundation soil data, Climatic conditions, Load combinations and Design record. Designs based
on limit state approach require identification of suitable calculation models, material properties,
Loads, geometrical data and limiting values of deformations. The calculation models must be
appropriate and based on valid behavioral mechanisms. Design values of material properties
must be assessed directly for particular site conditions or derived from characteristic values
based on field and laboratory test data. All loads, forces and deformations contributing to any
specific Limit State condition are identified. The most adverse loads likely to be applied in the
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structure should be considered in design. Geometrical data must include all levels, slopes and
other dimensional data important to the design and allowances made for variations in these.
Fig. 26 shows a steep slope in a dry cohesion less soil with face inclined at angle ‘βs’ to
the horizontal, where ‘βs’ is greater than the internal angle of shearing resistance. Without soil
reinforcement the slope would collapse, however by incorporation of suitable soil reinforcement
the slope is stable. Soil in the slope comprises two distinct zones, viz. active-zone and the
resistant zone as shown in Fig 26. Without reinforcement the active zone is unstable and tends
to move outwards and downwards. If soil reinforcement is installed across the active and
resistant zones it can serve to stabilize the active zone. Fig.24 shows a single layer of
reinforcement with length Lajembedded in the active zone and length Lej embedded in the
resistant zone. Embedded length (Lej) should be sufficient enough to mobilize enough bond
strength between the soil and reinforcement to resist disturbing forces caused by active zone.
Geosynthetic reinforcing layers are produced from a wide range of polymeric materials,
manufactured in a variety of forms, including TT, sheets, strips, grids, anchors, planks, rope,
chains, vegetation or a combination of these. Majority of reinforcing elements are extensible,
i.e., they have larger strains to rupture than the maximum tensile strain in soil without
reinforcement. Their load-strain properties are time and temperature dependent.

Figure 26: Reinforcement length in active and resistant zones of reinforced soil
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3.3.1 Properties of Geosynthetic Reinforcement
Each reinforced fill type develops unique strength and reinforcement interaction
properties under specified compaction and soil moisture conditions. Cost effectiveness of a
reinforced soil structure depends on the fill and reinforcement type selected. A thorough
evaluation of fill and reinforcement materials is necessary to identify the best possible
combination. Geosynthetic reinforcement, i.e. geogrids or TT, must satisfy both strength and soil
interaction requirements. The strength requirements focus on the Long Term Design Strength
(LTDS) of the reinforcement. LTDS of reinforcement is determined by applying partial factors of
safety to the ultimate tensile strength Tult. Tult is determined by conducting Tensile Tests on the
reinforcing elements in laboratory. Partial factors of safety account for creep, installation
damage and chemical and biological durability.

LTDS 

Tult
RFcr XRFid XRFd

LTDS =

Long Term Design Strength

Tult

=

Ultimate Tensile Strength of Reinforcement

RFcr

=

Reduction factor for creep

RFid

=

Reduction factor for installation damage

RFd

=

Reduction factor for durability

Soil interaction properties include coefficient of direct sliding, Cds and coefficient of pullout Ci.
Cds and Ci are both measures of interaction between the geosynthetic and soil. Value of Cds is
used in calculation of factors of safety involving a block of soil sliding over a geosynthetic layer.
Ci is used to determine the length of geosynthetic which must extend beyond the failure surface
to provide required anchorage to the reinforcement.

Tpull  2 XCi XLX v ' X tan  f

Tpull

=

Pull out strength of geosynthetic

Ci

=

Coefficient of Pullout

L

=

Embedment length of geosynthetic

v’

=

Normal stress on the geosynthetic layer

f

=

Friction angle of reinforced fill material

109

CHAPTER 4
APPLICATIONS OF TECHNICAL TEXTILES (TT) IN CANAL LINING
4.1 Geosynthetic applications in canal lining
Availability of fresh water resources, suitable for human consumption and irrigation, is
limited. Hence, water must be collected, stored in ponds / reservoirs and transported via, canals
wherever it is required. Appropriate planning and design of irrigation projects thus play a key
role in achieving their high equitable performance.
An irrigation system consists of a reservoir, created by construction of a dam and a
network of canals, starting with head-works, main canal, branch canals and major & minor
distributaries. Seepage losses in and around reservoirs, lakes, ponds, etc. are mainly due to
unfavourable geological conditions. Seepage from reservoir or foundation is a serious concern
not only because of water loss but is also a threat to safety of the hydraulic structure. It is
therefore necessary to detect, measure and control seepage through reservoir and foundation
by adopting suitable remedial measures like foundation grouting, cutoff trenches, impervious
blankets and other seepage barriers. Canal seepage losses are generally controlled and
minimized by providing different types of linings.
4.2 Seepage losses in canals
Canals are a major means of transporting and delivering water for irrigation. In India
canal irrigation is about 39% of the total irrigated area. Loss of irrigation water in a canal system,
due to seepage and evaporation, occurs during its conveyance through canal, sub-canal,
distributaries and finally during application in the field. Seepage losses constitute a significant
percentage of the usable water. By the time the water reaches the field, it has been estimated
that the seepage losses are of the order of 45% of the water supplied at the head of the canal.
The estimated loss of water by seepage from unlined canals is listed in Table 14. It is evaluated
that if the seepage loss is prevented, about 6,000,000 ha of area could be additionally irrigated
in India.
Table 14: Estimated Seepage losses in unlined canals
Type of soil
Seepage losses
(m3/day/m2 of wetted
perimeter)
Clay and impermeable
0.08
to
0.11
loamy clay canals
Ordinary clayey loams
0.15
to
0.23
Sandy clays

0.22

to

0.31

Clayey Sands

0.30

to

0.46
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Sandy soils

0.4
45

to

0.53

Sand and gravel mixture
es

0.6
60

to

0.76
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76
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0.91

Gravelly soils, very
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90
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1.83
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(a) Shallow Surface Seepage
Lateral seepage through horizontal pathways is a major cause for canal remediation as it
can lead to perched water tables, soil water logging, degradation and bank instability due to
saturation. Even if water loss is not necessarily high, there can be a major impact on channel
operation and maintenance and the local environment. Estimation of seepage rates is not
always possible, and may be of significance mainly because of its impact on soil conditions,
especially water logging and salinity. Locations can be detected by surface mapping and remote
sensing. Remediation using cut-off walls, trenches and bank lining may be all that is needed and
this is likely to be less expensive than lining of the entire wetted perimeter of the channel.
(b) Vertical Seepage
Where there is no surface expression the geographic extent of seepage is more likely to
be governed by vertical seepage processes and is more complicated to map. However, there
are local and perhaps regional groundwater impacts from seepage, including increased
recharge and rising water table. The assessment of impact of seepage on water table needs to
be taken into consideration of external groundwater flow systems before extensive remediation
is undertaken. For example, in some irrigation areas, existing high water table from regional
irrigation cause land degradation. Remediation might have no effect on adjacent land systems if
high water table is due to external factors that are not altered by canal works. Under conditions
of deep (vertical) drainage, canal works can increase seepage. Examples include deepening of
canals and exposure of potentially high-seepage pathways, or de-silting of the existing canal
and reopening blocked seepage pathways.
4.5 Detection, Measurement and Analysis of Seepage
The assessment of canal seepage is done by mathematical methods i.e, empirical,
analytical and analog and by direct (traditional) techniques viz. seepage meter method
(accuracy ±20%), stream-gauge methods (accuracy ±5% (Hotchkiss, R.H, 2001)), ponding
tests, inflow–outflow method, etc or by using Acoustic Doppler Current Profilers (ADCP) (Kinzli.
K. D, et. al, 2010).Among non-conventional methods, geophysical techniques like electrical
methods (electrical resistivity (Watt and Khan, 2007), electromagnetic and ground penetrating
radar combined with airborne remote sensing technique, self potential method and borehole
geophysical methods (natural gamma, resistivity and neutron logging, etc.), tracer techniques
provides rapid and inexpensive spatially-dense information over large volumes regarding
potential seepage areas of the canal system (Ronald Kaufmann, 2009, Hoffmann and Sander,
2007,), when canal is in full service. But the application of more than one of these techniques is
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required for reducing the ambiguity in interpretation of anomalous features and quantification, as
well. Nowadays, the non-conventional tracer method is being increasingly used as an advanced
and cost effective technique to detect seepage zones, estimate seepage losses, delineate
seepage path and movement of water (Flury. M, et. al, 2003, Moser. H, 1995) because of its
stable and sensitive in nature, easy solubility in cold water and easy detectability at low
concentrations, having water like movement and without degradation during the time frame of
interest (Markus Flury, et. al, 2003, Aeby, P, et. al, 2001). The details of these techniques are
discussed in the relevant chapters.
4.6 Remedial measures - Canal lining
Seepage losses from canals could be effectively minimized by providing an impervious
medium, known as Lining, between the porous soil and the water flowing in the system. Lining of
canals can significantly reduce seepage losses during conveyance. Lined channels have a
smaller surface area for a given discharge than unlined channels. Typically a lined channel will
have 40% of the unlined surface area for a given discharge. Therefore, even at the same loss
rate per unit area there will be a saving of water. The additional cost due to canal lining is rather
a wise investment as the benefits of water saved in terms of additional irrigation, food production
and reduced canal section compensate the cost of lining.
Other possible benefits of lining a canal include:


Water conservation



No seepage of water into adjacent area, prevents water logging



Reduce canal dimensions and reduce maintenance

4.7 Choice of Type of Lining
Before the decision is made to line a canal, the costs and benefits of lining have to be
evaluated. If, decided for lining, a high standard of construction is essential. Without adequate
supervision, poor construction of channels will lead to reduce its life and higher maintenance
costs.
The choice of type of lining depends primarily on the following factors;
Economy: The cost of the lining must be justified by the benefits achieved by its
implementation.
Structural stability: The lining must withstand the static and dynamic forces exerted on it
under variable conditions.
Impermeability: The type of lining chosen must reduce the seepage losses considerably.

113

Durability: The lining must be able to withstand the destructive effect of chemical action of
salts, abrasion due to the sediment transported by the water, Ultraviolet rays due to sun,
moisture changes, destructive effect of weeds, rodents, vandalism, etc.
Reparability: All types of lining get damaged with time so the type adopted must permit an
easy performance of the repair and replacement operations.
Fast implementation: As the implementations of the lining require total or partial
interruption of the canal, types of linings which can be installed within short times have
obvious advantages.
4.8 Types of Canal Lining
The most common types of lining irrigation canals can be classified as:
Hard surface linings
Earth linings
Elastic membrane linings
4.8.1 Hard Surface Linings
Hard surface linings require a sub-grade well compacted in such a way that no settlement will
occur, besides the fact that the surface of the sub-grade be set at the exact elevations and
slopes corresponding to canal profile.
The main problem regarding seepage prevention with hard surface lining is that after
cracking, the seepage can be large; also it increases considerably with time due to deterioration.
According to calculations made with a numerical model, the seepage from a canal whose rigid
canal lining has been cracked to 1% of the lined area, will reach almost 70% of the amount of
seepage in the same canal but unlined (Report on Canal Lining in Haidergarh and Jaunpur
branch canals, Uttar Pradesh).The expected seepage losses from hard surface lined canals are
assumed as 0.05 m3/day/m2 of wetted perimeter (IS: 4745-1968 - Code of Practice for design of
Cross-section of Lined canals).
Types of Hard surface lining
There are eight different types of hard surface lining applied for canal lining.
i)

Gabion Mattress Lining:
This type of lining in achieved by placing stones in mechanically woven double twisted wire
mesh gabions with zinc and polymeric coatings as specified in latest provisions of IS
16014:2018.
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The type of lining is preferable over rigid and conventional linings due to its flexibility,
durability, stabilityagainst differential settlement, high flow currents and flow induced drag
forces.
ii) Boulder Lining / Stone Pitching
This type of lining of canals is achieved by proper placement and packing of
stones, either after laying a filter layer over the soil surface or without filter, depending upon the
site requirement. To reduce the resistance to flow, 20 to 25 mm thick cement plaster is provided
as a finishing surface. Stones are generally placed on leveled sub-grade and hand packed. This
type of lining is suitable where stones of required specification are available in abundance
locally.
iii) Brick / Burnt clay tile / Precast Concrete Tile Lining
Brick lining is very common type of canal lining in India, the probable reasons being nonrequirement of skilled mason for its construction, ample availability of material and cost
effectiveness. Seepage losses from single-brick layer linings in good conditions can be as low
as 0.05 m3/day/m2 of wetted perimeter. But in this type of lining also, as occurs with all hard
surface linings, seepage will increase with time and even reach a much higher rate approaching
the rate corresponding to the canal in unlined condition.Brick tiles can be plastered to increase
its efficiency and durability. Sometimes a layer of tiles is laid over a layer of brick masonry. The
top layer is laid in 1:3 cement mortar over 15 mm thick layer of plaster in 1:3 cement plaster.
In order to further reduce the amount of seepage, 0.5 to 1.0 mm thick impermeable
synthetic geomembrane, sandwiched between two nonwoven TT fabrics can be laid over the
soil and under the hard surface lining. But due to the relatively low friction angles between the
synthetic geomembrane and soil, and between the geomembrane and mortar layer under the
bricks, a 1.5:1 side slope cannot ensure stability of lining against sliding. Due to space
restrictions it not possible to decrease the inclination of the side slope to 2:1 or flatter. As such, 6
to 8 mm thick bitumen (asphalt) layer is sprayed in situ under the lining (Fig 28).
The asphalt should be applied at a temperature between 175°C and 210°C. In order to
prevent the penetration of vegetation into the impermeable asphaltic layer, the soil under the
lining should be cleaned and free from any organic matter including weeds, seeds etc.
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LEGEND:
A

-

B

-

C

-

D
E

-

Sub-grade (compacted, sterilized and
smoothened)
100 mm thick layer of selected local sand
and silt
6 to 8 mm thick impermeable asphaltic
hot-mixed sprayed membrane
1 cm thick 1:4 (cement to sand) mortar
7 cm thick brick

Figure 28 Brick Asphalt Lining
iv) Concrete (Reinforced or Unreinforced)
Concrete, cast in place or pre-cast, with or without reinforcement is a most common type
of lining in irrigation canals. Water losses from seepage in concrete lined canals can be as low
as 0.04 m3/day/m2 of wetted perimeter. Concrete lining can be placed in many ways, including
hand placing by plastering or by using forms and pouring alternate panels or by using
prefabricated concrete elements.
Lining thickness of about 5 to 12 cm is generally adopted for larger canals and stable
side slopes are considered to be between 1.5H:1V to 1.25H:1V. Reinforcement to the extent of
0.1 to 0.4 percent of the area in longitudinal direction and 0.1 to 0.2 percent of the area in the
transverse direction reduces width of the shrinkage cracks, thereby reducing seepage. The
concrete must not be very fluid to avoid it, creeping downward from the sides. On steep side
slopes, formwork is necessary to hold the concrete in place until it sets. Small openings or
expansion joints spaced at intervals of 1.5 m to 3 m are needed for the expansion and
contraction of non-reinforced concrete. These joints are filled with flexible, asphaltic material to
prevent water leakage. For small canals, prefabricated concrete elements can also be used. In
areas where the ground water table is likely to rise above the invert level of the lining and cause
undue uplift pressure, drains are laid below the lining to release water and relieve pressure.
Shotcrete or gunite lining is a cement and sand mixture (consisting of about 1 part of
cement to 2 to 4 parts of sand), with water, applied pneumatically under pressure using a
special nozzle to the canal surface which is to be lined. The lining can be reinforced by means of
a wire mesh, if necessary. The thickness of this type of lining varies from 2.5 cm to 8 cm
according to the design discharge of the canal. If total imperviousness is required, a
geomembrane can be installed before the shotcrete mixture is applied. Shotcrete lining is
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convenient for lining small sections, for repair of old linings and for placing linings around curves
or structures like piers, abutments, etc.
The subgrade material over which the concrete lining is placed should satisfy certain
standards viz. it should not be prone to differential settlements and it should be of non swelling
type. The minimum specifications suggested for backing material are as follows:
Gravel content

< 10 %

Sand content

30 - 40 %

Silt content

45 - 50 %

Clay content

20 - 25 %

Compaction

96 % of standard proctor density, in layers not exceeding 20 cm

Moisture content

OMC ± 1.5 %

Shear
Parameters

2

2

0.2 kg/cm for 25° to 0.5 kg/cm for 2 to 15°

There are few demerits of concrete as lining material like the relative high cost, longer
period of time required for installation and lack of capability to adjust itself to differential
settlement of the underlying soil. Fig 29 shows the concrete lined canal.

Figure 29: View of Concrete Lined Canal
v)

Asphaltic-Concrete Mixture
In order to ensure a high degree of impermeability of the hard surface linings, it is

recommended to spray over the soil surface, before installing the lining, an asphalt mixture in
such a way as to form an impermeable layer. This type of lining consists of a mixture of 6.5% to
8.5% (by weight) of asphalt and cement and selected well graded aggregates passing the 19
mm sieve,mixed hot applied by hand or by means of adequate equipment to form a layer of 5
cm to 10 cm thick which is depending on the design discharge of the canal.
Susceptibility to be penetrated by growth of vegetation and non suitability in areas prone
to high temperature conditions are the major drawbacks of lining with exposed asphaltic material
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vi) Soil Cement and Mortar Lining
A 15 cm to 20 cm thick layer of soil-cement, which is a mixture of 2 to 8 percent cement
by weight and selected soil containing not more than 10% to 35% passing the 0.075 sieve, has
been successfully utilized for canal lining. Although the cost of this type of lining is much lower
than concrete lining, it easily cracks and seepage may start recurring. In order to attain a
satisfactory degree of imperviousness, a synthetic geomembrane or a sprayed layer of bitumen
must be installed under the soil-cement lining.
vii) Concrete filled HDPE Cellular Confinement Systems
Cellular confinement systems are geocells made of HDPE (High Density Poly-Ethylene)
filled with concrete (Fig.30). The thickness of this type of lining can be 5, 7.5, 10, 15 or 20 cm
depending upon the canal discharge, velocity of flow and its degree of turbulence. This type of
lining is more elastic than other hard surface linings and can adjust itself to moderated
differential settlements of the underlying soil. In order to ensure a good degree of impermeability
in this type of lining it is recommended to install a geomembrane or asphaltic layer under the
cellular confinement system.
viii) Concrete filled Synthetic Mattresses
This type of lining consists of a polypropylene, polyester or nylon mattress filled with
concrete under pressure. The thickness of the resulting layer is between 10 and 20 cm,
according to the hydraulic characteristics of the flow in the canal. Also for this type of lining, as
explained for the cellular confinements systems, it is recommended to achieve the desired
degree of impermeability by means of spraying an asphaltic layer over the soil surface before
installing the concrete filled mattress.

Figure 30: HDPE Cellular Confinement System
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4.8.2 Earth Lining
One of the oldest methods for reducing seepage losses is to remove the porous earth
and replace it with soil of low hydraulic conductivity viz. clay material. The clay is moistened and
placed in layers on the bed and sides of the canal. Each layer should be well compacted. Care
must be taken to avoid cracks due to moisture changes. Clay layer can be covered with gravel
for protection against weathering, erosion and mechanical damage. In places where erosion can
occur due to the hydraulic characteristics of the flow, a protective lining must be provided over
the earth lining.
The different types of earth linings used in canals are classified as follows:
Stabilized Earth Linings: The sub-grade is stabilized using either clay for granular subgrade or by adding chemicals that compact the soil.
Loose Earth Blankets: Fine grained soil is laid on the sub-grade and evenly spread.
However, this type of lining is prone to erosion, and requires flatter side slopes of canal.
Compacted Earth Linings: In this lining the graded soil containing about 15 percent clay is
spread over the sub-grade and compacted.
Buried Bentonite Membranes:Bentonite is a special type of clay soil, found naturally, which
swells considerably when wetted. Buried bentonite linings for canals are constructed by
spreading soil-bentonite mixtures over the sub-grade and covering it with gravel or
compacted earth.
Soil-Cement Lining: Cement and sandy soil are mixed and then compacted at optimum
moisture content or cement and soil is machine mixed with water and then laid.
4.8.3 Synthetic Membrane Lining
Synthetic impermeable membrane linings (Geomembranes) can be made either with an
exposed membrane or with a buried membrane. Exposed membrane linings are susceptible to
deterioration due to sun exposure, weed puncture, livestock traffic, maintenance equipment and
vandalism. As such, membranes buried under soil layer are a preferred choice for canal lining.
According to United States Bureau of Reclamation (USBR), characteristics of the soil to be
adopted for covering the geomembrane, should permit attaining high in situ density
corresponding to a compaction of at least 95% Standard Proctor. The surface of soil under the
geomembrane must be free from puncturing objects like stones, sticks, roots, etc. It may even
be necessary to replace the original soil with a layer of clean soil of 20 cm to 25 cm thick under
and over the geomembrane. Instead, or additionally, a non woven TT could be provided. Growth
of unwanted weeds and other vegetation that can damage the membrane should be prevented.
Fig.31 shows application of synthetic membrane lining.
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Figure 31: Synthetic Membrane Lining
According to US Environmental Protection Agency guidelines, for typical conditions
usually met in canal lining works, the minimum requirements of the geomembranes required to be
fulfilled are given in Table 13.
Geomembranes can be made of Polyvinyl Chloride (PVC), Low Density Polyethylene
(LDPE), High Density Polyethylene (HDPE), Flexible Polypropylene (FPP) etc. Since they will be
always buried, their Ultraviolet resistance is not critical (unless exposed to the sun for weeks
during their installation).
i)

LDPE Membrane
Cement concrete cover over LDPE membrane has been used in canals with banks as

steep as 1.3:1 on Ravi Canal (J&K) and 1:1 in Malaprabha canal (Karnataka).The thickness of
LDPE film depends on whether or not it is the primary water barrier constituent of the lining. In
case it is used as a primary water barrier its thickness varies from 150-250 micron and a rigid
cover is provided to protect it against damage and heaving. The rigid cover may also be
provided as the main lining and the film is provided as a secondary lining material. (generally
100 micron film is provided for this purpose).
Table 14: Minimum Geomembrane Requirements for Canal Lining
Geomembrane
Property

Test Method (ASTM)

Minimum
Value

Thickness

D 1593

Standard specification for Non rigid Vinyl
Chloride Plastic Film and Sheeting

0.75 mm

Tensile
(25 mm strip)
Tear

D 882

9.0 kN/m

Puncture

D 4833

Standard test method for Tensile Properties
of Thin Plastic Sheeting
Standard Test method for Tear Resistance
(Graves Tear) of Plastic Film and Sheeting
Standard Test Method for Index Puncture
Resistance of TT, Geomembranes and
Related Products

Impact

D 3998

Test Method for Pendulum-Impact Resistance
of Extrusion Plastometer Extrudates

12 Joules

D 1004
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46 N
140 N

ii) HDPE Membrane
In order to keep the cost of the lining as low as possible (while not compromising on
safety), an HDPE type of membrane is recommended.

According to the US bureau of

Reclamation, the membranes to be adopted should be at least 0.50 mm thick to permit their
seaming by means of welding, and fulfill minimum mechanical and chemical requirements
especially those regarding tear and puncture resistance and seam strength.
The seaming of the geomembranes is made by means of welding with special equipment
and performed under the supervision. Usually, an overlap of about 15 cm is required. Another
consideration must be given to the scour that is expected to occur in the vicinity of structures.
This scour can reach a depth far exceeding the depth of the laying of the geomembrane in the
canal. Therefore, near structures (piers, abutments, cutoffs etc), the geomembrane must be laid
well under the scouring depth.
The advantages of synthetic film lining are:


It proves to be a superior moisture barrier than any other construction material.
Permeability tests conducted on this type of lining showed that a 400 gauge PE film
subjected to a hydraulic head of 3.65 meter has stayed water tight for about 15 years.



By use of membranes, the total time involved in lining work can be substantially reduced,
thus facilitating wider coverage during short closure of canals.



The other advantages include ease of installation and transportation being light weight,
impermeable to liquids and gases, flexibility, resistance to microbiological attacks, etc.
Notwithstanding the above, synthetic film lining has the following disadvantages:
The synthetic film is susceptible to puncturing by uneven soil surface, impact of

construction traffic and equipments, weed growth etc. A layer of sand would help as a leveling
course. Risk of vandalism with regard to the film is high due to lack of awareness amongst
farmers regarding the material and value of water. Also, burrowing by rodents proves to be a
major cause of menace. The easy and practicable solution to rodent menace is laying of sand
layer. Want of specialized equipments and skilled labour for installation and seaming of the
material is another consideration, which to some extent has been overcome due to increasing
use of geosynthetics in India and thereby more number of manufacturers and suppliers coming
up for the products.
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iii)

Geocomposites
Lining Geo-composites are found in combinations of membrane-grid-textile, membrane-

grid or grid-textile sandwiches (Fig 32) which can be used depending on the requirement of the
project. In case of the canal lining systems Geo-composites having HDPE membrane-gridtextile combination is most suitable. The grid eliminates the requirement of graded filter for
drainage resulting in considerable reduction of time and costs and increasing canal capacity of
discharge. The textile layer provided in these composites prevents the fines from interfering with
the drainage path. Geo-composites are used in canal lining system with the water proof
membrane in contact with the cover (required to weigh down the geo composite on the slope)
and the TT is laid against the well graded slope. Geo-composites are available in light weight roll
form which can be easily laid on slopes as well as on prepared canal beds. They have strength
ranging from 6.5 kN/m to 23 kN/m which can adequately resist soil pressure on slopes and
distribute concentrated forces preventing local shear failure conditions from developing.
4.8.4

Geotextile-composite - a special synthetic membrane lining

Geotextile-composite is a specifically designed Geocomposite to meet the drainage and barrier
requirements in structurally demanding water draining applications such as canal lining,
basement constructions etc. Geotextile-composites effectively eliminate hydrostatic pressure
against below- grade structures and aid in dewatering saturated soil by collecting and conveying
groundwater to a drain pipe for discharge.
Geotextile-composite is made of lightweight three-dimensional, high- compressive strength
polyethylene core and heat bonded polypropylene geotextile provided on one side. The other
side of core net is covered with geomembrane to act as hydraulic barrier (Ref Figure ). So it is
composite material made of three different Geosynthetics materials which are:
Core-net: Made of polyethylene
Nonwoven geotextile: Heat bonded geotextile made of yarns having 70% PP and 30 PE
combinations
Geomembrane: Made of polyethylene

122

Geomembrane
Geonet
Geotextile

Figure 32 Geotextile-composite
The Geotextile will allow the subgrade water to enter into the middle Geonet core portion and
will retain the subgrade soil.
The water travelling through Geonet will drain out into main canal through Pressure release
valves.
The Geomembrane face will act as additional impermeable layer apart from concrete layer and
thus further reduce the seepage loss from canal.
4.8.4.1 Advantages of Geotextile-Composite
Geotextile-composites provide cost effective solution over conventional drainage layer in canal
lining. Some of the inherent advantages of Geotextile-composite are:
Extremely cost-effective solution compared to traditional stone drainage layer
Being light and easy to handle, they are quick to install and demonstrate a cost-effective
replacement to conventional materials
Durable and chemical resistant
High flow capacity as compared to conventional gravel drain
Acts as drainage and protection layer due to its high puncture resistance
Provides and maintains high flow paths for water and gases, therefore maintains soil stability
beneath the canal bed and slope
Filtration properties are suitable for most soil types
Highly compressive strength core
Robustness prevents puncturing and tearing during installation
Much more effective than conventional gravel filter which are liable to clogging.
Reduces burden on natural resources by replacing natural / aggregate drains.
Impervious geomembrane layer of geotextile-composite significantly reduces the seepage loss.
Geotextile-composites have strength ranging from 6.5 kN/m to 23 kN/m which can adequately
resist soil pressure on slopes and distribute concentrated forces preventing local shear failure.
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Considering high water table, it shall be difficult to install the graded gravel filter. Whereas
Geotextile-composite can be easily installed even on slopes, especially on sloping sides of
canal.
Table 15: Comparison of Geotextile-composites with Conventional Methods
Property

Conventional Method

Solution with Geotextile- Advantage
composite

Filter

Graded

Drainage

filter

by

of

Geotextile-composite

mixing Geotextile layer at the Better filter function

range of soil particle sizes base acts as filter.

because of controlled

from gravel to silt

quality.

The

drainage

be The drainage net will do A

will

much

thicker

provided by a layer of the function of draining drainage layer can be
granular material which is off

the

with replaced with a thin

water

liable to get clogged over a geotextile layer acting as layer of geocomposite
period of time resulting in a filter which will not performing equal or
better for the required

allow clogging to occur.

decrease in performance.

drainage function.
Impermeability

The impermeability will not Improved impermeability Improved
be able to be maintained will be achieved due to impermeability
throughout

the

of better efficiency

of presence

life

and

structure as concrete is geomembrane which will
act as second layer of

liable to develop cracks.

impermeable

barrier

below concrete lining.
Quality

Material

quantity

and High level of consistency Better and consistent

quality tend to differ along in

quality

and

is quality

the length of the canal due maintained
to construction, sourcing
and human error issues
Ease
Construction

of Construction

would

be Construction is simple as Faster

difficult, especially laying it is very easy to lay the economical
construction

the granular material and Geotextile-composite
slurry seal on the sloping along
banks.
Cost

and

the

beds

and

banks.

The cost of construction is Reduction in excavation, Cost
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effective

and

high due to construction of elimination of gravel bed, faster construction
several elements for the perforated pipe network
drainage

function

and and slurry seal, and ease

difficulty of construction as of
mentioned above.

laying

Geotextile-

composite
lower

results
cost

in
of

construction.
4.8.4.2 Durability of Geotextile-composite
Geotextile-composite comprises of core of extruded Polyethylene net sandwiched between
thermally bonded non-woven geotextile, and geomembrane of low-density polyethylene.
Thermally bonded non-woven geotextile has a unique combination of polypropylene and
polyethylene. The polypropylene yarns are coated with polyethylene sheath.

This unique

combination provides excellent chemical resistance and strength to the geotextile.
Core and geomembrane are made up of polyethylene which again as excellent resistance to
environmental and chemical degradation and weathering. The carbon black content in the
geomembrane allows exposure to sunlight over a period of more than 15 years. However, the
canal shall be lined with concrete lining and thus, the Geotextile composite shall not be exposed
to sunlight for sustained period. As per FHWA – NHI – 00 – 044, polypropylene and
polyethylene have excellent chemical resistance and same is evident from table given below.
Table 16: resistance of polymers to soil environment
Description

Polymers

Soil Environment

HDPE

PP

Acid Sulphate Soils

*

*

Organic Soils

NE

NE

Saline Soils pH<9

NE

NE

Calcareous Soils

NE

NE

Modified Soils (Lime, cement treated)

NE

NE

Sodic Soils, pH>9

NE

NE

Soils with Transition Metals

*

*

NE

=

No effect

*

=

Please see note below
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* Note: Acid-sulphate soils are extremely acidic with pH < 3.5 or even lower. Generally,
presence of pyritic sulphur in excess of 0.5% and containing no alkaline minerals has potential
to produce sulphuric acid. Transition metals such as copper, iron, chromium, manganese and
cobalt affect the service life of polyolefins. However, these metals are rarely present in normal
soils, other than in soil areas developed from mining operations.
Due to their inherent chemical resistance these geotextile-composites manufactured from
polyolefins are widely used in chemically aggressive environment of land fill as part of lining
systems. Literature clearly indicates that polyolefins have a life of over 100 years, when buried
under soil-water environment with pH values ranging from 6 to 9.
4.8.4.3 Specifications of Geotextile Composite for canal lining
It is suggested that the geotextile composite shall meet the minimum strength and other
drainage requirements as listed in table below.
Table 17Specifications of Geotextile-composite for canal lining
S. No.

Property

A

Geotextile

B

Test Method

Value

Apparent Opening Size

EN-ISO 12956

≤150 mm

Tensile Strength

EN-ISO 10319

≥ 8 kN/m

Permittivity

EN-ISO 11058

≥ 100 l/m2.sec

EN-ISO 9864

≥ 410 g/m2

Properties of drainage net
Mass per unit area

C

Impermeable Geomembrane
Water proofing extruded film by polyethylene

D

Property of composite material
Tensile strength

EN-ISO 10319

≥ 16 kN/m

CBR Puncture resistance

EN-ISO 12236

≥ 3000 N

Mass per unit area

EN-ISO 9864

≥ 830 g/m2

Inplane permeability

EN-ISO 12958

Hydraulic gradient

@ 100 kPa

≥ 0.6 l/m.s

(i=1)

@ 200 kPa

≥ 0.55 l/m.s

Thickness of composite material

EN ISO 9863
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≥ 5 mm

4.9 CASE STUDIES
Case Study 1:
Water Use Efficiency Improvement in Canals: Design of TT Liner, Muktsar, Punjab
Punjab Construction & Drainage circle had constructed 6 km long main drain, for draining water,
collected from subsurface drainages from the surrounding water logged areas, so as to maintain
the water table below root zone for agriculture requirements. The drain was constructed in 4.0 m
cutting with bottom width of 2.6 m and side slopes of 1:1. However, since its operation,
sloughing and failure of side slopes of the drain had become regular feature, resulting in local
obstruction to flow and flattening of bed slope of the drain.
Site investigation was carried out to assess the general condition of the surrounding area
of the drain. The average field bulk density and moisture content were found to be 1.95 gm/cc
of 27% respectively.

Dynamic cone penetration tests (DCPT) were carried out to assess

compactness of top strata. The average DCPT values, from ground level up to bed level, were
found to range from 1 to 7 (corresponding SPT value being 0 – 4) and more than 10 for strata
below the bed level of the drain. Disturbed and undisturbed soil samples were collected along
the length of drain by drilling auger holes / trial pits.
The soils from the slope and foundation were classified as Clayey silt (CL-ML) per BIS.
The shear strength parameters from Direct shear tests were c=0.07 kg/cm2 and =60. The
maximum dry density (MDD) and optimum moisture content (OMC) from Standard proctor test
were 1.73 gm/cc and 12% respectively. The corresponding shear strength parameters were
found to be
c=0.19 kg/sq.cm and =180. Slope stability analysis of design slope of the drain and water table
being 2.5 m below bed level indicated the factor of safety of 0.9 as against 1.3.
The slopes of the drain are required to collect the seepage water effectively from the
surrounding water logged area and at the same time maintain stable slopes for proper
functioning as a drain. Fulfilling these objectives, two alternate proposals of the cross-sections of
the drain, were recommended. In the first proposal, the existing loose clayey silt material was to
be excavated from 5 m X 18 m section and the soil to be re-compacted with maximum dry
density (1700 kg/cu.m.) and optimum moisture content (12%) to form a section having with side
slopes of 1:1.5. A layer horizontal filter below the bank level and also vertical filters on both the
banks of the canal are to be constructed along the length of the drain. Slope protection
measures consisting of a non-woven geosynthetic layer was suggested (Fig 33).
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GEOTEXTILE (NON WOVEN)
SAND BAGS

1:1.5
5.0 m
EXISTING BANK
MATERIAL

STONE PITCHING
EXCAVATED &
RECOMPACTED FILL

1:1.5

18.0 m
SAND DRAIN

FOUNDATION

Figure 33: Recommended Solution - First Proposal
In the second proposal, the existing bank is to be redressed to slope of 1:1.5 (V: H) and
a double layer filter is to be provided. Bottom filter would comprise of 0.55 m thick layer of sand
gravel mixture laid over dressed slope. The upper filter layer would consist of a TT filter with a
layer of half filled sand bags of 15 cm thickness on either side of it and a protective layer of
pitching with open joints on the top of cover layer (Fig 34).

UPPER FILTER
RIGHT BANK

GEOTEXTILE
1:1.5
LOWER FILTER

1:1.5

3.0 m

4.0 m

2.5 m

LEFT BANK

2.0 m

BANK MATERIAL
FOUNDATION

2.6 m

Figure 34: Recommended Solution - Second Proposal
Case Study 2:
Project : Doodhganga Canal Lining, Kolhapur, Maharashtra
Department : Doodhganga Canal Division
Year: 2006 to 2012
Project Details: A portion of the canal lined with concrete had failed completely leading to
seepage losses upto 30%. Seepage from the canal was not controlled which has reflected
in water logging of adjoining creek and land areas.
To effectively prevent the seepage losses, geosynthetic lining using 1 mm thick
HDPE geo-membrane was proposed. Nonwoven geo-textile was used along with geomembrane at the top and bottom to protect the geo-membrane from puncturing. At the top,
75 mm thick concrete cover of M10 grade was used to prevent damage and vandalism of
liners and for effective performance of the liner in the long run. After installation of the
geosynthetic liner, seepage from the canal was stopped completely indicating the use of
geosynthetic liner to effectively prevent the seepage of water.
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Solution with Geocomposite:
•Geotextile layer at the base acts as filter.
• The drainage net will do the function of draining off the water with Geotextile layer acting as a
filter which will not allow
clogging to occur.
• Improved impermeability will be achieved due to presence of geomembranes which will act as
second layer of impermeable
barrier below concrete lining.
• High level of consistency in quality is maintained,
• Construction is simple as it is very easy to lay the Geocomposite along the beds and banks.
• Reduction in excavation, elimination of gravel bed, perforated pipe network and slurry seal,
and ease of laying Geocomposite
results in lower cost of construction. Savings in terms of reduction of concrete lining thickness
also adds up. Faster
construction also results in savings in establishment cost.
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• Proper bonding and sealing shall be ensured between the pressure release valves and the
Geocomposite, especially with
geomembranes, in order to prevent any escape of water in between the lining and
geomembranes.
• Permeability of Geotextile is 5 to 10 times the permeability of Soil.
Advantages :
• Better filter function because of controlled quality.
• A much thicker drainage layer can be replaced with a thin layer of Geocomposite performing
equal or better for the required
drainage function.
• Better and consistent quality.
• Faster and economical construction
• Cost effective and faster construction.
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CHAPTER 5
APPLICATIONS OF TECHNICAL TEXTILES IN RESERVOIRS / PONDS
SEEPAGE LOSSES IN RESERVOIRS
A reservoir is a manmade lake that is created when a dam is built on a river. River water
backs up behind the dam creating a reservoir. Seepage losses in reservoirs diminish the volume
of water in reservoirs. The loss of water through reservoir seepage should be considered during
planning and designing a project.
5.1 Causes and Consequences of Seepage
Seepage in reservoirs occurs due to unfavourable geologic conditions such as fractures,
faults, open jointed bed rock, solution cavities, sinkholes in carbonate rocks, unconsolidated
and/or permeable sedimentary rocks, lava tunnels etc. The magnitude of seepage losses in
reservoirs is related to the permeabilities of the enclosing bed rocks.
Severe reservoir leakages have resulted in reservoir abandonment and even dam
failure, in several extreme cases. Filling of reservoirs is followed by water seepage at the
foundation and around the flanks of dam. Water seepage from the reservoir through the dam
foundation beyond acceptable limits is a serious concern as it creates uplift pressures beneath
the dam body. Filtration water losses from reservoir causes swamping in the surrounding areas.
The roundabout seepage gives rise to springs on the downstream slope of dam and within its
surroundings.
5.2 Seepage Measurement
Seepage identification and measurement is often undertaken in situations where there is
a known or suspected seepage problem requiring investigation. After the visual inspection which
is only a preliminary assessment, the site specific parameters that influence the seepage have
to be gathered and mapped. The data that has to be collected includes groundwater depth and
quality, pond dimensions and capacity, evidence of seepage etc. The available data should be
carefully evaluated to develop a conceptual understanding of the seepage mechanisms and to
identify factors that might allow successful measurement. This helps in the selection of a
particular technique that may be the most appropriate.
If mapping of zones of different seepage or potential seepage is required, geophysical
surveys, subsurface methods such as soil and geological profile classification, and both
groundwater and surface observations have to be used. Estimates of the rate for different
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mapped zones can be undertaken using the techniques listed above, once the mapping is
complete. Variable Zones of seepages can be rapidly and cost effectively identified using a
mapping process based on geophysical surveys or remote sensing.
Water balance analysis involves a system-wide analysis of flow data, taking account of
all diversions and inflows (including rainfall and evaporation). In some respects this is similar to
inflow-outflow testing but differs in that it does not focus on one particular section of channel and
is not likely to involve specific testing. The advantage of the regional water balance analysis
method is that it enables an estimate of the magnitude of seepage loss. This may be broken
down into channel or sub-channel sections depending on the location of gauges.
Geophysics is often the preferred technique as it is applicable in a wider range of
situations. Remote sensing also has the potential to rapidly and cost effectively covers large
areas.

In addition, indirect methods include Soil and geological profile classification,

Groundwater assessment (Including water-level monitoring, mathematical modelling and hydro
chemical (tracer) investigations. Each method has its benefits and limitations. However, a
combination of direct and indirect (spatial analysis) methods can provide greater benefits than
either method on its own as it can provide information on both the magnitude and spatial
variability of seepage.
5.3 Seepage Control Measures
Understanding the local geology and finding out sub surface conditions is crucial in
building a strong, water tight reservoir. A thin clay layer overlying gravel or an underlying
limestone can create large passages for water to escape through the rock. To understand the
local geology, trial pits should be excavated across the reservoir site. Detailed geological and
geophysical investigations can also be taken up depending upon what is discovered with the
trial pit excavations. Sites with extremely un-favourable conditions should be avoided as far as
possible.
To control seepage from the reservoir through the dam foundation, it is necessary either
to check or to drain away the seepage water safely, so that the stability and functioning of the
dam is not affected. Measures like foundation grouting, providing cutoff trenches and upstream
impervious blanket can be adopted to control the reservoir seepage.
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5.3.1 Foundation Grouting
The principal objective of foundation grouting is to establish an effective barrier to
seepage, thereby reducing hydrostatic uplift pressure under the structure (Figs.35a & b).
Secondary objectives are to consolidate the rock under the structures thus creating a more
unified and monolithic foundation, reducing the deformability of jointed rocks and control of
potential piping. Grouting is often used as a means of controlling seepage by filling the open
cracks / joints in a rock foundation so that water cannot leak out. Grouting is carried out by
pumping grout (a mixture of cement and water) under pressure into holes drilled into the rock
foundation in order to seal voids, cracks, seams, fissures or other cavities in soils or rock strata.

Figure 35 (a) : Dam Section showing Grout
Curtain

Figure 35 (b) : Typical Layout of a Grout
Curtain

Grouting operations and techniques are not only influenced by the subsurface conditions
but also by the purpose and objectives of the grouting program. Grouting has been effective
many times as a remedial treatment to correct foundation deficiencies or to repair damages. The
type of grouting treatment applied to hydraulic structures are i) Curtain grouting, ii) Area
grouting, iii) Contact grouting, iv) Backfilling boreholes and v) Specialized grouting.
5.3.2 Cutoff Trenches or Walls
A cutoff trench is a trench excavated in the foundation below the dam and backfilled with
an impervious material, such as clay or concrete, to form a watertight barrier.Cut off trenches or
walls are designed to lengthen the seepage path, dissipate reservoir head to reduce exit
gradients at safe levels and reduce the seepage of water from reservoir through the pervious
dam foundation.
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5.3.3 Upstream Impervious Blanket
An upstream impervious blanket immediately upstream of a dam is used to seal the
reservoir bottom and sides thereby reduce seepage quantities and pressures beneath a dam.
5.3.4 Use of Geosynthetics
Geosynthetics prove to be an effective protection against seepage losses when used as
liners in reservoirs. Their low cost, wide spread availability and relative ease of installation make
geomembranes and GCLs more popular for lining architectural ponds, recreational ponds,
agricultural lagoons and potable water reservoirs.
It can be summarized that the most satisfactory and optimum solution to seepage
problem in canals and reservoirs is site specific depending upon varied factors viz. the site
conditions, economy, availability of materials etc. However, with innovation, research and
improved technology; new advancements are coming up for solution to seepage problem in
canals and reservoirs. Adopting these methodologies surely lead to a successful way in
preventing the loss of precious water and benefit the economy.
Specifications of Nonwoven Geotextile, HDPE Geomembrane and Geocell for Reservoir are
given in tables 18, 19 and 20 respectively.
Table 18: Specifications for Non woven Geo-textile
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Table 19: Specifications for HDPE Geomembrane

Table 20:S pecifications for Geocells
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5.4 Case Studies
Case Study 1
KUDANKULAM RESERVOIR, TAMILNADU
A considerable seepage loss was observed from the reservoir basin at Kudankulam in
Tamilnadu. The reservoir had surface area of about 26000 m2 and was made up of 496 m long
earthen bund. The subsoil consisted of 5 m thick sand strata underlain by completely weathered
medium to coarse grained granite strata. Following four alternatives for controlling seepage
through the reservoir base were studied: Clay blanket, Fly ash cement concrete blanket,
Random rubble masonry blanket and use of geomembrane. Based on analysis, the use of
geomembrane was found to be the most suitable option and was suggested (Fig. 36).

Figure 36 : Recommended solution with Proposal I

Case Study 2
POND LINING WORKS - LANJHA, RATNAGIRI
A Taluka located in Ratnagiri district of Maharashtra where the basic occupation of people
being farming and thus required water. The majority of which was lost from the pond due to
seepage being a huge threat to the farmers. Therefore, a requirement to avoid seepage and
to store water for an extended period was needed to be addressed by lining the pond with
an impermeable membrane.
The side slopes of the pond were dressed in a stable inclination of 1V: 1H with a horizontal
beam in between. The slope as well as bed of the pond were lined with a geosynthetic
solution.1mm thick geomembrane intended to act as a hard core impermeable liner. This
geomembrane was lined on a protective layer of non woven TT. To ensure the stability of
liners, safe anchoring was done at the top by providing anchor trenches.
Advantages :
a. Easy handling and installation
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b. Quality assurance and uniformity
c. Cost effectiveness.

After Completion
The installation procedures of Geosynthetics is completed and the structure is serving its
purpose
due to its good seepage control properties, environmental balance and aesthetics. The
technique
and the mechanism both are appreciated by the concerned people.

Case Study 3
LANDFILL PROJECT AT GYASPUR VILLAGE – AHMEDABAD
The City of Ahmedabad faced severe problems related to the diseases caused by
unscientific handling of solid waste. In view of the environmental impacts resulting from
uncontrolled dumping of solid waste, AMC identified a remote location in Gyaspur village for
a landfill site for building a secured Engineered Land Fill.
An HDPE Geomembrane was used having good environmental crack resistance, excellent
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UV resistance making it possible to lay it on exposed conditions also.

The Liner Details:
1.Base Liner DetailBase is compacted. The bottom most layer is of amended clay liner of 900 mm
thick.Amended clay liner is a suitable mixture of bentonite clay & good soil. Above the clay
liner,1.5 mm thick HDPE liner, followed by 300 mm thick protective soil layer, 300 mm thick
drainage layer & 200mm thick soil layer is provided and over this soil layer waste is
dumped.
2.Side Liner Detail The side liner system design is similar to base liner system, except the
drainage layer and the soil layer above it.
3.Top Cover liner Detail Above the waste that is dumped in layers, there will be a 900 mm
thick amended clay liner. On top of this layer there will be a drainage layer of 300 mm
thickness & a vegetative soil cover of 450 mm thickness respectively.

After completion

139

CHAPTER 6
APPLICATIONS OF TECHNICAL TEXTILES IN COASTAL ENGINEERING
In this chapter, the constructional and functional aspects of TT have been highlighted,
and the potential role of various TT products in the domain of coastal protection, coastal
engineering and off-shore engineering has been elaborated with some real-life ventures both in
India and abroad.
6.1 TT tubes for coastal protection
Coastal erosion and accretion are inevitable processes as the coastal sediments are constantly
in motion as an effect of tides, waves, winds, and currents. Human activities such as sand
dredging and harbour construction have been disrupting the continuity of sediment transport and
accelerate the coastline erosion. In addition, climate change, sea level rise, and storm surges
added another layer of complexity to the eroding coasts. Coastal structures are built to prevent
further erosion of shorelines as well as restoring the eroded beaches to their initial phase.
Hence, without coastal protection measures, eroded coastline can ravage the public properties.
Therefore, coastal structures are imperative to protect the environment, ecology, infrastructures,
and economic activities near shore
The conventional coastal structures (i.e., breakwater, groins, revetment, and seawalls)
have been constructed using wood, rock, and concrete. Nonetheless, the recent consideration
of environmental approaches and the limited resources of natural rocks in certain regions led to
an increase in the application of geosynthetics in coastal protection. Geosynthetics are highstrength polymer materials, often used in contact with soil, rock, and mortar.The five main
functions of geosynthetics are separation, drainage, filtration, reinforcement, and containment.
Therefore, for the past three decades, geosynthetics have been used in the construction of
coastal structures to maintain the dynamic equilibrium of coastline
TT tube is one of the geosynthetics structures that are increasingly used in coastal
protection. TT tubes are made from high-strength geosynthetic fabrics that allow the water to
flow through pores while retaining the filling materials. They are widely used for dewatering,
flood control, and coastal protection. TT tube can be used in various conditions as a result of the
low consumption of construction cost and time, requirement of simple equipment, and lowskilled workers. TT tubes are good alternatives for the conventional hard coastal structures.TT
tubes are used as core material, armouring layers, filtering layers, and scour protection for
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different types of coastal structures. However, they have lower resistance to wave attacks.
Specifications of TT material for Geotubes are listed in Table 21.
Table 21: Specifications of TT material for Geotubes

Similarly specifications for needle punched non woven TT bags used for coastal
and waterways protection are listed in Table 22.
Table 22: Specifications of Needle punched Non-woven TT material for Geobags
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The conduction of the coastal protection measures is significantly site dependent as
there are various interrelated and locally diverse parameters. These parameters include
sediment properties, water elevation, wave and current characteristics, geomorphology setting,
protection goals, required intervention level, safety level, and social, economic, and politic
factors. Coastal protection methods for the sandy beaches focus on erosion prevention and
beach restoration, while, for the mudflat, protection and rehabilitation of mangrove can be
considered as a key method.
Application of TT Tubes in Sandy Coasts: Applications of TT tubes in sandy coasts with the
main aim of protecting the shoreline from further erosion were presented through the case
studies of Yucatan’s coast in Mexico and Teluk Kalong’s coast in Malaysia. The utilization
objectives, method, design considerations, and lessons learned from the case studies were
introduced.
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Figure 38: Formation of sand infront of TT tube& stable beach profile at INS Hamla
6.3.1 Present condition after 9 years and possible life of such structures
A beach has been formed on shore after laying of Geo-tubes and the purpose of this pilot
project is serving well. The U.V. resistant Geo-tube is not a permanent structure and need to be
replaced /repaired as and when required. This area is dynamic with wave action and the loss/
gain of beach is expected, as such periodical nourishment of sand is also required to make up
the loss of sand and to stabilize the beach.
6.4 Submerged reefs with TT tubes at Dahanu, Maharashtra
The beach at Dahanu protected by constructing PCC retaining wall with steps towards sea side
to facilitate tourists. The beach is also enhanced by providing beach nourishment. In order to
hold the nourished sand, a series of offshore reefs with sand-filled geo-textile tubes was
constructed in the year 2010-11. A row of 3.0 m dia. Geo-textile tubes were placed with top level
at el. +5.1 (+3.5 m bed level at MSL) & at a distance of about 120 m away from the coast. A
1.0m dia. TT tubes were placed at the toe of the 3.0 m dia. tubes as a scour protection. Series
of TT tubes placed with their top 1.1 m below HHWL is helping in arresting the sand on the
beach (Fig.39). The performance of TT tubes as a nearshore reef is impressive and has served
the purpose.

Figure 39: Photographs of nearshore reef with sand filled TT tubes at Dahanu
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6.5 Groyne field with Geotubes to trap sediment movement
Groynes are normally constructed perpendicular to the shoreline for trapping littoral drift along
the coast and also employed in combination with shoreline protection in order to develop a
beach. These may be either permeable or non-permeable so that portion of the alongshore drift
is trapped on updrift side, thereby causing advancement of shoreline. Groyne field is a system of
series of groynes placed at regular intervals along the beach, which is found to be effective to
protect and nourish a long stretch of coastline. Alignment of groynes is determined at angle
between 90 to 100 degree to shoreline for effective sand trapping.
Coastal protection works in the form of groyne field with Geo-tubes for trapping sediment
have been proposed at Deobag, Dist. Sindudurg, Maharashtra. A conceptual layout of coastal
protection with groyne field consisting of 40m long groynes with 50m spacing on seaside and
parallel geo-tubes on creek side for bank protection have been suggested. A series of groynes
with spacing 50 m and ascending length from north with sand filled TT tubes were planned to
cover about 600 m length of coast to south is shown in Fig.40. The sections of 3 m diameter
sand-filled Geo-tube perpendicular to the shoreline from the mouth of sand bar to northern
portion of beach as shown in Fig.40. The accumulated sand is not uniform, as such, it is
suggested to nourish in between gap of the groyne field by artificial beach nourishment. Few
photos of the groyne field with TT tubes & beach formation are shown in Fig. 41.

Figure 40: Longitudinal and cross-section of sand-filled Geo-tube perpendicular to the
shoreline proposed at Deobag

Figure 41: View of beach formation after construction of the perpendicular sand-filled
Geo-tubes along the shoreline at Deobag
Following points were suggested during the execution of work:
1) TT tube should be filled with suitable sand having appropriate size and particle free from
clayey / silty material as suggested by manufactures.
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2) The sand in the immediate vicinity of the beach area should not be utilized for the filling
of geo-tubes.
3) The sand utilized for filling the Geo-tubes should be have UV resistant capacity.
4) The performance of the groynes with Geo-tubes may be monitored regularly.
5)

It is essential to explore the foundation conditions below the sea bed before placing of
Geo-tubes to confirm the existence of soft/week marine clay etc.

6.6 Sustainable coastal protection with Nearshore-berms with TT containers at Ullal,
Mangalore
An integrated development plan prepared by ADB Consultants for sustainable coastal protection
at Ullal, Mangalore includes i) Construction of two offshore reefs, ii) Construction of nearshoreberms to trap the sediments, iii) Beach nourishment of the Ullal beach, iv) Re-habilitation of
breakwaters to allow more sand movement towards south. The nearshore-berm consists of
stem portion of geo-textile container and roundhead portion with rubbl emound structure.
CWPRS reviewed the design of nearshore-berm with TT containers prepared by ADB
Consultant. Few modifications in the layout plan & cross-sections of nearshore-berm with geotextile containers in view of existing site conditions and feasibility of construction were
suggested. The nearshore berm with different sizes of TT containers and 5 t tetrapods in
roundhead have been suggested considering design conditions. Layout plan, cross-sections of
nearshore berms and formation of beach at Ullal, Mangalore are shown in Fig.42.
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ropes withstand effects of marine environment effectively. As such their use in flexible gabions
has been proposed.
Box type gabions, are widely used for preventing erosion of riverbanks, strengthening
road embankments, channel linings, etc. These are readily available in market. These box type
gabions are fabricated using G.I. wire, with coating of PVC or zinc compound. These boxes are
available in different sizes of 1mx1mx1m, 1mx1mx2m and 1mx1mx3m etc. These boxes are
filled with stones of 20 to 40 kg, and top cover is closed securely with the help of PVC coated
Wires. These boxes weigh from 1.5 t to 4.5 t depending upon the size. These flexible and box
gabions are used in the armour layer by placing them on rubble mound of small (5 to 20 kg)
stones, to construct seawall.

FLEXIBLE
GABIONS

RIGID
GABIONS

Figure 43: Completed Bank Protection Work at Few Sites.

Figure 44: Cross Section of Gabions Seawall at Tithal
The coastline at Tithal, village Kosamba in Valsad was under threat of severe erosion for
past many years. The Damanganga Project Circle, Govt. of Gujarat reported that every year few
meters of the beach is lost and in November 2000 Swami Narayan Temple near the coast was
in danger with only a few meters left separating the coast and seaward boundary wall of the
Temple. It was therefore necessary to provide immediate protection to the temple. In view of
short span available before the onset of monsoon, it was proposed to construct seawall with
flexible gabions. This consisted of use of flexible gabion in seawall as shown in Fig.43. The
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section was tested for breaking waves up to 1.8 m. In both the cases at Udwada and Tithal, the
construction of seawalls was completed speedily as compared to similar seawalls with rubble
stones in armour layer. Moreover, no special machinery like cranes etc. was required for
construction of 'chains' as well as 'Gabion' were formed right at the site with the help of a few
labour.
A layer of geo-fabric filter is provided at the base of seawall in order to avoid leaching of
sand. A 0.15m thick single layer Geo-textile bags/nylon bags filled with sand/stone grit (5mm
size) is provided in bedding layer.
6.8 Applications areas of technical textiles
Moved to Schedule of Rates.
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mattresses can be configured to form a variety of extremely flexible and monolithic structures
like Erosion and scour protection revetments and aprons, various types of hydraulic and coastal
protection structures like weirs, check dams, groynes etc.
In–situ installation of Polymer Rope Gabions requires filling of the Gabion with geo-textile bags
filled with sand and carefully placing in desired position. The polymer Gabions are to be kept in
position initially using a pipe or bamboo frame. . The polymer Rope Gabions are to be secured
by closing the lid and tying it with lacing wire of the same diameter as that used for the Polymer
Rope Gabion. The lacing wire is also used to tie the adjacent Polymer Rope Gabions together,
to form a monolithic structure.
In case of underwater placement, the Gabions are filled up with geo-textile bags as described
above. These are then lifted individually with a crane, with the help of a suitable lifting
arrangement using a frame attached to the slings. The boom of the crane is then extended up to
the required distance and then lowered down to place the gabion under water.

TT bags filled with sand

Placing the filled gabions under water using crane
152

Case stu
udy 2
EXTENS
SION OF EXISTING BRE
EAKWATER
R, CONSTR
RUCTION OF
F BEACH PR
ROTECTION
N
BUND AND
A
GROYN
NE USING GEOTEXTILE
G
E TUBES PETRONET L
LNG LIMITE
ED, KOCHI,
INDIA
T
at Puthuvypeen
P
n, Kochi mee
ets the enorrmous dema
and of natura
al gas
Petronet LNG Ltd. Terminal
er, fertilizers, petro chem
micals and vvarious othe
er industriess in southern
n states of India.
for powe
Berthing of ships at the receivin
ng trestle wa
as facing pro
oblem due to accumulation of enormous
he trestle zone. The a
amount of money
m
and time spentt on dredgin
ng of
amount of silt in th
ated silt in the vicinity of
o trestle wass huge. So, the main ob
bjective of th
he project was
w to
accumula
provide lo
ong term solution for achieving requ
uired tranquility at the LN
NG Jetty, red
duce siltation
n and
protect beach
b
from erosion. Sccope of worrk included construction
n of Beach Protection B
Bund,
Groyne and
a extensio
on of existing
g rubble mou
und Breakwa
ater using G
Geosystems.
ater was pla
anned to be
e extended towards
t
sea
a by about 500m
5
Existing rubble mound breakwa
eotextile Tub
bes to reduc
ce the siltattion in the LNG
L
basin. A Protection
n Bund of le
ength
using Ge
about 50
00m was planned Using Geotextile T
Tubes and Geotextile
G
Bags at theba
ack of LNG basin
to preven
nt the erosio
on of beach. A Groyne o
of 150 m wa
as constructe
ed using Ge
eotextile Tub
bes to
trap the silt
s that getss drifted and accumulate
ed in the tresstle zone. The structure
es are servin
ng the
purpose. Growth of vegetation
v
on the Geotextile Tubes is
i observed along with siltation.
s

Protecttion Bund Protection Bund Struc
cture

153

Groyne Struc
cture

Groyn
ne Structure
e

P
Protection Bund
B
udy - 3
Case Stu
CONSTR
RUCTION OF
O ONE MUL
LTIPURPOS
SE GEOTEX
XTILE REEF
F AT THE CO
OAST OF
MIRYA BAY
B
- RATN
NAGIRI, MAH
HARASHTR
RA
The Beach situated on the North
hern Part off the Bay ha
ad been subjjected to se
evere erosion
n and
ently accretion happene
ed on the sou
uthern part at
a Mirkarwad
da Bandar.
conseque
In order to mitigate the
t problem
m of erosion, Maharashtra Maritime Board (MM
MB) has prop
posed
erged Geote
extile Reef a
at the North
hern shoreline of
the consstruction of a Multipurpose Subme
Mirya Ba
ay. The total length of the proposed Reef is 255
5 m and shalll be constru
ucted by insttalling
sand fille
ed TT contain
ners on the sea bed und
der water.
Various methods
m
forr Submerged
d Reef consstruction werre considere
ed during the
e planning phase
p
of the prroject. A con
nclusion was
s made bassed on the most
m
sustain
nable and fe
easible cond
ditions
prevailing
g at the prroject site and
a
a soft solution with a section-based ap
pproach for Reef
constructtion was sele
ected.

ed Reef Loca
ation
Propose

154

Achieved Benefits:
• Beach formation.
• The system posed characteristics of sustainability and Eco Friendliness.
• Ease in the Installation, hence time consumed is less
• Monolithic, Versatile and Flexible in nature.
Present Status of Project:The project is completed successfully.

Case Study - 4
URGENT REFORMATION WORKS - PROTECTION FROM EROSION USING GEOTEXTILE
TUBE, AMBALAPUZHA, KERALA, INDIA
Ambalapuzha is located in Alappuzha district, one of the well developed coastal districts in
southern part of Kerala. Coastalerosion is one of the grave natural hazards affecting the district
and extensive coastal erosion is taking place in this area. During southwest monsoon, this
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thickly populated area is facing severe problems due to attack of high waves. Many parts of the
existing rubble mound sea wall has failed structurally due to storm surges and wave overtopping
was predominant during high tides. The adjacent villages were also prone to submergence and
there was utmost need to undertake urgent reformation works for the damaged sea wall for
100m stretch length.
The Irrigation department, Govt of Kerala, decided to construct a sea wall using TT tube in place
of the conventional method of sea walls to save the coast from the high sea. This innovative and
environmentally harmless solution was implanted in a 100m area in Neerkunnam coast by
considering the high tides in this area.
TT tubes are made of high-strength geosynthetic fabrics that enable the water to flow through
pores retaining and materials that have been used for the filling.
The TT tubes were placed behind the existing sea wall with 2+1 configuration. The top level of
tube was such that it prevents overtopping of waves during storm surges. The total height of the
structure was 3m in which 1.5m was embedded into the ground. This solution was cost effective
and environmental friendly as there was no use of scarce boulders.
Advantage: The advantage of this solution is that the force of waves is reduced as it hits the
sand filled TT tubes. Conversely the rock structure was unable to suppress higher energy
scouring the toe. Moreover, it took approximately 5 hours to lay a single tube of 20m length and
1.5m height, and it is much faster than the rock structure works.
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ANNEXURE - I

STANDARDS
A. Standards for properties of TT
IS 13321(Part 1):1992 Glossary of terms for geosynthetics Part 1 Terms used in materials and
properties
IS 15351:2008 Textiles- Laminated high density polyethylene (HDPE) woven fabric (Geomembrane) for water proof lining (First revision)
IS 15869:2008 Textiles-Open weave coir bhoovastra-Specification
IS 15909:2010 PVC Geo-membranes for lining-Specification
IS 15910:2010 Geo-Synthetics for highways - Specification
IS 16090:2013Geo-Synthetics - TT used as protection (or Cushioning) materials - Specification
IS 16352:2015 Geosynthetics - High density polyethylene (HDPE) geomembranes for lining –
Specification
B. Standards for testing of TT
ASTM D3786: 1987: Hydraulic bursting strength of knitted goods and non-woven fabrics
ASTM D4354:1989: Sampling and preparation of test specimens (BSEN963, ISO 9862:1990)
ASTM D4491:1992: Determination of water flow normal to the plane of geo-textile under a
constant head (ISO 11058, BS 6906: Part 3: 1989)
ASTM D4533: 1991: Trapezoidal tearing strength of geo-textiles
ASTM D4585:1988: Wide-width tensile tests (BSENISO10319, BS 6906: Part 1: 1987)
ASTM D4632: 1991: Grab breaking load and elongation of geo-textiles
ASTM D4716:1987: Determination of in-plane water flow (ISO 12958, BS 6906: Part7: 1990)
ASTM D4751:1993: Determination of apparent pore size distribution by dry sieving(BS 6906:
Part 2: 1989, ISO 12 956)
ASTM D4833:1988: Static puncture test (CBR) (BSENISO 12236, BS 6906: Part 4: 1987)
ASTM D4833:1988: Dynamic perforation test (BSEN198, ISO 13 433, BS 6906: Part6:1990)
ASTM D4886:1988: Determination of sand-geo-textile frictional behaviour by directshear
(ISO12957 Part 1, BS 6906: Part 8 : 1991).
ASTM

D5199:1992:

Determination

of

thickness

at

specified

pressures

(BSEN964,

BSENISO9863, ISO 9863:1990)
ASTM D5262:1992: Determination of creep (ISO 13341, BS 6906: Part 5: 1991)
ASTM D5261:1992 (Reapproved 2003): Determination of mass per unit area (BSEN965, ISO
9864)
BS 6906: Part 1: 1987: Wide-width tensile tests (BSENISO10319, ASTM D4585:1988)
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BS 6906: Part 2 : 1989 : Determination of apparent pore size distribution by dry sieving (ISO 12
956, ASTM D4751:1993)
BS 6906: Part 3: 1989: Determination of water flow normal to the plane of geo-textile under a
constant head (ISO 11058, ASTM D4491:1992)
BS 6906: Part 4: 1987: Static puncture test (CBR) (BSENISO 12236, ASTMD4833:1988)
BS 6906: Part 5: 1991: Determination of creep (ISO 13341, ASTM D5262:1992)
BS 6906: Part 6: 1990: Dynamic perforation test (BSEN198, ISO13 433, ASTM
D4833:1988)
BS 6906: Part 7: 1990: Determination of in-plane water flow (ISO 12958, ASTM
D4716:1987)
BS 6906: Part 8: 1991: Determination of sand-geo-textile frictional behaviour by direct shear
(ISO12957 Part 1, ASTM D4886:1988).
BSEN963: Sampling and preparation of test specimens (ISO 9862:1990, ASTMD4354:1989)
BSEN964: Determination of thickness at specified pressures (ISO 9863:1990,
ASTMD5199:1992)
BSEN965: Determination of mass per unit area (ISO 9864:1990, ASTM D5261:1992)
BSEN30320: Geo-textiles - Identification on site (ISO 10320:1991)BSENISO 10321: 1992:
Tensile test for joints/seams by wide-width
DIN EN 12447: Resistance to hydrolysis in water of geotextile by screening test method
DIN EN 13738: Pull out resistance of geotextile in soil
DIN EN 14030: Resistance to acid & alkali of geotextile by screening test method
DIN EN 12225: Microbial resistance of geotextile
DIN EN 13719: Protection efficiency of geotextiles in contact with geosynthetics
DIN EN 14030: Resistance to acid & alkali of geotextile by screening test method
IS 1969 (Part 1): 2009 Textiles: Tensile strength & elongation of textiles
IS 13162 (Part 2): 1991 Geotextiles - Deterioration of Geotextiles by Exposure to Light, Moisture
and Heat in a Xenon Arc Type Apparatus
IS 13162(Part 3):1992 Geotextiles - Methods of test Part 3Determination of thickness at
specified pressure
IS 13162 (part 4): 1992 Geotextiles -Cone puncture resistance by falling cone
IS 13162 (part 5): 1992 Geotextiles -Tensile strength by wide width strip method
IS 13325:1992 Method of tests for determination of tensile properties of extruded polymer geogrids using the wide strip
IS 14293:1995 Geotextiles - Method of test for trapezoid tearing strength
IS 14294: 1995Geotextiles -Apparent opening size by dry sieving method
IS 14324:1995 Geotextiles - Methods of test for determination of water permeability-permittivity
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IS 14706:1999 Geotextiles - Sampling and preparation of test specimen
IS 14714:1999 Geotextiles-Determination of abrasion resistance
IS 14716:1999 Geotextiles- Determination of mass per unit area
IS 14739:1999 Geotextiles - Methods for determination of creep
IS 15060: 2001 Geotextiles -Seam strength of geotextile by wide width method
IS 15868(Part 1):2008 Natural Fibre Geotextiles (Jute Geotextiles and Coir Bhoovastra)
Methods of Test - Part 1 Determination of Mass Per Unit Area
IS 15868(Part 2):2008 Natural Fibre Geotextiles (Jute Geotextiles and Coir Bhoovastra)Methods
of Test - Part 2 Determination of Thickness
IS 15868(Part 3):2008 Natural Fibre Geotextiles (Jute Geotextiles and Coir Bhoovastra)
Methods of Test - Part 3 Determination of Percentage of Swell
IS 15868(Part 4):2008 Natural Fibre Geotextiles (Jute Geotextiles and Coir Bhoovastra)
Methods of Test - Part 4 Determination of Water Absorption Capacity
IS 15868(Part 5):2008 Natural Fibre Geotextiles (Jute Geotextile And CoirBhoovastra) - Methods
of Test - Part 5 Determination of Smoldering Resistance
IS 15868(Part 6):2008 Natural Fibre Geotextiles (Jute Geotextiles and CoirBhoovastra) Methods
of Test - Part 6 Determination of Mesh Size of Coir Geotextiles By Overhead Projector Method
IS 16237:2014 Geo-Synthetics - Method for determination of apparent opening size by wet
sieving
IS 16342:2015 Geosynthetics - Method of test for grab breaking load and elongation of
geotextiles
IS 16346:2015 Geosynthetics - Method of test for evaluation of stresscrack resistance of
polyolefin geomembranes using notched constant tensile load test
IS 16348:2015 Geosynthetics - Method of test for index puncture resistance of geomembranes
and related products
ISO 9073-4: 1997 Tear resistance for nonwovens
ISO 9073-9: 2008 Test methods for nonwovens – Part 9: Determination of drapability including
drape coefficient
ISO 9073-10: 2003 Link and other particles generation in the dry state for nonwovens.
ISO 9073-11: 2002 Run-off for nonwovens.
ISO 9073-12: 2002 Demand absorbency for nonwovens.
ISO 9862: 2005 Sampling and preparation of test specimens for Geosynthetics
ISO 9863-1: 2005 Thickness at specified pressures for Geosynthetics
ISO 9863-2: 1996 Geotextiles and geotextile-related products – Determination of thickness at
specified pressures – Part 2: Procedure for determination of thickness of single layers of
multilayer products
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ISO 9864: 2005

Determination of mass per unit area of geotextiles and geotextile-related

products
ISO 10318: 2005 Geosynthetics – Terms and definitions
ISO 10319: 2008 Geosynthetics – wide-width tensile test
ISO 11058: 1999 Water permeability characteristics normal to the plane, without load for
Geotextiles
ISO 11224: 2003 Web formation and bonding in nonwovens – vocabulary
ISO 12236: 2006 Geosynthetics – static puncture test (CBR test)
ISO 12956: 1999 Determination of characteristic opening size for Geotextiles
ISO 12958: 1999 Geotextiles and geotextile-related products – Determination of water flow
capacity in their plane
ISO 13431: 1999 Tensile creep and creep rupture behaviour for Geotextiles
ISO 13433: 2006 Geosynthetics – Dynamic perforation test (cone drop test)
ISO 13438: 2004 Screening test method for determining the resistance to oxidation for
Geotextiles
ISO 16389:2015 Geosynthetics - Method of test for biological clogging of geotextile or soil /
geotextile filters
C. Standards for application of TT
IS 14986: 2001 Guidelines for application of jute geotextile for rain water erosion control in road,
railway embankments and hill slopes
IS 15872: 2009 Application of coir geotextiles (coir woven bhoovastra) for rain water erosion
control in roads, railway embankments and hill slopes
IS 16344: 2015 Geosynthetics-Guideline for installation of geotextile for permanent erosion
control in hard armor systems
IS 16341:2015 Geosynthetics - Standard practice for exposure and retrieval of samples to
evaluate installation damage of geosynthetics
IS 14715(Part 1):2013 Jute Geo-Textiles - Part 1 Strengthening of sub grade in roads
Specification (First revision)
IS 14715(Part 2):2013 Jute Geo-Textiles - Part 2 Control of bank erosion in

rivers and

waterways
IS 14986:2001Guidelines for application of jute geotextile for rain water erosion control in road
and railway embankments and hill slopes
IS 15351: 2008 Textiles- Laminated high density polyethylene (HDPE) woven fabric (Geomembrane) for water proof lining (First revision)
IS 15871:2009 Use of coir geotextiles (Coir Bhoovastra) in unpaved roads-Guidelines
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IS 15872:2009 Application of coir geotextiles (coir woven bhoovastra )for rain water erosion
control in roads, railway embankments and hill slopes – Guidelines
IS 16343:2015 Geosynthetics - Guidelines for installation of geotexiles as pavement fabric
IS 16344:2015 Geosynthetics-Guidelines for installation of geotextile for permanent erosion
control in hard armor systems
IS 16345:2015 Geosynthetics-Guidelines for installation of geotextile used in subgrade
separation in pavement structures
IS 16355:2015 Geosynthetics-Guidelines for installation of geogrids used as soil reinforcement
in mechanically stabilized earth (MSE) retaining structures
IS 16363:2015 Geosynthetics-Guidelines for installation of geotextile used in subsurface
drainage application
IS 16349:2015 Geosynthetics— Guidelines for installation of geogrids used as reinforcement of
base and subbase layers in pavement structures
IS 15351: 2008 Textiles- Laminated high density polyethylene (HDPE) woven fabric (Geomembrane) for water proof lining (First revision)
ISO 9073-1: 1989Mass per unit area for non-wovens
ISO 9073-3: 1989Tensile strength and elongation for nonwovens
D.

Comparison of Standards for TT:

A glossary of standards on geosynthetics, with various Indian and International codes is
presented in Table 18.
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Table 18: List of Standards on Geosynthetics
SN
Test Parameter
BIS
1.
Glossary of items for
IS 13321
geosynthetics Terms used in Part 1
material and properties
2.
Sampling and preparation of IS 14706
test speciman
3.
Identification on site

BS
9862

ISO
9862

ASTM
D 4439

OTHER

9862

D 4354

10320

D 4873
D 5261

BS EN
963
BS EN
30320
BS EN
965

4.

Mass/Unit Area

IS 14716

9864

5.

Mass/Unit Area- non-wovens

6.

Nominal Thickness

7.

Thickness non-wovens Part2
Apparent Opening Size-dry

IS 15891Part-1
IS 13162
Part-3
IS 158912
IS 14294

9073
Part-1
9863
Part-1
9073
Part-2

8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Pore Size Characteristics of
TT by Capillary Flow Test
Apparent Opening Size-wet
sieving
Water Permeability of
Geosynthetics-Permittivity
Method
Permittivity of TT under load
Hydraulic Transmissivity (in
plane water flow) of a Geosynthetic
Hydraulic Transmissivity (in
plane water flow) of a Geosynthetic by Radial Flow
Soil-Geo-textile System
Clogging Potential by the
Gradient Ratio
Hydraulic conductivity ratio
(HCR) test
Grab tensile strength &
elongation
Trapezoid tear strength
(Geotextile)
Trapezoid tear strength of
Nonwovens
CBR Puncture resistance
using 50mm probe
Tensile Properties of TT by
the Wide-Width Strip Method
Tensile strength and
elongation (50mm wide X
200mm)

6906
Part-2

IS 16356
IS 16237
IS 14324

Doc TX 30
(1192)

D 4751
15901-1

6906
Part-2
6906
Part-3
6906
Part-7

D 5199

D 6767

12956
11058

D 4491

10776
12958

D 5493
D 4716
D 6574

IS 16389

D 5101

IS 16342

11274

D 5567

13934-2

D 4632

IS 14293
IS 158914
IS 16078
IS 13162
Part-5
IS 1969-1
IS 15891
Part-3
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D 4533

6906
Part-4
6906
Part-1

9073
Part-4
12236

D 5587
D 6241

10319

D 4595

13934-1

D 5035

BS EN
964

23.
24.
25.
26.
27.
28
29.
30.
31.
32.
33.
34.
35.
36.
37.

38.
39.
40.

Dynamic perforation by Cone
Drop
Biological Clogging of TT
Mullen burst test-diaphragm
bursting
Abrasion resistance of
geotextile by sliding block
Bursting strength - Ball

IS 13262
Part-4
IS 16389
1966-1

Tensile Properties of Geogrids by the Single or MultiRib Tensile Method
Tensile Creep & Creep
rupture behavior of geotextile
Strength of Sewn or
Thermally Bonded Seams of
TT
Deterioration of TT by
Exposure to UV Light,
Moisture & Heat (Xenon)
Microbiological degradation

Doc TX 30
(1186)

Interface between Soil &
Geo-textile by Direct Shear
Method
Bond Strength (Ply
Adhesion) of Geocomposites
Determining Geonet
Breaking Force
Tensile Properties of Geogrids by the Single of MultiRib tensile Method
Oxidative Induction Time of
Polyolefin Geo-synthetics by
High Pressure Differential
Scanning Calorimetry
Determining the resistance to
Oxidation
Chemical Resistance of Geosynthetics / TT to Liquids
Index puncture resistance

IS 13326
Part 1

6906
Part-6

13433

EN 918
D 1987
D 3786

14714

13427

D 3886

1966-1

3379
9073-5
13426

D 6797
D 3887
D 6637

13431

D 5262

IS 15060

10321
13426

D 4884

IS 13162
Part 2

12224

D 4355

12961

D 6691
D 6954
D 5321

IS 14739

6906
Part 5

6906
Part 8

12957
Part 1

DIN EN
12225

D 7005
D 7179
Doc TX 30
(1186)

13426

D 6637

11357

D 3395
D 5665

13438
IS 16351
IS 16348
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D 5322
D 6389
D 4833

DIN EN
14030
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ANNEXURE - II

RECENT SCIENTIFIC ADVANCES IN APPLICATION
OF TEXCHNICAL TEXTILES IN WATER SECTOR
A. USING GEOTEXTILE MATS TO ENHANCE THE DISTRIBUTION OF WATER AND
SALINITY UNDER SPRINKLING IRRIGATION (Source: A. Derbala, A. Elmetwalli, 2015)
Abstract
Field experiments were carried out to study the influence of geotextile mats using sprinkling
irrigation on the availability of soil moisture content and salinity on top of 40 cm of the soil
profile. Navel orange was planted in sandy soil since 10 years ago and was irrigated using
sprinkler system. To achieve the objectives of this research, soil moisture content, water
distribution, and different water relations such as water application efficiency, water use
efficiency, and water stored efficiency were measured. The results indicated that the
maximum fruit yield was obtained with mats placed at 20 cm depth, whilst the minimum fruit
yield was recorded with the control treatment. The availability of soil moisture content in the
root zone increased using geotextile mats at 20 cm depth. The results further showed
increases in water use efficiency and water application efficiency using the geotextile mats. In
addition, soil salinity in the root zone decreased by increasing soil moisture content. In
conclusion, the use of geotextile mats is suitable in newly reclaimed areas to enhance the
distribution of water and salinity in the soil profile.
Conclusion
The growers of citrus trees must keep the geotextile mats under the soil surface which led to
increase in the availability of soil moisture content around the tree trunk in the upper soil
layer, as well as to improve the productivity. Put the geotextile mats at 20 and 40 cm depth
around the orange trees leads to decrease the salinity compared with the control treatment.
Significant differences were observed when using the geotextile material at 20 and 40 cm
depths on water use efficiency and crop yield. However, 20 cm depth is practically
reasonable in terms of the cost to bury the material. This material can decrease the losses by
deep percolation of irrigation water in sandy soil, which leads to increase in soil moisture
content throughout the root zone of a tree. Therefore, it can be concluded that the geotextile
mats an effective way to decrease water losses, decrease the salinity in the upper soil layer
and increase water productivity.
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B. MAXIMIZE WATER CONSERVATION OF SANDY SOIL BY USING GEOTEXTILE MATERIAL
UNDER SURFACE DRIP IRRIGATION SYSTEM(Source:

Mady A.A., Mehanna H.M. and

Okasha E.M, 2015)
Abstract
This study was designed to clarify the effect of Geotextile material under the soil surface on
water distribution in the soil profile in two steps: 1. Laboratory experiment and 2. Field
experiment to apply the best results which were obtained from the first step for Navel orange
trees. Geotextile is made by the use of the method of polyester filament netting and
consolidating with fiber array of three dimensional structure. It has clear mechanical properties,
excellent longitudinal and transverse drainage properties as well as excellent resistance against
ageing, acids, alkalis and biological attacks. This work aims to detect the effect of this material
for the use under soil surface on the water distribution resulted by drip irrigation system. Results
indicated that the using of the Geotextile sheets at 25 cm depth from the soil surface was more
effective than using at 37.5 cm or deeper. In such case, the deep percolation could be reduced,
and the moisture content was higher above the Geotextile sheet at 25 cm depth than under it.
Using the Geotextile sheet deeper than 25 cm is not effective to save water which could be lost
by the deep percolation. Therefore, fixing of the Geotextile sheet at 25 cm depth was the
suitable suggestion for saving water and the horizontal water movement in the upper layer of the
soil which could be used for plant growth. Using the Geotextile sheets at 25 cm depth from the
soil surface under navel orange trees improve the moisture distribution in the sandy soil by
decreasing the deep percolation, decrease the fruit fall per tree by 30 %, and increase the
productivity by 16.13 % comparing with the control treatment.
Conclusion
Using of Geotextile sheets at 25 cm depth from the soil surface was more effective than using
them at 37.5 cm or deeper, where the deep percolation could be reduced, and the moisture
content was higher above the Geotextile sheet at 25 cm depth than under it. Generally, using of
the Geotextile sheet at 37.5 cm depth from the soil surface needed a considered level of
irrigation water to be more regular and making the used water more regular and the used sheets
more efficient. Using of the Geotextile sheet deeper than 25 cm under the soil surface is not
effective to save water which could be lost by the deep percolation, therefore using of it at 25 cm
from the soil surface was suggested to save the water and the horizontal water movement in the
upper layer of the soil needed for plant growth. Using the Geotextile sheets at 25 cm depth from
the soil surface under navel orange trees improved the moisture distribution in the sandy soil by
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decreasing the deep percolation, decrease the fruit fall per tree by 51.22 %, and increase the
productivity by 23.54 % comparing with the control treatment.
C. APPLICATION OF SAND AND GEOTEXTILE ENVELOPE IN SUBSURFACE DRIP
IRRIGATION(Source: P. Najafi and S. H. Tabatabaei, 2010)
Abstract
Subsurface drip irrigation is a technology used for better management of irrigation water. This
technique is more desirable in arid and semi-arid region, because of decreasing soil surface
evaporation and more efficiency of irrigation system in comparison with the other irrigation
systems. In addition, this system is a safer way for treated wastewater (TWW) reuse in irrigation
lands. But roots and clay particles can clog drip emitters in systems buried below the soil
surface. In this paper, sand and geotextile filtration methods have been suggested for solving
root intrusion and biological plugging problems for subsurface drip applications. Sand envelope
around the emitters has been recommended for deeper root zone and long term application of
system, while geotextile envelope is suitable for seasonal crops with shallow root.
Conclusion
Clogging is a phenomenon which usually happens in a drip irrigation system, due to the
negative pressure at pump turn off and root growing towards the emitters. There are more risk in
SDI. Application of sand and geotextile envelope in SDI emitter is a new suggestion for
controlling the clog of emitter opening. Sand envelope around the emitter has been
recommended for deeper root zone and long term application of system, while geotextile
envelope is suitable for seasonal crops with shallow root. In addition, the above mentioned filters
can provide better hydraulic conductivity around the outside of the emitter. Moreover, when
marginal quality water such as wastewater is reuse, filter could affect pollution parameters of
irrigation water and decrease the environmental hazards.

D. PERFORMANCE

OF

NONWOVEN

GEOTEXTILE-REINFORCED

WALLS

UNDER

WETTING CONDITIONS: LABORATORY AND FIELD INVESTIGATIONS(Source: F. H. M.
Portelinha, B. S. Bueno and J. G. Zornberg, 2013)

Abstract
The first geosynthetic retaining wall in Brazil was constructed in 1984 as an instrumented 10
m high geotextile-reinforced soil wall with a poorly draining backfill. This structure has been
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showing excellent performance throughout its service life, even after long periods of rainfall.
In the past, the excellent performance of the wall had been attributed to the influence of soil
confinement on the geotextile strength properties as well as the comparatively high interface
shear strength between the fine soil and the nonwoven geotextile. Now there is also evidence
of the beneficial effect of the internal drainage capacity when using nonwoven geotextiles as
reinforcements. In order to clarify the understanding of the performance of the pioneer history
case wall (SP-123 wall) and the effect of nonwoven geotextiles as reinforcements of finegrained soils, full-scale laboratory models of geotextile reinforced walls were tested under
wetting conditions. Results from the instrumentation have shown no significant positive water
pressures and relatively small displacements even after intense periods of precipitation. The
consistency between field and laboratory investigations provides strong evidence in support
of the use of nonwoven geotextiles to reinforce poorly draining soils.
Conclusion
This paper reports the Brazilian pioneer case of a geotextile reinforced wall constructed with
fine-grained soil. This wall has shown excellent performance since 1986, even after periods
of significant precipitation and wetting of the backfill. In order to better assess the adequate
performance of this case history structure while providing understanding of the use of
nonwoven geotextiles as reinforcement of poor draining soils, prototype full-scale simulations
were conducted. Based on the analysis, simulation interpretation and field performance, the
following conclusions can be drawn.
• Nonwoven geotextiles have been shown to be useful for reinforcing fine-grained soils,
providing internal drainage and good interaction properties.
• The behaviour of the full-scale prototype simulation is consistent with the performance of the
case history of the SP-123 wall; data gathered from the full-scale prototype showed relatively
small horizontal displacements even under comparatively wet conditions.
• Both prototype simulations and field monitoring results showed comparatively high
horizontal displacements induced by surcharge loading. The higher displacements observed
in this case are attributed to the reduction of soil stiffness induced by soil wetting, associated
with high surcharge loading levels. No build-up of pore water pressures induced by rapid
loading was observed near the geotextile.
• Positive pore water pressures were not observed to develop with either wetting or loading
increments in the prototype simulation. This is attributed to the internal drainage provided by
permeable reinforcements.
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• The reinforcement peak strains increase progressively with the reduction of matrix suction of
soil in each reinforced layer. The rates of increase of strain rises with the advancement of
wetting downwards to the prototype’s toe.
• Potential failure surface of prototypes approximated to the failure planes from limit
equilibrium analyses.
• Although the progressive wetting resulted in increasing displacements and reinforcement
strains, they remained relatively small until the wetting front reached the toe of the prototype
under working stress conditions. Higher displacements were observed to occur after
complete wetting, which can be attributed to the total reduction of fill stiffness.
• Both backfill soils (case history and simulation) showed consistent behaviour in terms of
levels of maximum displacements and location of these along the wall height. In addition, the
wetting did not significantly affect the performance of nonwoven geotextile walls.

E. APPLICATION OF GEOTEXTILES IN COASTAL PROTECTION AND COASTAL
ENGINEERING(Source: Mitra Ashis, 2015)
Abstract
Geotextiles, one of the branches of technical textiles, are permeable textile materials or
fabrics used for various civil engineering and other geotechnical applications. Geotextiles
were one of the first textile products used in human history, and invention of geotextiles forms
a bridge between civil engineering and textile technology. The application areas of geotextiles
are very wide and during the last decade the areas have expanded further very fast
worldwide. With the rapidly growing technological advancement, geotextiles have made
inroads into a large variety of domains and have been acclaimed all over the world because
of some of their built-in advantages like easiness and flexibility of use, softness (as compared
to monolithic and rock constructions), rapidity of installation and long term efficacy.
Geotextiles provide a relatively safe and economically feasible solution to day-to-day
engineering demands and construction challenges. Used as replacement of natural materials,
geotextile products perform a wide range of functions such as erosion control, soil
stabilization, filtration, drainage, separation and reinforcement requirements. Geotextile bags,
tubes and containers made with geotextiles are playing a proactive role in hydraulic, coastal,
offshore engineering and river protection works as eco-friendly, construction-friendly and
cheaper alternatives of conventional protection and engineering methods which are generally
hard, expensive, temporary (having short life), and not environmental-friendly. The global
geotextile market is enjoying strong growth but it is also highly competitive. In this paper, the
constructional and functional aspects of geotextiles have been highlighted, and the potential
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role of various geotextile products in the domain of coastal protection, coastal engineering
and off-shore engineering has been elaborated with some real-life ventures both in India and
abroad.
Conclusion
Geotextiles or geosynthetics which belong to the so-called technical textiles family possess
high potential in various geotechnical and civil engineering applications including road
construction, railway track-bed stabilization, soil stabilization, erosion control, reinforcement,
separation and drainage. Application domain is vast enough, and has been expanding in a
galloping way all over the world. Apart from the regular uses, geosystems made with
geotextiles like geotextile tubes, bags, containers etc. are playing a proactive role in
hydraulic, coastal, offshore engineering and river protection works as eco-friendly,
construction-friendly and cheaper alternatives of the traditional protection and engineering
solutions which generally are hard, short lived, expensive and not eco-friendly. The
applications of geotextiles or geosynthetics in the form of geocontainer, geobag, geomat,
geotube etc in various coastal and marine structures have been highlighted as measures of
coastal protection and coastal engineering works, followed by some of the real-life ventures in
our country and abroad. It must be remembered that due to the uniqueness of majority of the
coastal and marine structures mentioned above, the installations of geotextiles / geosystems
are application specific and require sound understanding of the nature of problem to be
solved, the behavior of material to be used in real world, the optimum utilization of
machineries involved without creating so much environmental impact etc. Actual field trials
are always recommended prior to final application. The global geotextile market is enjoying a
strong growth though it is also highly competitive. In Indian scenario, the use of sand-filled
geotextile tubes and geobags for the coastal protection works is in the developing phase.
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ANNEXURE - III

OTHER RELEVANT DESIGNS
A. DESIGN OF REVETMENT AS PER IS 14262
General Design Features
1) Dry Revetment
Stone used in revetment for river bank protection is subjected to hydrodynamic drag and
lift forces. These destabilizing forces are expressed in terms of velocity, tractive force, etc.
The stabilizing forces acting against these are component of submerged weight of stone
and downward component of the force caused by contact of the stones.
Weight of the stone on horizontal bed may be expressed as:

Where:
W = weight of stone in kg,
= specific gravity of stone, and
V = mean velocity of water in m/s over the vertical under reference.
The weight of stone worked out is the minimum required. Use of higher weight stones will
be based on the material available at site, ease of construction, factor of safety, etc.
2) Effect of Specific Gravity
In practice, density of stone could vary from 2000 to 3300 kg/m3. The actual density of
stone should be determined for calculating the weight of stone given in 1.1.
3) Effect of Bank Slope and Angle of Repose
The weight of stone estimated for horizontal bed would not be sufficient for same velocity
on the sloping bank because only component of self-weight normal to the slope acts as a
stabilizing force. Therefore, for sloping banks, the weight has to be increased. The limiting
value for the slope is the angle of repose of material of sub-base. Correction factor K for
computing weight of stone on sloping face may be obtained from the following equation:
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Where:
θ = angle of bank slope with horizontal, and
= angle of repose of material of protection works
Thus the weight of stone would be

For river training works, sub-base is to be graded to a stable slope depending upon the angle of
repose and cohesion of bank material under saturated condition, and the height of the bank. For
high bank a berm may be necessary. For important works stability of bank with designed slope
and berm should be checked by slip circle method or by soil dynamic testing procedures. Mere
large size stones/crates would not be adequate for protection if the same is not laid on a stable
base. For normal bank protection a slope of 2H:1V or flatter is recommended.
4) Size of Stone
Size of the stone Ds may be determined from the following relationship:

Where:
W = weight of stone in kg, and
SS = specific gravity of stones.
Minimum dimension of the stones should not be less than Ds as obtained above. From the
worked out weight and known specific gravity, the volume of stone should be calculated.
Generally, the size of stone should be such that its length, width and thickness should be more
or less the same, that is stone should be approximately cubical. Round stones or very flat
stones having small thickness should be avoided.
5) Thickness of Protection Layer
Minimum thickness of protection layer is required to withstand the negative head created by
velocity. This may be determined by the following relationship:

173

Where:
T = thickness of protection layer in m,
V = velocity in m/s,
g = acceleration due to gravity in m/s2,
Ss= specific gravity of stones.
For safety purposes, two layers of stones according to the size obtained in 1.4 above should be
provided.
6) Stones in Crates
At high velocities, weight of stone determined from relationship given in 1.3 works out very high
which makes handling and placing of stones difficult. Under such circumstances, small stones in
crates are generally used. However; the specific gravity of the crate is different from that of the
individual stone due to presence of voids. Porosity in crates may be worked out by the formula:

Where:
= mean diameter of stones used in crate in cm
Mass specific gravity S, of crates may then be determined from the equation:

Volume of the crate should be determined using Sm.
Crates should be laid with longer dimension along the slope of the bank. The size of themesh of
crate should be smaller than the smallest stone in the crate. The mesh should be double
knotted. GI wire of minimum diameter 4 mm should be used for crates. Crate units may be tied
to each other by 5 mm GT wire as additional precaution.If crates are provided in layers, each
layer should be tied to lower and upper layer at suitable intervals with 4 mm GI wire.Launching
apron should not be tied to crate on slope.Typical dry stone revetment is shown in the following
Fig.42.
When stones are confined in mechanically woven double twisted wire mesh gabions or gabion
mattresses, design and specifications shall meet the requirements as mentioned in the latest
provisions of IRC SP 116 and IS 16014 respectively.
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Figure 42: Dry pitching with apron

B. DESIGN OF APRON AS PER IS 10751
Launching apron should be provided for protection of toe and it should form a continuous flexible
cover over the slope of the scour hole in continuation of pitching up to the point of deepest
scour. Launching apron should be laid at normal low water level, or at as low as technoeconomically viable. The stone in the apron should be designed to launch along the slope of the
scour hole so as to provide a strong layer that may prevent further scooping out of the river bed
material. The size and shape of apron depends on the size of stone, thickness of launched
apron, the depth of scour and slope of launched apron.
1) Thickness of Launching Apron
The thickness of the launched apron should be 25 to 50 percent more than the thickness of the
pitching on the slopes.
When stones are confined in mechanically woven double twisted wire mesh gabions or gabion
mattresses, the thickness shall be kept same as that of the slope pitching (determined from
latest provisions of IRC SP 116).
2) Depth of Scour
The extent of scour depends on angle of attack, discharge intensity, duration of flood and silt
concentration, etc.
The regime depth D may be determined as given below:

for waterway equal to or more than lacey’s waterway.
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In case where the waterway is less than lacey’s waterway and also the flow is non-uniform, D
may be calculated as:

Where:
D = scour depth in m,
f = silt factor
=

where d is the mean diameter of river bed material in mm,

Q = discharge in cum/s,
q = intensity of discharge in cum/s/m.
3) Slope of Launching Apron
The slope of launched apron may be taken as 2 H: 1 V for loose boulders or stones and 1.5 H: 1
V for concrete blocks or stones in wire crates or mechanically woven double twisted wire mesh
gabions or mattresses. Adequate quantity of stone for the apron has to be provided to ensure
complete protection of the whole of the scoured face according to levels and slopes as
determined.
4) Size and Shape of Launching Apron
a) After determining the thickness of launched apron as described in 2.1 and the level of design
scour, the quantity of stone required for launched position of apron from laid level to design
scour level can be calculated. The quantity of stone so calculated may be provided in a wedge
shape having a width of 1.5Ds and average thickness, T. (as shown in following figure 42):

Figure 43
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Thickness of laid apron may be kept 0.8T near the toe of the guide bank and 1.2T at the river
end.
b) Minimum loss of stones occurs when the apron is placed at the lowest possible level, since
the launching width is minimum. Apron should be laid at as low a level as economically viable.
c) In places where geotechnical stable bed slope is not available due to deep scour hole for
placing the launching apron TT bags or cylindrical gabions are used for filling of scour holes as
per the latest provisions of IRC SP 113, IRC SP 116, IS 16014. These systems are dumped on
the river bank toe to provide stable surface for placement of apron and controls the further
erosion. The cylindrical gabions can be either filled with stones or lined with TT material filled
with sand. The cylindrical gabions system works as a composite system at place where TT bags
alone would not be able to withstand the shear stresses induced by the water on the system
components.
C.

GEOSYNTHETICS BEHIND RETAINING WALLS

(Source: Prof. J. N. Mandal, Department of Civil Engineering, IIT Bombay)
In a conventional reinforced concrete retaining wall, granular soil is used as vertical drainage
layer to allow the water from backfill soil to the under drains or weep holes.
Over the passage of time, sand drain may become excessively clogged due to the retained
backfill soil. As a result, excessive hydrostatic pressure builds up in the backfill zone causing
failure of the structure.
A layer of geosynthetic filter, introduced at the back of the retaining wall, will retain the backfill
soil and allow only water to filter into the granular drainage layer.

Figure 44: Geosynthetic behind retaining wall for filtration
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A gabion wall is made of galvanized wire baskets filled with stones of size nearly 100 mm or
larger stones. It is a flexible wall with its free draining system. It also requires a geosynthetic
filter at the back as shown in Figure below.

Figure 45: Geosynthetic as filter behind gabion wall
D.
OTHER RELEVANT DESIGNS USING GEOSYTHETICS
(Source:Geosynthetics Limited
link http://www.geosyn.co.uk/downloads)
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ANNEXURE - IV

CONTRACT CONDITIONS
A sample template of the Contract Conditions should look like:
A. Delivery and handling of TT
For a TT to be properly used it must be adequately identified and packaged. It must be handled
and stored in such a way that its physical property values are not degraded. Failure to follow
good practice may result in the unnecessary failure of the Geo-textile in a properly designed
application.
B. Packaging and Identification
For TT, cover each roll with a wrapping material for protection from damage due to shipment,
water, sunlight, or contaminants while being stored or handled in accordance with this guide
line. Identify each roll with a durable, glued label, or equivalent, either clearly readable on the
roll packaging, on the outer wrap when no packaging is required. Roll identification should
include, at minimum, the name of the manufacturer or supplier, product name or style number,
and the unique roll number. Any other unique characteristics shall be clearly identified. All
designations should be readable for clear identification. The Geo-textile bags shall be packaged
in bundles of minimum 25 Nos. per bundle to maximum of 100 Nos. per bundle. The bundles
should be packed and labeled suitably; each bundle shall have a unique identification number.
The Geo-textile tube shall be packaged individually in fold or roll format. The tube should be
packed and labeled suitably; each tube shall have a unique identification number and reference
roll number from which Geo-textile roll from the fabrication is carried out.
C. Transportation and Unloading
While unloading or transferring the Geo-textile from one location to another, prevent damage to
the wrapping and to the Geo-textile itself. If practicable, use fork lift trucks fitted with poles that
can be inserted into the cores of rolls. Be sure that the lengths of the poles are at least two
thirds the length of the rolls to avoid breaking the cores and subsequently damaging the Geotextile. Slings may be used to carry relatively rigid rolls of Geo-textile provided that the slings do
not cause damage to the rolls. Do not drag the rolls as dragging may result in damage.
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Protrusions could be like ruts, erosion rills, depressions or debris, or any obstruction greater
than 150 mm in height.
The Geo-textile materials or products must be handled with care. Under no circumstances, the
TT shall be dragged along the ground. They shall not be handled with hooks, tongs or any
other sharp instruments which can cause damage to the fabric. In order to load and unload the
material, appropriate handling equipment and techniques recommended by the manufacturer
shall be used. Proper care shall be taken during the unloading of material at site upon delivery.
The rolls shall be lifted with the help of slings attached to the hook of the crane.
Fire can inflict huge loss and damages to the materials stored in the yard. Therefore, adequate
numbers of fire extinguishers shall be available inside the warehouse.
Ensure physical verification of the whole consignment as per packing details & check for any
visual damage.
Each type of material should be kept location wise for easy tracking and subsequent movement
of material. The material shall be identified from the Identification label attached to every
bundle.
Geo-textile materials or products shall be stored in such locations where water shall not
accumulate and the area should be immune from conditions that may affect the properties or
performance of the product.
Under no circumstances, the Geo-textile materials or products should be exposed to
temperatures in excess of those recommended by the manufacturer or 140°F (60°C),
whichever is less. Outdoor storage shall not extend beyond the period as per manufacturer’s
recommendations or 2 months, whichever is less. Geo-textile materials or products shall not be
exposed to direct sunlight prior to deployment for more than 14 days. The Geo-textile materials
or products should be kept covered as per the recommendations of the manufacturer.
Storage yard shall be provided with proper security arrangements for prevention of
unauthorized entry, theft and damage.
E.

Installation Procedure

The basic installation procedures include the following:
1. The site should be cleared, grubbed, excavated, or filled to the design grade.
2. The TT should be laid smooth without wrinkles or folds on the prepared subgrade. On curves,
the TT may be folded or cut to conform to the curves. The reason for insuring smooth
placement is to keep the TT in intimate contact with the subgrade to avoid creating the potential
for migration of the subgrade soil. The aim is to prevent plugging or clogging of the TT that
would reduce its drainage capability.
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3. Prior to covering, the geotexitle should be inspected for any installation damage to this point.
Damaged TTs should be repaired/replaced immediately.
4. The subbase should be placed by end dumping onto the TT from the edge of the TT, or over
previously placed subbase material.
5. Fill any ruts that occur during construction. Compact the filled ruts to the specified density.
6. If subbase placement causes any damage to the TT, the damaged area is to be
repaired/replaced. In this stabilization installation, vibratory compaction equipment is not to be
used.
7. At no time during the installation process is construction equipment to be allowed directly on
the TT. Were this to be allowed, the TT might be damaged, necessitating repair or replacement.
8. The TT is to be placed in intimate contact with the soils without wrinkles or folds. The TT
should be placed such that placement of the overlying material not excessively stretch the TT
causing tears.
9. In the slope protection application, the TT shall be placed with the machine direction of the
TT parallel to the flow of water, which is normally parallel to the dip of the slope. Successive
sheets of TTs shall be placed up slope over down slope. See Figure 18-14.
10. Extreme care should be taken to avoid damage of the TT during installation.
11. Following laydown of the TT, it should be covered within 14 days to minimize damage
potential due to ultraviolet exposure.
12. Placement of the stone slope protection shall begin at the toe of slope and proceed up the
slope. Heavy stone should not be dropped from a height greater than 1 ft.
13. Lighter stone should not be dropped from a height greater than 3 ft.
14. All void spaces in the stone protection should be filled to avoid deterioration due to
ultraviolet exposure over the life of the installation.
15. If grading of the slope results in stone movement directly above the TT, grading should
cease.
16. The site should be monitored for the occurrence of TT damage during installation. Damaged
TT should be replaced.
Following installation the site should be periodically inspected for the following:
1. To ensure that the TT has not become clogged, allowing pore pressure build-up behind it
leading to a "blow-out" of the TT. This should not happen if the TT has been placed in intimate
contact with the slope during installation.
2. That the stone protection has not slid on the TT either abrading, or tearing the TT. Should this
occur, the erosion control function is lost.
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Should either of the above occur, it will be necessary to repair the installation for continued
erosion control.Refer to Construction Appendix of the AASHTO Specification for Geotexitles for
detailed construction guidelines.
F. Testing, Certification and Acceptance
Geosynthetic materials shall be tested and certified in the following manner:
a) The manufacturer shall have ISO or CE certification for manufacturing process and
quality control.
b) The manufacturer shall provide manufacturer’s test certificate for every lot supplied from
the factory.
c) The supplier shall provide third party test reports from an independent laboratory with
valid accreditation for all the test values in manufacturer’s test certificate.
Geosynthetics shall be tested in accordance with tests prescribed by BIS. In absence of IS
codes, tests prescribed either by ASTM, EN, BS or ISO shall be conducted. The material shall
meet the requirements as specified in the contract. Geosynthetic rolls shall be marked with the
following information:
a)

Manufacturers name

b) Roll number
c)

Grade

d) Length
e)

Date of manufacture; and

f)

Product identification details

Problems with TT applications/installations are often attributed to poor product acceptance and
construction monitoring procedures on the part of the owner and/or installation methods on the
part of the contractor. Acceptance and rejection criteria should be clearly stated in the
specifications. It is very important that all installations be observed by an experienced and
qualified inspector. There are ASTM standards for acceptance and rejection of TT shipments. In
addition, there are standard sampling and testing requirements during construction (ASTM,
2002).
Specifications typically require the contractor to develop, submit, and follow a quality control
plan with the frequencies for sampling and testing of samples required to match those required
in the specifications. Also, the design engineer usually develops a quality assurance plan to
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guide the inspection and independent sampling and testing by Reclamation. A field inspection
checklist is presented as follows:
•

Review the construction plans and specifications.

•

Verify and document listed material properties of supplied TT and compare against the
specified property values.

•

Inspect loads prior to unloading.

•

Check to see that the rolls are offloaded and properly stored onsite. Check for any
damage.

•

Document roll and lot numbers to verify that they match certification documents.

•

Inspect and document that the subgrade and anchor trenches (if specified) are
constructed
in accordance with the specifications.

•

Observe that the TTs are unrolled and placed over the subgrade without damaging
them.

•

Observe materials in each roll to ensure that they are the same. Observe rolls for flaws
and non-uniformity.

•

Obtain test samples according to the specifications.

•

Monitor seaming operations.

•

Inspect all seams, both factory and field, for any flaws. Note any seams that need repair.

•

Collect samples of seams, both factory and field, for testing.

•

Observe all operations associated with placement of cover materials to ensure that the
TT is not damaged.

•

Repair all damaged areas that are observed.

All construction activities shall be recorded by photographs and in detailed daily reports.
G. Measurement & Payment
The TT for separation and for filter layer shall be measured in square metres as per planned
dimensions with no allowance for overlapping at transverse and longitudinal joints. Excavation,
back fill, bedding and cover material shall be measured separately as per relevant clauses of
the Contract.
The geogrid shall be measured in square metres as per planned dimensions with no allowance
for overlapping at joints, anchoring at toe and crest of the slope. Excavation, back fill, bedding
and cover material shall be measured separately as per relevant clauses of the Specifications.
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The contract unit rate for the accepted quantities of geogrid in place shall be in full
compensation for furnishing, preparing, hauling, and placing geogrid including all labour, freight,
tools, equipment, and incidentals to complete the work as per specifications.
The geocell protection work shall be measured as finished work in square meters as per
planned dimensions with no allowance for overlapping at joints, anchoring at toe and crest of
the slope. It shall also include the fixing and anchoring of cells in the ground with accessories as
per manufacturer’s Recommendation or as specified in the design and drawings.
Measurement for Fin drain shall be in running metre of its length. The contract unit rate for fin
drains shall be paid in full for all items such as excavation, dressing the sides and bottom,
providing fin drains and installation etc. including full compensation for all materials , labor,tools,
equipments incidental to complete the work as shown on drawings with all leads and lifts
including removal and disposal with all leads of unsuitable material provision of inlets, outlets,
pipes, bedding etc, wherever required shall be incidental to construction of drain.
The contract unit rate for geocell protection system shall be paid in full for furnishing and
installing the specified materials in accordance with the contract documents including fxing and
anchoring of cells in the ground as per manufacturer’s recommendations. Filling of cells with
specified materials, seeding and all other incidentals including other items to complete the work
as per these specifications.
The geosynthetic mat shall be measured in square metre as per planned dimensions with no
allowance for overlapping at joints, anchoring at toe and crest of the slope.
The contract unit rate for geosynthetic mat for erosion control shall be paid in full compensation
for furnishing and installing the specified materials and growth of vegetative cover in
accordance with the contract documents including site preparation, and for furnishing all labour,
tools, equipment and incidentals to complete the work as per the Specifications.
The natural TT shall be measured In square metres as per planned dimensions with no
allowance for overlapping at joints, anchoring at toe and crest of the slope. The contract unit
rate for natural TT mat for erosion control shall be in full compensation for furnishing and
installing the specified materials and growth of vegetative cover In accordance with the contract
documents including site preparation, and for furnishing all labour, tools, equipment and
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incidentals to complete the work as pet these Specifications.
The paving fabric/ glass fibre geogrid shall be measured in Square metres of paved area
covered by the fabric/ glass fibre geogrid. The contract unit rate shall be for the accepted
quantities of paving fabric. The rate shall be full compensation for the work performed and
furnishing, preparing, hauling and placing materials including all labour, material, freight, tools,
equipment and incidentals to complete the work as per contract.
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ANNEXURE-V

APPLICATION OF TT IN WATER RESOURCES WORKS
WATER RESOURCES APPLICATION
FLOOD MANAGEMENT

DAMS/

APPLICABLE TT

Flood Protection

Geo Bags, Mega Bags, Sack Gabion, Geo
Tubes, Geo Mattresses, FFC

Erosion Protection

Geobags, Gabion Mattress, FFC

Drainage

Geocomposite

Embankment Dam

Geo Membrane, Geo Net composite,

STRUCTURAL
REPAIRS

Geo mat, Geo membrane(laminated to a thick
non-woven textiles)
Geo grid (attached to a non-woven geo
textiles)
FFC
Slope stabilization

Open weave JGT 500/ 700 gsm
Coir Bhoovastra (CBV)
Geo-Grids, Non-Woven Geo textiles
Geo Strips

Retaining Walls

Geo grids, Geo textiles (woven and nonwoven), Geo cells

Flexible Pavement
Stabilization

Geo grids, Geo cells

Ground Improvement/

Geogrid, PVD, Geo textiles (woven and nonwoven), Wire Mesh

Soil Stabilization
CANALS /

Canal lining

GCL, Geo Membrane, FFC

Water Use Efficiency &
OTHER AREAS

Roads near canals
and rivers

Jute Geotextiles (JGT),

Sewage Management

Geo membrane, Geo and Geo grids, Geotextile tubes

Geosynthetics

Non Woven Geotextile,
Geosynthetic Clay Liner (GCL)
Coastal protection
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Geo-textiles Tubes, Sack Gabion, Gabion
Mattress with polymer coating, FFC

S.NO

TT ITEM

STANDARDS

1

GEOTEXTILE WOVEN

IS 15351:2008, IS 16344: 2015, IS 16344: 2015, IS: 1969, IS
16654:2017, MORTH SPECIFICATIONS SECTION-700, MORTH
SPECIFICATIONS SECTION-2500, DIN EN ISO 9001:2015, GDA E
5-5:2010, ISO 13434:2008

2

GEOTEXTILE NON-WOVEN

ISO 9073-1: 1989, ISO 9073-3: 1989, IS 16653:2017, MORTH
SPECIFICATIONS SECTION-700, MORTH SPECIFICATIONS
SECTION-2504, DIN EN ISO 9001:2015, GDA E 5-5:2010, ISO
13434:2008

3

GEOTEXTILE BAG & MEGA
BAG

IS 16653:2017, IS 16654:2017, DIN EN ISO 9001:2015

4

GEOTEXTILE TUBES

IS: 1969, ASTM STANDARDS, DIN EN ISO 9001:2015, GDA E 55:2010, ISO 13434:2008

5

GEO-MEMBRANE

IS 16090:2013, IS 15909:2010 , IS 16352:2015, IS 15351: 2008, DIN
EN 14415:2004, DIN EN ISO 9001:2015, GDA E 5-5:2010, ISO
13434:2008

6

GEONET

IS 16090:2013, MORTH SPECIFICATIONS SECTION-700, DIN EN
ISO 9001:2015, GDA E 5-5:2010, ISO 13434:2008

7

GEO MATTRESS, GABION
NET (BOX & MESH, SACK
GABION)

IS 16014:2012, IS 16090:2013, MORTH SPECIFICATIONS
SECTION-2500, DIN EN ISO 9001:2015, GDA E 5-5:2010, ISO
13434:2008

8

JUTE BHOOVASTRA (JGT)

IS 15869:2008, IS 14986: 2001, IS 15871: 2009, IS 15872: 2009, IS
16344: 2015, IS 14715(PART 1):2013, IS 14715(PART 2):2013, DIN
EN ISO 9001:2015

9

GEOGRID (ASHPALT
OVERLAY & DISTRESSED
PCC PAVEMENT
APPLICATIONS)

IS 16355:2015, IS 16349:2015, MORTH SPECIFICATIONS
SECTION-700, MORTH SPECIFICATIONS SECTION-3100,
IS16090:2013, DIN EN ISO 9001:2015, GDA E 5-5:2010, ISO
13434:2008

10

GEOSTRIP

MORTH SPECIFICATIONS SECTION-3100

11

GEOGRID (BASAL
REINFORCEMENT, BIAXIAL,
HSFG APPLICATIONS)

MORTH SPECIFICATIONS SECTION-700

12

GEO CELL

13

GEO COMPOSITE

IS 16090:2013, MORTH SPECIFICATIONS SECTION-700, DIN EN
ISO 9001:2015, GDA E 5-5:2010, ISO 13434:2008

IS 16090:2013, MORTH SPECIFICATIONS SECTION-700, DIN EN
ISO 9001:2015, GDA E 5-5:2010, ISO 13434:2008
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14

FABRIC FOAM CONCRETE
(FFC) MATTRESS

IRC SP113, FHWA NH1-09-112

15

PREFABRICATED VERTICAL
DRAINS (PVD)

MORTH SPECIFICATIONS SECTION-700

16

GEOSYNTHETIC CLAY
LINER (GCL)

BS 1377, ASTM
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ANNEXURE – VI

SPECIFICATIONS
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1. Specifications for Gabion Nets
Property

Test Method

Unit

Tolerance

Mesh 100

Mesh
opening
size

Physical

mm

+/‐ 5%

100 x 100

mm

Nominal

9

gms/m

+/‐ 8%

40

kg

Min.

1275

Annex B

%

Min.

85

Annex C

%

Min.

90

Rope Net
Strength

Annex D

kg/m

Min.

12000

Punching
Shear
Strength

Annex E

kg

Min.

6000

Standard
sizes of
the
Gabions

Physical

m

+/‐ 5%

1mx1mx1m

Rope
Diameter

IS 7071

Linear
Density of
the Rope

IS 7071

Breaking
Strength
of Rope*

IS 7071

Abrasion
resistance
of Rope
after
1000
cycles,

Part 1 to 3

Part 1 to 3

Part 4

%
Strength
retention
Thermal
Stability
at 45 0C, 3
Hours,
%
Strength
retention
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2. Specifications for Geo Bags
Sr. No.
Properties
1

Composition/Raw Material

2

Opening Size O90

3

Mass Per Unit Area

4

Test Standard

UoM

Test values
Polypropylene

EN ISO 12956

mm

0.06‐0.08

BS EN 965

GSM

> 400

CBR Puncture Resistance

EN ISO 12236

N

> 4000

5

Tensile strength (MD)

EN ISO 10319

kN/m

> 20.0 kN/m

6

Tensile strength (CMD)

EN ISO 10319

kN/m

> 20.0 kN/m

7

Elongation at maximum force (MD)

EN ISO 10319

%

60‐100

8

Elongation at maximum force (CMD)

EN ISO 10319

%

60‐100

9

Permeability (Velocity index for a head
loss of 50mm ‐ VH50 )

EN ISO 11058

m/s

> 2 X 103

10

Abrasion

11

UV Resistance

Following RPG of BAW,
Germany , O90
according to EN ISO
12956 and thickness
according to BS EN
9641

ASTM D4355
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After test : tensile
strength > 75% of
specified tensile
strength, thickness > 75%
of original value, O90 <
0.09 mm

%

> 70

3. Specifications for Erosion control Jute mat
Sr.
Properties
Test Standard
No.
1

Composition/Raw Material

2

Mass Per Unit Area

3

Threads / dm (MD * CD)

4

Thickness

5

UoM

Test values
Jute Geotextile

BS EN 965

GSM

500+‐10%
6.5 (+4,‐2)*4.5 (+4,‐2)

mm

4.5 +‐10%

Tensile strength (MD)

kN/m

6.5+‐10%

6

Tensile strength (CMD)

kN/m

6.0+‐10%

7

Width

cm

122+‐5%

8

Opening Area

%

55+‐10%

9

Water holding capacity on dry
weigth

%

500+‐10%
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Testing Parameters to be ensured
Geobags, Mega
bags

Seam strength, Stitches per inch, Resistance to
chemical degradation, hydrolysis resistance,
resistance to oxidation

Geotubes

Seam strength, Stitches per inch, Resistance to
chemical degradation, hydrolysis resistance,
resistance to oxidation

Geomattress
Geocomposites

Peeling strength

Geomembranes

Resistance to chemical degradation, hydrolysis
resistance, resistance to oxidation
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ANNEXURE – VII

Schedule of Rates for Technical Textile (TT)
for
Water Resources Works
Supplementary to Practice Manual on TT – MoJS
(released on 29th April, 2019)

NOTES FOR USE:
 Rates may be computed by applying suitable time factor (WPI) and location
factor (CI)
 Rates have been compiled from SOR of the states/other departments, tender
information and OEM data
 Rates for testing charges will change as per the change in DA of the govt.
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Code

Item description

Unit

Rate

Basis of rate

(in INR)
1 GEOTEXTILE WOVEN
sqm

128

Maharashtra PWD
2018-19

TTS101

Providing and laying a woven Polypropylene
Geotextile of Type-I on the prepared subgrade as a
separator cum reinforcement with necessary
overlap as per drawing and as per MoRTH
specification section 702

sqm

128

Maharashtra PWD
2018-19

TTS102

Providing and laying a woven Polypropylene
Geotextile of Type-II on the prepared subgrade as a
separator cum reinforcement with necessary
overlap as per drawing and as per MoRTH
specification section 702

sqm

128

Maharashtra PWD
2018-19

TTS103

Providing and laying a woven Polypropylene
Geotextile of Type-III on the prepared subgrade as
a separator cum reinforcement with necessary
overlap as per drawing and as per MoRTH
specification section 702

2 GEOTEXTILE NONWOVEN

TTS201

Supplying and laying of mechanically bonded
polypropylene non woven geotextile as filter media
below mattress as per MORTH 700 Type-I
geotextile. The width of geotextile roll shall not be
less than 4.5m, at easily accessible location
including top and bottom, with all leads and lifts,
labour, materials and machinery etc. complete and
as directed by Engineer-in-charge of the works,
complete
as
per
specifications.
MORTH Specification No. 700 & 2504

TTS202

Providing and laying Needle Punched and
mechanically bonded non woven Geotextile of Type
II indigenously manufactured from high quality
Propylene staple fibers (continuous filament will not
be accepted) on the prepared subgrade for
Seperation. Spec : MORTH 700

TTS203

Providing and laying Needle Punched and
mechanically bonded non woven Geotextile of Type
III indigenously manufactured from high quality
Propylene staple fibers (continuous filament will not
be accepted) on the prepared subgrade for
Seperation. Spec : MORTH 700
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Sq.m

139

SoR – Rural Roads,
PWRD, Assam
2016-17

130

PWD Pune
SoR 2016-17

123

PWD Pune
SoR 2016-17

Sq.m

Sq.m

3 GEOTEXTILE BAG & MEGA BAG
Num
ber

TTS301

Supplying and laying virgin 100% PP Staple fibre
Non woven Geobags filled with locally available
sand (inital Lead of 50m) having minimum mass of
400 GSM and Tensile strength of 22/24 KN/M in
MD/CD and elongation of 60/60 %. The specified
Geotextile (Bags) shall have puncture resistance of
4100 N and abrasion resistance of greater than
75% of strength & thickness, to be laid as per
drawing in required line, level, slope as per drawing,
section in tidal condition as directed by Engineer in - Charge. (Size of Bag 1.00 x 0.70m with inflated
thickness of 10cm at Centre weight of each filled
bag shall be in between 130 to 150 kilogram)

Num
ber

TTS302

Supplying and laying 100% PP Staple fibre Non
woven Geo bags filled with locally available sand
(inital Lead of 50m) having minimum mass of 400
GSM and Tensile strength of 22/24 KN/M in MD/CD
and elongation of 60/60 %. The specified Geotextile
(Bags) shall have puncture resistance of 4100 N
and abrasion resistance of greater than 75% of
strength & thickness, to be laid as per drawing in
required line, level, slope as per drawing, section in
tidal condition as directed by Engineer - in - Charge.
(Size of Bag 2.00 x 1.50m with inflated thickness of
40cm at Centre weight of each filled bag shall be in
between 550 to 600 kilogram)
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Maharashtra PWD
2018-19

1370

Maharashtra PWD
2018-19

4 GEOTEXTILE TUBES
TTS401

Providing laying and placing in position segment of
a/b/c diameter UV Resistance Geotextile tubes as
per design and drawing of High strength woven
Geotextile made from polypropylene multifilament
woven in both warf and weft directions, with cover
of UV protective pp tape woven Geotextile with pore
size less than 0.075 millimetre and permeability
greater than 9.00
litre/square metre/second
conforming specification IS:1969 and ASTM
standards placed parallel to high water line and
duly filled with sea sand mechanically by sand
dredging machine so as to act as main burnt and
toe burm at offshore to hold accumulated sand on
beach including all labour, plant, equipment and
machinery required including shuttering and
scaffolding as directed by Engineer-in-Charge of
the work etc. complete.

Maharashtra PWD
2018-19

(a) Geotextile tubes of diametre- 3.00 M

RMT

9389

(b) Geotextile tubes of diametre- 1.50 M

RMT

5298

206

5 GEO Membrane

TTS501

TTS502

Providing and laying HDPE Geo-membrane sheet
of following thickness 100% acid, alkali proof, 100%
rain forced sealing quality, every joints electronically
welded, as per relevant IS specification & placing in
proper position on prepared bed on foundation/
embankment with welding the joints of sheet using
hot sedge and extrusion welding techniques
according to the liner manufacturers specifications
at ambient temperature of 50 C to 450 C
including all taxes & labour for jointing and placing
etc. complete.

SoR 2018-19
Nagpur & Amravati
region

500 micron

sqm

235

250 micron

sqm

162.5

1 mm (excluding gst & freight)

sqm

140

2 mm (excluding gst & freight)

sqm

280

Providing and laying in situ seven course water
proofing treatment with APP (Atactic polypropylene) modified Polymeric memberane over
roof consisting of first coat of bitumen primer @
0.40 litre per sqm, 2nd, 4th & 6th courses of
bonding material @ 1.20 Kg/sqm, which shall
consist of blown type bitumen of grade 85/25
conforming to IS : 702, 3rd and 5th layers of roofing
membrane APP modified Polymeric membrane 1.5
mm thick of 2.25 Kg/sqm weight consisting of five
layers prefabricated with centre core as 20 micron
HMHDPE film sandwiched on both sides with
polymeric mix and the polymeric mix is protected on
both side with 20 micron HMHDPE film. 7th, the top
most layer shall be finished with brick tiles of class
designation 10 grouted with cement mortar 1:3
(1cement : 3 fine sand) mixed with 2% integral
water proofing compound by weight of cement over
a 12 mm layer of cement mortar 1:3 (1 cement : 3
fine sand) and finished neat (item of laying brick
tiles shall be paid for separately).

sqm

592.65
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(Maharashtra Jeevan
Pradhikaran)

As per Prevailing
Market Rate

CPWD,
DSR 2018

TTS503

TTS504

Providing and laying in situ five course water
proofing treatment with APP (Atactic Polypropylene)
modified Polymeric memberane over roof consisting
of first coat of bitumen primer @ 0.40 litre per sqm,
2nd & 4th courses of bonding material @ 1.20
kg/sqm, which shall consist of blown type bitumen
of grade 85/25 conforming to IS : 702, 3rd layer of
roofing membrane APP modified Polymeric
membrane 2.0 mm thick of 3.00 Kg/ sqm weight
consisting of five layers prefabricated with centre
core as 100 micron HMHDPE film sandwiched on
both sides with polymeric mix and the polymeric mix
is protected on both side with 20 micron HMHDPE
film. 5th, the top most layer shall be finished with
brick tiles of class designation 10 grouted with
cement mortar 1:3 (1 cement : 3 fine sand) mixed
with 2% integral water proofing compound by
weight of cement over a 12 mm layer of cement
mortar 1:3 (1 cement : 3 fine sand) and finished
neat (item of laying brick tiles shall be paid for
separately).

sqm

Providing and laying in situ seven course water
proofing treatment with APP (Atactic Polypropylene)
modified Polymeric memberane over roof consisting
of first coat of bitumen primer @ 0.40 litre per sqm,
2nd, 4th & 6th courses of bonding material @ 1.20
kg/sqm, which shall consist of blown type bitumen
of grade 85/25 conforming to IS : 702, 3rd and 5th
layers of roofing membrane APP modified
Polymeric membrane 2.0 mm thick of 3.00 Kg/sqm
weight consisting of five layers prefabricated with
centre core as 100 micron HMHDPE film
sandwiched on both sides with polymeric mix and
the polymeric top most layer shall be finished with
brick tiles of class designation 10 grouted with
cement mortar 1:3 (1 cement : 3 fine sand) mixed
with 2% integral water proofing compound by
weight of cement over a 12 mm layer of cement
mortar 1:3 ( 1 cement : 3 fine sand) and finished
neat (item of laying brick tiles shall be paid for
separately).

sqm
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408.75

CPWD,
DSR 2018

651.50

CPWD,
DSR 2018

TTS505

Providing and fixing APP (Atactic Polypropylene
Polymer) modified prefabricated five layer 2 mm
thick water proofing membrane , black finished
reinforced with glass fibre matt consisting of a coat
of bitumen primer for bitumen membrane @ 0.40
litre/sqm by the same membrance manufacture of
density at 25°C, 0.87 - 0.89 kg/ litre and viscocity
70 - 160 cps. Over the primer coat the layer of
membrane shall be laid using Butane torch and
sealing all joints etc., and preparing the surface
complete. The vital physical and chemical
parameters of the membrane shall be as under :
Joint strength in longitudinal and transverse
direction at 23°C as 350/300 N/ 5 cm. Tear strength
in longitudinal and transverse direction as 60/80N.
Softening point of membrane not less than 150°C.
Cold flexibility shall be upto -2°C when tested in
accordance with ASTM, D - 5147. The laying of
membrane shall be got done through the authorised
applicator of the manufacture of membrane.
2mm (for corrugated roof sheets)

TTS506

CPWD,
DSR 2018

sqm

419.75

Providing and laying APP (Atactic Polypropylene
Polymer) modified prefabricated five layer, 3 mm
thick water proofing membrane, black finished
reinforced with glass fibre matt consisting of a coat
of bitumen primer for bitumen membrane @ 0.40
litre/sqm by the same membrane manufactured of
density at 25°C, 0.87 - 0.89 kg/litre and viscocity 70
- 160 cps. Over the primer coat the layer of
membrane shall be laid using butane torch and
sealing all joints etc., and preparing the surface
complete. The vital physical and chemical
parameters of the membrane shall be as under :
Joint strength in longitudinal and transverse
direction at 23°C as 350/300 N/5 cm. Tear strength
in longitudinal and transverse direction as 60/80N.
Softening point of membrane not less than 150°C.
Cold flexibility shall be upto -2°C when tested in
accordance with ASTM, D - 5147. The laying of
membrane shall be got done through the authorised
applicator of the manufacturer of membrane:
3 mm thick

CPWD,
DSR 2018

sqm
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512.95

TTS507

TTS508

TTS509

Providing and laying APP (Atactic Polypropylene
Polymer) modified prefabricated five layer 3 mm
thick water proofing membrane, black finished
reinforced with non-woven polyester matt consisting
of a coat of bitumen primer for bitumen membrane
@ 0.40 litre/sqm by the same membrane
manufacture of density at 25°C, 0.87-0.89 kg/ litre
and viscocity 70-160 cps. Over the primer coat the
layer of membrane shall be laid using Butane Torch
and sealing all joints etc, and preparing the surface
complete. The vital physical and chemical
parameters of the membrane shall be as under :
Joint strength in longitudinal and transverse
direction at 23°C as 650/ 450N/ 5cm. Tear strength
in longitudinal and transverse direction as 300/
250N. Softening point of membrane not less than
150°C. Cold flexibility shall be upto -2°C when
tested in accordance with ASTM, D - 5147. The
laying of membrane shall be got done through the
authorised applicator of the manufacturer of
membrane:

CPWD,
DSR 2018

3 mm thick Extra for covering top of membrane with
Geotextile, 120 gsm non woven

sqm

535.00

Extra for covering top of membrane with Geotextile,
120 gsm non woven, 100% polyester of thickness 1
to
1.25
mm
bonded
to
the
membrane with intermittent touch by heating the
membrane by Butane Torch as per manufactures
recommendation.

sqm

99.75

Providing & laying 1500 Microns thick 6 m wide
HDPE Geo-membrane, over the synthetic clay liner
having
Thickness
1.5mm,
Density .94g/cm³, Tensile Strength at yield 23
Nmm/
width
and
at
break 42 Nmm/ width, Elongation at Yield 13%,
Elongation at Break 700%, Tear Resistance 175 N,
Puncture Resistance 490 N, CarbonBlack Content
2.5 and Carbon Black dispersion at Satisfactory
level.

sqm

210

CPWD,
DSR 2018

384.00

Rajasthan 2013

6 GEO NET
*

*

*

222.3

TTS601

7 GEO MATTRESS, GABION NET (Box & Mesh, Sack Gabion)

TTS701

Providing & fixing BIS Metal Gabions indigenously
manufactured as
per
required section
including boxes made of mechanically woven
hexagonal shaped wire mesh of type, (6x8)cm,
edges mechanically selvedged made of heavily
(Zinc+ PVC) polymer coated G.l. wires as per IS
16014:2018, , edge wire 2.70/3.70 mm ¢
(ID/OD)and tied by 5% lacing wire 2.20/3.20 mm
¢ (ID/OD), and shall have minimum 16 numbers of
openings per meter of mesh perpendicular to twist
& as directed by Engineer-in-charge. for slope
protection, bridge pier protection &
erosion
control application of river bank & sea- shore
etc. complete (Specification: BIS 16014:2018 .
(Excluding Rubble) with prior approval of
concerned Superitending Engineer.

a

Crates made of mesh type 6X8 (D=60mm) Zinc
Coated, Mesh Wire Diameter 2.2mm

Sq.m

b

Crates made of mesh type 6X8 (D=60mm) Zinc +
PVC Coated, Mesh Wire Diameter 2.2/3.2mm

Sq.m

257.4

Crates made of mesh type 6X8 (D=60mm) Zinc +
Polymer Coated, Mesh Wire Diameter 2.2/3.2mm

Sq.m

339.3

c

BIS 16014:2018
As per Prevailing
Market Rates

7a GABION NET (Box)

TTS7021

Providing & making Gabion structure with
Mechanically Woven Double Twisted Hexagonal
Shaped Wire mesh Gabion Boxes as per IS
16014:2012,MORTH Clause 2500, of required
size, Mesh Type 10x12 (D=100 mm with
tolerance of ± 2%) Zinc+Polymer coated, Mesh
wire
diameter
3.0
mm,
mechanically
edged/selvedged with partitions at every 1m
interval and shall have minimum 16 numbers of
openings per meter of mesh perpendicular to
twist, tying with lacing wire of diameter 2.2mm,
supplied @3% by weight of Gabion boxes, filled

211

2830

MORTH 2503

with boulders with least dimension of 150 mm,
as per drawing, all complete as per direction of
Engineer-in-charge.

cum

cum

TTS7022

Providing & making Gabion structure with
Mechanically Woven Double Twisted Hexagonal
Shaped Wire mesh Gabion Boxes as per IS
16014:2012,MORTH Clause 2500, of required
size, Mesh Type 10x12(D=100 mm with
tolerance of ±2%), Zinc+10% Al alloy+PVC
coated, Mesh wire diameter 2.7/3.7mm (ID/OD),
mechanically edged/selvedged with partitions at
every 1m interval and shall have minimum 10
numbers of openings per meter of mesh
perpendicular to twist, tying with lacing wire of
diameter 2.2/3.2mm(ID/OD), supplied @3% by
weight of Gabion boxes, filled with boulders with
least dimension of 200 mm, as per drawing, all
complete as per directions of Engineer- incharge.

cum

TTS7023

Providing & making Gabion structure with
Mechanically Woven Double Twisted Hexagonal
Shaped Wire mesh Gabion Boxes as per IS
16014:2012,MORTH Clause 2500, of required
size, Mesh Type 10x12(D=100 mm with
tolerance of ±2%), Zinc+10% Al alloy+Polymer
coated, Mesh wire diameter 2.7/3.7mm (ID/OD),
mechanically edged/ selvedged with partitions at
every 1m interval and shall have minimum 16
numbers of openings per meter of mesh
perpendicular to twist, tying with lacing wire of
diameter 2.2/3.2mm(ID/OD), supplied @3% by
weight of Gabion boxes, filled with boulders with
least dimension of 150 mm, as per drawing, all
complete as per directions of Engineer-incharge.
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3140

MORTH 2503

3263.00

MORTH 2503

7b- GABION NET (Geo Mesh)

TTS7031

Installation of Gabion facia unit with integrated
tail as secondary reinforcement of length 3m
that is made of mechanically woven, double
twisted, hexagonal shaped wire mesh having
minimum 10 no. of mesh openings per meter
length, Mesh type 10x12, having D=100mm with
tolerance of +/-2%, wire dia 2.7mm, Zn+10%Al
coated)(Material should conform to detailed
specifications and drawings as attached).Size of
Gabion Units 3m x 2m x 1m (LxBxH). MORTH
specification No 3100

Nos

9260

IRC SR 23

TTS7032

Installation of Gabion facia unit with integrated tail
as secondary reinforcement of length 3m that is
made of mechanically woven, double twisted,
hexagonal shaped wire mesh having minimum 10
no. of mesh openings per meter length, Mesh type
10x12, having D=100mm with tolerance of +/-2%,
wire dia 2.7mm, Zn+10%Al coated)(Material should
conform to detailed specifications and drawings as
attached).Size of Gabion Units 3m x 2m x 0.5m
(LxBxH). MORTH specification No 3100

Nos

6451

IRC SR 23

nos

2988

7c- Sack GABION

TTS704

Supplying and laying of Cylidrical Gabions/ Sack
Gabions of size 2 m in length and 0.96m in diameter.
The Sack Gabon shall be made of mechanically
woven hexagonally double twisted Zn+PVC coated
wire mesh. Mesh size 10x12 lined with non-woven
Geo-textile material. The Geo-textile lining shall be
made of non-woven polyster geo-textile of 300gsm.
The approximate weight of the sack gabion would be
1350 kgs when filled as per detailed technical
specification.

BIS 16014-2018
DSR CPWD 2016

8 JUTE BHOOVASTRA
TTS801

a
b
c

Providing and laying Jute Geo-Textile (JTG) in
slopes of Railway embankment in accordance
with RDSO's guidelines for application of Jute
Geotextile in Railway embankments and hill
slopes no. RDSO/2007/GE:G-0008 or its
subsequent
versions,
including
incidental
earthwork and fixing arrangements

East Central Railway
USSOR-2012
item No 014060

With GJ - Type 1

100
sqm

7450.96

USSOR item No
014061

With GJ - Type 2

100
sqm

4635.77

USSOR item No
014062

With GJ - Type 3

100
sqm

6194.79

USSOR item No
014063
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9 GEO GRID ASHPALT OVERLAY AND DISTRESSED PCC PAVEMENT APPLICATION
sqm

132

Maharashtra PWD
2018

TTS901

Providing and laying a fibre glass geogrid of
Tensile strength 50 kN/m X 50 KN/m
manufactured from high quality glass fibre strands
and coated with a polymer modified bitumen as
reinforcement to asphalt overlays for flexible
pavements and
distressed rigid P.C.C.
pavements or aerostrips or similar application as
per MORTH Specifications.

sqm

214

Maharashtra PWD
2018

TTS902

Providing and laying a fibre glass geogrid of
Tensile strength 100 kN/m X 100 KN/m
manufactured from high quality glass fibre strands
and coated with a polymer modified bitumen as
reinforcement to asphalt overlays for flexible
pavements and
distressed rigid P.C.C.
pavements or aerostrips or similar application as
per MORTH Specifications.

10 GEOSTRIP REINFORCED SOIL RETAINING WALLS FOR DRY & SUBMERGED CONDITIONS

TTS1001

Reinforced Soil Retaining Wall shall be used for
ghats , embankments , marginal bunds and
similars application in dry as well as wet
conditions . Reinforced Wall shall be designed
as per codal provisons of BS 8006 - 2010, IRC
- SP 102 , FHWA , AFNOR Guidelines in
including design for 100 years serviceability ,
drawings but fascia elements. For submerged
conditions , the wall shall be designed for draw
down conditions.
(Reinforced Soil retaining
walls have six main components as under:
(a) Excavation for foundation, foundation
concrete and cement concrete grooved seating
in the foundation for facing elements (facia
material)

RM

950

(b) Facia material including steel & concrete(M35) and its placement (Used Concrete 0.18 ,
Steel 6.00 for per sqm of fascia panel)

Sqm

1920

(c) Assembling, joining with facing elements and
laying of the geostrip reinforcing element

Sqm

400

(d) Providing and laying well graded drainage fill
with crushed metal of size from 22-19mm, 11.29.5mm, 7-5mm and down grade as per drawing
and techinical specification and including
cost,seignorage and conveyence of all the
materials to site and all labour charges, drain
pipes wrapped with geotextile

Sqm

500

214

As per Prevailing
Market Rates

(e) Design, Supply of Moulds, Geostrips,
geotextiles, Cavity Connectors, I-Bolts, EPDM
Pads and Supervision of reinforced earth
retaining wall
RS Wall Height 1 m to 4 m

Sqm

875

RS Wall Height 4 m to 6 m

Sqm

1050

RS Wall Height 6 m to 8 m

Sqm

1125

RS Wall Height 8 m to 10 m

Sqm

1425

RS Wall Height 10 m to 12 m

Sqm

1650

RS Wall Height 12 m to 14 m

Sqm

2050

RM

600

ULTIMATE TENSILE STRENGTH 100kN/m

Sqm

269.35

ULTIMATE TENSILE STRENGTH 150kN/m

Sqm

294.95

ULTIMATE TENSILE STRENGTH 200kN/m

Sqm

397.15

ULTIMATE TENSILE STRENGTH 250kN/m

Sqm

435.45

ULTIMATE TENSILE STRENGTH 300kN/m

Sqm

461.00

ULTIMATE TENSILE STRENGTH 350kN/m

Sqm

512.15

ULTIMATE TENSILE STRENGTH 4000kN/m

Sqm

550.45

ULTIMATE TENSILE STRENGTH 500kN/m

Sqm

652.65

ULTIMATE TENSILE STRENGTH 600kN/m

Sqm

716.55

ULTIMATE TENSILE STRENGTH 700kN/m

Sqm

844.30

ULTIMATE TENSILE STRENGTH 800kN/m

Sqm

918.40

ULTIMATE TENSILE STRENGTH 900kN/m

Sqm

1088.35

ULTIMATE TENSILE STRENGTH 1000kN/m

Sqm

1227.60

ULTIMATE TENSILE STRENGTH 1100kN/m

Sqm

1291.50

ULTIMATE TENSILE STRENGTH 1200kN/m

Sqm

1403.95

(f) Laying of Coping
Concrete & steel

Beam

including

11a GEO GRID BASAL REINFORCEMENT APPLICATIONS

TTS1101

Supplying and laying high tensile flexible geogrid
(HSFG)
as
soil
reinforcement/
Basal
Reinforcement as per MORTH3100 and IRC
113, made of high tenacity polyester core with
polyethelene coating with long term design
strength (LTDS) of more than 50% of ultimate
tensile strength at 30 Deg Centigrade
corresponding to 12% strain

215

DSR
CPWD, 2016

11b BIAXIAL
Supplying & laying of bi-axial extruded high
modulus polypropelene geogrid conforming to
MORTH Specification for base/ Sub-base
reinforcement having minimum tensile strength
15kN/m in the longitudinal & transverse direction
with 5kN/m & 7kN/m tensile strength & 2% & 5%
strain respectively in the longitudinal &
transverse direction, junction efficiency not less
than 95% and with 38mm X 38mm Mesh
Opening

sqm

sqm

153.10

TTS1103

Supplying & laying of bi-axial extruded high
modulus polypropelene geogrid conforming to
MORTH Specification for base/ Sub-base
reinforcement having minimum tensile strength
20kN/m in the longitudinal & transverse direction
with 5kN/m & 7kN/m tensile strength & 2% & 5%
strain respectively in the longitudinal &
transverse direction, junction efficiency not less
than 95% and with 38mm X 38mm Mesh
Opening

sqm

241.25

TTS1104

Supplying & laying of bi-axial extruded high
modulus polypropelene geogrid conforming to
MORTH Specification for base/ Sub-base
reinforcement having minimum tensile strength
30kN/m in the longitudinal & transverse direction
with 5kN/m & 7kN/m tensile strength & 2% & 5%
strain respectively in the longitudinal &
transverse direction, junction efficiency not less
than 95% and with 38mm X 38mm Mesh
Opening

sqm

346.00

TTS1105

Supplying & laying of bi-axial extruded high
modulus polypropelene geogrid conforming to
MORTH Specification for base/ Sub-base
reinforcement having minimum tensile strength
40kN/m in the longitudinal & transverse direction
with 5kN/m & 7kN/m tensile strength & 2% & 5%
strain respectively in the longitudinal &
transverse direction, junction efficiency not less
than 95% and with 38mm X 38mm Mesh
Opening

TTS1102

216

135.20

DSR
CPWD, 2016

11c – HIGH STRENGTH FLEXIBLE GEOGRIDS (HSFG)

TTS1106

The geostrips shall be made from high
molecular weight and high tenacity polyester
(PET) yarns. The geostrips shall have maximum
elongation of 10.5% at break. The reinforcing
elements to be used for the project shall be
manufactured at ISO 9001:2015 certified
production facility only and the system provider
should also be ISO 9001:2015 certified. The
polyester used for manufacturing geostrips
should satisfy the following requirements:
• Minimum molecular weight no. > 25000
• Maximum carboxyl end group no. (CEG) < 30
DSR
Polyester geostrips shall be provided with a
protective polyethylene or equivalent coating to
maximize the resistance to hydrolysis and
enhance durability and increase survivability
during construction and in service.

CPWD, 2016

30KN

rm

37.38

40kN

rm

42.11

50kN

rm

47.41

60KN

rm

52.63

75KN

rm

59.23

90KN

rm

70.85

12 GEO CELL

TTS1201

Providing and
laying geocell
a three
dimensional honeycomb
like
cellular
confinement system having weld spacing 356
mm and
cell depth 150mm indigenously
manufactured
as
mentioned
below
manufactured by using
blends of various
polyethylene and additives, polyethylene strips
ultrasonically welded consists of a multiple
rhomboidal indentations over the
entire
strip
on
the
prepared subgrade for
subgrade stabilization by reinforcement and
drainage application for
roads,
ground
improvement work and erosion control of
slopes etc. complete. (Specification: MORTH
Section-700) with prior approval of concerned
Superitending Engineer.

217

Maharashtra PWD
2018

Weld Spacing 360 mm depth of cell 100 mm

sqm

560

Weld Spacing 660 mm and depth of cell 75 mm

sqm

326

13 GEOCOMPOSITE FOR SEPARATION AND DRAINAGE APPLICATION

TTS1301

TTS1302

Supplying & laying of drainage composite for
use behind walls, between two different fills,
along side-drains of roads, below concrete lining
of canals etc. Geo-composite for planar
drainage, relaised by thermo-bonding a drainage
core I extruded monofilaments with two filtering
non-woven geotextile that may also be working
a s seperation or protecting layers. The drainage
core will have a 'W' configuration longitudinal
parallel channels. Minimum thickness to be
7.2mm with two filtering UV stabilised PP Nonwoven geotextile of minimum thickness of
0.75mm characteristics opening size (O90) of
110 Micron and tensile strength of 8kN/m that
will be working as separation or protecting layer,
geocomposite having in-plane flow capacity of
2.1 L/(m.s.) at hydraulic gradient of 1.0 & 20K
Pa pressure & tensile strength of 18kN/m with
mass per unit area of 740 gsm supplied in the
form of roll for easy transportation to site of work
as per detailed specification all complete as per
direction of Engineer-in-Charge

sqm

657.8

DSR CPWD, 2016

Supplying & laying of drainage composite for
use behind walls, between two different fills,
along side-drains of roads, below concrete lining
of canals etc. having thermobonding a drainage
core - HDPE Geonet comprising of two sets of
parallel overlayed ribs integrally connected to
have a rhomboidal shape with a polyethelene
film and a non-woven geotextile having mass
per unit area of 130gsm and a tensile strength of
8.0kN/m that will be working a s separation or
protecting layer, geocomposite having in-flow
capacity of 0.7L/(m.s.) at hydraulic gradient of
1.0 & 20 kPa pressure and tensile strength of
13.5 kN/m with amss per unit area of 830GSM
at easily accessible location including top &
bottom with all leads & lifts, manpower &
machinery, materials & labours etc complete
and as directed by Engineer-in-Charge

sqm

780.45

DSR CPWD, 2016
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14 FABRIC FOAM CONCRETE (FFC) MATTRESS
Fabric
Form
Mattress
(FFM)
Fabric formed concrete (FFC) mattress : Supply
and laying of double layers of polyester woven
geotextile farbric form fabric stitched together
having minimum composite mass of 400 GSM
(for double layer) excluding supply and pouring
of fine aggregate concrete. The wide width strip
tensile strength of the fabric shall be not less
than 52kN/m, designed as per FHWA / BIS
guidelines.

TTS1401

A. Type - 1 , Articulating Blocks: for river
training,
flood
protection,
embankments
protection , dykes , scour protection ( articulating
blocks shall have tailor-made with prefabricated,
in built cables of 6 mm diameter , cable breaking
strength shall be less than 50 KN/m )

sqm

B. Type 2 - Filter Point ( for embankments , lake
lining )

sqm

C. Type 3 - Uniform Section (for Canal Lining )

NHAI Cost Estimate
Sikkim/West Bengal-

1975

2018
1975

sqm
1975

D. Type 4 - Enviromat (with recess in fabric for
growing vegetation )

sqm
1975

15 PREFABRICATED VERTICAL DRAIN (PVD)

TTS1501

Providing and
inserting CE Marked
Prefabricated Vertical Drain/ Band Drain
indigenously manufactured with Polypropylene
Core and wrapped with Non-Woven Geotextile
in the very soft clay to a design depth for
quick
consolidation etc.
complete.
(Specification: MORTH Section-700) with prior
approval of concerned Superitending Engineer.

Maharashtra, Nagpur
PWD 2018

a) TFI Drain TD-3520 U 100 mm x 4mm

RMT

73

b) TFI Drain TD-5020 U 100 mm x 5mm

RMT

87

16 GEOSYNTHETIC CLAY LINER (GCL)

TTS1601

Supplying and laying of geosynthetic clayliner,
with thin layer of bentonite clay sandwiched
between non-woven geotextiles geofabric filter
layer of Geotextile (Non-woven and from 100%
polypropylene fibres, needle punched) as per
enclosed technical specifications directed by
Engineer-in-Charge etc. complete.

219

*

*

TT TESTING RATES

Sr. No.

Test Parameters

Testing Method

RATES (2018)
CSMRS/AITRA/BITRA

TT (WOVEN & NONWOVEN)
1.

Fabric Weight

BS EN ISO 965
BS EN ISO 9964
ASTM D 5261
i) Mass per Unit Area
ii) Mass per Linear Meter

400
600

2.

Thickness

BS EN ISO 964‐1
BS EN ISO 9863
ASTM D 5199

400

3.

Threads per Unit Length /
Woven Fabric Construction

ASTM D 3775
IS 1963
ISO 7211‐2

200

4.

Breaking Strength (Strip
Method)

ASTM D 5035

800

5.

Grab Breaking Strength

ASTM D 4632
IS 1969
ISO 13934‐2

800

6.

Tear Resistance

ASTM D 4533

600

7.

Wide Width Tensile
Properties

BS EN ISO 10319
ASTM D 4595

1500

8.

UV Resistance (% Retained
@ 500hrs)

ASTM D 4355

9.

Bursting Strength

a) Diaphragma burst
ASTM D 3786
BS EN ISO 13938‐1, ISO 13938‐1
IS 1966

800

10.

Index Puncture

ASTM D 4833

1200

11.

CBR Puncture

EN‐ISO 12236
ASTM D 6241

1200

12.

Pore Size Analysis by
Porometer

ASTM D 6767

1200

13.

Water Permeability (Falling

ASTM D 4491

1000

220

80 Rs. per
hour

Head Test)

DIN EN ISO 11058

14.

Apparent Opening Size

ASTM D 4751
DIN ISO EN 12956

500

15

Cone Drop

ISO 13433:2006

500

16

Tensile Properties of
Geogrids

ASTM D 6637‐11
(Method A)

1500

17

Abrasion Resistance

BAW

18000

18

In‐plane water permeability
(0.1 and 1 gradient) (per
gradient)

EN ISO 12958

6000
3000

19

Carbon black content

500

20

Carbon Black Analyser

500

21

Melt flow index

1200

22

Creep rupture

ISO 13441

23

Pull out test

ASTM D 6706 / DIN EN 13738

15000

50 Rs. Per hour

(Per Soil & Per Laod)
24

Shear Test (Per Soil)

ISO 12957‐1& 2

15000

25

Hydrolysis resistance

EN 12447

19500

26

Resistance to Chemical
Degradation

EN 14030

19500

27

Resistance to Oxidation

EN ISO:13428‐2004

*14 days‐ 8700
*28 days‐14400
*56 days‐26000
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TT TEXTILES (WOVEN & NONWOVEN)
1.

Tensile Properties of Geogrids

ASTM D 6637‐11 (Method A)

1500

2

Grab Breaking Strength

ASTM D 4632; IS 1969;
ISO 13934‐2

800

3

Wide Width Tensile Properties

BS EN ISO 10319;
ASTM D 4595

1500

4

Breaking Strength (Strip
Method)

ASTM D 5035

800

5

Shear force test per sample per
load per soil

ISO 12957‐1& 2

15000

6

Pull out resistance per sample
per load per soil

ASTM D 6706 / DIN EN 13738

15000

7

Abrasion Resistance (excluding
tensile test)

BAW

18000
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ANNEXURE - VIII

FURTHER REFERENCES


Geo-synthetic design and Construction Guidelines (Participant Notebook), National
Highway Institute (NHI Course No. 13213), US Department of transportation, Federal
Highway administration, Publication no. FHWA HI-95-038, Revised April 1998.



Engineering Use of TT, Departments of the Army and the Air Force (Army TM 5-818-8,
Air force AFJMAN 32-1030), 20 July 1995.



Handbook on flood protection, anti-erosion and river training works, Central Water
Commission (CWC)



GRI Test Method GT11, Standard Specification for “Installation of Geo-textile Tubes
used for Coastal and Riverine Structures” Geo-synthetic Institute, 475 Kedron Avenue,
Folsom, PA 19033-1208 USA



GRI Test Method GT10, Standard Specification for “Test Methods, Properties and
Frequencies for High Strength Geo-textile Tubes used as Coastal and Riverine
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