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Abstract— Lining of any water structure is prepared to 

reduce seepage losses from the structure. Geosynthetics are 

provided to prevent losses as a lining material in various 

forms. Geosynthetics are manmade woven materials like 

textile material. This paper gives an introduction of 

geosynthetics as a lining material, where some common 

types of lining material is not much effective. This paper 

reviews various types of geosynthetics materials and their 

properties and applications at various fields. Here, three 

basic types of Geomembranes are compared HDPE, LDPE 

AND Polyolefin. 
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I. INTRODUCTION 

Hydraulic structures such as water storage and conveyance 

canals require lining at its bed and sides for better quality 

and quantity of the water. Seepage loss is reduced due to 

lining in the structures. The basic purpose of this study is to 

introduce the geosynthetics materials as a lining. This 

material proves the best to retain the water through it. It 

provides highly imperviousness to seepage of water.  

They are made of synthetic fibers rather than natural fibers 

such as cotton, wool, silk etc. These are made into a flexible, 

porous fabric by standard weaving machinery or matted 

together in a random or nonwoven manner. Geosynthetics 

materials perform basically 5 major functions. Separation, 

reinforcement, filtration, drainage and moisture barrier. 

Some major types of geosynthetics are geotextiles, geogrids, 

geonets, geomembranes, and geocomposites. They have 

various applications in multiple fields. 

II. CLASSIFICATION OF GEOSYNTHETICS 

Geosynthetics are broadly classified into the following six 

types [1] 

 Geogrids 

It is one type of grid structure made from geosynthetics. 

They are plastic formed into a very open, grid like 

configuration. They are stretched in one or two directions. It 

is used as reinforcement generally and as a separation 

occasionally. 

 Geonets 

It is pervious net type structure and it is used as drainage to 

convey fluids of all types. They are formed by a continuous 

extrusion of polymeric ribs at acute angles to one another. 

 Geomembranes 

It is an impervious sheet type material made by rubber or 

plastic. It is used as a liquid or vapor barrier for lining or 

covering water in ponds or canals. 

 Geocomposites 

This is the combination of all the types of geosynthetics 

materials as per their needs hence it is used as a separation, 

reinforcement, barrier drainage etc. 

 Geosynthetics clay liners 

Geosynthetics clay liners (GCLs) include thin layer of 

bentonite clay. When wetted, the clay swells and becomes a 

very effective hydraulic barrier. GCLs are manufactured by 

sandwiching the bentonite within or layering it on 

geotextiles and/or geomembranes, bonding the layers with 

needling, stitching and/or chemical adhesives. 

 Geofoam 

Geofoam is the name for any foam material utilized for 

geotechnical applications. Geofoam is manufactured into 

large blocks which are stacked to form a lightweight, 

thermally insulating mass buried within a soil or pavement 

structure. The most common type of polymer used in 

manufacturing of Geofoam materials is polystyrene. 

 

Fig. 1: various types of Geosynthetics 

III. GEOMEMBRANES 

Geomembranes are impervious sheet of plastic or rubber to 

prevent entry of any material through it.  General categories 

of geomembranes are. [2] 

 Calendered Geomembranes 

Calendered geomembranes are formed by flattening a 

molten viscous formulation between counter rotating rollers. 

Polyvinyl chloride (PVC), chlorosulfonated polyethylene 

(CSPE), chlorinated polyethylene (CPE), polypropylene 

(PP) etc are the most common calendered geomembranes 
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prepared by this method. Specialty ethylene inter polymer 

alloy (EIA) geomembranes are used for unique applications. 

In most cases, these engineered films are supported by a 

textile that provides tensile strength and enhances tear and 

puncture resistance of the material. 

 Extruded Geomembranes 

Extruded geomembranes are manufactured by melting 

polymer resin, or chips, and forcing the molten polymer 

through a die using a screw extruder. The sheet is formed 

either by a flat horizontal die or through a vertically oriented 

Circular die to form either a flat wide sheet or cylindrical 

tube. Common extruded geomembranes include high-

density polyethylene (HDPE) and. Polypropylene (PP) is a 

relatively new type of extruded (as well as calendered) 

geomembranes. 

IV. GEOMEMBRANE LINERS 

Three main types of liners are described below. [3] 

 HDPE 

It is internationally accepted material, susceptible to stress 

cracking, thick sheets of limited conformability. Generally 

thickness of this material is lower than 1.5mm and it has low 

puncture resistance. It is easy to arrange for transportation 

and installation. It is flat over the soil, without folds. HDPE 

is a more linear polyethylene molecule where there are very 

few side chains caused by branching, and these side chains 

are usually very short. HDPE is like a normal piece of 

spaghetti with little bumps on it. 

 

Fig. 2: HDPE Molecule 

 

Fig. 3: HDPE Liner 

 LDPE 

LDPE is thin sheet like material made. Thickness of this 

material is very less and flexible material for lining. In 

LDPE, some of the carbon atoms are attached to three 

carbon atoms instead of two, this causes a branch on which 

other polyethylene chains are attached. These branches are 

relatively long and link with other polyethylene molecules. 

LDPE is like one long piece of spaghetti, with lots of large 

pieces of spaghetti attached to it. 

 

Fig. 4: LDPE Molecule 

 

Fig. 5: LDPE Liner 

 Polyolefin (IIT Delhi Material) 

Polyolefin are the largest group of thermoplastics, often 

referred to as commodity thermoplastics. They are polymers 

of simple olefins such as ethylene, propylene, butanes, 

isoprene’s, and pentanes, and co polymers and modifications 

thereof. The term polyolefin means "oil-like" and refers to 

the oily or waxy feel that these materials have. Polyolefin 

consist only of carbon and hydrogen atoms and they are 

non-aromatic. 

Polyolefin are usually processed by extrusion, 

injection molding, blow molding, and rotational molding 

methods. Thermoforming, calendaring, and compression 

molding are used to a lesser degree. 

 

Fig. 6: Polyolefin 

V. COMPARISON OF GEOMEMBRANES 

Property 

(Test Method) 
Units IITD Poly-olefin HDPE LDPE 

Thickness 

(ASTM D5199) 
mm 0.6 0.5 0.25 

Weight gm/m2 260 470 230 

Puncture Strength 

(ASTM D4833) 
kN 0.5 0.2 0.06 

UV 

Resistance 

(EN277 

For 200 hours) 

---- Pass Pass Pass 

Breaking Strength 

(ASTM D638 
kN/m 36 10 2 
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Type IV) 

Breaking Elongation 

(ASTM D638 

Type IV) 

% 20 500 100 

Tear 

Resistance 

(ASTM D5884) 

kN 0.20 0.22 0.08 

Water Permeability 

(ASTM D1499) 
cm/sec 10-6 10-6 Variable 

Table. 1: Comparison of Various Geomembranes (Testing 

by IIT, Delhi) [4] 

Polymer Type HDPE LDPE 

Property Units Performance 

Thickness mm 0.3 0.3 

Weight gm/m2 283 279 

Tensile Strength at Break 

(A) Machine Direction 

(B) Transverse Direction 

Kg/ 

cm2 

(A) 332 

(B) 272 

 

(A) 212 

(B) 189 

 

Elongation at Break 

(A) Machine Direction 

(B) Transverse Direction 

% (A) 505 

(B) 543 

(A) 564 

(B) 696 

Tear Resistance 

(A) Machine Direction 

(B) Transverse 

(C) direction 

N/ mm Not Provided (A) 138 

(B) 161 

Table. 2: Parametric Comparisons of HDPE (IS: 10889- 

2004) and LDPE (IS: 2508-1984) (Testing by CIPET, 

Ahmedabad) [4] 

Properties Polyolefin HDPE LDPE 

Lightweight Yes No Yes 

Puncture Resistance high Low Low 

Thickness Less More Less 

Flexibility Yes No Yes 

Weight Less More Less 

Puncture Strength High High Low 

Tear Resistance High High Low 

Cost High Moderate Low 

Breaking Elongation Very Low High Low 

Breaking Strength High Moderate Low 

Water Permeability High High Low 

Handling and Bending Easy Difficult Easy 

Welding Moderate Difficult Easy 

Life Long Long Short 

Maintenance Less Less More 

Table. 3: Comparison of Various Geomembranes by its 

property 

VI. RESULTS AND DISCUSSION 

Above discussion from table 1, table 2 and table 3, various 

properties are compared. Three materials HDPE, LDPE and 

Polyolefin have different qualities as per different tests. 

They have their own advantages and disadvantages. With 

respect to demand at some particular place, properties of 

geomembranes are compared and after that it is 

recommended at that particular place. 

VII. CONCLUSION 

All of above materials have their pros and cons. Polyolefin 

material has a puncture resistance and breaking strength 

more than 5 times as compared to the HDPE and LDPE 

materials. They are not vulnerable to tearing and allows for 

easy lying, because it has a rough surface on one side. 

HDPE and LDPE are smooth on both the sides. HDPE is 

heavy in weight and difficult for lying as compared to 

LDPE. Furthermore, since the Polyolefin material is 

flexible, it allows for easy bending which is a critical 

attribute to allow the geomembranes to conform to the edges 

and corners within a canal. These properties of the 

Polyolefin geomembranes make it a recommended material 

for use in applications. But Polyolefin costs very high as 

compared to these two, i.e. HDPE and LDPE. Where a 

criterion of cost is governing, this material cannot be 

recommended. So it is concluded that before applying these 

materials as a lining, its detail properties should be studied 

and it should be recommended accordingly at appropriate 

place where it matches all the criteria. 

REFERENCES 

[1] Robert M. Koerner, “Designing with Geosynthetics”, 

Prentice hall, New jersey, 1990 

[2] www.gmanow.com (Handbook of Geosynthetics) 

[3] www.glad.com.au , “Geotextile and its types”, 2011-

12 

[4] Kapadia, V. P.,”CANAL LINING THROUGH 

GEOMEMBRANES: A CASE STUDY OF 

SARDAR SAROVAR PROJECT”. India Water 

Week 2012 – Water, Energy and Food Security: Call 

for Solutions, 9. (2012, April 10-14). 

 


