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Unit III 

Soil Improvement techniques 

Compaction of Soils 

Compaction is the application of mechanical energy to a soil so as to rearrange its particles 

and reduce the void ratio. It is applied to improve the properties of an existing soil or in the 

process of placing fill such as in the construction of embankments, road bases, runways, earth 

dams, and reinforced earth walls. Compaction is also used to prepare a level surface during 

construction of buildings. There is usually no change in the water content and in the size of 

the individual soil particles.  

The objectives of compaction are:  

 To i rease soil shear stre gth a d therefore it’s eari g apa it .  
 To reduce subsequent settlement under working loads.  

 To reduce soil permeability making it more difficult for water to flow through.  

Laboratory Compaction 

The variation in compaction with water content and compactive effort is first determined in 

the laboratory. There are several tests with standard procedures such as:  

 Indian Standard Light Compaction Test (similar to Standard Proctor Test) 

 Indian Standard Heavy Compaction Test (similar to Modified Proctor Test)  

Indian Standard Light Compaction Test  

Soil is compacted into a 1000 cm3 mould in 3 equal layers, each layer receiving 25 blows of a 

2.6 kg rammer dropped from a height of 310 mm above the soil. The compaction is repeated 

at various moisture contents. 

Indian Standard Heavy Compaction Test 

It was found that the Light Compaction Test (Standard Test) could not reproduce the densities 

measured in the field under heavier loading conditions, and this led to the development of 

the Heavy Compaction Test (Modified Test). The equipment and procedure are essentially the 

same as that used for the Standard Test except that the soil is compacted in 5 layers, each 

layer also receiving 25 blows. The same mould is also used. To provide the increased 

compactive effort, a heavier rammer of 4.9 kg and a greater drop height of 450 mm are used.  

To assess the degree of compaction, it is necessary to use the dry unit weight, which is an 

indicator of compactness of solid soil particles in a given volume. The laboratory testing is 

meant to establish the maximum dry density that can be attained for a given soil with a 

standard amount of compactive effort.  

In the test, the dry density cannot be determined directly, and as such the bulk density and 

the moisture content are obtained first to calculate the dry density as , where = 

bulk density, and w = water content.  

A series of samples of the soil are compacted at different water contents, and a curve is 

drawn with axes of dry density and water content. The resulting plot usually has a distinct 

peak as sho . “u h i erted V  ur es are o tai ed for ohesi e soils or soils ith fi es , 
and are known as compaction curves.  

Downloaded from  be.rgpvnotes.in

Page no: 1 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 
Figure 01: Dry Density - Water Content Relationship 

Dry density can be related to water content and degree of saturation (S) as  

 

 
thus, it can be visualized that an increase of dry density means a decrease of voids ratio and a 

more compact soil.  

 

Similarly, dry density can be related to percentage air voids (na) as 

 

 
 

The relation between moisture content and dry unit weight for a saturated soil is the zero air-

voids line. It is not feasible to expel air completely by compaction, no matter how much 

compactive effort is used and in whatever manner.  

 

Effect of Increasing Water Content 

As water is added to a soil at low moisture contents, it becomes easier for the particles to 

move past one another during the application of compacting force. The particles come closer, 

the voids are reduced and this causes the dry density to increase. As the water content 

increases, the soil particles develop larger water films around them.  

This increase in dry density continues till a stage is reached where water starts occupying the 

space that could have been occupied by the soil grains. Thus the water at this stage hinders 

the closer packing of grains and reduces the dry unit weight. The maximum dry density 

(MDD) occurs at an optimum water content (OMC), and their values can be obtained from the 

plot.  

 

Effect of Increasing Compactive Effort 

The effect of increasing compactive effort is shown. Different curves are obtained for 

different compactive efforts. A greater compactive effort reduces the optimum moisture 

content and increases the maximum dry density.  
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Figure 02: Effect of compactive effort 

An increase in compactive effort produces a very large increase in dry density for soil when it 

is compacted at water contents drier than the optimum moisture content. It should be noted 

that for moisture contents greater than the optimum, the use of heavier compaction effort 

will have only a small effect on increasing dry unit weights. 

It can be seen that the compaction curve is not a unique soil characteristic. It depends on the 

compaction effort. For this reason, it is important to specify the compaction procedure (light 

or heavy) when giving values of MDD and OMC.  

Factors Affecting Compaction: 

The factors that influence the achieved degree of compaction in the laboratory are:  

 Plasticity of the soil  

 Water content 

 Compactive effort 

Compaction of Cohesion less Soils 

For cohesion less soils (or soils without any fines), the standard compaction tests are difficult 

to perform. For compaction, application of vibrations is the most effective method. Watering 

is another method. The seepage force of water percolating through a cohesion less soil makes 

the soil grains occupy a more stable position. However a large quantity of water is required in 

this method. To achieve maximum dry density, they can be compacted either in a dry state or 

in a saturated state.  

For these soil types, it is usual to specify a magnitude of relative density (ID) that must be 

achieved. If e is the current void ratio or gd is the current dry density, the relative density is 

usually defined in percentage as 

or  

whereemax and emin are the maximum and minimum void ratios that can be determined from 

standard tests in the laboratory, and gdmin and gdmax are the respective minimum and 

maximum dry densities. On the basis of relative density, sands and gravels can be grouped 

into different categories:  
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Relative 

density (%)         Classification  

       < 15               Very loose  

      15-35              Loose  

      35-65              Medium  

      65-85              Dense  

       > 85               Very dense  

It is not possible to determine the dry density from the value of the relative density. The 

reason is that the values of the maximum and minimum dry densities (or void ratios) depend 

on the gradation and angularity of the soil grains.  

 

Engineering Behaviors of Compacted Soils 

The water content of a compacted soil is expressed with reference to the OMC. Thus, soils are 

said to be compacted dry of optimum or wet of optimum (i.e. on the dry side or wet side of 

OMC). The structure of a compacted soil is not similar on both sides even when the dry 

density is the same, and this difference has a strong influence on the engineering 

characteristics.  

Soil Structure 

For a given compactive effort, soils have a flocculated structure on the dry side (i.e. soil 

particles are oriented randomly), whereas they have a dispersed structure on the wet side 

(i.e. particles are more oriented in a parallel arrangement perpendicular to the direction of 

applied stress). This is due to the well-developed adsorbed water layer (water film) 

surrounding each particle on the wet side. 

Swelling 

Due to a higher water deficiency and partially developed water films in the dry side, when 

given access to water, the soil will soak in much more water and then swell more.  

Shrinkage  

During drying, soils compacted in the wet side tend to show more shrinkage than those 

compacted in the dry side. In the wet side, the more orderly orientation of particles allows 

them to pack more efficiently.  

Construction Pore Water Pressure 

The compaction of man-made deposits proceeds layer by layer, and pore water pressures are 

induced in the previous layers. Soils compacted wet of optimum will have higher pore water 

pressures compared to soils compacted dry of optimum, which have initially negative pore 

water pressure.  

Permeability  

The randomly oriented soil in the dry side exhibits the same permeability in all directions, 

whereas the dispersed soil in the wet side is more permeable along particle orientation than 

across particle orientation.  

Compressibility 

At low applied stresses, the dry compacted soil is less compressible on account of its truss-

like arrangement of particles whereas the wet compacted soil is more compressible.  
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Figure 03: Stress-strain Relationship 

The stress-strain curve of the dry compacted soil rises to a peak and drops down when the 

flocculated structure collapses. At high applied stresses, the initially flocculated and the 

initially dispersed soil samples will have similar structures, and they exhibit similar 

compressibility and strength.  

Field Compaction and Specifications 

To control soil properties in the field during earthwork construction, it is usual to specify the 

degree of compaction (also known as the relative compaction). This specification is usually 

that certain percentages of the maximum dry density, as found from a laboratory test (Light 

or Heavy Compaction), must be achieved. For example, it could be specified that field dry 

densities must be greater than 95% of the maximum dry density (MDD) as determined from a 

laboratory test. Target values for the range of water content near the optimum moisture 

content (OMC) to be adopted at the site can then be decided, as shown in the figure.  

For this reason, it is important to have a good control over moisture content during 

compaction of soil layers in the field. It is then up to the field contractor to select the 

thickness of each soil lift (layer of soil added) and the type of field equipment in order to 

achieve the specified amount of compaction. The standard of field compaction is usually 

controlled through either end-product specifications or method specifications.  

End-Product Specifications 

In end-product specifications, the required field dry density is specified as a percentage of the 

laboratory maximum dry density, usually 90% to 95%. The target parameters are specified 

based on laboratory test results.  

The field water content working range is usually within ± 2% of the laboratory optimum 

moisture content. It is necessary to control the moisture content so that it is near the chosen 

value. From the borrow pit, if the soil is dry, water is sprinkled and mixed thoroughly before 

compacting. If the soil is too wet, it is excavated in advance and dried. 

In the field, compaction is done in successive horizontal layers. After each layer has been 

compacted, the water content and the in-situ density are determined at several random 

locations. These are then compared with the laboratory OMC and MDD using either of these 

two methods: the sand replacement method, or the core cutter method. 
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Method Specifications 

A procedure for the site is specified giving:  

 Type and weight of compaction equipment  

 Maximum soil layer thickness  

 Number of passes for each layer  

They are useful for large projects. This requires a prior knowledge of working with the borrow 

soils to be used.  

Field Compaction Equipment  

There is a wide range of compaction equipment. The compaction achieved will depend on the 

thickness of lift (or layer), the type of roller, the no. of passes of the roller, and the intensity 

of pressure on the soil. The selection of equipment depends on the soil type as indicated.  

 

Equipment  Most suitable soils  Least suitable soils  

Smooth steel drum rollers 

(static or vibratory) 

Well-graded sand-gravel, crushed 

rock, asphalt  

Uniform sands, silty 

sands, soft clays  

Pneumatic tyred rollers  Most coarse and fine soils Very soft clays  

Sheepsfoot rollers Fine grained soils, sands and gravels 

with > 20% fines  

Uniform gravels, very 

coarse soils  

Grid rollers  Weathered rock, well-graded coarse 

soils  

Uniform materials, silty 

clays, clays 

Vibrating plates  Coarse soils with 4 to 8% fines  

Tampers and rammers All soil types  
 

 

Various equipment for field compaction: 

Types of Rollers 

Depending upon the project requirement and soil to be compacted, different types of rollers 

are used for compaction work. The various types of rollers which are used for compaction 

are: 

1. Cylindrical Rollers 

2. Sheepfoot Rollers 

3. Pneumatic tyred Rollers 

4. Smooth wheeled Rollers 

5. Vibratory Rollers 

6. Grid Rollers 

The following types of road rollers are generally used. 

1. Cylindrical Roller 

 This is a light roller of iron, concrete or stone; drawn by hand or bullocks. The size 

varies, but it is generally about 1 metre in dia. and about 1.5 metre long. 

 This ground pressure generated by this type of roller is about 7 kg/cm2. 

2. Sheep foot Roller 
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Figure 04: Sheep foot roller 

 As the name indicates, this type of roller consists of a drum having many round or 

re ta gular shaped protrusio s or feet  o  it. These rollers are also alled ta pi g 
rollers. 

 Various types are available having different diameters and widths of drum and 

different lengths and shapes of feet. The most common type is the one having two 

drums 1.22 meters wide and 1.06 either as taper-foot or club-foot rollers according to 

the shape of the feet. 

 Area of each protrusion can vary from 30 to 80 cm2. 

 The coverage area is about 8 to 12%. 

 The thickness of compacting layer is kept about 5 cm more than the length of each 

foot. 

 This type of roller mostly used for compaction of cohesive soils such as heavy clays 

and silty clays. Not effective with sandy soils. 

 The weight of the drum can be increased by filling the drum with water or damp sand. 

 The factors that governs the amount of compaction of soil are as follow:  

o Gross weight of the roller 

o Area of each feet 

o No of feet or lugs in contact with ground 

o Total no of feet per drum 

o Maximum pressure is exerted on soil when a foot is vertical. 

 The soil is supposed to be consolidated when the impression by the projecting teeth is 

not more than 12 mm deep or when the surface has been rolled 16 to 20 times. 

 10 to 20 passes are generally required to give complete coverage. 

 The density of the consolidated soil should be about 1.48 kg/cm3. The top layer has to 

be finished with a smooth wheel roller. 

 Pressure on the feet may be increased by filling the drum with wet sand or some other 

material, which may be 4 to 7kg/cm2 for light rollers and up to 25 to 70 kg/cm2 for 

giant rollers. 
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3. Pneumatic Tyred Rollers 

 
Figure 05: Pneumatic tyred roller 

 This type of roller consists of a heavily loaded wagon with several rows of four to six 

closely spaced tyres. This is also called rubber tyred roller. 

 It provided uniform pressure throughout the width. 

 2 factors governing the amount of compaction are as follow  

o Tyre pressure 

o Area of contact 

 Tyre pressure may be upto about 7 kg/cm2 

 The coverage area is about 80%. 

 The gross weight of the roller is about 6 to 10 tonnes which can be increased to 25 

tonnes by ballasting with steel section or other means. 

 The maximum density can be achieved by 8 passes of the roller. The optimum speed 

of roller is between 6 to 24 km/h. 

 Used for compacting cold laid bituminous pavements, soft base course materials or 

layers of loose soil. These rollers are also suitable for compacting closely graded sands, 

and fine-grained cohesive soils at moisture content approaching their plastic limits, 

though the compaction is not as high as that with the smooth wheel roller. 

 They are particularly efficient when used to finish off the embankment compacted by 

sheep foot roller or on loose sandy soils. 

4. Smooth Wheeled Roller 
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Figure 06: Tandem Roller 

 This type of roller consists of a large steel drum in front and one or two wheels or 

drum on the rear end. 

 Depending upon the number of wheels on the rear, it can be of following two types: 

1. Tandem rollers (having one wheel at rear and one wheel in front) 

2. Three wheeled rollers (having two wheel at rear and one in front) 

 The weight of tandem roller varies from 2 to 8 tonnes and that of two wheeled roller 

varies from 8 to 10 tonnes.  

 
Figure 07: Three wheeled roller 

 It ground coverage provided by smooth wheeled roller is 100%. 

 The weight of the roller can be increased by filling the inside space of the drum with 

water or wet sand. This is called ballasting. 

 The ground pressure exerted by tandem rollers is about 10 to 17 kg/cm2. 

 Performance of smooth wheel roller depend upon it load per cm width and diameter 

of the roll. 

 The speed and number of passes of a smooth wheeled roller depends on the type of 

soil to be compacted and project requirements. The optimum working speed has 

found to be 3 to 6 km/h and about 8 passes are adequate for compacting 20 cm layer. 

 Smooth wheel rollers are most suitable for consolidating stone soling, gravel, and 

sand, hard core, ballast and surface dressings. Not suitable for consolidating 

embankments and soft sub-grades, but are better suited than any other plant for 

compacting silty and sandy soils and with fewer passes. When the moisture content is 

a little more than optimum it will compact more easily. 

 The two types (i.e. steam and diesel) are very much alike, the difference being mainly 

in power unit. Adjustable weight devices are available which can be fitted to the 

wheels so that the rolling pressure can be varied to suit different consolidation 

requirements. When engaged on heavy work, the sliding weights must always be at 

the rear of the roller. The sliding weight must never be moved when the roller is on a 

gradient. 

 The steam road roller can stand heavier wear and tear and is much simpler to work 

than the diesel roller but it takes over an hour to start up and cannot be temporarily 

shut off, while the diesel type can be started up and shut down in a few minutes and 

does not consume fuel when standing temporarily idle on a job. Steam road rollers are 

now getting outdated. Diesel rollers are cheaper in running cost. 
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 Some rollers are made with its prime movers or engine as a separate unit which is a 

tractor, and is mounted on the roller, and which has its own advantages. 

 Scrappers are provided on all the wheels in adjustable positions covering the full 

width of the roll, with water sprinkling arrangement, for scraping of the mud and 

keeping the wheels clean during rolling. 

 The maximum grade a road roller can climb is 1 in 5. 

5. Vibratory Rollers 

 
Figure 08: Vibratory Roller 

 This type of roller is fitted with one or two smooth surfaced steel wheels 0.9 m to 1.5 

m in diameter and 1.2 m to 1.8 m wide. 

 Self-propelled vibratory rollers are now available weighing from 4 to 6 tonnes. 

 Vibrations are generated by the rotation of an eccentric shaft inside. 

 A vibratory roller is used for compacting granular base courses. It is sometimes used 

for asphaltic concrete work. 

6. Grid Rollers 

 
Figure 09: Grid Roller 

 These rollers have a cylindrical heavy steel surface consisting of a network of steel 

bars forming a grid with squire holes and may be ballasted with concrete blocks. 

 They are generally towed units and can operate at speeds between 5 and 24 km/h. 

 Typical weights vary between 5 tones net and 15 tones ballasted. 

 Grid rollers provide high contact pressure but little kneading action and are suitable 

for compacting most coarse grained soils. 

Soil stabilization 

Soil stabilization is a method of improving soil properties by blending and mixing other 

materials. 

Three Types of Soil Stabilization Techniques  
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Differe t t pes of soil sta ilizatio  ha e ee  perfor ed for thousa ds of ears; it as ’t too 

long after roads were developed that primitive engineers began looking for ways to improve 

them.  Believe it or not, some of the original methods (or at least their spiritual descendants) 

are still employed today.  Let’s take a look at the three asi  types of soil stabilization and 

how they work: 

 Mechanical – The oldest types of soil stabilization are mechanical in nature.  

Mechanical solutions involve physically changing the property of the soil somehow, in 

order to affect its gradation, solidity, and other characteristics.  Dynamic compaction 

is one of the major types of soil stabilization; in this procedure a heavy weight is 

dropped repeatedly onto the ground at regular intervals to quite literally pound out 

deformities and ensure a uniformly packed surface.  Vibro compaction is another 

technique that works on similar principles, though it relies on vibration rather than 

deformation through kinetic force to achieve its goals. 

 Chemical – Chemical solutions are another of the major types of soil stabilization.  All 

of these techniques rely on adding an additional material to the soil that will 

physically interact with it and change its properties.  There are a number of different 

types of soil stabilization that rely on chemical additives of one sort or another; you 

will frequently encounter compounds that utilize cement, lime, fly ash, or kiln dust.  

Most of the reactions sought are either cementitious or pozzolanic in nature, 

depending on the nature of the soil present at the particular site you are investigating. 

 Polymer/Alternative – Both of the previous types of soil stabilization have been 

around for hundreds of years, if not more; only in the past several decades has 

technology opened up new types of soil stabilization for companies to explore.  Most 

of the newer discoveries and techniques developed thus far are polymer based in 

nature, such as those developed by Global Road Technology.  These new polymers and 

substances have a number of significant advantages over traditional mechanical and 

chemical solutions; they are cheaper and more effective in general than mechanical 

solutions, and significantly less dangerous for the environment than many chemical 

solutions tend to be. 

All three types of soil stabilization are still employed on construction projects all across the 

globe. Following are the various soil stabilization methods and materials: 

1. Soil Stabilization with Cement:  

The soil stabilized with cement is known as soil cement. The cementing action is believed to 

be the result of chemical reactions of cement with siliceous soil during hydration reaction. 

The important factors affecting the soil-cement are nature of soil content, conditions of 

mixing, compaction, curing and admixtures used. 

The appropriate amounts of cement needed for different types of soils may be as follows: 

 Gravels – 5 to 10% 

 Sands – 7 to 12% 

 Silts – 12 to 15%, and 

 Clays – 12 – 20% 

The quantity of cement for a compressive strength of 25 to 30 kg/cm2 should normally be 

sufficient for tropical climate for soil stabilization. 

If the layer of soil having surface area of A (m2), thickness H (cm) and dry density rd 
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(tones/m3), has to be stabilized with p percentage of cement by weight on the basis of dry 

soil, cement mixture will be 

 
And, the amount of cement required for soil stabilization is given by 

Amount of cement required, in tones =  

Lime, calcium chloride, sodium carbonate, sodium sulphate and fly ash are some of the 

additives commonly used with cement for cement stabilization of soil. 

2. Soil Stabilization using Lime: 

Slaked lime is very effective in treating heavy plastic clayey soils. Lime may be used alone or 

in combination with cement, bitumen or fly ash. Sandy soils can also be stabilized with these 

combinations. Lime has been mainly used for stabilizing the road bases and the subgrade. 

Lime changes the nature of the adsorbed layer and provides pozzolanic action. Plasticity 

index of highly plastic soils are reduced by the addition of lime with soil. There is an increase 

in the optimum water content and a decrease in the maximum compacted density and he 

strength and durability of soil increases. 

Normally 2 to 8% of lime may be required for coarse grained soils and 5 to 8% of lime may be 

required for plastic soils. The amount of fly ash as admixture may vary from 8 to 20% of the 

weight of the soil. 

3. Soil Stabilization with Bitumen: 

Asphalts and tars are bituminous materials which are used for stabilization of soil, generally 

for pavement construction. Bituminous materials when added to a soil, it imparts both 

cohesion and reduced water absorption. Depending upon the above actions and the nature of 

soils, bitumen stabilization is classified in following four types: 

 Sand bitumen stabilization 

 Soil Bitumen stabilization 

 Water proofed mechanical stabilization, and 

 Oiled earth. 

4. Chemical Stabilization of Soil: 

Calcium chloride being hygroscopic and deliquescent is used as a water retentive additive in 

mechanically stabilized soil bases and surfacing. The vapor pressure gets lowered, surface 

tension increases and rate of evaporation decreases. The freezing point of pure water gets 

lowered and it results in prevention or reduction of frost heave. 

The depressing the electric double layer, the salt reduces the water pick up and thus the loss 

of strength of fine grained soils. Calcium chloride acts as a soil flocculent and facilitates 

compaction. Frequent application of calcium chloride may be necessary to make up for the 

loss of chemical by leaching action. For the salt to be effective, the relative humidity of the 

atmosphere should be above 30%. 

Sodium chloride is the other chemical that can be used for this purpose with a stabilizing 

action similar to that of calcium chloride. 

Sodium silicate is yet another chemical used for this purpose in combination with other 

chemicals such as calcium chloride, polymers, chrome lignin, alkyl chlorosilanes, siliconites, 
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amines and quarternary ammonium salts, sodium hexametaphosphate, phosphoric acid 

combined with a wetting agent. 

 
Figure 10: Chemical Stabilization of Soil 

5. Electrical Stabilization of Clayey Soils: 

Electrical stabilization of clayey soils is done by method known as electro-osmosis. This is an 

expensive method of soil stabilization and is mainly used for drainage of cohesive soils. 

6. Soil Stabilization by Grouting: 

In this method, stabilizers are introduced by injection into the soil. This method is not useful 

for clayey soils because of their low permeability. This is a costly method for soil stabilization. 

This method is suitable for stabilizing buried zones of relatively limited extent. The grouting 

techniques can be classified as following: 

 Clay grouting 

 Chemical grouting 

 Chrome lignin grouting 

 Polymer grouting, and 

 Bituminous grouting 

7. Soil Stabilization by Geotextiles and Fabrics: 

Geotextiles are porous fabrics made of synthetic materials such as polyethylene, polyester, 

nylons and polyvinyl chloride. Woven, non-woven and grid form varieties of geotextiles are 

available. Geotextiles have a high strength. When properly embedded in soil, it contributes to 

its stability. It is used in the construction of unpaved roads over soft soils. 

Reinforcing the soil for stabilization by metallic strips into it and providing an anchor or tie 

back to restrain a facing skin element. 

Geosynthetics for Ground Improvement 

Long ago, when difficult sites for construction purposes were to be dealt, the conventional 
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practice was limited to either the replacement of unsuitable soils or adopting suitable 

foundation which sometimes increases the cost of foundations. Innovative soil modification 

approaches are evolved to solve soil related problems. One among them is the usage of geo-

synthetics. When used to enhance the soil strength they have following advantages. 

 They are space savings, 

 Better material quality control, 

 Better construction quality control, 

 Cost savings, 

 Technical superiority, 

 Construction time saving, 

 Material deployment, 

 Material availability, 

 Environmental sensitivity. 

Different Types of Geosynthetics 

1. Geotextiles 

 
Figure 11: Geotextiles              Figure 12: Geogrids 

Geo-textiles are indeed textiles in a traditional sense, but consist of synthetic fibres rather 

than natural ones like cotton, wool and silk. Thus bio-degradation is not a problem. The 

major point is that they are porous to water flow across their manufactured plane and also 

within their plane, but to a widely varying degree. Geo-textile Polymer is manufactured from 

polyester or polypropylene. Polypropylene is a material lighter than water (it has a specific 

gravity of 0.9). It is considered to be strong and very durable. Polyesters used are heavier 

than water and it gives excellent strength and creep properties. There are two types of 

geotextiles. They are woven and non-woven geotextiles. The woven yarns and non-woven 

geotextiles are manufactured using polypropylene filaments and staple fibers. Non-woven 

types are manufactured from Staple fibers. They usually are 1 to 4 inches in length or a 

continuous filament randomly distributed in layers onto a moving belt to form a felt like 

We . It is ai l  used as a surface drainage. Woven geotextiles are made from weaving 

monofilament, multifilament or slit film yarns. Slit film yarn is further classified into Flat tapes 

and Fibrillated yarns. There are two steps in the process of making woven textiles. They are 

manufacturing of the filaments and weaving. Slit films are used in sediment control and road 
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stabilization works but are poor choice for sub surface drainage and erosion control works as 

they have low permeability. Alternatively fabrics made with fibrillated tape yarns have better 

more uniform openings and permeability than the flat tape. 

2. Geogrids 

Geo-grids are plastics formed into a very open netlike configuration. Single or Multi-layer 

materials are usually made from extruding and stretching high density polyethylene or by 

weaving or knitting the polypropylene. The resulting grid structure possesses large openings 

called apertures. These apertures enhance the interaction with the soil and aggregate. It is a 

good soil and aggregate reinforcement due to its good tensile strength and stiffness. 

3. Geonets 

 
Figure 13: Geonet              Figure 14: Geocomposites 

Geonets are stacked criss-crossing polymer strands that provide in-plane drainage. The 

geonets are all made of polyethylene. The molted polymer is extruded through slits in 

counter rotating-dies hi h for s a atri  or a et of losel  spa ed sta ked  stra ds. 
Whe  the la ers of stra d are t o the  it is alled as ipla ar  a d three la ers of stra d are 
alled tripla ar . 

4. Geocomposites 

Geocomposites are geotextile filters surrounding a geonet. Some of the functions of the 

geocomposites are as blanket drains, panel drains, edge drains and wick drains. Blanket 

drains are generally used as Leachate, Infiltration collection, removal layers within landfill. 

Panel drains are placed adjacent to the structure to reduce the hydrostatic pressure. Edge 

drains are used adjacent to pavement structures which helps collect and remove lateral 

seepage from the road base. 

1. Geomembranes 

Geomembranes are impervious thin sheets of rubber or plastic material primarily used for 

linings and covers of liquid- or solid-storage impoundments. Thus the primary function is 

always as a liquid or vapor barrier. They are relatively impermeable when compared to soils 

or geotextiles. They are divided into two general categories, they are, Calendared and 

Extruded. For Calendared type, materials used are polyvinylchloride, chlorosulphonated 

polyethylene, chlorinated polyethylene and polypropylene. For Extruded type, material used 

Downloaded from  be.rgpvnotes.in

Page no: 15 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


is high dense polyethylene. 

 

 
Figure 15: Geomembranes              Figure 16: Geosynthetic clay liners 

6. Geosynthetic Clay Liners 

Geosynthetic clay liners (GCLs) include a thin layer of finely-ground bentonite clay. The clay 

swells and becomes a very effective hydraulic barrier when wetted. GCLs are manufactured 

by sandwiching the bentonite within or layering it on geotextiles and/or geomembranes. The 

bonding of the layers are done with stitching, needling and/or chemical adhesives. 

7. Geofoam 

 
Figure 17: Geofoam               Figure 18: Geopipe 

Geo-foam is a newer category of the geosynthetic product. It is a generic name for any foam 

material utilized for geotechnical applications. Geofoam is manufactured in large blocks 

which are stacked to form a lightweight and thermally insulating mass buried within the soil 

or pavement structure. The most common type of polymer used in the manufacturing of 

geofoam material is polystyrene. The applications of geofoams are 

 It is used within soil embankments built over soft, weak soils 

 Used under roads, airfield pavements and railway track systems which are subjected 

to excessive freeze-thaw conditions 

 Used beneath on-grade storage tanks containing cold liquids. 

8. Geopipe 

Another significant product which has been adopted as a geosynthetic is the plastic pipe. The 

specific polymer resins that are used in the manufacturing of plastic pipes are high-density 

polyethylene (HDPE), polyvinyl chloride (PVC), polypropylene (PP), polybutylene (PB), 

acrylonitrile butadiene styrene (ABS), and cellulose acetate buytrate (CAB). There is a wide 
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variety of civil engineering applications for these products. These include leachate removal 

systems, interceptor drains, and highway and railway edge drains. 

9. Turf Reinforcement Mats 

Turf reinforcement mats (TRMs) are 3-dimensional structures composed of fused polymer 

nettings, randomly laid monofilaments, or yarns woven or tufted into an open and 

dimensionally stable mat. Erosion protection can be increased by applying these Mats, which 

can provide more protection compared to that of plants grown normally. Proven 

performance has resulted in the broad use and ensured the acceptance of TRMs as a 

permanent, cost effective and environmentally friendly alternative to hard armor erosion 

protection solutions such as concrete and riprap. 

10. Geocell 

Figure 19: Geocell 

3-D honey comb like structures filled with soil, rock and concrete. They are made of strips of 

polymer sheets/ geotextiles, connected at staggered points in order to form a large honey 

comb mat when its strips are pulled apart. Geo-cells were manufactured from a novel 

polymeric alloy called Neoloy. The geocell with a higher elastic modulus has stiffness of the 

reinforced base and a higher bearing capacity. Geo-cells made from NPA are found to be 

significantly better in stiffness, ultimate bearing capacity and reinforcement relative to 

geocells made from HDPE. NPA geocells show better creep resistance and better retention of 

creep resistance and stiffness particularly at elevated temperatures, as verified by plate load 

testing and numerical modeling. A full scale research demonstrated that NPA geocells have a 

lower thermal expansion coefficient and creep reduction factor. It showed a higher tensile 

stiffness and strength than HDPE geocells and NPA geocells increased the bearing capacity 

and reduced settlement of compacted sand base courses significantly more than geocells 

fabricated from HDPE. 
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Thermal stabilization: 

Thermal stabilization of soil is a ground improvement technique. The concept, method and 

applications of thermal stabilization of soil are discussed. 

It has been observed that heating or cooling shows certain marked changes in the soil 

properties. Many types of research were conducted on the same and many impressive results 

were observed that is found relevant for soil stabilization. 

Heating and cooling have been extensively used as soil improvement techniques. Whatever 

be the mode of thermal stabilization we opt for it has the following needs: 

 Thermal evaluation of heat flow 

 Heating or refrigeration system has to be designed 

 Strength and stress-strain -time properties of the soil have to undergo performance 

analysis 

The figure shown below represents the ultimate strength of three soils with temperature as a 

function. 

 
Figure 20: Compressive Strength of three soils as a function of Temperature  
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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