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Abstract: There is increased demand of lands due to rapid urbanization. As a result of which roads and buildings have to be 

constructed over soils possesing low bearing capacity. The performance of a road mainly depends on the property of subgrade. In 

order to have better performance of road, it is uneconomical to replace the soft soil for attaining high strength. In such cases the 

emerging geosynthetic material comes into rescue. They include the functions of separation, filtration, reinforcement, stiffening, 

drainage, barrier, and protection. Geosynthetics can overcome the problems that occur due to conventional methods of road 

construction like lateral displacement, surface water infilteration into deeper layers, traffic interuption due to maintainance, 

reduced life span of roads, high maintainance cost. Geosynthetics have been successfully used to fulfill a number of applications 

that contribute significantly to the better performance of roadways. The thought may arrise regarding the cost of geosynthetics 

applications. This paper focuses on overview of cost savings, which can be directly related to the use of geosynthetics in the 

construction of roads. As per the study four types of cost savings are identified including: 1) reduction of the quantity or need for 

select soil materials; 2) easier and/or accelerated construction; 3) improved long-term performance; and, 4) improved 

sustainability. In this paper we mainly deal with cost benifits by improved long-term performance of road.       

 

Index Terms - Geosynthetics, cost-benifit, maintainance, roads. 

 

1. INTRODUCTION 

Abrupt increase in traffic frequency and intensity, 

there is a great demand for increasing and extending the 

existing road network. As the lifespan of roads is usually 

20-30 years it is necessary to design and maintain the 

road for its strength and durability. When it comes to the 

improved design and long term consideration of 

pavement design, the term "Geosynthetics" comes into 

picture. It is well known fact that Geosynthetics has 

gained much attention these days in terms of its function 

and wide variety of applications in the field of civil 

engineering.  

Geosynthetic is nothing but a planar product 

manufactured from a variety of high quality synthetic 

polymer materials which are specifically used in 

geotechnical, hydraulic , geoenvironmental, and 

transportation engineering related applications as an 

integral part of a man-made project, structure, or system. 

They consist of mainly seven categories such as 

geotextiles, geomembranes, geogrids, geonets, 

geosynthetic clay liners, geofoam, and geocomposites.  

When it involves soil and asphalt pave-ment 

reinforcement, out of seven categories geotextiles, 

geogrids and geocomposites are mostly used. . For 

the construction of roads on soft soils having low 

strength, a particular bearing capability is needed to 

avoid unnecessary differential settlements of the road 

structure. If the subsoil doesnot posses good bearing 

capacity it should be treated through various ground 

improvement techniques or will have to replace the soil. 

The ground improvement techniques may include 

chemical stabilization, mechnical stabilization, 

stabilization using geosynthetics or other any suitable 

techniques considering the type of load and soil lying 

below. It is also important to maintain the bearing 

capacity through out its service life. Before dealing with 

the applications of geosynthetics, it is desired to have 

sufficient knowledge refarding the functions of 

Geosynthetics. The various functions of Geosynthetics 

are as follows (Refer Figure 1) 1. Seperation 2.Filteration 

3.Reinforcement 4.Drainage 5.Fluid or gas contaminant 

or errosion control. Sometimes Geosynthetics can have 

multiple functions.  It also acts as cushion in the asphalt 

layer if properly installed.  

There are wide variety of factors with affect the 

service life of road such as traffic loading, environmental 

factors, subgrade soil conditions, cuts made for repair and 

replacement of water supply system, extending the road 

or deterioration of the materials. Such problems must be 

dealt with proper maintainance or rehabilitation of the 

pavement. Though proper maintainance at regular 

interval of time can increase the service life of 

pavements, these proove to be inefective as the 

remediation won't be long lasting because of the fact that 

the problems cannot be treated efficiently and pavement 

condition cannot be renewed. The basic cause of 

unstability is its permeability. Most of the roads undergo 

destress due to precipitation of surface water infilteration, 

weakening of subbase. It also accelerates reflective 

cracking phenomenon, degradation of pavement. 

Maintainance can also lead to destress followed by 

surface cracks, joint failure and so on. Therefore it is 

beneficiary to construct the pavement taking into 

consideration for long term performance. This includes 

stabilizing the the subgrade against infilteration of water 

through various water proofing materials, high stress 

absorbers. All the issues can be resolved by the 

application of Geosynthetics. These tools also proove to 

be economical for long run.  
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Fig.1. Functions of geosynthetics. 

  

The objective of the report is to detail the long-term 

performance of pavement designs which incorporate 

geosynthetics in the pavement section as a separator 

between the subgrade and base or sub-base material and 

as an interlayer reinforcement/moisture barrier and 

reflective crack reduction in an asphalt overlay. This 

performance will be evaluated on the basis of 

determining the extended life of pavement sections 

incorporating geosynthetics, the reduction of 

maintenance required during the pavement design life, 

the speed of construction and the cost-benefits compared 

to alternatives such as increased thickness in pavement 

sections, sections without geosynthetics and various 

pavement rehabilitation techniques. This report will also 

identify the most promising existing techniques for 

delaying reflection cracking and detail cost benefits of 

interlayer reinforcement/moisture barrier techniques. 

 This paper provides an overview of cost savings 

that can be achieved through the use of geosynthetic 

materials in the construction of civil engineering works, 

mainly dealing with the construction of roads. Other than 

road construction geosynthetics has wide variety of 

applications in civil engineering like embankments, 

retaining walls, landfills, slope stability, erosion control, 

and so on. Through the literature survey, four types of 

cost savings are identified including: 1) reduction of the 

quantity or need for select soil materials;2) easier and/or 

accelerated construction; 3) improved long-term 

performance; and, 4) improved sustaina- bility. In many 

applications, combinations of cost benefits are identified, 

and, in most of these cases, the value far exceeds the as-

installed cost of the geosynthetic [5]. 

 

2. PERFORMANCE OF GEOSYNTHETICS IN 

RELATION WITH  COST BENIFIT  

In this paper the main focus is on improved long term 

performance of geosynthetics in relation with cost 

benifit.Under the improved long term permormance there 

are four main aspects through which improved long term 

performance can be evaluated. They are 1.Stabilization of 

road base. 2. Stabilization of road subgrade. 3. 

Geosynthetics as separator. 4. Geosynthetics as pavement 

overlays.  

    2.1 Stabilisation Of Road Bases  

The main application of Geosynthetics in base 

stabilization is to provide stifness for base aggregate 

material. The primary function of base stabilisation is to 

decrease lateral displacement and increasing confinement 

of base materials. There are two main reinforcement 

mechanisms namely lateral confinement effect and 

tension membrane effect, which require different depth 

values of rutting in order to be mobilized. The 

mechanical properties of base aggrgate, degrades due to 

repeatd traffic loading conditions which in turn cause 

lateral displacement of the particals. Such displacement is 

of particular significance in the lower portion of the base 

layer, directly below the wheel path, where tensile 

stresses are more prone to develop the lateral 

displacements that may develop within the base layer [2]. 

The displacements result in decreased decreased 

confinement (i,e lateral stresses)  of the aggregate, which 

significantly impact the modulus of the base material.  

2.2 Stabilization Of Road Subgrades 

Subgrade stabilization is a method of application of 

geosynthetics in roadway to incraese the bearing capacity 

of soft subgrade soils. This application involves the 

functions of reinforcement, stiffening, separation, and 

filtration. Among these, the primary function of 

geosynthetics is reinforcement that leads to an increased 

bearing capacity of soft foundation soils while the 

stiffening function helps to decrease lateral displacement 

within the base. It is important to note that, the stiffening 

function, which is obtained through subbase stabilization, 

also contributes to the stabilization of subgrade through 

its multiple functions. 
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Fig.2.2. Use of geosynthetics in stabilization of road subgrades: (a) roadway designed without geosynthetics, (b) roadway 

designed with geosynthetics. 

 

The geosynthetic is placed at the interface between the 

subgrade that is to be stabilized and the overlying base. 

As mentioned earlier that a geosynthetic used for 

subgrade stabilization also provides stabilization to the 

base material. This prooves that the use of a single 

geosynthetic is benificial with dual applications i,e. 

subgrade stabilization (to increase the subgrade bearing 

capacity) and base stabilization (to reduce lateral 

displacement of base material and provide high base 

stiffness). However, subgrade stabilization involves the 

mobilization of comparatively large geosynthetic strains 

and the development of comparatively large rutting 

depths, which are significant with those expected in 

unpaved roads. On the other hand base stabilization is 

mobilized for relatively small geosynthetic strains and the 

corresponding small rutting depths, which are expected 

for paved and unpaved roads. As indicated in Figure 

2.2(a), the presence of a weak subgrade may give rise to 

the development of localized (punching) shear failure 

mechanism in foundation soils, which gives rise to 

greater deflections in the various overlying layers of the 

pavement [2]. 

2.3. Subgrade Separation And Stabilisation  

Among the other applications, geosynthetics also 

function as a barrier.  Geosynthetic prevent granular 

materials from entering into the soft underlying subgrade 

as well as prevent finegrained subgrade soil from being 

pumped up into permeable granular materials by acting 

as a seperator. During the separation mechanism, the 

geosynthetics may get teared off due to sharp edged 

grains under the dynamic loads acting on railways. Hence 

to avoid this wearing off of the geosynthetics, sandy 

gravel as protective layer is placed under the ballast.  

 
Fig. 2.3 illustates geosynthetic as a separator. a) Base without geosynthetic    b) with geosynthetic 

Figure 2.3 illustartes the seperation mechanism using 

geosynthetics as a comparison of pavement without 

geosynthetics. Along with the separation of aggrgates, 

geosynthetics possess as a barrier to prevent moisture 

from infiltrating into the pavement structure, and such 

water proofing action may reduce base and subgrade 

movement due to freeze-thaw action, leading to the delay 

in deterioration of the pavement.  

2.4. Geosynthetics In Pavement Overlays. 

Most of the widely used applications of geosynthetics are 

in asphalt overlays.  Geosynthetics are used as 

rehabilitation in asphalt concrete roads. When surface of 

pavement shows significant cracks and potholes, proper 

maintainace is needed. The rehabilitation of cracked 

roads by simple overlaying is rarely a durable solution. 

The cracks occured due to heavy traffic load intensity 

under the overlay rapidly propagate through to the new 

surface. This phenomenon is called reflective cracking 

(Refer Figure.2.4.a). The geosynthetics used in these 

applications include non-woven geotextiles, geogrids & 

geocomposites. The stress in the overlay is elliminated by 

using non-woven geotextile that act as a stress relieving 

interlayer which dissipates the stress caused due to 

vehicular load before they reach out the joints or cracks 

[7]. Along with this, the geotextile is saturated with tack 

coat and thereby performing as a moisture barrier 

preventing infilteration of surface water and protecting 

the base from degradation.  
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Fig. 2.4. Use of geosynthetics in mitigation of reflective cracking in asphalt overlays: (a) roadway designed without 

geosynthetics, (b) roadway designed with geosynthetics. 

 

3. AN OVERVIEW OF COST BENIFIT 

ANALYSIS USING GEOSYNTHETICS 

Geosynthetics usually replace other geotechnical 

materials like soil, rock and also reduce the installation 

cost which is lower than the material to be replaced. For 

example instead of replacing soft soil with  stiff soil 

having appriciable bearing capacity it would be 

preferable to introduce geosythetics for better 

performance. This in turn is economical interms of 

function as well as long term considerations. Also 

through the study it can be seen that the cost associated 

with the rehabilitation and maintainance is much higher 

than the initial installation of geosynthetics in the 

pavements. In order to improve the service life of roads it 

is advisible to use geosynthetics for the construction of 

roads. Not only in the feild of transportation engineering, 

but also in other civil engineering applications, 

geosynthetics has gained much popularity with benifits of 

multiple applications. Following are the advantages of 

using geosynthetics in roads. 

1. Can be a substitute to replacement of weak soft 

soil can attain immidiate saving. 

2. can achieve immediate savings through ease of 

installation and/or increased speed of 

construction, 

3. Incraesed life span of roads there by minimising 

the maintainance which inturn reduce the cost 

4. Improved sustainability in terms of conserving 

natural environments as compared to alternate 

designs. 

5. Due to high performance of geosynthetics there 

is delaying in the appearance of reflective cracks 

6. Extending the useful life of the overlay. 

7. Increased resistance to fatigue cracking 

8. Saving up to 2 inches of overlay thickness. 

9. Interuptions of traffic due to frequent 

maintanance can be reduced. 

 

4. CONCLUSION 

Geosynthetics has overcome almost all the limitations 

witnessed by following traditional road construction 

methods. Some of the application of geosynthetics in 

roads being increased shear strength, reduced lateral 

displacement, control moisture penetration into the base 

layers, improved life cycle, cost benificiary, reduced  

thickness of overlay and so on. Geosynthetics also proove 

to be a cost effective alternative both in case of 

maintainance cost as well as consideration of life cycle of 

pavements.  
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