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Abstract 

Most of the failures in flexible pavement arise from clay subgrades. The causative factors for failure being migrations of capillary 

water into pavement sections, penetration of subbase material into softened subgrade and volume instability of subgrade. Hence in 

clay subgrades, it is essential to provide capillary cut off and also the concept of improved subgrade shall be allotted. In expensive 

clays cushions are to be provided between pavement and subgrade to aboard the Volume changes. In the present study design of 

flexible pavement are done on Brown clay and Black clay based on CBR method. The designs are also carried out based on the 

concept of improved subgrade. In Black clay, the designs are also considering sand Blanket course and CNS cushion layers. The 

cost economics of the different pavement design options are worked out to explain the extra cost of construction involved in all 

opting CNS cushion/Capillary cut off/improved sub grade in flexible pavement design. The method of improved subgrade involved 

about 18% and 5% additional cost of construction for flexible pavements in Brown clay and Black clay sub grades respectively.                 

Keywords: Gravel, Clay Soils, Black Cotton Soil 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

Roads facilitate moment of both men and materials anywhere within a country. It helps in social economic development as well as 

brings national integration. It provides linkages to other modes of transportation runways, airways and shipping etc. 

An efficient and well established network of roads is desired for promoting trade and commerce in any country and also fulfills 

the needs of a sound transportation system for sustained economic development. Roads allow truck to move goods from points of 

production such as field and factories directly to markets and shopping centers .private individuals rely on roads for safe and 

efficient automobile, motorcycle and bicycle travel Fire department medical services, and other government agency services to the 

public in times of need.  

 Road transportation is the most adaptable mode of transport under varied conditions of topography and hence top priority is 

given by the governments to improve the road transportation facilities countrywide through allocation of huge capital investments. 

At present, in India, National Highway Development Project (NHDP) and Pradhan Mantri Gram Sadak Yojana (PMGSY) have 

been proposed for implementation. Under NHDP, it is planned to connect the four metros, North-South and East-West corridors 

in the next six years at a cost of about Rs 50,000 crores and under PMGSY, an amount of about Rs. 70,000 crores is proposed to 

be spent for connecting villages with population more than 500. Although there are two types of pavements for construction, 

generally flexible pavements are preferred over rigid pavements as they incur less initial investment and easy maintenance. Unless 

the flexible pavement design technology ensures satisfactory performance, the efforts made by the governments will not fulfill the 

objectives. 

 Clay soil is very fine grained soil and hence there is very less air space between the particles. Clay because of its density retains 

moisture well. It also tends to be more nutrient rich than other soils types. There soils are negatively charged and hence they attract 

and pick up positively charged particles such as calcium, potassium and magnesium. Clay soils suffers slow draining, they compact 

easily and tend to heave in winter or when it is in wet condition. They are alkaline. 

 Expansive soils are also known as black cotton soils in India due to their black color and propensity for growing cotton, have 

high potential for shrinkage and swelling due to seasonal moisture fluctuations. In India, the area covered by the expansive soils is 

nearly20% of the total land area. Swelling soils of India are commonly known as black cotton soils, because of their color and their 

suitability for growing cotton. Expansive soils exhibit a peculiar swell–shrink behavior when subjected to annual moisture changes. 

These clays are available worldwide and are a continual source of concern causing substantial distress to civil engineering 

structures. 

 In most cases functionally and economically, it is impossible to bypass these areas or to substitute the clay by a more stable soil. 

Inevitably a civil engineer has to accept the expansive soil as a foundation bed or a construction material for his construction 

activities. 

 Several thousand kilometers long road network along the length and the breadth of the country is passing through expansive soil 

bed. In many instances, the pavements running over these soils suffer severe distress in the form of heaving and cracking due 

To alternate wetting and drying. Several remedial solution like chemical modification, soil replacement, pre wetting and moisture 

barriers have been tried with varying degree of success. With the versatile nature reinforced earth technique gained prominence in 

Civil engineering activity, more so, with development of geosynthetic. However, except the use of geosynthetic layer as a separator 

in case of some clayey subgrades, reinforced earth technique has not received adequate attention in flexible pavement construction. 
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 Problems to Pavements in Clay Subgrades 

 Pavement Thickness 

As clay subgrade possess low CBR values in soaked condition they lead to requirement of large design thickness. 

Subgrade Intrusion: The expansive soil supporting a pavement gets intruded into overlying layers and affects the performance of 

the pavement. 

 Uneven (Wavy) Pavement Surface 

As expansive soil get softens after swelling in rainy season near the edges of the pavement under wheel tracks the road surface 

gets deformed at the edge region where as central portion remains less affected. 

 Instability of Pavement 

The cyclic shrinkage and swelling phenomenon of expansive soil subgrades cause displacements in structural layers of pavement 

and thereby deteriorate strength of pavement. 

 Raveling 

The capillary water migrated from subgrade leads to stripping of bitumen and leads to decoration of pavement surface due to loss 

of bond between bitumen and aggregate. 

 Loss of Pavement Thickness 

As the clay subgrade have poor drainage conditions, have low strength in saturated conditions during rainy season and the 

overlaying coarser material may sink into it over a period of time, thus reducing effective thickness of pavement. 

 Cost of Pavement 

As the Black Cotton soils have swell potential and low strength in wet condition, it will be required to adopt a thicker pavement 

section which incurs high cost. 

 High Maintenance Cost 

After every rainy season flexible pavements over clay subgrades demand maintenance to provide proper riding surface. 

 Loss of Support 

If cement concrete construction is adopted in expansive soil, it suffer loss of support near edge region during summer. 

 Aim & Objectives of the Study 

The work is aimed at estimating cost economics of flexible pavement design over clays of intermediate and high plasticity. 

The work has been planned with the following objectives 

1) To evaluate the engineering properties of clay subgrade soils (CI & CH groups). 

2) To design flexible pavement over clay soils as per IRC 37-2001. 

3) To understand the concept of CNS cushion over expansive soils. 

4) To design flexible pavement over CH subgrade soils using CNS cushion and improved subgrade concepts. 

5) To design flexible pavement over CI subgrade soils using improved subgrade concept. 

6) To study the cost economics of different pavement design options on selected subgrades as per SSR-2010 (Standard Schedule 

Rates) of GVMC. 

II. DESIGN CONSIDERATION FOR FLEXIBLE PAVEMENT OVER CLAY SOILS 

 Soil Replacement 

This technique involves replacement of expansive foundation soil with non-swelling soils either partially or fully (Chen, 1988). It 

has been claimed that if subsoil consists of more than about 1.5 meters of granular soil like clayey sand (SC), there will be no 

danger of foundation movement when structure is placed on filled up on clay soil. It is reported that the technique is successful 

since seepage water never reaches the clay soils or heaving of lower clay soil is so uniform that structural movement is not 

noticeable. The success of soil replacement technique lies in selection of non-clay soil and quality of compaction done during back 

filling. Due to simplicity of the method, it has been used in construction of highways (Chen, 1988). The soil used as replacement 

is preferably cohesive non-swelling soil such as silts, clayey silts, silty clays or clayey sands, but not pure granular soils as per 

Federal Highway Administration guidelines. It is claimed that about 1.8 to 3 m removal of clay soil and backfilling significantly 

reduces swell. However it all depends on drainage and geometry of pavement section. The method becomes expensive if clay soil 

extends to a greater depth and non-clay soils as backfill material are not locally available at place of construction (Nelson, 

1991).Replacement of subgrade up to top 0.5m is enough is non expansive soil as wheel load stresses become insignificance 

beyond that depths. 

 Prewetting 

An old concept among civil engineers, contractors and laymen in dealing swelling soils is prewetting. The theory of prewetting is 

based on the consideration that the structures over clay soils does not show any damage if they are constructed after allowing the 

expansive foundation soil to swell by wetting prior to construction and measures are taken to maintain high moisture in soil so as 

to keep volume of soil constant. The prewetting of foundation soil is done by direct flooding or ponding. The effect of ponding on 

moisture content at different depths has been investigated by various researchers and is reported that water penetration depends on 
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plasticity and permeability of the soil (Stevens and Matlock, 1986; Blight and Bara, 1969). In order to accelerate the process of 

wetting the soil over required depth, grids of bore holes have been used (Subba Rao, 1986). It is also reported by the researchers 

that the treatment of impervious clay soils by prewetting technique is slow and continue over a long period (Snethen et al, 1979; 

Chen, 1988). 

 Moisture Barriers 

Moisture barriers have been used to check the entry of moisture in to clay subgrade soil. Both horizontal and vertical moisture 

barriers have been tried to maintain constant water content by avoiding vapor / surface water entering into soil subgrade. Concrete 

aprons (Mohan and Rao, 1965), Asphalt membranes (Van London, 1953), Synthetic Membranes (Steinberg, 1986) have been used 

as horizontal moisture barriers. It has been recommended that horizontal membranes should extend over the full width of subgrade 

supporting the pavement for its effectiveness. However this method cannot totally avoid moisture entering into subgrade below 

pavements, but rather retard the rate of moisture penetration. It follows the fact that moisture from uncovered area migrates to 

covered areas due to thermal transfer (Chen, 1988). Vertical Moisture Barriers are used around the perimeter of structure to cut off 

source of water that may enter the under slab soil. They consist of polyethylene membrane, concrete or other durable impervious 

materials. Vertical moisture barriers minimise the seasonal drying and shrinkage of perimeter foundation soils as well as 

maintaining long term uniform condition beneath covered area. As coefficient of permeability of soils in horizontal direction is 

more than in vertical direction, usage of vertical moisture barriers will be advantageous because water that has seeped to the bottom 

vertical moisture barrier can laterally enter to under slab soil. Texas department of transportation has used vertical moisture barrier 

in the form of geomembrane in 1992 after having seen success of horizontal moisture barriers installed in late 1970’s (Steinberg, 

1992). The vertical moisture barriers are to be extended to the depth of active zone and back filling around the vertical moisture 

barrier should be done properly with impervious material, otherwise it becomes a source of water entry. Success of vertical moisture 

barrier has been reported in U.S (Evans and Mc. Manus, 1998). 

 The method of moisture barriers to control volume changes will appear promising in the areas where water table is at great 

depth, i.e., moisture migration in soils results from surface water but not due to capillary raise. Thus controlling moisture through 

barriers is not possible at places of high water table position (Steinberg, 1992). 

 Compaction Control 

The swelling of clay soils is greatly influenced by the compacted dry density and placement moisture content (Katti, 1979). It is 

recommended that clay soils should be compacted at lower densities and higher moisture contents to have lower swell potential. 

A reduction in the dry density by 10 percent results in decrease in swell potential by about 35 percent. Gizienski and Lee reported 

that the swell was negligible for any degree of compaction when the compaction is done at water content of about 4.5 percent 

above optimum moisture content. The main reason for reduced swell with high compaction water content is the resulting low 

density, but not the high moisture reducing the swell. The method of compaction control technique overcomes the shortcomings 

of prewetting technique like moisture migration to underlying moisture deficient soils, long periods of wetting prior to actual 

construction (Chen, 1988). 

 Thermal Stabilization 

Heating of clay soils up to temperatures of 5000C results in decreased plasticity index, makes it non plastic and improves volume 

stability of the soil (Uppal, 1986). It has been observed that the effective depth of treatment reached only 6 Cm using mobile 

furnace. In spite of high prevailing cost of fuel, the technique is uneconomical in terms of its coverage of soil. 

 Lime Stabilization 

The use of lime to stabilize clay soil subgrades has been in existence for a long time all over the world. Lot of research has been 

carried out by various researchers on lime stabilization of clay soils (Ramana Sastry et al, 1989; Basma and Shariff, 1994). Addition 

of lime results in decreased plasticity index, increased strength, permeability and improved volume stability. The lime- soil 

reactions involved are hydration, flocculation (primary) and Cementation, carbonation (secondary reactions). Addition of quick 

lime to soil results in adsorption of moisture and Ca(OH)2 is formed. The clay surfaces undergo the process of cation exchange, 

absorbing Ca2+ in place of Na+ and so attain better volume stability (Hausmann, 1988). After completion of cation exchange 

phenomenon, the Ca(OH)2  available reacts with silica present in the soil leading to cementation. 

 Addition of lime to soil causes a reduction in the maximum dry density value and increases optimum moisture content. The 

strength of lime treated soils increase up to a certain percentage (6 to 8) of lime and thereafter decreases. The strength of lime 

treated clay soil further increases with addition of pozzolanic material such as flyash, Coal ash, Rice Husk ash etc. (Satyanarayana 

Reddy et al, 1994). The results indicated C.B.R values of lime treated clay soils to increase up to 30 percent and permeability 

values to increase by about 100 times. 

 Lime stabilization has been extensively used in the construction of pavements over clay soils (Natarajan and Shanmukha Rao, 

1979; Sharma, 1988).However the method of lime stabilization of clay soils suffer from difficulty involved in uniform mixing of 

lime with high plastic soil. So the method used for field application has met with limited success. 
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 Cement Stabilization 

Reaction of Portland cement with water forms cementitious calcium silicate and aluminate hydrates, which bind the soil particles 

together. The hydration also releases Ca(OH)2 which in turn reacts with clay minerals and lead to cation exchange phenomenon 

and upon saturation pozzolanic reaction. The major gains of cement stabilisation of soils are reduced plasticity index and potential 

volume change, increased shrinkage limit and shear strength (Croft, 1967). Addition of 1 to 4 percent of cement decreases swell 

potential of soil considerably (Spangler and Patel, 1949; Jones, 1959). The mixing methods of cement to soil are identical to that 

of lime, but the uniform introduction of Portland cement into fine grained soils is difficult as it is insoluble in water. Cement like 

lime is in use for modifying the swelling property of subgrade soil. The addition of cement to soil results in slight increase in 

maximum dry density and optimum moisture content values of clay soils (Kezdi, 1979). The strength of cement stabilised soils 

increases linearly with increase in percentage of cement added (Mitchell, 1976). 

 Usage of Cushions 

Different cushion materials have been tried in India for absorbing/ suppressing the swell potential of clay soils. The cushions that 

have been tried in practice are (i) Sand (ii) Sand and Boulder (iii) Lime stabilized soil (iv) CNS soil. Thicker the cushion, better 

will be its effectiveness in protecting overlying foundation from expansion of clay soil. 

Granular sand cushions have been used earlier over clay soil believing that it absorbs volume changes of clay soils and thus 

minimise structural damage. During saturation condition, clay soil swells and sand undergoes decrease in volume while clay soil 

will have decreased volume and sand undergo increase in volume during drying. It is reported that granular sand cushions can 

absorb swell to the extent of 20 to 30 percent of total swell (Sen and Chakraborthy, 1977). The efficiency of sand cushion depends 

on its gradation and placement condition (Moussa et al, 1985). However sand cushion technique is found with limited success only 

when the clay soil has low to moderate swelling. The reason for sand cushions not absorbing high swelling is that they are cohesion 

less (Subba Rao, 2000). 

 The efficiency of different cushion material over clay soil subgrades has been studied through Indian Roads Congress test track 

project at Peravali, W.G.Dist., Andhra Pradesh (Natarajan and Shanmukha Rao, 1979). The aspects of subgrade intrusion, capillary 

cut off functioning together with overall performance of roads constructed were observed with sand, moorum and lime stabilized 

soil cushions. The following conclusions have been given from the study. 

Sand blanket courses served best in terms of drainage and provided capillary cut off. It is recommended to provide 23 cm thick 

sand blanket instead of 15 cm since some penetration of sub base material was observed during placement/ rolling and rainy season. 

 Moorum blanket courses served as satisfactory capillary cut offs. No subgrade intrusion was noticed. Moorum blanket 

courses of 15 to 23 cm thick resulted in satisfactory behaviour and the test track laid gave satisfactory riding quality. 

 Coming to lime stabilized soil as blanket course over clay soil, it served effectively as subgrade intrusion barrier, but did not 

contribute effectively to drain the water reaching to it. As a result, the test track showed frequent cracking and development 

of potholes, demanding more attention to maintenance in comparison to others. The riding quality was also unsatisfactory 

because of undulations and unevenness. 

 From test track studies on expansive soils with different sub base courses, it has been reported that the moorum and lime – 

pozzolana sub bases performed best (Reddy et al., 1981). 

 Cohesive Non Swelling Soil Cushions 

The limited success of sand cushion to control volume changes of clay soil due to its non-cohesiveness has led the researchers to 

try the cohesive soils that are free from swelling as cushion material. The concept of cohesive non-swelling soil cushion has been 

put forward by Katti and his co-workers (Katti et al., 1967, 1970, 1973). The initial findings are based on suppression of swelling 

of clay soil by CNS cushions. The cohesion and thickness of CNS layer are the governing factors counteracting the swelling and 

swell pressure. It is recommended that CNS cushion material should be compacted at Proctor compaction condition. 

Later, the specifications for CNS material, placement condition and thickness requirements have been given and standardized 

by BIS (Katti and Kate, 1979). And are presented in Table2.1 

The required thickness of CNS cushion over expansive soils based on swell pressure is presented in Table2.2. 
Table - 2.1 

Specification for CNS Cushion Material 

1) Grain Size Distribution 

a) Gravel (%) 

b) Sand (%) 

c) Fines (%) 

Clay (%) 

 

10 

30-40 

45-70 

15-25 

2) Atterberg Limits 

a) Liquid Limit (%) 

b) Plastic Limit (%) 

c) Shrinkage Limit (%) 

 

30-50 

20-25 

15 and above 

3) Swell Pressure (kN/m2) Less than 10 

4) Clay Minerals Kaolonite or Illite 
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5) Shear Parameters 

a) Cohesion(kN/m2) 

b) Angle of Internal Friction 

 

10-30 

80-150 

Table - 2.2 

Requirement of CNS Cushion over Expensive Subgrades 

Swell Pressure of Soil (kN/m2) CNS Thickness(m) 

100-150 0.75-0.85 

200-300 0.9-1.0 

350-500 1.05-1.15 

III. EXPERIMENTAL WORK 

 General 

In the present chapter various laboratories tests conducted on Black clay have been described. For Black clay swell parameters 

namely differential free swell and swell pressure have been dealt. 

 Engineering Properties of Clay Subgrades 

For the study Brown clay and black clay have been procured from Gangavaram and Mandapeta respectively. Extensive laboratory 

investigations are carried out on the soils for determination of their engineering properties. The details of tests conducted are given 

below. 

 The following tests have been conducted on soils for determination of engineering properties. 

 Specific Gravity 

The specific gravity of solid particles is defined as the ratio of the weight of a given volume of solids to the weight of an equal 

volume of water at 4°c 

Specific gravity for soils was determined by density bottle method as per IS: 2720-part -1980. 

 Liquid Limit 

Liquid Limit is defined as the water content at which a groove cut in apart of soil by a grooving tool of standard dimension will 

through a distance of 12.5mm under the impact of 25 blows in a standard limit device. 

 The test was performed as per IS: 2720-part V-1970 with liquid limit apparatus designed by A. Casagandre. The flow curve 

obtained liquid limit tests brown clay and black clay are presented in Fig 3.1 and Fig 3.4 

 Plastic Limit 

 Plastic limit is defined as the water content at which the soil will just begin to crumble when rolled into a thread of 

approximately 3mm in diameter. 

 The test was performed as per IS: 2720 part V-1970. 

 Shrinkage Limit 

 Shrinkage limit is defined as the maximum water content at which further decrease in moisture content does not cause any 

volume of the soil mass. It is the smaller value of water content at complete saturation. 

 This test was performed as per IS: 2720-part V-1970. 

 Sieve Analysis 

According to IS 460-1962(revised) sieves of 4.75mm, 2.36mm, 1.18mm, 600µ,425µ,300µ,150µ,75µ, were used. The classification 

of soil is done using the plasticity chart given by (ISCCS) Indian Standard soil Clay Systems. 

 IS Light Compaction Test 

This test was performed as per IS:2720 part VIII-1965.To performed this test a cylindrical mould with internal diameter 100mm 

and height 127.3mm with a volume of 1000 c.c. was used. Soil was compacted by placing it in three layers and simultaneously 25 

blows were given to each layer from a height of 310mm. water content for each sample was then determined. A graph was drawn 

for water content on X-axis and dry density on Y-axis. The value of max. Dry and optimum water content were read from graph, 

which is shown Fig 

 The compaction curves obtained from IS light compaction tests for brown clay and black clay are shown in Fig.3.2 and Fig.3.5 

respectively. 

 California Bearing Ratio Test 

The CBR of the soil sub grade given the total thickness of the flexible pavement above the surface of the soil sub grade. CBR value 

of the soil is determined by penetration test on a prepared specimen in the laboratory. 

CBR =
Load sustained by the specimen at 2.5mm or 5.0mm penetration

Load sustained by standard aggregates at the corresponding penetration level
×100 

 The load penetration curves of brown clay and black clay have been presented in Fig.3.3 and Fig3.6 respectively. 
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 Swell Characteristics of Soils 

 Differential Free Swell (DFS) 

DFS is determined by taking two 100ml jars. The soil passing 425 sieve is taken upto 10cc in each of the jar, one of the jars is 

filled with water and other with kerosene upto 100ml mark. The reading of the soil in water and kerosene in the jars is noted after 

24hours. 

DFS(%) =
(Soil Volume in Water − Soil Volume in Kerosene)

Soil Volume in Kerosene
 

 Swell Pressure 

Swell pressure is defined as the maximum force per unit area at which there will be no volume change in the soil sample. 

Swell pressure is determined as per IS: 2720-part x21-1977using No volume change Method. In the first method the swelling 

pressure of an undisturbed or a remolded soil is measured for no volume change condition. This method involves continuous 

adjustment of pressure on the soil sample in a consolidated cell. The final load on specimen at No volume change divided by cross 

section area is reported as swell pressure. 

The engineering properties of Brown clay and Black clay subgrade material evaluated from the laboratory tests are presented in 

Tables 3.1 and 3.2 respectively. 
Table - 3.1 

Engineering Properties of Brown clay 

S. No. Property Brown Clay 

1. Specific Gravity 2.69 

2. 

Grain Size Analysis 

a. Gravel (%) 

b. Sand (%) 

c. Fines (%) 

 

0 

29.0 

71.0 

3. 

Atterberg Limits 

a. Liquid Limit (%) 

b. Plastic Limit (%) 

c. Shrinkage Limit (%) 

d. Plasticity Index (%) 

 

38.0 

21.0 

14.8 

17.0 

4. IS Classification symbols CI 

5. 

Compaction characteristics 

(from IS light compaction test) 

a. Optimum Moisture Content (%) 

b. Max Dry density (g/cc) 

 

 

11.9 

1.87 

6. Soaked CBR Value (%) 3.0 

7. Differential Free Swell (%) 20 

8. Swell pressure of soil (kN/m²) - 

Table - 3.2 

Engineering Properties of Black Clay 

S. No Property Black Clay 

1. Specific Gravity 2.7 

2. 

Grain Size Analysis 

a. Gravel (%) 

b. Sand (%) 

c. Fines (%) 

 

0 

24.0 

76.0 

3. 

Atterberg Limits 

a. Liquid Limit (%) 

b. Plastic Limit (%) 

c. Shrinkage Limit (%) 

d. Plasticity Index (%) 

 

58.0 

28.0 

10.5 

30.0 

4. IS Classification symbols CH 

5. 

Compaction characteristics 

(from IS light compaction test) 

a. Optimum Moisture Content (%) 

b. Max Dry density (g/cc) 

 

 

20.4 

1.52 

6. Soaked CBR Value (%) 2.1 

7. Differential Free Swell (%) 70 

8. Swell pressure of soil (kN/m²) 120 
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 Cost Economics of Pavement Sections 

The construction cost of designed pavement sections over brown clay and black clay have been estimated by considering the cost 

of materials of construction as per SSR-2010, given by GVMC. The costs of pavement sections have been worked out for 1Km 

length of pavement. The costs of pavement sections are tabulated in Tables 4.1 and 4.2 
Table - 4.1 

Cost Economic of Pavement Designed over Brown Clay 

Pavement 

Design based on 

Earth work Cost of  pavement layers 

Total cost 
Excavation conveyance 

Improved 

subgrade 
sub base Base 

Surfacing 

SDBC DBM 

CBR of subgrade 67,725 -  3,568,902.5 4,283,973 12,113,09.75 2,884,470.5 12,117,893 

Improved subgrade 

concept 
3,38,625 6,57,225 3,452,340 2,394,898 4,283,973 1,313,406 2,403,725 14,844,222 

Table - 4.2 

Cost Economics of Pavement Designed over Black Clay 

Pavement 

Design based 

on 

Earth work Cost of  pavement layers 

Total cost 
Excavation conveyance 

Improved 

subgrade 

Blanket 

coarse 
sub base Base 

Surfacing 

SDBC DBM 

CNS cushion as 

subgrade 
  1,159,214  5,468,744 4,364,055 1,318,597 2,920,650 15,231,260 

Placing Blanket 

course 
   1,364,459 6,410,494 3,874,950 1,280,527 3,146,496 16,076,925 

Improved 

subgrade 

concept 

6,772,50 1,314,510 6,904,679  2,394,898 4,283,973 1,313,406 2,403,725 17,977,931 

The details of cost estimation of the pavement sections are enclosed on Annexure-1 

IV. SUMMARY & CONCLUSION 

 General 

In the present chapter the experimental and analytical work carried out is summarized and conclusions have been made for 

construction of flexible pavement over subgrade under the limitations of the study and scope for other work are also presented. 

 Summary & Experimental Work 

 Engineering Properties of Brown Clay 

From table 3.1 it can be seen that Brown clay is classified as clay of intermediate compressibility as per Indian Standard Soil 

Classification Systems based on deferential free swell value (20%), the clay has low swell potential and hence does not pose 

problems to pavements in alternate drying and wetting cycles. The soil as low CBR value is super condition (3%) and hence it 

requires large thickness for flexible pavement construction. 

 Engineering Properties of Black Clay 

From engineering properties of Black clay presented table 3.2, the soil as classified has clay of high compressibility as per Indian 

Standard Soil Classification. For that it can be seen that the soil as shrinkage limit of (0.5%) and differential free swell of (70%). 

Hence the soil has high swell potential. The flexible pavement should not be directly constructed on Black clay subgrades as it is 

susceptible to shrinkage and swelling during alternative cycles of wetting and drying. The soil has soaked CBR value of (2.1%) 

and demands large pavement thickness for construction for flexible pavements. 

 Apart from required large pavement thickness cushions are to be provided between pavement and subgrades to absorb volume 

changes/to serve as capillary cut offs. 

 Design of Flexible Pavement over Brown Clay 

From Fig.4.1 the design of flexible pavement based on soaked CBR value of subgrade (3%) and traffic of 5m.s.a. The design 

thickness is determined as 670mm as per IRC 37-2001. 

 As the subgrade has low CBR value and low permeability being clayey in nature, the design of flexible pavement is done by 

proposing improved subgrade concept by replacing top 0.5m of subgrade soil as swell compacted good quality morum of minimum 

soaked CBR (10%) 

 From Fig.4.2 It can be seen that the required pavement thickness is 475mm. Here is the reduction of (30%) in design thickness 

requirement by adopting improved subgrade concept. 

 From table 4.1.  I can be seen that the pavement section based on improved subgrade concept is experimental by (18%) and 

comprising to pavement section based on CBR value IRC method. However due to improved performance of pavement well be 

economical in long run. 
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 Design of Flexible Pavement over Black Clay 

From Fig.4.3, It may observed that the required pavement thickness is 670mm in addition to cohesive non swelling soil cushion of 

0.9m the CNS layer is provided for surplusing swelling underlying black clay and the support the pavement. 

 Fig.4.4 shows cross section of pavement designed based on soaked CBR of subgrade and by considering 225mm thick sand 

blanket course. The required pavement thickness is 801mm. The sand blanket is meant serving as capillary cut off and to absorb 

volume change of subgrades. 

 Fig 4.5 shows cross section of flexible pavement designed by replacing top 1m subgrade soil by morum. The improved subgrade 

is considered for 1m it as to suppress swelling of underlying soil in addition to support the pavement. The pavement is designed 

based on CBR of improved subgrade (CBR10%). 

 From table 4.4 it can be seen that the pavement designed based on CNS concept is economical by (5%) in compressing to 

pavement design with sand blanket course. 

 For the table 4.4 it can be observed that the pavement design based on improved subgrade concept in expensive by (18%) is 

comparing to pavement design with san blanket. 

 However it has been reported by (Subba Rao-20000) that CNS cushions reports less and less actives and effective with sink 

swell cycles CNS soil definitely helps in absorbing some swelling potential in the first cycle. But afterwards the performance of 

CNS may become less impressive. Hence for flexible pavement construction over black clay improved subgrade concept is to be 

referred over CNS cushion. 

 The method of using sand blanket at subgrade also suppress from penetration of subbase/subgrade into sand blanket during 

rolling/raying season due to introducing. 

V. CONCLUSIONS 

Based on the experimental and analytical work carried out on Brown clay and Black clay the follow concluding have been drown. 

1) In clay subgrades of intermediate and high compressibility, the design pavement thickness   is large. 

2) In Black clay subgrades, in addition to large design thickness, sand blanket/CNS cushion requirement further makes pavement 

section thicker. 

3) Construction of flexible pavement in Brown clay based on improved subgrade concept is expansive by (18%) over the 

conventional design. Considering the long term performance of pavement, the pavement design by improved subgrade shall 

be preferred. 

4) Construction of flexible pavement with CNS cushion on expansive subgrade reduces constructed cost by about 5%. 

5) Construction of flexible pavement with improved subgrade in Black clay is expensive by about 10% is comparison to pavement 

with sand blanket. 

6) For construction of flexible pavements in expensive soil such as black clay improved subgrade concept shall be considered as 

pavement constructed with CNS cushion deteriorate over a period of time due to softening of top surface of CNS material. 

7) Construction of flexible pavement with improved subgrade concept in clayey subgrades result in improved performance with 

reduced maintenance cost. Also subgrade strengthening in shoulder portion helps in preventing shear failures during over 

taking of vehicles. 

VI. LIMITATIONS OF THE WORK 

 The study is limited to design of flexible pavement in CI and CH type soils. The cost economics presented are based on 

standard schedule rates of GVMC. The cost economics may vary from place to place. 

 The cost economics worked in the study are for the considered traffic of 5m.s.a. The study is confined only for design of 

flexible pavement as there are preferred due to low construction cost compared to rigid pavements. 

VII. SCOPE FOR FURTHER STUDY 

Similar study can be done for flexible pavement design in soft clays. Flexible pavement design over expensive soil may also be 

carried out by considering moisture barriers for checking entry of moisture into subgrade. Flexible pavement design may be also 

carried out by stabilizing subgrade through lime, bituminous stabilization. 
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