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EXECUTIVE SUMMARY 

Flexible pavements are so named because the total pavement structure deflects, 

or flexes, under loading. A flexible pavement structure is typically composed of 

several layers of materials. Each layer receives loads from the above layer, 

spreads them out, and passes on these loads to the next layer below. Thus the 

stresses will be reduced, which are maximum at the top layer and minimum on 

the top of subgrade. In order to take maximum advantage of this property, layers 

are usually arranged in the order of descending load bearing capacity with the 

highest load bearing capacity material (and most expensive) on the top and the 

lowest load bearing capacity material (and least expensive) on the bottom. 

 

 
 

Indian roads congress has specified the design procedures for flexible pavements 

based on CBR values. The Pavement designs given in the previous edition 

IRC:37-1984 were applicable to design traffic upto only 30 million standard axles 

(msa). The earlier code is empirical in nature which has limitations regarding 

applicability and extrapolation. This guidelines follows analytical designs and 

developed new set of designs up to 150 msa in IRC:37-2001. 

 

 



INTRODUCTION 

Since the beginning of the 20th century, as the automobile and truck have offered 

ever higher levels of mobility, vehicle ownership per head of population has 

increased. Road needs have been strongly influenced by this popularity and also 

by the mass movement of people to cities and thence to suburban fringes—a trend 

that has led to increasing travel needs and road congestion and to low-density 

cities, which are difficult to service by public transport. Often the building of new 

roads to alleviate such problems has encouraged further urban sprawl and yet 

more road travel. Long-term solutions require the provision of alternatives to car 

and truck transport, controls over land use, and the proper pricing of road travel. 

To this end, road managers must be concerned not merely with lines on maps but 

also with the number, type, speed, and loading of individual vehicles, the safety, 

comfort, and convenience of the traveling public, and the health and welfare of 

bystanders and adjoining property owners. 

Ideally, the development of a major road system is an orderly, continuous process. 

The process follows several steps: assessing road needs and transport options; 

planning a system to meet those needs; designing an economically, socially, and 

environmentally acceptable set of roads; obtaining the required approval and 

financing; building, operating, and maintaining the system; and providing for 

future extensions and reconstruction. 

 

 

 

 

 

 

https://www.merriam-webster.com/dictionary/alleviate
https://www.britannica.com/topic/urban-sprawl
https://www.merriam-webster.com/dictionary/alternatives


Pavement 

Road traffic is carried by the pavement, which in engineering terms is a horizontal 

structure supported by in situ natural material. In order to design this structure, 

existing records must be examined and subsurface explorations conducted. The 

engineering properties of the local rock and soil are established, particularly with 

respect to strength, stiffness, durability, susceptibility to moisture, 

and propensity to shrink and swell over time. The relevant properties are 

determined either by field tests (typically by measuring deflection under a loaded 

plate or the penetration of a rod), by empirical estimates based on the soil type, 

or by laboratory measurements. The material is tested in its weakest expected 

condition, usually at its highest probable moisture content. Probable performance 

under traffic is then determined. Soils unsuitable for the final pavement are 

identified for removal, suitable replacement materials are earmarked, the 

maximum slopes of embankments and cuttings are established, the degree of 

compaction to be achieved during construction is determined, and drainage needs 

are specified. 

 

 

 

In a typical rural pavement (as shown in the figure), the top layer of the pavement 

is the wearing course. Made of compacted stone, asphalt, or concrete, the wearing 

course directly supports the vehicle, provides a surface of sufficient smoothness 

and traction, and protects the base course and natural formation from excessive 

amounts of water. The base course provides the required supplement to the 

strength, stiffness, and durability of the natural formation. Its thickness ranges 

from 4 inches (10 centimetres) for very light traffic and a good natural formation 

to more than 40 inches (100 centimetres) for heavy traffic and a poor natural 

https://www.britannica.com/science/rock-geology
https://www.britannica.com/science/soil
https://www.merriam-webster.com/dictionary/propensity
https://www.merriam-webster.com/dictionary/empirical
https://www.britannica.com/topic/rural-society


formation. The subbase is a protective layer and temporary working platform 

sometimes placed between the base course and the natural formation. 

Pavements are called either flexible or rigid, according to their relative flexural 

stiffness.  

Flexible pavement 

Flexible pavements (see figure, left) have base courses of broken stone pieces 

either compacted into place in the style of McAdam or glued together 

with bitumen to form asphalt. In order to maintain workability, the stones are 

usually less than 1.5 inches in size and often less than 1 inch. Initially the bitumen 

must be heated to temperatures of 300°–400° F (150°–200° C) in order to make 

it fluid enough to mix with the stone. At the road site a paving machine places the 

hot mix in layers about twice the thickness of the stone size. The layers are then 

thoroughly rolled before the mix cools and solidifies. In order to avoid the 

expense of heating, increasing use has been made of bitumen emulsions or 

cutbacks, in which the bitumen binder is either treated with an emulsifier or 

thinned with a lighter petroleum fraction that evaporates after rolling. These 

treatments allow asphalts to be mixed and placed at ambient temperatures. 

 

 

The surface course of a flexible pavement protects the underlying base course 

from traffic and water while also providing adequate tire friction, generating 

minimal noise in urban areas, and giving suitable light reflectance for night-time 

driving. Such surfaces are provided either by a bituminous film coated with stone 

(called a spray-and-chip seal) or by a thin asphalt layer. The spray-and-chip seal 

is used over McAdam-style base courses for light to moderate traffic volumes or 

to rehabilitate existing asphalt surfaces. It is relatively cheap, effective, and 

impermeable and lasts about 10 years. Its main disadvantage is its high noise 

generation. Maintenance usually involves further spray coating with a surface 

https://www.britannica.com/technology/flexible-pavement
https://www.britannica.com/technology/rigid-pavement
https://www.britannica.com/topic/stone-material
https://www.britannica.com/science/bitumen
https://www.britannica.com/science/asphalt-material
https://www.britannica.com/technology/spray-and-chip-seal


dressing of bitumen. Asphalt surfacing is used with higher traffic volumes or in 

urban areas. Surfacing asphalt commonly contains smaller and more wear-

resistant stones than the base course and employs relatively more bitumen. It is 

better able to resist horizontal forces and produces less noise than a spray-and-

chip seal. 

 

 

 

IRC method 

Indian roads congress has specified the design procedures for flexible pavements 

based on CBR values. The Pavement designs given in the previous edition 

IRC:37-1984 were applicable to design traffic upto only 30 million standard axles 

(msa). These guidelines will apply to design of flexible pavements for 

Expressway, National Highways, State Highways, Major District Roads, and 

other categories of roads. Flexible pavements are considered to include the 

pavements which have bituminous surfacing and granular base and sub-base 

courses conforming to IRC/ MOST standards. These guidelines apply to new 

pavements. 

 

 

 

 

 

 

 



LITERATURE REVIEW 

1. Design of Flexible Pavement: A Case Study  

A. V. Hankare, P. B. Bhujbal , A. B. Shinde, R. G. Wagh 

Although several studies observed pavement responses after flooding, no detailed 

quantification has been done to date. This paper has estimated “Design of flexible 

pavement’s” with the help of “IRC-37, 2012” This was shown in the traffic design 

v/s thickness of pavement, the study of Traffic volume, Traffic count, and 

calculates traffic design with the help of IRC-37, 2012. (Use IS code formulae), 

CBR of strong pavement built to a high standard is the most flood – resilient, 

which may be adopted as a pre-flood strategy. Results obtained using CBR in 

Year 1 over the probability of flooding, and the loss of road strength and service 

life, as well as flood consequences, provided similar results. Road authorities 

should consider changing their roads to flood-resilient pavements in the future. 

 

2. A Detailed Study of Cbr Method for Flexible Pavement Design 

Er. Devendra Kumar Choudhary1 , Dr. Y. P Joshi 2 

As per IRC recommendation, California Bearing Ratio (CBR) value of 

subgrade is used for design of flexible pavements. California Bearing Ratio 

(CBR) value is an important soil parameter for design of flexible 

pavements and runway of air fields. It can also be used for determination 

of sub grade reaction of soil by using correlation. It is one of the most 

important engineering properties of soil for design of sub grade of roads. 

CBR value of soil may depends on many factors like maximum dry density 

(MDD), optimum moisture content (OMC), liquid limit (LL), plastic limit 

(PL), plasticity index (PI), type of soil, permeability of soil etc. Besides, 

soaked or unsoaked condition of soil also affects the value. These tests can 

easily be performed in the laboratory. the estimation of the CBR could be 

done on the basis of these tests which are quick to perform, less time 

consuming and cheap, then it will be easy to get the information about the 

strength of subgrade over the length of roads, By considering this aspect, a 

number of investigators in the past made their investigations in this field 

and designed different pavements by determining the CBR value on the 

basis of results of low cost, less time consuming and easy to perform tests. 

In this study, attempts have been made to seek the values of CBR of 



different soil samples and correlate their CBR values for the design 

purpose of flexible pavement as per guidelines of IRC: SP: 37-2001. 

 

3. Design of Rigid and Flexible Pavements by Various Methods & Their 

Cost Analysis of Each Method  

Saurabh Jain1 , Dr. Y. P. Joshi2 , S. S. Goliya3 

Highway and pavement design plays an important role in the DPR projects. 

The satisfactory performance of the pavement will result in higher savings 

in terms of vehicle operating costs and travel time, which has a bearing on 

the overall economic feasibility of the project. This paper discusses about 

the design methods that are traditionally being followed and examines the 

“Design of rigid and flexible pavements by various methods & their cost 

analysis by each method”. Flexible pavement are preferred over cement 

concrete roads as they have a great advantage that these can be 

strengthened and improved in stages with the growth of traffic and also 

their surfaces can be milled and recycled for rehabilitation. The flexible 

pavements are less expensive also with regard to initial investment and 

maintenance. Although Rigid pavement is expensive but have less 

maintenance and having good design period. The economic part are carried 

out for the design pavement of a section by using the result obtain by design 

method and their corresponding component layer thickness. It can be done 

by drawing comparisons with the standard way and practical way. This 

total work includes collection of data analysis various flexible and rigid 

pavement designs and their estimation procedure are very much useful to 

engineer who deals with highways. 

 

4. A Comparative Study on Rigid and Flexible Pavement: A Review 

Milind V. Mohod 1*, Dr. K.N.Kadam2 

: The last century has seen an intensive process of urbanization in rural as 

well as metro cities. This has led for a need of rapid construction of roads 

and transportation infrastructure. The demand for better roads and services 

required researchers, designers and builders to explore innovative and cost 

effective engineered products to satisfy increasing demand that would 

economize the construction as well as increase durability. Pavements are 

essential features of the urban communication system and provide an 

efficient means of transportation. Flexible pavements are preferred over 

cement concrete roads because of their certain advantages like they can be 



strengthened and improved in stages with the growth of traffic. The flexible 

pavements are less expensive in regards to initial cost and maintenance. 

The concrete pavements are now a day’s becoming more popular in India 

because of steep rise in the cost of bituminous pavement. The largest 

advantage of using rigid pavement is its durability and ability to hold a 

shape against traffic and difficult environmental conditions. Although 

concrete pavement is less expensive but has less maintenance and good 

design life. The main objective of this study is to present a comparative 

review on suitability of pavement depending on various parameters such 

as material, loading, longer life, cost effectiveness etc 

 

5. A DETAILED STUDY OF C.B.R. METHOD FOR FLEXIBLE 

PAVEMENT DESIGN 

Er. Jitendra Khatti[1], Er. Amit Kumar Jangid[2], Dr. K. S. Grover[3] 

According to IRC recommendation, the California bearing ratio (CBR) 

value of subgrade is used for design of flexible pavements. The design of 

pavement may affect by the material which is used as pavement material. 

Black Cotton soil is expansive soil which expand when it contacts with 

water and this is the major reason of failure of black cotton soil strata. The 

engineering properties of black cotton soil may be used by fibre, ash, lime 

and sludge etc. CBR value depends on the liquid limit (Wl), Plastic limit 

(Wp), plasticity index (Ip), maximum dry density, optimum moisture 

content, shrinkage, swelling pressure, degree of expansiveness and 

permeability of soil or mix specimen. These tests are performed in 

laboratory of University Teaching Department, Rajasthan Technical 

University, Kota. This research paper deals with design of flexible 

pavement by using black cotton soil with different percentage of Kota 

stone slurry. In this research, the Kota stone slurry is mixed from 5% to 

30% in black cotton soil. The engineering parameters are also determined 

by performed tests. For studying the behaviour of black cotton soil with 

different percentage of Kota stone slurry, the Atterberg’s limits (Liqu id 

Limit, Plastic Limit, Plasticity Index), Sieve analysis, standard proctor test, 

California Bearing Ratio are performed. 

 

 

 



DESIGN PROCEDURE OF IRC FOR FLEXIBLE PAVEMENT 

Based on the performance of existing designs and using analytical approach, 

simple design charts and a catalogue of pavement designs are added in the code. 

The pavement designs are given for subgrade CBR values ranging from 2% to 

10% and design traffic ranging from 1 msa to 150 msa for an average annual 

pavement temperature of 35 C. The later thicknesses obtained from the analysis 

have been slightly modified to adapt the designs to stage construction. Using the 

following simple input parameters, appropriate designs could be chosen for the 

given traffic and soil strength: 

  

Design traffic in terms of cumulative number of standard axles; and CBR 

value of subgrade. 

 

Design criteria  

The flexible pavements has been modeled as a three layer structure and stresses 

and strains at critical locations have been computed using the linear elastic model. 

To give proper consideration to the aspects of performance, the following three 

types of pavement distress resulting from repeated (cyclic) application of traffic 

loads are considered: 1. vertical compressive strain at the top of the sub-grade 

which can cause sub-grade deformation resulting in permanent deformation at the 

pavement surface. 2. horizontal tensile strain or stress at the bottom of the 

bituminous layer which can cause fracture of the bituminous layer. 3. pavement 

deformation within the bituminous layer. While the permanent deformation 

within the bituminous layer can be controlled by meeting the mix design 

requirements, thickness of granular and bituminous layers are selected using the 

analytical design approach so that strains at the critical points are within the 

allowable limits. For calculating tensile strains at the bottom of the bituminous 

layer, the stiffness of dense bituminous macadam (DBM) layer with 60/70 

bitumen has been used in the analysis. 

 

 

 

 



Failure criteria 

 

 

A and B are the critical locations for tensile strains . Maximum value of the strain 

is adopted for design. C is the critical location for the vertical subgrade 

strain  since the maximum value of the occurs mostly at C.  

Fatigue Criteria: Bituminous surfacings of pavements display flexural fatigue 

cracking if the tensile strain at the bottom of the bituminous layer is beyond 

certain limit. The relation between the fatigue life of the pavement and the tensile 

strain in the bottom of the bituminous layer was obtained as 

 

(1) 

in which,  is the allowable number of load repetitions to control fatigue 

cracking and  is the Elastic modulus of bituminous layer. The use of 

equation  would result in fatigue cracking of 20% of the total area. 

Rutting Criteria The allowable number of load repetitions to control permanent 

deformation can be expressed as 

 

(2) 

 is the number of cumulative standard axles to produce rutting of 20 mm. 

 

 

https://www.civil.iitb.ac.in/tvm/1100_LnTse/410_lnTse/plain/plain.html#fc11
https://www.civil.iitb.ac.in/tvm/1100_LnTse/410_lnTse/plain/plain.html#fc11
https://www.civil.iitb.ac.in/tvm/1100_LnTse/410_lnTse/plain/plain.html#fc11
https://www.civil.iitb.ac.in/tvm/1100_LnTse/410_lnTse/plain/plain.html#fc11
https://www.civil.iitb.ac.in/tvm/1100_LnTse/410_lnTse/plain/plain.html#fc11


 

 

 

 

DESIGN PROCEDURE 

Based on the performance of existing designs and using analytical approach, 

simple design charts and a catalogue of pavement designs are added in the code. 

The pavement designs are given for subgrade CBR values ranging from 2% to 

10% and design traffic ranging from 1 msa to 150 msa for an average annual 

pavement temperature of 35 C. The later thicknesses obtained from the analysis 

have been slightly modified to adapt the designs to stage construction. Using the 

following simple input parameters, appropriate designs could be chosen for the 

given traffic and soil strength: 

• Design traffic in terms of cumulative number of standard axles; and 

• CBR value of subgrade. 

DESIGN TRAFFIC 

The method considers traffic in terms of the cumulative number of standard axles 

(8160 kg) to be carried by the pavement during the design life. This requires the 

following information: 

1. Initial traffic in terms of CVPD 

2. Traffic growth rate during the design life 



3. Design life in number of years 

4. Vehicle damage factor (VDF) 

5. Distribution of commercial traffic over the carriage way. 

Initial traffic 

Initial traffic is determined in terms of commercial vehicles per day (CVPD). For 

the structural design of the pavement only commercial vehicles are considered 

assuming laden weight of three tonnes or more and their axle loading will be 

considered. Estimate of the initial daily average traffic flow for any road should 

normally be based on 7-day 24-hour classified traffic counts (ADT). In case of 

new roads, traffic estimates can be made on the basis of potential land use and 

traffic on existing routes in the area. 

 

Traffic growth rate  

Traffic growth rates can be estimated (i) by studying the past trends of traffic 

growth, and (ii) by establishing econometric models. If adequate data is not 

available, it is recommended that an average annual growth rate of 7.5 percent 

may be adopted.  

 

Design life  

For the purpose of the pavement design, the design life is defined in terms of the 

cumulative number of standard axles that can be carried before strengthening of 

the pavement is necessary. It is recommended that pavements for arterial roads 

like NH, SH should be designed for a life of 15 years, EH and urban roads for 20 

years and other categories of roads for 10 to 15 years.  

 

 
 

Vehicle Damage Factor  

The vehicle damage factor (VDF) is a multiplier for converting the number of 

commercial vehicles of different axle loads and axle configurations to the number 



of standard axle-load repetitions. It is defined as equivalent number of standard 

axles per commercial vehicle. The VDF varies with the axle configuration, axle 

loading, terrain, type of road, and from region to region. The axle load 

equivalency factors are used to convert different axle load repetitions into 

equivalent standard axle load repetitions. For these equivalency factors refer 

IRC:37 2001. The exact VDF values are arrived after extensive field surveys. 

 

Vehicle distribution 

A realistic assessment of distribution of commercial traffic by direction and by 

lane is necessary as it directly affects the total equivalent standard axle load 

application used in the design. Until reliable data is available, the following 

distribution may be assumed. 

• Single lane roads: Traffic tends to be more channelized on single roads 

than two lane roads and to allow for this concentration of wheel load 

repetitions, the design should be based on total number of commercial 

vehicles in both directions. 

• Two-lane single carriageway roads: The design should be based on 75 

% of the commercial vehicles in both directions. 

• Four-lane single carriageway roads: The design should be based on 40 

% of the total number of commercial vehicles in both directions. 

• Dual carriageway roads: For the design of dual two-lane carriageway 

roads should be based on 75 % of the number of commercial vehicles in 

each direction. For dual three-lane carriageway and dual four-lane 

carriageway the distribution factor will be 60 % and 45 % respectively. 

 

Design traffic 

The design traffic is considered in terms of the cumulative number of standard 

axles in the lane carrying maximum traffic during the design life of the road. This 

can be computed using the following equation: 

 

(3) 

where  is the cumulative number of standard axles to be catered for the design 

in terms of million standards axle (msa),  is the initial traffic in the year of 

completion of construction in terms of the number of commercial vehicles per 

 



day,  is the lane distribution factors,  is the vehicle damage factor,  is the 

design life in years, and  is the annual growth rate of commercial vehicles ( =-

0.075 if growth rate is 7.5 percent per annum). The traffic in the year of 

completion is estimated using the following formula: 

 

(4) 

where  is the number of commercial vehicles as per last count, and x is the 

number of ears between the last count and the year of completion between the 

last count and the year of completion of the project. 

Pavement thickness design charts 

For the design of pavements to carry traffic in the range of 1 to 10 msa, use chart 

1 and for traffic in the range 10 to 150 msa, use chart 2 of IRC:37 2001. The 

design curves relate pavement thickness to the cumulative number of standard 

axles to be carried over the design life for different sub-grade CBR values ranging 

from 2 % to 10 %. The design charts will give the total thickness of the pavement 

for the above inputs. The total thickness consists of granular sub-base, granular 

base and bituminous surfacing.  

 

 

 

 

 

 



CBR Method (IRC: 37-1970 & 1984) 

 

 

The California bearing ratio (CBR) value of the subgrade soil was the basis for 

the method of design of flexible pavements, developed originally by the 

California State Highway Department, and adopted by The Road Research 

Laboratory, London, for developing their own design procedure and design 

charts. 

The advantage of the CBR method is that it can be used to find the total thickness 

of the pavement and that of the individual courses in addition to the thickness of 

the subgrade soil (provided the CBR-values of the materials of the courses are 

also known). 

The thickness required could be got for known CBR-values from design curves 

for different wheel loads. The Indian Roads Congress has adopted this general 

procedure and developed design charts for the depth of construction versus the 

CBR-value for different traffic classifications based on the number of commercial 

vehicles per day. 

 

 
 

 



The CBR-method is known to suffer from the following disadvantages: 

(i) It is an arbitrary test which does not reflect the soil strength directly. 

(ii) The moisture and soaking conditions are also arbitrary, and in arid zones, 

over-design. 

(iii) The curves are applicable only under the conditions for which they were 

method is not reliable for high values of CBR. 

IRC Guidelines for Design of Flexible Pavements: 

The thickness of construction is given by a set of 7 curves 

 

 

 

 

 



Traffic’ denotes the total number of vehicles in both directions (irrespective of 

whether the design is for a two-lane or a dual carriageway.) For estimation of 

future traffic, the growth rate is assumed as 7.5 per cent. 

For single-lane roads, the traffic intensity is taken to be twice that for two-lane 

roads (because of the concentration of traffic on one lane only). 

 

IRC Guidelines-revised in 1984 [IRC: 37-1970-Revised (1984)]: 

The salient features of IRC guidelines revised in 1984 are: 

1. New set of design curves relating the cumulative standard axles and the CBR 

value to the total pavement thickness. 

2. Recommendations on the types of pavement materials suitable for various 

courses. 

The method of computing the cumulative standard axles; the number of standard 

axles per commercial vehicle is designated as ‘vehicle damage factor (VDF)’. 

The pavement design chart extrapolated up to 200 million standard axles 

 

 

 



The total thickness obtained from the chart is distributed into surface course of 

thickness x, base of thickness y, and sub-base of thickness z 

 

 

SD-Surface dressing 

MS-Mix seal 

BC-Bituminous concrete 

DBM-Dense bituminous macadam 

PC-Premix carpet 

SDC-Semi-dense carpet 

BM-Bituminous macadam 

SDBC-Semi-dense Bituminous carpet 

 

PAVEMENT COMPOSITION 

 

 

 



Sub-base  

Sub-base materials comprise natural sand, gravel, laterite, brick metal, crushed 

stone or combinations thereof meeting the prescribed grading and physical 

requirements. The sub-base material should have a minimum CBR of 20 % and 

30 % for traffic upto 2 msa and traffic exceeding 2 msa respectively. Sub-base 

usually consist of granular or WBM and the thickness should not be less than 150 

mm for design traffic less than 10 msa and 200 mm for design traffic of 1:0 msa 

and above.  

Base  

The recommended designs are for unbounded granular bases which comprise 

conventional water bound macadam (WBM) or wet mix macadam (WMM) or 

equivalent confirming to MOST specifications. The materials should be of good 

quality with minimum thickness of 225 mm for traffic up to 2 msa an 150 mm for 

traffic exceeding 2 msa.  

Bituminous surfacing 

 The surfacing consists of a wearing course or a binder course plus wearing 

course. The most commonly used wearing courses are surface dressing, open 

graded premix carpet, mix seal surfacing, semi-dense bituminous concrete and 

bituminous concrete. For binder course, MOST specifies, it is desirable to use 

bituminous macadam (BM) for traffic upto o 5 msa and dense bituminous 

macadam (DBM) for traffic more than 5 msa. 

SUMMARY 

The design procedure given by IRC makes use of the CBR value, million standard 

axle concept, and vehicle damage factor. Traffic distribution along the lanes are 

taken into account. The design is meant for design traffic which is arrived at using 

a growth rate. 

Flexible pavements are preferred over cement concrete roads because of their 

certain advantages like they can be strengthened and improved in stages with the 

growth of traffic. The flexible pavements are less expensive in regards to initial 

cost and maintenance. Advantages of flexible pavement are that it is easily 

renewable with a new top layer of asphalt, temperature variations don't stress 

flexible pavement as much as rigid pavement, and its flexibility means it can 

withstand a certain amount of wear and tear. 
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