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I. INTRODUCTION 

Rigid pavements are made up of Portland cement concrete, and may or may not have a base course between the 

pavement and the subgrade.  Because of its rigidity and high tensile strength, a rigid pavement tends to 

distribute the load over a relatively wide area of subgrade, and a major portion of the structural capacity is 

supplied by the slab itself. The rigid pavements are used for heavier loads and can be constructed over relatively 

poor subgrade. Rigid pavement with and without base course are used in many countries all around the world.  

 

II. LITERATURE REVIEW 

Tayabji et.al (1986) developed the program JSLAB for analyzing pavements resting on a Winkler foundation. 

The model incorporates features similar to ILLI-SLAB, utilizing plate elements to model the slab and a bonded 

or unbonded base. Dowels were modeled with modified beam elements that incorporated the effect of shear 

deformations and elastic support provided by the concrete. As in ILLI-SLAB, aggregate interlock and keyways 

were modeled with springs 

Lee (1999) presents an alternative procedure for the determination of critical stresses. The well-known ILLI-

SLAB finite element program was used for the analysis. Prediction models for stress adjustments are developed 

using a projection persuit regression technique. A simplified stress analysis procedure is proposed and 

implemented in a user-friendly program to facilitate instant stress estimations. 

Hadi and Arfiadi (2001) state that the design of rigid pavements involves assuming a pavement structure then 

using a number of tables and figures to calculate the two governing design criteria, the flexural fatigue of the 

concrete base and the erosion of the sub-grade/sub-base. Each of these two criteria needs to be less than 100%. 

The designer needs to ensure that both criteria are near 100% so that safe and economical designs are achieved. 

This paper presents a formulation for the problem of optimum rigid road pavement design by defining the 

objective function, which is the total cost of pavement materials, and all the constraints that influence the 

Abstract: Various methods for development of design charts have been discussed. The Portland Concrete 

Association Method has developed design charts for rigid highway pavements for protected and unprotected 

corners and also indicate the procedure for finding the pavement thickness h for a given value of allowable 

stress in concrete, magnitude of wheel load and given value of k. The Hadi and Arfiadi Method presents a 

formulation for the optimum rigid road pavement design by genetic algorithm, a new method. The 

Westergaard’s Method determines the stresses in the rigid concrete slab and also the pressure-deformation 

curve which depend upon the relative stiffness of the slab and the subgrade. Razouki and Al-Muhana also 

developed stress charts similar to Westergaard’s method. The paper reveals that the effects on the maximum 

bending tensile stress are quite significant due to the modulus of subgrade reaction, modulus of elasticity of 

concrete and slab The Maharaj and Gill method have performed axisymmetric finite element analysis by 

varying parameters, the thickness of pavement, pressure and elastic modulus of subgrade. The advantage of 

this method is that four types of design charts have been presented which other methods have note done. 

First type of design chart has been plotted between thickness of pavement and nodal deflections for various 

pressures for a particular elastic modulus of soil. Second type of design chart has been plotted between 

thickness of pavement and element stress for various pressures for a particular elastic modulus of soil. The 
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design. A genetic algorithm is used to find the optimum design. The results obtained from the genetic algorithm 

are compared with results obtained from a Newton-Raphson based optimization solver. 

Arora (2003) has reported that the Westergaard’s analysis is used for design of rigid pavements. The stresses in 

the concrete slab are determined using Westergaard’s theory. Westergaard considered the rigid pavement as a 

thin elastic plate resting on soil subgrade. The upward reaction at any point is assumed to be proportional to the 

deflection at that point. The slab deflection depends upon the stiffness of the subgrade and the flexural strength 

of the slab. Thus the pressure-deformation characteristics of a rigid pavement depend upon the relative stiffness 

of the slab and the subgrade. 

Punmia et.al (2005) have described the development of a design procedure for rigid highway pavement by 

Portland Cement Association based upon formulae developed by Pickett. The design charts for protected and 

unprotected corners, based on the formulae by Pickett for the design of highway pavement have been developed. 

The pavement thickness is obtained based on magnitude of wheel load and given value of modulus of subgrade 

reaction.  

Razouki and Al-Muhana (2005) developed stress charts for the quick determination of maximum bending  

tensile stresses for the case of a concrete pavement slab on a Winkler foundation. The maximum bending 

moment in the concrete pavement represented by a Westergaard slab on Winkler foundation was obtained 

analytically by extending the known solution for the case of a uniformly loaded circular segment to the case of 

multiple circular contact areas. The paper reveals that the effects on the maximum bending tensile stress are 

quite significant due to the modulus of subgrade reaction, modulus of elasticity of concrete and slab thickness  

Darestani et. al (2006) state that the 2004 edition of Austroads rigid pavement design guide has been based on 

the work of Packard and Tayabji which is known as the PCA method. In this method, a number of input 

parameters are needed to calculate the required concrete base thickness based on the cumulative damage process 

due to fatigue of concrete and erosion of sub base or subgrade materials. This paper reviews the 2004 design 

guide, introduces a design software specially developed to study the guide and highlights some important points. 

Results of the current study show the complex interdependence of the many parameters.                

Long and Shatnawi (2011) address the structural performance of experimental rigid pavements constructed in 

California. The experimental project consists of seven Portland  

Cement concrete pavement sections with various layer structures. Falling weight deflectometer was utilized to 

conduct deflection testing for back calculation of layer moduli and subgrade reaction moduli, evaluation of joint 

load transfer capacity, and detection of voids under the slabs. In addition, pavement distress condition was also 

evaluated as it relates to the integrity of pavement structure. The major findings in this study indicate that thick 

slab and lean concrete base lower the pavement deflection response and prevent the formation of voids under the 

slab corners, but lean concrete base has no significant effect on subgrade reaction moduli values 

Patil et. al (2012) presented a numerical iterative procedure based on finite element method for analysing  the 

response of pavements. The pavement has been discretized  by beam elements. The foundation is modeled by 

Pasternak’s two parameter soil medium. The soil-structure-interaction effect was considered in the analysis. A 

parametric study has been carried out to understand the pavement response. 

Cojocaru et.al (2013) presents the results of the research undertaken by them in the frame of the postdoctoral 

program 4D-POSTDOC. After a short introduction on the actual status of structural design of airport pavements, 

the modeling and the structural design of airport rigid pavements, constructed with conventional and various 

recycled materials, using the finite element method, is described. The main objective of this research program 

was to elaborate a design method which, beside the complex landing gear including six footprint tires, all 

specific parameters related with the recycled materials and with conventional and reinforce roll compacted 

concrete technologies are included. Finally, practical design diagrams for structural design of the concrete slabs, 

including their specific correlation function, used for the construction of the Airbus-A380 runway are presented. 

Maharaj and Gill (2014) performed axisymmetric finite element analysis by varying parameters the thickness of 

pavement, pressure and elastic modulus of subgrade. The concrete pavement has been idealized as linear elastic 

material while the subgrade has been idealized as nonlinear material by Drucker-Prager yield criterion. The 

pavement and the subgrade have been discretized by four noded isoparametric finite elements. Four types of 

design charts have been developed.  

Based on literature review it is found that very few literatures have been reported on design charts of rigid 

pavements. Important design charts have been discussed in the following section. 

 

III. IMPORTANT DESIGN CHARTS DEVELOPED FOR RIGID PAVEMENT 

 

A. Portland Concrete Association Method 

Portland Cement Association has developed design charts for rigid highway pavements based upon formulae 

developed by Pickett. Fig.1 and Fig.2 show the design charts for protected and unprotected corners, based on the 

formulae by Pickett for the design of highway pavements. The value of ks is in lb/inch2. The  arrows shown on 

the design charts indicate the procedure for finding the pavement thickness h for a given value of allowable 
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stress in concrete, magnitude of wheel load and given value of k, and also for finding the stress in the pavement 

of a given thickness corresponding to a given wheel load and a given value of k. 

. 

B. Hadi and Arfiadi Method 

This paper presents a formulation for the problem of optimum rigid road pavement design by defining the 

objective function, which is the total cost of pavement materials, and all the constraints that influence the 

design. A genetic algorithm is used to find the optimum design. The results obtained from the genetic algorithm 

are compared with results obtained from a Newton-Raphson based optimization solver. 

 

C. Westergaard’s Method 

Westergaard’s analysis is used for design of rigid pavements. The stresses in the concrete slab are determined 

using Westergaard’s theory. Westergaard considered the rigid pavement as a thin elastic plate resting on soil 

subgrade. The slab deflection depends upon the stiffness of the subgrade and the flexural strength of the slab. 

Thus the pressure-deformation characteristics of a rigid pavement depend upon the relative stiffness of the slab 

and the subgrade 

 

D. Razouki and Al-Muhana Method 

Razouki and Al-Muhana developed stress charts for the quick determination of maximum bending  tensile 

stresses for the case of a concrete pavement slab on a Winkler foundation. The maximum bending moment in 

the concrete pavement represented by a Westergaard slab on Winkler foundation was obtained analytically by 

extending the known solution for the case of a uniformly loaded  circular segment to the case of multiple 

circular contact areas. The paper reveals that the effects on the maximum bending tensile stress are quite 

significant due to the modulus of subgrade reaction, modulus of elasticity of concrete and slab thickness  

 

E. Gill and  Maharaj Method 

Axisymmetric finite element analysis has been done by varying parameters the thickness of pavement, pressure 

and elastic modulus of subgrade. The concrete pavement has been idealized as linear elastic material while the 

subgrade has been idealized as nonlinear material by Drucker-Prager yield criterion. The pavement and the 

subgrade have been discretized by four noded isoparametric finite elements. First type of design chart has been 

plotted between thickness of pavement and nodal deflections for various pressures for a particular elastic 

modulus of soil. Second type of design chart has been plotted between thickness of pavement and element stress 

for various pressures for a particular elastic modulus of soil. The third type of design chart has been plotted 

between thickness of pavement and nodal deflections for various elastic moduli of subgrade for a particular 

pressure. Fourth type of design chart has been plotted between thickness of pavement and element stress for 

various elastic moduli of subgrade for a particular pressure. Each of the design charts has three parameters. For 

two known parameters, the third parameter can be obtained. From the design charts developed, the effect of 

thickness, elastic modulus of soil and pressure on nodal deflection and element stress has been studied.  

Typical design charts have been shown in Figs. in the following section. 

Fig.6 shows the design chart which has been plotted between thickness of pavement and nodal deflections for 

various pressures for a particular elastic modulus of soil. The thickness of the concrete pavement varies from 

100 mm to 600 mm; the pressure varies from 100 kN/m2 to 3000 kN/m2 and the elastic modulus of soil is 5000 

kN/m2. It can be seen that for a particular pressure the settlement reduces with increase in pavement thickness. 

This reduction of settlement increases with increase in pressure and is predominant at highest pressure. The 

design chart has three parameters. For any two parameters known, the third parameter can be obtained from the 

design chart. Fig.7, Fig.8 and Fig.9  are similar design charts as for Fig.6. In these design charts, the reduction of 

settlement with increase in thickness is predominant at higher elastic modulus of soil. 

 

Fig.6 Design Chart (Es=5000 kN/m
2
)

(After Maharaj and Gill,2014)
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FIG.7 Design Chart (Es=15000 kN/m
2
)

(After Maharaj and Gill,2014)
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Fig.8 Design Chart (Es=25000 kN/m
2
)

(After Maharaj and Gill,2014)
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Fig.9 Design Chart (Es=50000 kN/m
2
)

(After Maharaj and Gill,2014)
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IV. CONCLUSIONS 

The advantage of Portland Concrete Association Method is that it has developed design charts for rigid highway 

pavements for protected and unprotected corners and also indicates the procedure for finding the pavement 

thickness h for a given value of allowable stress in concrete, magnitude of wheel load and given value of k. The 

advantage of the Hadi and Arfiadi Method is that it presents a formulation for the problem of optimum rigid 

road pavement design by genetic algorithm a new method. The advantage of Westergaard’s Method is that the 

stresses in the rigid concrete slab are determined by this method and also the pressure-deformation curve which 

depends upon the relative stiffness of the slab and the subgrade are presented. Razouki and Al-Muhana also 

developed stress charts similar to Westergaard’s method. The paper reveals that the effects on the maximum 

bending tensile stress are quite significant due to the modulus of subgrade reaction, modulus of elasticity of 

concrete and slab The Maharaj and Gill method have performed axisymmetric finite element analysis by varying 

parameters the thickness of pavement, pressure and elastic modulus of subgrade. The advantage of this method 

is that four types of design charts have been presented which other methods have note done. First type of design 

chart has been plotted between thickness of pavement and nodal deflections for various pressures for a particular 

elastic modulus of soil. Second type of design chart has been plotted between thickness of pavement and 

element stress for various pressures for a particular elastic modulus of soil. The third type of design chart has 

been plotted between thickness of pavement and nodal deflections for various elastic moduli of subgrade for a 



Sanjeev et al., American International Journal of  Research in Science, Technology, Engineering & Mathematics, 11(1), June-August, 2015, 

pp. 94-98 

AIJRSTEM 15-528; © 2015, AIJRSTEM All Rights Reserved                                                                                                               Page 98 

particular pressure. Each of the design charts has three parameters. For two known parameters, the third 

parameter can be obtained.  
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