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UNIT-4 
Rigid pavement design : IRC method, Fatigue analysis, PCA chart method. AASHTO Method, Reliability 

analysis. Design and construction of different joints and type, AASHTO Method 

 

Concrete pavement design methods 

Some of the methods for design of concrete airfield pavement structures are  

(i) Corps of Engineers (CoE) method 

(ii)   Federal Aviation Administration method (FAA)  

(iii)  Portland Cement Association (PCA) 

(vi)         Rigid pavement design by IRC method 

 

Rigid pavement design by IRC method:- 

 

Rigid pavements are rigid i.e, they do not flex much under loading like flexible pavements. They are 

constructed using cement concrete. In this case, the load carrying capacity is mainly due to the rigidity ad 

high modulus of elasticity of the slab (slab action). H. M. Westergaard is considered the pioneer in 

providing the rational treatment of the rigid pavement analysis. 

 Modulus of sub-grade reaction 

Westergaard considered the rigid pavement slab as a thin elastic plate resting on soil sub-grade, which is 

assumed as a dense liquid. The upward reaction is assumed to be proportional to the deflection. Base on 

this assumption, Westergaard defined a modulus of sub-grade reaction  in kg/cm  given by 

 where  is the displacement level taken as 0.125 cm and  is the pressure sustained by the rigid plate of 

75 cm diameter at a deflection of 0.125 cm. 

 Relative stiffness of slab to sub-grade 

A certain degree of resistance to slab deflection is offered by the sub-grade. The sub-grade deformation is 

same as the slab deflection. Hence the slab deflection is direct measurement of the magnitude of the sub-

grade pressure. This pressure deformation characteristics of rigid pavement lead Westergaard to the 

define the term radius of relative stiffness  in cm is given by the equation . 

 

(1) 

 

 

where E is the modulus of elasticity of cement concrete in kg/cm  (3.0 10 ),  is the Poisson's ratio of 

concrete (0.15),  is the slab thickness in cm and  is the modulus of sub-grade reaction. 

 Critical load positions 

Since the pavement slab has finite length and width, either the character or the intensity of maximum 

stress induced by the application of a given traffic load is dependent on the location of the load on the 

pavement surface. There are three typical locations namely the interior, edge and corner, where differing 

conditions of slab continuity exist. These locations are termed as critical load positions.  
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 Equivalent radius of resisting section 

When the interior point is loaded, only a small area of the pavement is resisting the bending moment of 

the plate. Westergaard's gives a relation for equivalent radius of the resisting section in cm in the 

equation . 

 

(2) 

 

 

where  is the radius of the wheel load distribution in cm and  is the slab thickness in cm. 

 Wheel load stresses - Westergaard's stress equation 

The cement concrete slab is assumed to be homogeneous and to have uniform elastic properties with 

vertical sub-grade reaction being proportional to the deflection. Westergaard developed relationships for 

the stress at interior, edge and corner regions, denoted as  in kg/cm  respectively and given 

by the equation - . 

 

(3) 

 

 

 

(4) 

 

 

 

(5) 

 

 

where  is the slab thickness in cm,  is the wheel load in kg,  is the radius of the wheel load 

distribution in cm,  the radius of the relative stiffness in cm and  is the radius of the resisting section in 

cm 

 

Figure: Critical stress locations 
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 Temperature stresses 

Temperature stresses are developed in cement concrete pavement due to variation in slab temperature. 

This is caused by (i) daily variation resulting in a temperature gradient across the thickness of the slab and 

(ii) seasonal variationresulting in overall change in the slab temperature. The former results 

in warping stresses and the later in frictionalstresses. 

 Warping stress 

The warping stress at the interior, edge and corner regions, denoted as  in kg/cm

 respectively and given by the equation - . 

 

(6) 

 

 

 

(7) 

 

 

 

(8) 

 

 

where  is the modulus of elasticity of concrete in kg/cm  (3 10 ),  is the thermal coefficient of 

concrete per C (1 10 )  is the temperature difference between the top and bottom of the slab, 

 and  are the coefficient based on  in the desired direction and  right angle to the desired 

direction,  is the Poisson's ration (0.15),  is the radius of the contact area and  is the radius of the 

relative stiffness. 

 Frictional stresses 

The frictional stress  in kg/cm  is given by the equation 

 

(9) 

 

 

where  is the unit weight of concrete in kg/cm  (2400), is the coefficient of sub grade friction (1.5) 

and  is the length of the slab in meters. 

 Combination of stresses 
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The cumulative effect of the different stress give rise to the following thee critical cases 

 Summer, mid-day: The critical stress is for edge region given by  

 Winter, mid-day: The critical combination of stress is for the edge region given 

by  

 Mid-nights: The critical combination of stress is for the corner region given 

by  

Portland Cement Association (PCA) method 

The fatigue equation of PCA method is developed from laboratory testing of fatigue behaviour of concrete 

beams (Smith et al. 2002, Packard 1995). The PCA method (Packard 1995) requires the (i) concrete 

properties (ii) effective strength of subgrade (or subgrade-sub-base combination) (iii) type of aircraft, load, 

and approximate frequency and (iv) type of pavement being designed, such as runway, taxiway, a pron 

hangar etc. Use of 90 days strength test results of concrete is generally recommended for design purpose. 

The design procedure can be summarized as follows: 

The modulus of subgrade reaction is estimated by performing plate load test on the subgrade. If the 

subgrade is multi-layered, or sub-base (granular or stabilized) is put over the subgrade, the effective 

modulus of subgrade reaction needs to be determined. Charts are provided, similar to the Figure 19, 

presented in the lecture on 'various design approaches'. 

From careful estimate of the present and future traffic, an appropriate safety factor is estimated for 

each of the aircraft types. The working stress is obtained by dividing the modulus of rupture of 

concrete with the safety factor chosen for individual aircrafts. Suggested values of safety factor range 

from 1.7 to 2.0 for critical areas and 1.4 to 1.7 for non-critical areas. 

From the pavement design chart, the design thickness slab thickness is estimated for a particular type 

of aircraft. Figure 27 presents a typical pavement design chart as  PCA (1995). The cumulative fatigue 

damage principle is employed to arrive at the design thickness of the slab. The dashed line indicates 

the order of progression. This process is repeated for various aircrafts and the highest value of the 

thickness is chosen as the design thickness. 

The stresses created due to less critical aircrafts are also checked (by using the design charts in the reverse 

direction), and if the values are less than some specified value (350 psi), it is assumed that these do not 

add to the fatigue of the pavement slab. 
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Figure: A schematic concrete pavement design chart as per PCA (1995) 

 

1993 AASHTO Rigid Pavement Structural Design 

Empirical equations are used to relate observed or measurable phenomena with outcomes.  There are 

many different types of empirical equations available today but this section will present the 1993 

AASHTO Guide basic design equation for rigid pavements as an example.  This equation is widely used and 

has the following  
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(these variables will be further explained in Inputs) 

where: W18 = predicted number of 80 kN (18,000 lb.) ESALs 

 ZR = standard normal deviate 

 

 So = combined standard error of the traffic prediction and performance prediction 

 

 D = slab depth (inches) 

 pt = terminal serviceability index 

 DPSI = difference between the initial design serviceability index, po, and the design terminal 

serviceability index, pt 

   = modulus of rupture of PCC (flexural strength) 

 

 Cd = drainage coefficient 

 J = load transfer coefficient (value depends upon the load transfer efficiency)  

 

 Ec = Elastic modulus of PCC 

 k = modulus of subgrade reaction 

  

This equation is not the only empirical equation available but it does give a good sense of what an 

empirical equation looks like, what factors it considers and how empirical observations are incorporated 

into an equation.  The rest of this section will discuss the specific assumptions, inputs and outputs 

associated with the 1993 AASHTO Guide flexible pavement empirical design equation 

 

 

 

 

 

Design of joints Joints- 

 

Joints are purposefully placed discontinuities in a rigid pavement surface course. All types of joints are 

used in rigid pavement construction methods for all P`CC pavement types. CRCP uses longitudinal 

reinforcing steel in order to limit the number of transverse contraction joints, but it still uses longitudinal 

joints and periodic transverse joints. 

Joints can be formed in two ways. Contraction joints are most often sawed in after PCC placement. Others 

such as expansion, isolation and construction joints, are created by formwork before the PCC is placed. 

Each one of these methods of joint construction has its own method and set of considerations.  

Types 

 

 Isolation Joints- 

 

An isolation joint is used to lessen compressive stresses that develop at T- and unsymmetrical 

intersections, ramps, bridges, building foundations, drainage inlets, manholes, and anywhere differential 
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movement between the pavement and a structure (or another existing pavement) may take place (ACPA, 

2001). They are typically filled with a joint filler material to prevent water and dirt infiltration. 

 Construction Joints- 

 

A construction joint (see Figure 6) is a joint between slabs that results when concrete is placed at different 

times. This type of joint can be further broken down into transverse and longitudinal construction joints. 

Longitudinal construction joints also allow slab warping without appreciable separation or cracking of the 

slabs. Workers manually insert dowel bars into the construction joint at the end of the work day . 

Construction joints should be planned so that they coincide with contraction joint spacing to eliminate 

extra joints. 

 Expansion joints 

The purpose of the expansion joint is to allow the expansion of the pavement due to rise in temperature 

with respect to construction temperature. The design consideration are: 

 Provided along the longitudinal direction, 

 design involves finding the joint spacing for a given expansion joint thickness (say 2.5 cm specified 

by IRC) subjected to some maximum spacing (say 140 as per IRC) 

 

Figure: Expansion joint 

 Contraction joints 

The purpose of the contraction joint is to allow the contraction of the slab due to fall in slab temperature 

below the construction temperature. The design considerations are: 

 The movement is restricted by the sub-grade friction 

 Design involves the length of the slab given by: 

 

(10) 
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 where,  is the allowable stress in tension in cement concrete and is taken as 0.8 kg/cm ,  is 

the unit weight of the concrete which can be taken as 2400 kg/cm  and  is the coefficient of sub-

grade friction which can be taken as 1.5. 

 Steel reinforcements can be use, however with a maximum spacing of 4.5 m as per IRC. 

 

Figure: Contraction joint 

Dowel bars 

The purpose of the dowel bar is to effectively transfer the load between two concrete slabs and to keep 

the two slabs in same height. The dowel bars are provided in the direction of the traffic (longitudinal). The 

design considerations are: 

 Mild steel rounded bars, 

 bonded on one side and free on other side 

 

Bradbury's analysis 

Bradbury's analysis gives load transfer capacity of single dowel bar in shear, bending and bearing as 

follows: 

 

 

 

(11) 

 

 

 

(12) 

 

 

 

(13) 

 

 

where,  is the load transfer capacity of a single dowel bar in shear , bending  and bearing ,  is 

the diameter of the bar in cm,  is the length of the embedment of dowel bar in cm,  is the joint width 
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in cm,  are the permissible stress in shear, bending and bearing for the dowel bar in kg/cm

. 

Design procedure 

Step  Find the length of the dowel bar embedded in slab by equating Eq. =Eq. , i.e. 

 

(14) 

 

 

Step  Find the load transfer capacities , , and  of single dowel bar with the  

Step  Assume load capacity of dowel bar is 40 percent wheel load, find the load capacity factor f as  

 

(15) 

 

 

Step  Spacing of the dowel bars. 

 Effective distance upto which effective load transfer take place is given by , where  is the 

radius of relative stiffness. 

 Assume a linear variation of capacity factor of 1.0 under load to 0 at . 

 Assume a dowel spacing and find the capacity factor of the above spacing. 

 Actual capacity factor should be greater than the required capacity factor. 

 If not, do one more iteration with new spacing. 

Example 

Design size and spacing of dowel bars at an expansion joint of concrete pavement of thickness 25 cm. 

Given the radius of relative stiffness of 80 cm. design wheel load 5000 kg. Load capacity of the dowel 

system is 40 percent of design wheel load. Joint width is 2.0 cm and the permissible stress in shear, 

bending and bearing stress in dowel bars are 1000,1400 and 100  respectively. 

Solution: 

Given, , , , ,

,  and ; and assume  diameter. 

Step-1: length of the dowel bar   
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Solve for  by trial and error: 

put  put 

 put  Minimum length of the dowel bar 

is , So, provide  long and . 

Therefore . 

Step 2: Find the load transfer capacity of single dowel bar 

 
 

 

Therefore, the required load transfer capacity 

 
 

 

Step-3 : Find the required spacing: Effective distance of load 

transfer . Assuming spacing, 

Actual capacity is 

 
 

 

Therefore assume  spacing and now the actual capacity is 
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Therefore provide  mild steel dowel bars of length  center to center. 

 Tie bars 

In contrast to dowel bars, tie bars are not load transfer devices, but serve as a means to tie two slabs. 

Hence tie bars must be deformed or hooked and must be firmly anchored into the concrete to function 

properly. They are smaller than dowel bars and placed at large intervals. They are provided across 

longitudinal joints. 

Step  Diameter and spacing: The diameter and the spacing is first found out by equating the total sub-grade 

friction tot he total tensile stress for a unit length (one meter). Hence the area of steel per one meter 

in  is given by: 

 

      

 

    (16) 

 

 

where,  is the width of the pavement panel in ,  is the depth of the pavement in ,  is the unit 

weight of the concrete (assume ),  is the coefficient of friction (assume ), and  is 

the allowable working tensile stress in steel (assume ). Assume  to  bars 

for the design. 

Step  Length of the tie bar: Length of the tie bar is twice the length needed to develop bond stress equal to 

the working tensile stress and is given by: 

 

    (17) 

 

 

where,  is the diameter of the bar,  is the allowable tensile stress in , and  is the 

allowable bond stress and can be assumed for plain and deformed bars respectively as  

 and . 

Example 
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A cement concrete pavement of thickness 18 cm, has two lanes of 7.2 m with a joint. Design the tie bars.     

(Solution:)  Given h=18 cm, b=7.2/2=3.6m,   

  Step 1: diameter and spacing: Get  from 

 
 

 

Assume . Therefore spacing is , say      

Step 2: Length of the bar: Get  from 

 
 

 

  tie bars of length of  

 

 

 

Design of rigid pavements is based on Westergaard's analysis, where modulus of subgrade reaction, radius 

of relative stiffness, radius of wheel load distribution are used. For critical design, a combination of load 

stress, frictional stress and warping stress is considered. Different types of joints are required like 

expansion and contraction joints. Their design is also dealt with. 

Problems 

1. Design size and spacing of dowel bars at an expansion joint of concrete pavement of thickness 20 

cm. Given the radius of relative stiffness of 90 cm. design wheel load 4000 kg. Load capacity of the 

dowel system is 40 percent of design wheel load. Joint width is 3.0 cm and the permissible stress in 

shear, bending and bearing stress in dowel bars are 1000,1500 and 100  respectively. 

2. Design the length and spacing of tie bars given that the pavement thickness is 20cm and width of 

the road is 7m with one longitudinal joint. The unit weight of concrete is 2400 , the 

coefficient of friction is 1.5, allowable working tensile stress in steel  is 1750 , and bond 

stress of deformed bars is 24.6 . 

Solutions 

1. Given, , , , ,

,  and ; and assume  diameter. 
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Step-1: length of the dowel bar , 

 

 

 

Solving for  by trial and error, it is =39.5cm Minimum length of the dowel bar 

is , So, provide  long and . 

Therefore . 

Step 2: Find the load transfer capacity of single dowel bar 

 

 

 

Therefore, the required load transfer capacity (refer equation) 

 

 

 

Step-3 : Find the required spacing: Effective distance of load 

transfer . Assuming  spacing, 

Actual capacity is 
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Assuming 40cm spacing, capacity is, 

 

 

 

So we should consider 2.52>2.335 as it is greater and more near to other value. Therefore 

provide mild steel dowel bars of length  center to center. 

2. 2.Given h=20 cm, b=7/2=3.5m,   

 .     Step 1: diameter and spacing: 

 

 

 

Assume . Therefore spacing is , 

say      Step 2: Length of the bar: 

 

 

 

[Ans] Use  tie bars of length of  

 

: 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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