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TYPES OF PAVEMENT – FLEXIBLE AND RIGID 

PAVEMENT 

There are two types of pavements based on design considerations i.e. flexible pavement and rigid 

pavement. Difference between flexible and rigid pavements is based on the manner in which the 

loads are distributed to the subgrade. 

Before we differentiate between flexible pavements and rigid pavements, it is better to first know 

about them. Details of these two are presented below: 

Flexible Pavements: 

Flexible pavement can be defined as the one consisting of a mixture of asphaltic or bituminous 

material and aggregates placed on a bed of compacted granular material of appropriate quality in 

layers over the subgrade. Water bound macadam roads and stabilized soil roads with or without 

asphaltic toppings are examples of flexible pavements. 

The design of flexible pavement is based on the principle that for a load of any magnitude, the 

intensity of a load diminishes as the load is transmitted downwards from the surface by virtue of 

spreading over an increasingly larger area, by carrying it deep enough into the ground through 

successive layers of granular material. 

 

Fig: Flexible Pavement Cross-section 

Thus for flexible pavement, there can be grading in the quality of materials used, the materials 

with high degree of strength is used at or near the surface. Thus the strength of subgrade 

primarily influences the thickness of the flexible pavement. 
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Rigid Pavements: 

A rigid pavement is constructed from cement concrete or reinforced concrete slabs. Grouted 

concrete roads are in the category of semi-rigid pavements. 

The design of rigid pavement is based on providing a structural cement concrete slab of 

sufficient strength to resists the loads from traffic. The rigid pavement has rigidity and high 

modulus of elasticity to distribute the load over a relatively wide area of soil. 
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Fig: Rigid Pavement Cross-Section 

Minor variations in subgrade strength have little influence on the structural capacity of a rigid 

pavement. In the design of a rigid pavement, the flexural strength of concrete is the major factor 

and not the strength of subgrade. Due to this property of pavement, when the subgrade deflects 

beneath the rigid pavement, the concrete slab is able to bridge over the localized failures and 

areas of inadequate support from subgrade because of slab action 

.  
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Difference between Flexible Pavements and Rigid 

Pavements: 

  Flexible Pavement Rigid Pavement 

1. It consists of a series of layers with the 

highest quality materials at or near the 

surface of pavement. 

It consists of one layer Portland cement 

concrete slab or relatively high flexural 

strength. 

2. It reflects the deformations of subgrade 

and subsequent layers on the surface. 

It is able to bridge over localized failures and 

area of inadequate support. 

3. Its stability depends upon the aggregate 

interlock, particle friction and cohesion. 

Its structural strength is provided by the 

pavement slab itself by its beam action. 

4. Pavement design is greatly influenced 

by the subgrade strength. 

Flexural strength of concrete is a major factor 

for design. 

5. It functions by a way of load distribution 

through the component layers 

It distributes load over a wide area of subgrade 

because of its rigidity and high modulus of 

elasticity. 

6. Temperature variations due to change in 

atmospheric conditions do not produce 

stresses in flexible pavements. 

Temperature changes induce heavy stresses in 

rigid pavements. 

7. Flexible pavements have self healing 

properties due to heavier wheel loads are 

recoverable due to some extent. 

Any excessive deformations occurring due to 

heavier wheel loads are not recoverable, i.e. 

settlements are permanent. 
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Flexible pavement layers  

Subgrade: 

The subgrade is usually the natural materials located along the horizontal alignment of the 

pavement and served as a foundation of the pavement structure. The upper 15-20cm of the 

subgrade is scarified and blended to provide a uniform material before it is compacted to 

maximum density. The subgrade may also consists of borrow materials, well compacted to 

prescribed specifications. It may be necessary to treat the subgrade materials with certain types 

of stabilizers to achieve certain strength properties. 

 

Subbase layer 

Located immediately above the subgrade, the subbase component consists of material of a 

superior quality to that which is generally used for subgrade construction. The requirements for 

subbase materials usually are given in terms of the gradation, plastic characteristics, and strength. 

When the quality of the subgrade material meets the requirements of the subbase material, the 

subbase component may be omitted. In cases where suitable subbase material is not readily 

available, the available material can be treated with other materials to achieve the necessary 

properties. This process of treating soils to improve their engineering properties is known as 

stabilization. This layer is usually consists of crushed aggregate or a mixture of fine and coarse 

aggregate.  
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Base layer 

The base course lies immediately above the subbase. This course usually consists of granular 

materials such as crushed stone, crushed or uncrushed gravel, and sand. The specifications for 

base course materials usually include more strict requirements than those for subbase materials, 

particularly with respect to their plasticity, gradation, and strength. Base course layer usually is 

stabilized with asphalt or Portland cement. 
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Surface layer 

Usually made of asphaltic concrete, which is a mixture of asphalt cement and aggregate. The 

function of this layer is to withstand high tire pressure, resisting the wheel abrasion, provide a 

skid resisting surface and to waterproof the entire pavement structure. The quality of the surface 

material depends on the mix design of the asphalt concrete used. Thickness and properties of 

surface course vary according to the expected traffic on the pavement. 
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Soil stabilization 

Soil stabilization is the treatment of natural soil to improve its engineering properties. Soil 

stabilization methods can be divided into two categories, namely, mechanical and chemical. 

Mechanical stabilization is the blending of different grades of soils to obtain a required grade. 

Chemical stabilization is the blending of the natural soil with chemical agents. The most 

commonly used agents are Portland cement, asphalt binders, and lime.  

 

1- Soil stabilization with cement  

The soil stabilized with cement is known as soil cement. Cement stabilization of soils usually 

involves the addition of 5 to 14 percent Portland cement by volume of the compacted mixture to 

the soil being stabilized. The cementing action is believed to be the result of chemical reactions 

of cement with siliceous soil during hydration reaction. The important factors affecting the soil-

cement are nature of soil content, conditions of mixing, compaction, curing and admixtures used. 

      

2-  Soil Stabilization using Lime: 

Slaked lime is very effective in treating heavy plastic clayey soils. Lime may be used alone or in 

combination with cement, bitumen or fly ash. Sandy soils can also be stabilized with these 

combinations. Lime has been mainly used for stabilizing the road bases and the subgrade. 
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The addition of lime leads to increase the strength and durability of soil. Normally 2 to 8% of 

lime may be required for coarse grained soils and 5 to 8% of lime may be required for plastic 

soils. The amount of fly ash as admixture may vary from 8 to 20% of the weight of the soil. 

  

3- Soil Stabilization with Bitumen: 

Asphalt stabilization is carried out to achieve one or both of the following: 

• Waterproofing of natural materials 

• Binding of natural materials 

Waterproofing the natural material through asphalt stabilization aids in maintaining the water 

content at a required level by providing a membrane that impedes the penetration of water, 

thereby reducing the effect of any surface water that may enter the soil when it is used as a base 

course. In addition, surface water is prevented from seeping into the subgrade, which protects the 

subgrade from failing due to increase in moisture content. Binding improves the durability 

characteristics of the natural soil by providing an adhesive characteristic, whereby the soil 

particles adhere to each other, increasing cohesion. 
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Distribution of stresses 

Flexible pavements will transmit wheel load stresses to the lower layers by grain-to-grain 

transfer through the points of contact in the granular structure. In order to understand the stress 

distribution in flexible pavement, several theories have been proposed. 

The concept of layered system has been found to understand the stress transmission from the 

wheel to pavement layers. This theory adopted the following assumptions: 

1- The material properties are homogenous. 

2- Each layer has finite thick except for the lower one, and all are infinite in lateral direction. 

3- Each layer is isotropic. 

4- Full friction is developed between layers at each interface.   

5- Surface shearing forces are not present at surface. 

6- Stress solution is characterized by two material properties for each layer (Poisson’s ratio 

and elastic modulus.  
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One-Layer systems 

According to Bossinesq’s formula, the vertical stress is dependent on the depth and radial 

distance to point, and is independent on the properties of transmitting medium. 

𝜎𝑧  = 𝑘 
𝑃

𝑧2  

𝑘 =  
3

2𝜋
 

1

(1 +   
𝑟
𝑧
 

2
) (5/2)

 

Where: 

 𝜎𝑧= The vertical stress at any depth below the earth surface due to a point load at the surface. 

r = radial distance from point load 

z = depth 

In the study of the flexible pavement the load at surface is not point load but is distributed over 

elliptical area. Pressure at tire-pavement contact is assumed equal to tire pressure. Bossinesq’s 

formula was extended to consider uniformly distributed circular load. The final modification was 

proposed by Ahlvin an Ulery as shown below.  

 

𝜎𝑧  = 𝑞 [ 𝐴 + 𝐵] 

∆𝑧=  
𝑞 1 + 𝜇 𝑎

𝐸1
  [ 

𝑧

𝑎
 𝐴 +  1 − 𝜇 𝐻] 

 

𝜎𝑧  = vertical stress. 

∆𝑧  = vertical deflection. 
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Example 1: For the flexible pavement condition shown in figure below, calculate the following 

values using one-layer equations. 

1- Deflection at point n 

2- Vertical stress at point o. 

  

Solution: 

∆𝑧=  
𝑞 1 + 𝜇 𝑎

𝐸1
  [ 

𝑧

𝑎
 𝐴 +  1 − 𝜇 𝐻] 
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To find A, H values we have to find z/a and r/a with respect to point (n) 

12/a = 12/6 = 2 

r/a = 0/6 =0 

From the table A= 0.10557 , H = 0.47214 

∆𝑧=  
80 1+0.4 6

16000
    

12

6
 0.10557 +  1 − 0.4 0.47214 = 0.021 in 

Vertical stress at point (o0 

𝜎𝑧  = 𝑞 [ 𝐴 + 𝐵] 

To find A, B values we have to find z/a and r/a with respect to point (o) 

z/a = 18/6 = 3 , r/a = 12/6 = 2 

A= 0.03150  , B= 0.03511 

𝜎𝑧  = 80   0.0315 + 0.03511 = 5.33 psi 

 

Two-Layer System 

Typical flexible pavements are composed of layered so that the moduli of elasticity decrease 

with the depth.  The effect is to reduce the stresses and deflection in the subgrade from those of 

ideal homogeneous case. 
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According to this system the stress and deflection are dependent upon the strength ratio  of the 

layers, E1/E2,  where E1 and E2 are the moduli of pavement and subgrade layers respectively. The 

Poisson's ratio for each layer was assumed 0.5. The vertical stress on the top of subgrade is an 

important factor in pavement design. The function of a pavement is to reduce the vertical stress 

on the subgrade so that detrimental pavement deformations will not occur. The stresses and 

deflection due to them in a two-layer system depend on the modulus ratio El/E2 and the 

thickness–radius ratio h/a (z/a). 

The total surface deflection is expressed in terms of the deflection factor F2 by: 

∆ = 1.5 
𝑞𝑎

𝐸2
 𝐹2     for Flexible plate  

∆ = 1.18 
𝑞𝑎

𝐸2
 𝐹2      for Rigid plate  

 

 

Figure 1. Vertical stress 

distribution in a two - 

layer system 

Figure 2. Vertical 

surface deflections 

for two-layer 

systems 
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Example 2 : Calculate the surface deflection (total deflection) under the centre of tire and the 

vertical stress at the top of subgarde, the circular contact area of tire is 112.5 in
2
. and the total 

load on tire is 9000 Ib (40000 N = 40 kN) for 12 in. (304.8 mm) pavement having a 50000 psi 

(344.74 MPa) modulus and subgrade modulus of 10000 psi (68.95 MPa). 

Solution: 

1- Surface deflection 

A = a
2
 × π    →   112.5 =   a

2
 × π    → a = 6 in. 

q = P / A  = 9000 / 112.5 = 80 psi 

Thickness of first layer (pavement layer ) (h) z = 12 in. (given) z/a = 12/6 = 2 

E1/E2 = 5 

from the Figure 2  → F2 = 0.42 

∆ = 1.5 
𝑞𝑎

𝐸2
 𝐹2= 1.5 

80∗6

10000
 0.42 = 0.03 𝑖𝑛. 

2- Vertical stress at the top of subgrade 

z/a = 12/6 = 2,  E1/E2 = 5 

From the Figure 1  → 
𝜎𝑧  

𝑞
= 0.26 

→ 𝜎𝑧  = 80 × 0.26 = 20.8 𝑝𝑠𝑖 

Vertical Interface Deflection: the vertical interface deflection refers to the deflection value at 

the interface of two layers. The deflection is expressed in terms of the deflection factor F by: 

∆𝑆  =
𝑞𝑎

𝐸2
 𝐹 
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Figure 3. Vertical interface deflections for two-layer systems 

Example 3: Calculate the interface deflection and deflection that takes place within the 

pavement layer for the information noted in Example 2. 

Solution. 

E1/E2 = 5,     E2 = 10000 psi,    Z =12 in.,   a = 6,    q = 80 psi, r = 0,   

For  E1/E2 = 5,     r/a = 0,   z/a= 2 

F = 0.48 from Figure 3. 

∆𝑆  =
𝑞𝑎

𝐸2
 𝐹 =  

80 ∗ 6

10000
 0.48 = 0.023 𝑖𝑛. 

∆𝑝  =  ∆ −  ∆𝑆= 0.03 − 0.023 = 0.007 𝑖𝑛. 

 

 

 


