UNIT-5
PAVEMENT DESIGN

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.
Eachlayer receives loads from the above layer, spreads them out, and passes on these loads to the
nextlayer below. Thus the stresses will be reduced, which are maximum at the top layer and
minimum on the top of subgrade.

Design procedures

e Empirical design
e Empirical design

Traffic and Loading

= Fixed traffic
=  Fixed vehicle
= Variable traffic and vehicle

Equivalent single wheel load

To carry maximum load with in the specified limit and to carry greater load, dual wheel, or
dualtandem assembly is often used. Equivalent single wheel load (ESWL) is the single wheel
load having the same contact pressure, which produces same value of maximum stress,
deflection, tensile stress or contact pressure at the desired depth.

Equivalent single wheel load To carry maximum load with in the specified limit and to
carry greater load, dual wheel, or dual tandem assembly is often used. Equivalent single wheel
load (ESWL) is the single wheel load having the same contact pressure, which produces same
valueof maximum stress, deflection, tensile stress or contact pressure at the desired depth.
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Fig. 37 ESWL-Equal stress concept

Equivalent single axle load

o Legal axle load
o Standard axle load

Repetition of axle loads

Equivalent axle load factor

m
Equivalent single axle load, ESAL = Z Fin;
i=1

Material characterization

It is well known that the pavement materials are not perfectly elastic but experiences some
permanent deformation after each load repetitions. It is well known that most paving materials
are not elastic but experience some permanent deformation after each load application.

Resilient modulus of soil

The elastic modulus based on the recoverable strain under repeated loads is called the resilient

modulus.

Elastic strain

Strain

Plastic strain

l

Fig. 38 Recoverable strain under repeated loads
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Dynamic complex modulus
This is one of the way of explaining the stress-strain relationship of visco-elastic materials.
Correlations with other tests

Determination of resilient modulus is often cumbersome. Therefore, various empirical tests
havebeen used to determine the material properties for pavement design.

Mechanistic-empirical analysis

Mechanics is the science of motion and action of forces on bodies. In pavement design
these phenomena are stresses, strains, and deflections within a pavement structure and the
physicalcauses are loads and material properties of the pavements structure.

Advantages

The basic advantages of the Mechanistic-Empirical pavement design method over a purely
empirical one are:

o It can be used for both existing pavement rehabilitation and new pavement construction
It can accommodate changing load types

It can better characterize materials allowing for better utilization of available materials
accommodation of new materials improved definition of existing layer proportion

It uses material proportion that relates better with actual pavement performance

It provides more reliable performance predictions

It defines role of construction in a better way

It accommodates environment and aging e ect of materials in the pavement

o O

O O O O

Mechanistic model
Mechanistic models are used to mathematically model pavement physics.

Inputs

A layered elastic model requires a minimum number of inputs to adequately characterize a
pavement structure and its response to loading. These inputs are:

Material properties of each layer, like modulus of elasticity (E), Poisson's ratio,Pavement layer

thicknesses, and Loading conditions which include the total wheel load and load repetitions

Output
The outputs of the layered elastic model are the stresses, strains and de ections in the pavements.

= Stress.
= Strain.
= Deflection.
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IRC Method of Flexible Pavement Design
Scope

These guidelines will apply to design of exible 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.

Design criteria

o Vertical compressive strain at the top of the sub-grade which can cause sub-grade
deformation resulting in permanent deformation at the pavement surface.

o Horizontal tensile strain or stress at the bottom of the bituminous layer which can cause
fracture of the bituminous layer.

o Pavement deformation within the bituminous layer.

Failure Criteria

e Fatigue Criteria
e Rutting Criteria

Binder Course

Tensile Strain
-

Granular Base / Sub Base Course

* Compressive Strain

Sub Grade Soil

Fig. 39 Critical Locations in Pavement
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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.

Using the following simple input parameters, appropriate designs could be chosen for the giventraffic
and soil strength:

e Design traffic in terms of cumulative number of standard axles; and
e CBR value of subgrade.

Design traffic

The method considers traffic in terms of the cumulative number of standard axles (8160 kg) to
becarried by the pavement during the design life. This requires the following information:

e [Initial traffic in terms of CVPD

e Traffic growth rate during the design life

e Design life in number of years

e Vehicle damage factor (VDF)

e Distribution of commercial traffic over the carriage way.

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
trafficin the range 10 to 150 msa, use chart 2 of IRC:37 2001.

Pavement composition

o Sub-base
o Base
o Bituminous surfacing

STRESSES IN RIGID PAVEMENTS

As the name implies, 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).

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.

Relative stiffness of slab to sub-grade

A certain degree of resistance to slab deflection is offered by the sub-grade. The sub-grade
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deformation is same as the slab deflection. Hence the slab deflection is direct measurement of the
magnitude of the sub-grade pressure.

Critical load positions

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.

a.

Tension at Bottom Tension at Top

" )

Tension at Bottom

Fig. 40 Critical stress locations
Temperature stresses

Temperature stresses are developed in cement concrete pavement due to variation in slab
temperature. This is caused by

(1) Daily variation resulting in a temperature gradient across the thickness of the slab and
(ii) Seasonal variation resulting in overall change in the slab temperature.

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

e Summer, mid-day: The critical stress is for edge region
e Winter, mid-day: The critical combination of stress is for the edge region given by
e Mid-nights: The critical combination of stress is for the corner region given

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.

Filler

Fulk bond
Fig. 41 Expansion joint
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Contraction joints Filler

i 1
Full bond Full bond

42 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.

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.

Triangle area A =a * b/2

b2=6

b1=10
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