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UNIT -1  

Equivalent Single Wheels Load (ESWL):Definition, calculation of ESWL, repetition of load 

and their effects on the pavement structure. 

Equivalent single wheel load 

Definition :-To carry maximum load within 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 value of maximum stress, deflection, tensile stress or contact 

pressure at the desired depth. The procedure of finding the ESWL for equal stress criteria is provided 

below. This is a semi-rational method, known as Boyd and Foster method, based on the following 

assumptions: 

 Equivalency concept is based on equal stress; 

 contact area is circular; 

 influence angle is 450; and 

 soil medium is elastic, homogeneous, and isotropic half space. 

The ESWL is given by: 

 

 
 

where  is the wheel load,  is the center to center distance between the two wheels,  is the clear 

distance between two wheels, and  is the desired depth. 

 

Figure: ESWL-Equal stress concept 

Example 1 

Find ESWL at depths of 5cm, 20cm and 40cm for a dual wheel carrying 2044 kg each. The center to center 

tyre spacing is 20cm and distance between the walls of the two tyres is 10cm. 
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Solution 

For desired depth z=40cm, which is twice the tyre spacing, ESWL = 2P=2 2044 = 4088 kN. For z=5cm, 

which is half the distance between the walls of the tyre, ESWL = P = 2044kN. For  Z=20cm 

= 

 =3.511. Therefore, ESWL = antilog(3.511)= 3244.49 kN 

Equivalent single axle load calculation:- 

Vehicles can have many axles which will distribute the load into different axles, and in turn to the 

pavement through the wheels. A standard truck has two axles, front axle with two wheels and rear axle 

with four wheels. But to carry large loads multiple axles are provided. Since the design of flexible 

pavements is by layered theory, only the wheels on one side needed to be considered. On the other hand, 

the design of rigid pavement is by plate theory and hence the wheel loads on both sides of axle need to be 

considered. Legal axle load: The maximum allowed axle load on the roads is called legal axle load. For 

highways the maximum legal axle load in India, specified by IRC, is 10 tones. Standard axle load: It is a 

single axle load with dual wheel carrying 80 KN load and the design of pavement is based on the standard 

axle load. 

Repetition of axle loads: The deformation of pavement due to a single application of axle load may be 

small but due to repeated application of load there would be accumulation of unrecovered or permanent 

deformation which results in failure of pavement. If the pavement structure fails with N1 number of 

repetition of load W2 and for the same failure criteria if it requires N2 number of repetition of load W2, 

then W1N1 and W2N2 are considered equivalent. Note that, W1N1  and W2N2  equivalency depends on the 

failure criterion employed. 

Equivalent axle load factor: An equivalent axle load factor (EALF) defines the damage per pass to a 

pavement by the ith type of axle relative to the damage per pass of a standard axle load. While finding the 

EALF, the failure criterio  is i porta t. Two types of failure criteria’s are co o ly adopted: fatigue 
cracking and rutti g’s. The fatigue cracki g odel has the followi g for : 

 

(2) 

where, Nf is the number of load repetition for a certain percentage of cracking,  is the tensile strain at 

the bottom of the binder course, E is the modulus of elasticity, and F1,F2,F3 are constants. If we consider 

fatigue cracking as failure criteria, and a typical value of 4 for F2, then: 

 

(3) 

 

 

where,  indicate  vehicle, and  indicate the standard axle. Now if we assume that the strain is 

proportional to the wheel load, 

 

(4) 
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Similar results can be obtained if rutting model is used, which is: 

 

(5) 

 

 

where Nd is the permissible design rut depth (say 20mm),  is the compressive strain at the top of the 

subgrade, and F4,F5,are constants. Once we have the EALF, then we can get the ESAL as given below. 

 

(6) 

 

 

where,  is the number of axle load groups,  Fi is the EALF for  axle load group, and ni is the number of 

passes of  axle load group during the design period. 

Example 2 

Let number of load repetition expected by 80 KN standard axle is 1000, 160 KN is 100 and 40 KN is 10000. 

Find the equivalent axle load. 

Solution: 

 

Refer the Table . The ESAL is given as 

 

Table: Example 1 Solution  

 
Axle No . of Load EALF 

 

 
Load Repetition 

  

i (KN) (ni) (Fi) 
 

1 40 10000 
= 0.0625 

625 

2 80 1000 
= 1 

1000 

3 160 100 
= 16 

1600 

Example 3 
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Let the number of load repetition expected by 120 kN axle is 1000, 160 kN is 100, and 40 kN is 10,000. Find 

the equivalent standard axle load if the equivalence criteria is rutting. Assume 80 kN as standard axle load 

and the rutting model is  where  =4.2 and  =4.5. 

Solution 

Refer the Table: The ESAL is given as  

 

Table: Example 2 Solution 

 Axle No.of Load EALF  

 Load Repetition   

i (KN) (ni) (Fi) 

 

1 120 1000 
= 6.200 

6200 

2 160 100 
= 22.63 

2263 

3 40 10000 
= 0.04419 

441.9 

 

 

 

Example 4 

Let number of load repetition expected by 60kN standard axle is 1000, 120kN is 200 and 40 kN is 10000. 

Find the equivalent axle load using fatigue cracking as failure criteria according to IRC. 

Hint:  

Solution 

 

 

 

Refer the Table . The ESAL is given as  

 

 

 Axle No.of Load EALF  
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 Load Repetition   

i (KN) (ni) (Fi) 

 

1 40 10000 

= 0.2065 

2065 

2 60 1000 

= 1 

1000 

3 120 200 

= 14.825 

2965.081 

 

Various factors considered for the designing of the pavement 

1.Material characterization 

The following material properties are important for both flexible and rigid pavements. 

 

 When pavements are considered as linear elastic, the elastic moduli and poisson ratio of subgrade 

and 

each component layer must be specified. 

 

 If the elastic modulus of a material varies with the time of loading, then the resilient modulus, 

which is 

elastic modulus under repeated loads, must be selected in accordance with a load duration 

corresponding 

to the vehicle speed. 

 

 When a material is considered non-linear elastic, the constitutive equation relating the resilient 

modulus to the state of the stress must be provided. However, many of these material properties 

are used in visco-elastic models which are very complex and in the development stage. This book 

covers the layered elastic model which requires the modulus of elasticity and Poisson ratio only. 

 

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. However, if the load is small 

compared to the strength of the material and the deformation under each load repetition is almost 

completely recoverable then the material can be considered as elastic. 

The Figure shows straining of a specimen under a repeated load test. At the initial stage of load 

applications, there is considerable permanent deformation as indicated by the plastic strain in the Figure . 

As the number of repetition increases, the plastic strain due to each load repetition decreases. After 100 to 

200 repetitions, the strain is practically all-recoverable, 

Recoverable strain under repeated loads 

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

 

 

as  In which  is the deviator stress, which is the axial MR, defined 

stress in an 

 

Unconfined compression test or the axial stress in excess of the confining pressure in a triaxial compression 

test. 

In pavements the load applied are mostly transient and the type and duration of loading used in the 

repeated load test should simulate that actually occurring in the field. When a load is at a considerable 

distance from a given point, the stress at that point is maximum. It is therefore reasonable to assume the 

stress pulse to be a have sine or triangular loading, and the duration of loading depends on the vehicle 

speed and the depth of the point below the pavement surface. Resilient modulus test can be conducted on 

all types of pavement materials ranging from cohesive to stabilized materials. The test is conducted in a 

triaxial device equipped for repetitive load conditions. 

Sub grade soil 

Soil is an accumulation or deposit of earth material, derived naturally from the disintegration of rocks or 

decay of vegetation that can be excavated readily with power equipment in the field or disintegrated by 

gentle mechanical means in the laboratory. The supporting soil beneath pavement and its special under 

courses is called sub grade. Undisturbed soil beneath the pavement is called natural sub grade. Compacted 

sub grade is the soil compacted by controlled movement of heavy compactors. 

Desirable properties 

The desirable properties of sub grade soil as a highway material are 

 Stability 

 Incompressibility 

 Permanency of strength 

 Minimum changes in volume and stability under adverse conditions of weather and ground water 

 Good drainage, and 

 Ease of compaction 

 

Soil Types 

The wide range of soil types available as highway construction materials have made it obligatory on the 

part of the highway engineer to identify and classify different soils. A survey of locally available materials 

and soil types conducted in India revealed wide variety of soil types, gravel, moorum and naturally 

occurring soft aggregates, which can be used in road construction. Broadly, the soil types can be 

categorized as Laterite soil, Moorum / red soil, Desert sands, Alluvial soil, Clay including Black cotton soil. 

 

Gravel Sand Silt Clay 

 Coarse Medium Fine Coars Medium Fine Coarse Medium Fine 

 2mm 0.6 mm 0.2 mm 0.06 0.02 mm 0.006 0.002 0.0006 0.0002 
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mm mm mm mm mm 

 Gravel: These are coarse materials with particle size under 2.36 mm with little or no fines 

contributing to cohesion of materials. 

 Moorum: These are products of decomposition and weathering of the pavement rock. Visually 

these are similar to gravel except presence of higher content of fines. 

 Silts: These are finer than sand, brighter in color as compared to clay, and exhibit little cohesion. 

When a lump of silty soil mixed with water, alternately squeezed and tapped a shiny surface makes 

its appearance, thus dilatancy is a specific property of such soil. 

 Clays: These are finer than silts. Clayey soils exhibit stickiness, high strength when dry, and show no 

dilatancy. Black cotton soil and other expansive clays exhibit swelling and shrinkage properties. 

Paste of clay with water when rubbed in between fingers leaves stain, which is not observed for 

silts. 

Tests on soil 

Sub grade soil is an integral part of the road pavement structure as it provides the support to the 

pavement from beneath. The sub grade soil and its properties are important in the design of pavement 

structure. The main function of the sub grade is to give adequate support to the pavement and for this the 

sub grade should possess sufficient stability under adverse climatic and loading conditions. Therefore, it is 

very essential to evaluate the sub grade by conducting tests. 

The tests used to evaluate the strength properties of soils may be broadly divided into three groups: 

 Shear tests 

 Bearing tests 

 Penetration tests 

Shear tests are usually carried out on relatively small soil samples in the laboratory. In order to find out the 

strength properties of soil, a number of representative samples from different locations are tested. Some 

of the commonly known shear tests are direct shear test, tri axial compression test, and unconfined 

compression test. 

Bearing tests are loading tests carried out on sub grade soils in-situ with a load bearing area. The results of 

the bearing tests are influenced by variations in the soil properties within the stressed soil mass 

underneath and hence the overall stability of the part of the soil mass stressed could be studied. 

Penetration tests may be considered as small scale bearing tests in which the size of the loaded area is 

relatively much smaller and ratio of the penetration to the size of the loaded area is much greater than the 

ratios in bearing tests. The penetration tests are carried out in the field or in the laboratory. 

2. Wheel load 

 Traffic and loading 

Traffic is the most important factor in the pavement design. The key factors include contact pressure, 

wheel load, axle configuration, moving loads, load, and load repetitions. 

 

 Contact pressure: 
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The tyre pressure is an important factor, as it determines the contact area and the contact pressure 

between the wheel and the pavement surface. Even though the shape of the contact area is elliptical, for 

sake of simplicity in analysis, a circular area is often considered. 

 

 Wheel load: 

The next important factor is the wheel load which determines the depth of the pavement required to 

ensure that the subgrade soil is not failed. Wheel configuration affects the stress distribution and 

deflection within a pavement. Many commercial vehicles have dual rear wheels which ensure that the 

contact pressure is within the limits. The normal practice is to convert dual wheel into an equivalent single 

wheel load so that the analysis is made simpler. 

 

 Axle configuration: 

The load carrying capacity of the commercial vehicle is further enhanced by the introduction of multiple 

axles. 

 

 Moving loads: 

The damage to the pavement is much higher if the vehicle is moving at creep speed. Many studies show 

that when the speed is increased from 2 km/hr to 24 km/hr, the stresses and deflection reduced by 40 per 

cent. 

 

 Repetition of Loads: 

The influence of traffic on pavement not only depends on the magnitude of the wheel load, but also on the 

frequency of the load applications. Each load application causes some deformation and the total 

deformation is the summation of all these. Although the pavement deformation due to single axle load is 

very small, the cumulative effect of number of load repetition is significant. Therefore, modern design is 

based on total number of standard axle load (usually 80 kN single axle). 

 

3. Environmental factors 

 

Environmental factors affect the performance of the pavement materials and cause various damages. 

Environmental factors that affect pavement are of two types, temperature and precipitation and they are 

discussed below: 

 

 Temperature 

 

The effect of temperature on asphalt pavements is different from that of concrete pavements. 

Temperature affects the resilient modulus of asphalt layers, while it induces curling of concrete slab. In 

rigid pavements, due to difference in temperatures of top and bottom of slab, temperature stresses or 

frictional stresses are developed. While in flexible pavement, dynamic modulus of asphaltic concrete varies 

with temperature. Frost heave causes differential settlements and pavement roughness. Most detrimental 

effect of frost penetration occurs during the spring break up period when the ice melts and subgrade is a 

saturated condition. 

 

 Precipitation 

 

The precipitation from rain and snow affects the quantity of surface water infiltrating into the subgrade 

and the depth of ground water table. Poor drainage may bring lack of shear strength, pumping, loss of 

support, etc. 

 

 Freezing and thawing 
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In the winter, freezing and thawing occur as the temperature goes below and above 32 degrees 

Fahrenheit. The effects of this are probably greatest after a snowstorm. Perhaps a few days later, the 

temperature is in the 40s, and the piles of snow begin to melt, and the water seeps into any open cracks 

in the pavement. At night, the temperature dips below freezing, and the water that accumulated in the 

cracks expands as it freezes. This expansion pushes the blacktop apart, widening and deepening the 

cracks. As vehicles drive over it, they further weaken the structure of the asphalt, potentially causing it to 

fail prematurely. 
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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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