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ABSTRACT
Among the various modes of transport, road transport plays a vital role in the economic, social and industrial
development of the country. Like arteries in human beings, road plays an important role in the transport of people and
goods from one place to another. Considering road transportation, the type of pavement plays a very important role in
deciding the cost of construction and its operation fee. Considering flexible pavements, observations have been made
regarding issues related to softening of bitumen resulting in rutting, bleeding, and segregation of the bitumen leading to
failure of pavements .And those that were constructing using concrete i.e. Rigid pavements are not satisfactory in
performance in accordance with the amount invested.

This paper focuses the design of flexible pavement as per the guidelines of IRC:37-2012 with an appropriate and
productive combination of maintenance and designed life. The paper aims at proposing a design of Perpetual pavements
with the use of IIT PAVE and IRC 37, 2012 for a stretch in Panchkula where there is dense traffic so high as 500 msa.

After many iterations, the pavement is designed for calculated msa and with the obtained values of horizontal and
vertical strains the actual designed msa would be calculated and checked for the fatigue and rutting type of failure when
the pavement is designed for a design life of 40 years or more

Thus the aim of the paper is to put forth design of Perpetual pavements and flexible pavements with granular Base and
Sub-Base with the use of IIT Pave and IRC:37-2012 guidelines thus using mechanistic empirical approach which is more
scientific and reliable as compared to conventional empirical approach
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INTRODUCTION
Perpetual pavement are flexible but strong asphaltic pavement that do not undergo structural damage even
when there is high volume of traffic flowing over a long period of time .These pavements are made up of
multiple layers of durable asphalt .The idea is to combine a rut resistant, impermeable and wear resistant top
structural layer with a rut resistant and durable intermediate layer and a fatigue resistant and durable base
layer as shown in the figure .These pavements are generally designed for high volumes of traffic but they can
be justified for medium or low volume of traffic by taking higher design life .One of the major advantages of
these pavements is that their overall thickness is thinner as compared to those with thick granular base.

Mechanistic Empirical method is used for its design .The reaction to loads are determined using principles of
Physics. Knowing the critical points in the pavement one can design against certain kind of distress by
choosing material type and thickness of layer. Depending on which layer is considered, the stiffness of each
layer is optimized in order to resist fatigue or rutting whereas durability is primary concern for all the layers.
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Asphalt Base Layer
The asphaltic base layer must have the tendency to resist developing of cracks under bending due to traffic
loads. One of the way to achieve mix that is safeguard against fatigue cracking is by using a higher binder
content along with appropriate total asphalt thickness .Another way to achieve a long term fatigue life is by
designing a thickness such that the horizontal tensile strain at the bottom of the bituminous layer is
insignificant .Asphalt content used should result in 96-98 % of maximum in-place density.

Intermediate Layer
The binder layer or the intermediate layer must have the characteristics of durability and stability both.
Stability can be achieved by stone on stone contact in coarse aggregates along with using binder of high
temperature gradient.

Wearing Surface
The wearing surface requirement depends upon the local conditions and economics .If the situation demands a
rut resistant, impermeable, durable and wear resistant ,the use of Stone mastic asphalt (SMA) layer is a valid
option. SAM was developed in Germany and is suitable for heavy traffic conditions. It contains high coarse
aggregate that forms the skeleton part and resist in deformation. This stone skeletal is filled with mastic of
filler and bitumen to which fibers may be added to prevent drainage of bitumen and to provide adequate
stability. Properly designed SMA layer provides the stone skeletal that carries the primary load and the mastic
provides the adequate stiffness. Whereas the use of well designed, dense-graded superpave mix is a good idea
where the traffic volume is not that high or where truck traffic is low.

Foundation Layer
The foundation layer must show minimal volume changes due to frost heave or swelling soils. Weakening of
the soil during certain period of year need to be addressed. To ensure consistent foundation during service life
it is necessary to provide drainage or granular interlayer. Minimum design modulus of 50 MPa for foundation
layer in considered for design purposes.

METHODOLOGY
A number of roads were selected for the analysis. These selected roads would be redesigned as Perpetual
pavements using IRC:37-2012 guidelines along with IIT PAVE software.

Maheshpur road in Panchkula on the outskirts of Sector 4 is adopted as Study Area

Once the road is finalized, manual traffic surveys were done in order to obtain traffic data in accordance with
the requirements of IRC:37-2012. Along with the traffic surveys, geotechnical investigations were carried out
in order to obtain CBR value of subgrade soil for selected roads

Calculation of Traffic Data
The traffic data for roads selected were collected manually for selected roads. Only cars, bus, truck and other
multi-axle vehicles were considered. Light commercial vehicles were neglected. Average vehicles per day
were calculated. The data was used to calculate msa for each road using the following equation= ×[( ) ]× × ×

(1)

Where

N is cumulative number of standard axles in terms of msa,

A is the initial traffic in the year of completion of construction in terms of commercial vehicles per day

D is the lane distribution factor

F is the vehicle damage factor
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n is the design life in years

r is the annual growth rate

The traffic in the year of completion is estimated using= (1 + ) (2)
P is number of commercial vehicles as per last count

x in number of years between last count and year of completion

Collection of CBR values
The soil sample for the subgrade was taken for each road .CBR test was performed for each road .the CBR
values were used to find the resilient modulus of soil using relationship in IRC:37-2012, further which lead to
the calculation of actual vertical and horizontal strains.

Resilient modulus is the measure of elastic behavior as the subgrade undergoes negligible permanent
deformation in a single pass and its behavior is essentially elastic under traffic loading.

Resilient modulus is calculated from the triaxial testing facility which is not widely available and is expensive,
therefore the following correlations are generally accepted( ) = 10 × 5 (3)= 17.6 × . > 5 (4)

( ) = 0.2 × ℎ . × ( ) (5)

Use of IRC 37, 2012
The Perpetual pavement was designed as per the guidelines of IRC:37-2012 and using IIT PAVE software.
The guidelines recommended following aspects to be considered to achieve better performing pavement:

 Design period of more than 30 years

 Use of rut resistant surface layer

 Calculation of effective CBR of Subgrade

 Use of fatigue resistant bottom bituminous layer

 Surface layer to prevent top-down cracking

 Use of deep strength bituminous layer in design

Use of IIT PAVE
The computation of stresses and strains in Perpetual pavement is done by the stress analysis software IIT
PAVE. The objective is to calculate strains at critical locations. therefore horizontal tensile strain at the
bottom of the bituminous layer Et and vertical compressive strain at the top of the subgrade is calculated to
limit cracking and rutting in the layers.

Once the CBR value is known to us, the number of pavement layers are selected.

Using the correlation given in IRC 37, 2012 the resilient modulus of subgrade soil is calculated. Along with
the resilient modulus, the tyre pressure, the wheel load in Newton and fixed value of Poisson's ratio are input.
After fixing the radial distance for each of the analysis points, a number of thickness were given as input and
corresponding stress and strain for that particular thickness were calculated. Using the failure models in
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IRC:37-2012, strains were used to calculate the design life in terms of msa. Multiple iterations were
performed before finalizing the appropriate thickness

According to the guidelines of IRC:37-2012, if the tensile strain at the bottom of bituminous is less than 70
micro strains, the bituminous layer never cracks. Similarly, there will be little rutting if the vertical strain is
less than 200 micro strains. Different layers are so designed that only surface layer is sacrificial which need to
be scrapped and replaced with a new layer from time to time.

The value of horizontal and vertical strain are obtained from IIT PAVE and are used to calculate design life in
terms of msa for rutting and fatigue criteria using below mentioned formula:

= 7.11 × 10 × . × .
(6)

= 1.41 × 10 × .
(7)

Where,

Nf = msa value for fatigue

Nr = msa value for rutting

εt = horizontal tensile strain at bottom of bituminous layer

εv = compressive vertical strain at the top of subgrade
Mr =resilient modulus of bituminous layer

In this, we have used VG40 for bituminous layer and we have taken temperature of Panchkula as 35C, for
which the resilient modulus is taken as 4000MPa

RESULTS AND DISCUSSION
Soil Investigation

The CBR value of the road was calculated for road mentioned above. Two locations were fixed along the road
for the collection of sample and for each location CBR value was calculated for both soaked as well as
unsoaked sample.

Table No. 1. Soil Investigation

Sample
No.

Soil
Classification

Liquid
Limit

Plastic
Limit

Plasticity
Index

OMC CBR
(unsoaked)

CBR
(soaked)

1 Gravel-Sandy-
Clay

23% 16.35% 6.65 12.07% 6.42%(2.5mm)

6.13% (5mm)

5.98%
(2.5mm)

5.84%
(5mm)

2 Gravel-Sandy-
Clay

22% 16.41% 5.59 11.242% 7.15%(2.5mm)

6.91% (5mm)

6.71%
(2.5mm)

6.62%
(5mm)
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Traffic Data
The traffic data was collected for the road as shown in Table No. 2 and only vehicles whose laden weight is
greater than 3 tons were considered.

Table No.2 Traffic Data

CVPD r x(years) F D A n(years) N(msa)

895 5 % 1 3.5 0.6 940 50 150

Therefore, design CBR and msa were taken as 6 % and 150 msa respectively.

Design of Flexible Pavement with Granular Base and Sub-Base
Using the guidelines mentioned in IRC:37,2012 corresponding to CBR value 6% and traffic volume as 150
msa , Plate 4 was used for design .According to this the thickness of various layers are shown in Table No.3

Table No. 3 Thickness of various layer according to Plate 4

CBR(%) Traffic(msa) BC(mm) DBM(mm) WMM(mm) GSB(mm)

6 150 50 140 250 260

For corresponding value of CBR 6 %, MR (subgrade) and MR (granular) are calculated to be used as input in
IIT PAVE software, shown in Table No.4

Table No. 4 Input Values for IIT PAVE

Layers MR(MPa) Poisson’s ratio Thickness(mm)

Layer 1 (Bituminous Layer) 4000 0.36 190

Layer 2 (GSB+WMM) 173 0.36 510

Layer 3 (Subgrade) 55 0.36

The value of tyre pressure was taken as 0.56 MPa .Total four analysis points were chosen .Radial distance
was fixed as 49 mm for bottom of bituminous and 155 mm for top of subgrade.The result indicate various
values such as stress,strains and deflections at different points The values of actual msa for rutting and fatigue
were obtained from compressive vertical strain at top of subgrade and horizontal tensile strain at bottom of
bituminous layer, shown in Table No.5

Table No. 5 Actual msa for rutting and fatigue along with actual strains

CBR MR(MPa) εt Nf(msa) Εv Nr(msa)

6 4000 0.000128 83 0.000232 423

From above it can be said that the pavement will have fatigue failure. Therefore the horizontal tensile strain at
the bottom of bituminous layer is of our concern. After various iterations the the new thickness of the
pavement is taken as shown in Table No.6



683 Satyarth, Dr. Pradeep K. Gupta

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 4, Issue 6

June 2017

Table No.6 New thickness of different layers

Layer Thickness(mm)

Bituminous Layer 210

Granular Base and Sub base 490

From the new set of thicknesses, actual value of strains are calculated and corresponding actual msa for
rutting and fatigue are calculated as shown in Table No. 7

Table No. 7 Actual msa for rutting and fatigue along with actual strains for new thicknesses

CBR(%) MR(MPa) εt Nf(msa) Εv Nr(msa)

6 4000 0.000109 154 0.000216 585

Now,the pavement is safe in rutting as well as fatigue .

Design of Perpetual Pavement
Perpetual pavement is generally designed for high volume of traffic. Therefore the design life in increased to
60 years and rate of growth taken as 7.5% in order to design road for high volume of traffic.

Table No. 8 Traffic Data

CVPD r x(years) F D A n(years) N(msa)

895 7.5 % 1 3.5 0.6 940 60 743

The pavement was designed for 743 msa. The first layer consists of HMA combined with high performance
PG binder. Second layer consists of rut resistant that provides structural support and third layer consisting of
flexible fatigue resistant layer. The design of pavement was done in 4 layers. Poisson’s ratio selected for each
layer is 0.36.Tyre pressure and wheel load was taken as 0.56 MPa and 20000 N. Total four number of analysis
points were chosen with radial distance as 0 and 49 mm for bottom of bituminous and 0 and 155mm for top of
subgrade. By giving all these values as shown in Table No.9 the results were obtained as depicted in Figure
No. 1. These results indicated various value such as stress, strains and deflections which were further used to
calculate actual msa for rutting and fatigue.

Table No. 9 Input values in IIT PAVE for Perpetual Pavement

Layers MR(MPa) Poisson’s ratio Thickness(mm)

Layer 1 4000 0.36 80

Layer 2 4000 0.36 175

Layer 3 4000 0.36 75

Layer 4 (Subgrade) 55 0.36
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Figure No. 1 Result from IIT PAVE for Perpetual Pavement

Table No. 10 Actual msa for rutting and fatigue along with actual strains

CBR MR(MPa) εt Nf(msa) Εv Nr(msa)

6 4000 0.00006543 1128 0.000198 869

The actual value of msa as shown in Table No. 10 are coming greater than the theoretical values ,Hence the
design of Perpetual Pavement is safe.

Figure No. 2 Chart showing total thickness of different pavements
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CONCLUSIONS
Hence the total thickness of pavement required in case of Perpetual Pavement is almost half as compared to
that of flexible pavement with Granular Base and Sub-Base as shown in Figure No. 2 .The Perpetual
pavement can with withstand actual msa almost 5 times as compared to flexible pavement. In Perpetual
pavements emphasis should be in the mix design of various layers as their requirement for durability, rut
resistant, fatigue resistant varies with different layers. Although the cost of Perpetual Pavement may be more
than as compared to flexible pavement with Granular Base and Sub-Base as most of the material used is of
superior quality so that it can withstand heavy traffic loads, but its benefits such as long life and low life-cycle
costs with minimal or no structural rehabilitation activities. With such a spectrum of advantages it is a major
competition to rigid pavements. The main feature of Perpetual Pavement is that they need not to be
completely removed and replaced. There is considerable saving in construction material as only surface is
renewed and base structure stays in place. And these routine maintenance can be easily done in off-peak
hours. Thus it can be concluded that Perpetual Pavement hold within itself a lot of potential and is better
suited for roads with heavy traffic volumes.
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