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Abstract

Present paper deals with the development of a Mechanistic-Empirical model of the strain-based design of perpetual road pavement
using Odemark's principle. The bituminous pavement which can withstand minimum design traffic of 300 msa has been classified as
perpetual pavement in this paper. The pavement has been considered as a three-layered system with a top layer of bituminous mix
followed by unbound granular materials which rest on soil subgrade. The constituent bituminous layer thickness in the pavement
has been determined by limiting the radial tensile strain at the bottom of the bituminous layer against fatigue and the vertical
compressive strain at the top of the subgrade against rutting. The allowable strain against rutting and fatigue has been used in the
present analysis from mechanistic-empirical correlations recommended in IRC:37-2018. The pavement section has been transformed
into a homogeneous system by Odemark's method for application of Boussinesq's theory. To validate the thickness of the perpetual
pavement, the strain at different layer interfaces in the pavement was compared using IITPAVE software, which shows the pavement
section using present method is safe against rutting but marginally fails under fatigue. Moreover, conventional pavement thickness
obtained using IRC:37-2018 were compared with the present method, which shows reasonably good convergence. It has been found

that the bituminous layer thickness in a layered system of pavement seems to be more sensitive to fatigue than rutting. In this

backdrop, modified fatigue and rutting strain values have been recommended for the design of perpetual road pavement.
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1 Introduction

The unbridled increment of traffic volumes and unexpected
axle loads along with the gradual demands for freight corri-
dor has impelled to conceptualize the perpetual pavement.
Presently, flexible pavement is generally designed consid-
ering the structure of the pavement as a multilayered sys-
tem. The basic method of flexible pavement design started
with an assumption of a two-layered system and gradually
evolved into a multi-layered system of pavement design.
The design of pavement primarily depends on the meth-
odology adopted and the boundary conditions assumed
in course of design. The main concept of perpetual pave-
ments is that the asphalt pavement should be constructed
with an impermeable, rut- and wear-resistant top layer
placed on a rut-resistant and durable intermediate layer
with a fatigue-resistant and durable base layer. Limiting
strain distribution and maximum fatigue ratios to resist bot-
tom-up FC (fatigue cracking) is sometimes used to design

aperpetual pavement [ 1]. Although various endurance limits
of perpetual pavement have been proposed, none have been
determined and field validated for efficient design [2—6].
The National Center for Asphalt Technology (NCAT) sug-
gested the FEL (Fatigue Endurance Limit) [5, 7-10, 12]
alue for most perpetual pavement designs is in the range
of 70 to 100 pe. This concept was first proposed by
Monismith and McLean based on the laboratory test [11].
However, based on the results of different in-service pave-
ment sections, some researchers suggested the Fatigue
Resistance Layer (FRL) [8, 13] can withstand up to 150 pe
depending on the type of bituminous mixture used [14—
16]. Lee et al. [17] reported the cost-effective PP (perpetual
pavement) design alternatives to improve design optimiza-
tion, material quality, and constructability. The structural
and economic validations indicated that the design alterna-
tives analytically meet expected performance limits, which
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last for the 50-year design life without significant struc-
tural failures, with a total agency cost saving of up to 19%
compared with the current design procedure. Priyanka
et al. [18] proposed two polymer-modified Superpave mix-
tures for intermediate and base layers, based on labora-
tory experiments after judging the parameters like mois-
ture susceptibility, rutting resistance, fatigue behavior, and
resilient modulus. The critical fatigue and rutting strains
of perpetual pavements were found to be within the limits
when evaluated with KENPAVE. The study proposed that
Superpave mixtures can be used as an alternative for con-
ventional pavements.

Qadir et al. [19] investigated and compared the perfor-
mance of polymer-modified asphalt (PMA), polypropylene
(PP)-fiber-modified, and neat asphalt mixes, on their rut-
ting behavior and life cycle costs. The study suggested that
although the initial cost of other mixes is higher with respect
to conventional asphalt mix. But considering the life cycle
cost, the PMA mixes can be a better choice to limit rutting
on the pavement. Moreover, a linear regression model was
developed to depict the rutting behavior with temperature
and polymer type. Islam et al. [20] studied the validity of
the assumptions related to the design of perpetual pave-
ment sections using PerRoad and AASHTOWare Pavement
ME Design software. Moreover, by using the bottom-up
cracking and FWD deflection data, fatigue life and Layer
moduli were estimated. The comparative results as derived
from PerRoad showed a higher value than AASHTOWare
Pavement ME design values. The study also recommended
that the rich bituminous mix if used in the base layer can be
useful as the most successful perpetual pavement. Kollaros
et al. [21] proposed a methodology to reduce the mainte-
nance cost of perpetual asphalt pavements by reduction
of damage per million equivalent single axle loads and
increase in expected service-life has been achieved with
the increase of moduli values and thicknesses of different
layers in the pavement structure.

Scheer [22] evaluated the performance of perpetual
pavement structures through the installation of several sen-
sors in a different layer in a pavement. Pavement response
thus obtained as fatigue strain at a critical location in pave-
ment section was compared with expected strain to assess
the durability of pavement.

The influence of axle configuration, speed, and tire
pressure were analyzed to understand its effects on pave-
ment responses. Das [23] presented review on various
pavement design guidelines on the structural design of
asphalt pavements with reference to the design principles

employed. The focus was primarily kept on the mechanis-
tic-empirical pavement design approach. The discussion
covers a few specific aspects of asphalt pavement design.
Mazumder et al. [24] reviewed the importance of perpet-
ual pavement in future road networks and also mentioned
the mechanistic-empirical design principles and differ-
ences with conventional pavement. Liao and Sargand [25]
presented a three-dimensional linear viscoelastic finite
element model to simulate the behavior of a perpetual
pavement structure subjected to traffic loading at different
temperatures and vehicular speeds. Romanoschi et al. [26]
investigated the suitability of the perpetual pavements con-
cept for Kansas highway pavements by constructing four
thick flexible pavements. A detailed instrumented mech-
anism was employed to find the permissible strain limit,
which showed the developed strain remains well within the
endurance limit even in hot summer. Timm et al. [16] pro-
posed a design procedure (PerRoad) based on principles
of perpetual pavement. Moreover, the study also focused
on developing a Monte Carlo simulation-based reliability
approach to minimize the risk of structural failure.

2 Objective of the study
The following are the objectives that may be achieved
from the present analytical study.

1. To develop a strain-based model of perpetual pave-
ment design based on a method of an equivalent
thickness (MET) using fatigue and rutting as design
criteria.

2. To validate the results obtained using the present
methodology with another strain-based analytical
approach.

3 Perpetual Pavement Design Model based on fatigue
and rutting criteria

In this paper, the pavement system has been character-
ized as a three-layer system as shown in Fig. 1. The top
layer consists of a bituminous binder course with thick-
ness s, and resilient modulus E,. The middle layer con-
sists of unbound granular materials with thickness 4, and
composite elastic modulus of £, which ultimately rests on
soil subgrade with an elastic modulus of £;. The subgrade
layer in a three-layered system has been considered as the
foundation of pavement crust. In this paper, the elastic
modulus of the unbound granular layer has been estimated
using Eq. (1) as recommended by Powell et al. [27].
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where h, = thickness of the unbound granular layer, which is
the summation of granular base and sub-base thickness (mm).

In this paper, the pavement system has been character-
ized as a three-layer system as shown in Fig. 1.

The top layer consists of a bituminous binder course with
thickness hland resilient modulus £,. The middle layer con-
sists of unbound granular materials with thickness /4, and
composite elastic modulus of £, which ultimately rests on
soil subgrade with an elastic modulus of £,. The subgrade
layer in a three-layered system has been considered as the
foundation of pavement crust. In this paper, the elastic mod-
ulus of the unbound granular layer has been estimated using
Eq. (1) as recommended by Powell et al. [28].
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where CBR is the California Bearing Ratio of subgrade.
The thickness of the binder course in a bituminous pave-
ment may be determined on the basis of radial tensile strain
(RTS) (¢,) occurring at the bottom of the bituminous layer
at point A or the vertical compressive strain (VCS) (c,) on
the top of subgrade at point B in Fig. 1 at point A and point
B, respectively. In bituminous road pavement, radial ten-
sile strain at the bottom of the bituminous layer relates to
the pavement performance under fatigue whereas vertical
compressive strain on the top of the subgrade relates to the
pavement performance under rutting. Modulus and thick-
ness of the unbound granular layer. So, in the present study,
the unbound granular layer thickness in a three-layered
system has been kept constant for the estimation of binder
base thickness. In order to estimate the vertical compres-
sive strain on subgrade or radial tensile strain in asphalt
layer due to wheel load using Boussinesq's method [29], the
three-layered pavement system needs to be transformed
into a homogeneous system by Odemark's approach [29].
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Fig. 1 Typical flexible pavement section in a three-layered system
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4 Transformation of multi-layered pavement system to
homogeneous system by Odemark's method

Odemark's [29] method assumes that the stress or strain
below a layer depends on the stiftness of that layer only.
If the thickness, modulus, and Poisson's ratio of layers are
changed but the stiffness remains unchanged, the stress
and strains below the layer should also remain unchanged.
According to Odemark's theory, a two-layered system with
different elastic modulus may be transformed into a homo-
geneous layer as shown in Fig. 2. The two-layer system
with the modulus of £, with thickness /, and Poisson's ratio
v, as top layer rests on the bottom layer with the modulus
of £, and the Poisson ratio of v, which has been shown in
Fig. 2. So, the transformation of such a two-layered system
can be done using the concept of the equivalent thickness
(heql) with an elastic modulus of (£,), with a Poisson ratio of
v,, in a homogeneous system, which may be expressed as

E (1 - v22)

heq1:4fi><hl><3E7172, (@)
2 (l - )

where,

heq1 is termed as equivalent thickness which transforms
the two-layered system with elastic modulus £, in a homo-
geneous system in Eq. (4).

J, = Odemark's correction factor, which ranges from
0.8 to 1.0 depending on the nature of the respective layer
interface under consideration

In the present analysis, if the Poisson's ratio of the lay-
ers is considered equal i.e., v, = v, the following relation-
ship may be established from Eq. (4) and has been shown
in Eq. (5).

’E
heql:ﬁxhlx3?1 (5)
2

However, substituting £, from Eq. (1) in Eq. (5), Eq. (6)
may be developed.

E
o= foxhy x| —— 6
a1 = S1 > 0.2x "% x E, ©

The basic principle of transformation of the two-layer
system as recommended by Odemark's can further be used
to transform a multilayer system into a homogeneous system

I hyEp v

E;. v E,, v,

Fig. 2 Transformation of a two-layered system by Odemark's approach
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by the successive transformation of different layers. Against
this backdrop, a transformation from a three-layered system
to a homogeneous system has been made in this paper to
apply the standard mechanistic approach of elasticity for the
determination of stress, strain, and deflection. The transfor-
mation of a three-layer system has been explained in Fig. 3
by a successive transformation of pavement layers starting
from binder course to subgrade using Odemark's method.
In this analysis, the top two layers with a respective elastic
modulus of £, and E, have primarily been transformed to
a homogeneous system with an equivalent thickness of heq .
with an elastic modulus of . Similarly, the transformation
of the layer with an elastic modulus of £, and E, has also
been made in this analysis with an equivalent thickness of
heq2 with an elastic modulus of ..
Therefore,

E
hegs :fzx(h2+heq|)><13/E—z @

However, substituting E2 from Eq. (1) and heql from
Eq. (6) in Eq. (7), the following Eq. has been established.

E
By =21 = f5 % ‘lxhxsfi' +h
eq2 1 f2 [./ 1 0.2)(/’!20'45XE3 2}
3 0.2><h,20'45 x Ey
E;

5 Design of perpetual pavement

®

In this analytical study, perpetual pavement design has
been based on IRC:37-2018 [30], the guideline for the
design of flexible road pavement in India. In IRC:37-2018,
the pavements with a design load of 300 msa or more have
been defined as perpetual pavement which has a minimum
age of fifty years. Moreover, according to the guideline,
the thickness of the bituminous layer in a three-layered
perpetual pavement may be determined on the basis of

an allowable radial tensile strain of 80 ue at the bottom
of a bituminous binder base Similarly, the thickness of
a bituminous base may also be obtained by limiting the
vertical compressive strain on the top of the subgrade to
200 ue as recommended in IRC:37-2018. The higher value
of the bituminous binder base thus obtained from radial
tensile strain and vertical compressive strain has been rec-
ommended in this paper as design thickness for perpetual
road pavement. Moreover, RTS(¢, ) at the bottom of the
bitumen layer has been termed as fatigue strain and simi-
larly the VCS(e, ) on top of subgrade as rutting strain.

6 Determination of bituminous layer thickness based
on radial tensile strain

According to Boussinesq's theory, in a homogeneous, elas-
tic and isotropic medium with an elastic modulus of £, the
RTS(¢, ) at a depth (z) due to circular load intensity (g) with
a contact radius (a) may be expressed as shown in Eq. (9).

B (1+v)><q
= 2xE,

z z
a4 (1-2xv){—2— 1

However, in order to determine the radial tensile strain at

bottom of the bituminous layer in a three-layered pavement,
the top two layers have been transformed into a homoge-
neous system as explained earlier with an equivalent in the
present analysis as 450 mm as input parameter which has
been adopted for most of the road for sections with rela-
tively higher axle loads as recommended in IRC:37-2018.
In order to determine the radial tensile strain below the
bottom of the bituminous layer in the pavement, the top
two layers in a three-layered system may be transformed
as explained earlier with the equivalent thickness heql

E3,U3

A
hl Ellvl heq]
A 4
A
hz EZ! U2 hZ
v
E3,v3

E3, v3

Fig. 3 Successive transformation of a three-layered system by Odemark's approach



as shown in Fig. 4. The Eq. (9) is a generalized equation
applicable in a homogeneous system, which has been used
in the present analysis by substitution of the term z by
transformed depth heql as explained in Eq. (6) Assuming
(z/a) = M, and considering f'= 1.0 for the layer interface of
binder base and unbound granular layer Eq. (6) may fur-
ther be modified as shown in Eq. (10).

(1+v)><q -M

_2x02x@0“xE3{ 1+wa}

3 —(1—2><v) L—l

1+(M)2

€

(10)

7 Determination of bituminous binder base thickness
based on vertical compressive strain

To determine the vertical compressive strain (¢, ) at point
B as shown in Fig. 1, the top two layers of the pavement
with thickness /4, and %, in a three-layer system have been
suitably transformed using Odemark's method as shown
in Fig. 3. The vertical compressive strain at point B in
an elastic homogeneous medium with an elastic modu-
lus (E£;) at a depth z,
depth z, with a contact radius (@) can be obtained using

under circular load intensity (g) at

Boussinesq's theory as expressed in Eq. (11).

(11)

To determine the vertical compressive strain (¢) at
the top of subgrade as shown in Fig. 5, in a three-layered
system, the depth (heqz) up to top of subgrade has been
determined in Eq. (8). However, considering M, = z,/a and
J, = 0.8 for the interface of subgrade and unbound granular
layer Eq. (11) may further be modified as Eq. (12).

q

I

“«— 22 —»

z = heql

Fig. 4 Transformed section up to bottom of binder base
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€ :(1+v)><q M, 3—(1—2><v)

B { 1+(M2)2}

M2
1+(M, )

1

(12)

Therefore, the thickness of the binder base (4,) in a per-
petual pavement may also be estimated by limiting the ver-
tical compressive strain on the top of the subgrade layer.
In the present analysis, the allowable strain of 200 ¢ has
been used in Eq. (12) to estimate the binder base thick-
ness for different subgrade CBR ranging from 5-15%.
The higher value of the thickness of binder base obtained
from radial tensile strain using Eq. (10) or from vertical
compressive strain using Eq. (12) has been considered as
design thickness.

8 Design of bituminous binder base thickness based on
axle load criteria

An alternative approach for the design of perpetual pave-
ment has been explored in the present paper considering
the load-carrying capacity of the pavement as 300 msa as
recommended in IRC:37-2018. The allowable radial tensile
strain at the bottom of the bituminous layer correspond-
ing to 300 msa load repetitions has been determined from
the mechanistic-empirical correlations recommended
in IRC:37-2018 and has been shown in Egs. (13) and (14)
for different reliability levels. The allowable strain thus
obtained corresponding to 300 msa with 90% reliability
level has been used in Eq. (10) for estimation of binder base
thickness for different subgrade CBR ranging from 5% to
15%. The allowable fatigue strain in the present analysis
for 300 msa load repetitions was obtained corresponding to
300 msa with as 112 pe considering a 90% reliability level.

1 3.89 1 0.854
N, =1.6064xCx107" x| —| x| — (13)
‘ € Mp
for 80% reliability,
q
A «— 23 —»
I
7y = heg2 E3 |
1
B

Fig. 5 Transformed section up to top of subgrade layer
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: 3.89 { 0.854
Nf:o.5161xcx1004{—} x{—} (14)
‘ € My
for 90% reliability, y
where C = 10" and M :4.84x[¢—0.69j.
atVbe

N,= Fatigue life in the number of cumulative standard
axles.

€, = Maximum tensile strain at the bottom of the bitu-
minous layer, and

M, = Resilient modulus of the bituminous layer. (MPa)
V

b
bituminous mix

. = Percent of the volume of effective bitumen in
V. =Percent of the volume of air voids in bituminous mix

The allowable vertical compressive strain on top of the
subgrade has also been determined from the mechanis-
tic-empirical correlations recommended in IRC:37-2018.
The correlation between vertical compressive strain and
anticipated wheel load repetitions before failure of the
pavement under rutting has been expressed in Eq. (15) and
Eq. (16) for different reliability levels.

1 4.5337
N =4.1656x10"" x{—} (15)
6V
for 80 % reliability,
| 4.5337
N:l.4l><10_08>{—} (16)
6\1

for 90 % reliability, where
N = Number of cumulative standard axles before fail-
ure in rutting
€, = Maximum vertical compressive strain on the top
of subgrade layer

The allowable vertical compressive strain on the top of the
subgrade layer corresponding to 300 msa load repetitions
has been obtained as 250 e for 300 msa load with 90%
reliability level using Eq. (10). The allowable compressive
strain thus obtained has been used in Eq. (12) for estimation
of binder base thickness for different subgrade CBR rang-
ing from 5% to 15%. It is to be noted that the binder layer
thickness has its influence both on radial strain at the bottom
of the binder base at the first interface and also on the com-
pressive strain on top of subgrade at the second layer inter-
face, in a three-layered system. Against this backdrop, the
design of perpetual pavement in the present paper has been
done based on both fatigue and rutting as failure criteria.

9 Input parameters used in pavement design

The input parameters used in the estimation of bitumi-

nous binder base thickness are as follows:

* Wheel load = 4100 kg

* Contact pressure of wheel on pavement surface =
0.56 MPa

* Resilient modulus of Bituminous mix = 3000 MPa

* Air voids in bituminous mix = 3.5%

* Volume of effective bitumen in bituminous mix = 11.5%

+ Contact radius between tire and pavement = 151 mm

* The combined thickness of unbound granular layer =
450 mm

10 Discussion on test results

The thickness of binder base estimated using present
methodology on the basis of allowable fatigue strain of
80 ue and an allowable rutting strain of 200 ue have been
presented in Table 1 to Table 2. It has been observed that
the thickness of the binder base reduces with the increase
in subgrade CBR both under fatigue and rutting failure.
The thickness of binder base under fatigue was found to
vary between 307 mm to 264 mm for change in subgrade
CBR from 5% to 15% and the same under rutting was
found to range between 308 mm to 203 mm. It is evident
from the nature of variation in binder base thickness that
the rate of change of thickness is higher under rutting
than fatigue. It has been observed in Table 1 and Table 2
that the thickness of the bituminous binder required to

Table 1 Bituminous binder base thickness for perpetual pavement for
subgrade CBR from 5-8% based on finite strain criteria

Binder Base Binder Base Design
Subgrade thickness thickness Thickness of
CBR (%) against fatigue against rutting Binder Base
(mm) (mm) (mm)
5 307 309 307
6 301 293 301
7 295 278 295
8 290 265 290

Table 2 Bituminous binder base thickness for perpetual pavement for
subgrade CBR from 9-15% based on finite strain criteria

Binder Base Binder Base Design
Subgrade thickness thickness Thickness of
CBR (%) against fatigue against rutting Binder Base
(mm) (mm) (mm)
9 285 255 285
10 281 244 281
12 273 225 273
15 264 203 264




withstand fatigue is generally more than that required to
withstand rutting under specified axle load repetitions.
Therefore, the recommended thickness for the bituminous
binder base has been considered as the thickness obtained
against fatigue criteria. Hence, it can be concluded that
the performance of perpetual pavement is governed by its
failure under fatigue.

Definition of perpetual road pavement includes the
load-carrying capacity of road pavement in Indian con-
ditions as 300 msa which may sustain up to 50 years
without major distress. Against this backdrop, the bitu-
minous binder base thickness for perpetual pavement
has been estimated considering 90% reliability level of
fatigue and rutting criteria as mentioned in IRC:37-2018.
Therefore, the allowable strain values for perpetual pave-
ment design against rutting as well as fatigue have been
determined from Eq. (14) and Eq. (16) corresponding to
300 msa load repetitions. The allowable radial tensile
strain and vertical compressive strain were estimated as
112 ue and 250 ue, respectively, which have been used
for the design of binder base using the present method-
ology. The thicknesses of the binder base thus obtained
have been presented in Table 3 and Table 4. It has been
observed from the data in Table 3 and Table 4 that, the
binder base thickness obtained from fatigue criteria using
the present method is higher in comparison to the thick-
ness obtained from rutting criteria. Therefore, the recom-
mended thickness of the binder base shall be governed

Table 3 Binder base thickness for perpetual pavement for subgrade
CBR 5-8% based on finite load criteria

Binder Base Binder Base Design
Subgrade thickness thickness Thickness of
CBR (%) against fatigue  against rutting Binder Base
(mm) (mm) (mm)
5 255 254 255
6 250 240 250
7 244 226 244
8 239 213 239

Table 4 Bituminous binder base thickness for perpetual pavement for
subgrade CBR 9-15% based on finite load criteria

Binder Base Binder Base Design
Subgrade thickness thickness Thickness of
CBR (%) against fatigue against rutting Binder Base
(mm) (mm) (mm)

9 235 202 235

10 231 193 231

12 224 176 224

15 215 155 215
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by the fatigue strain. The thickness thus obtained based
on fatigue strain has been found safe both from cracking
and rutting. The thickness of binder base under fatigue
was found to vary between 255 mm to 215 mm for change
in subgrade CBR from 5% to 15% and the same under
rutting was found to vary between 254 mm to 155 mm.
It is relevant to mention that the thickness of the binder
base of a perpetual road pavement thus obtained consid-
ering 300 msa load appears to be less in comparison to the
thickness obtained using finite allowable strain under rut-
ting and fatigue. The reason for such reduction in binder
base thickness is due to an increase in allowable fatigue
strain corresponding to 300 msa load repetitions.

The validation of the present method has been done
in this paper by using IITPAVE software. The pavement
thickness obtained using the present methodology has
been used as an input parameter in IITPAVE software for
estimating radial tensile strain at the bottom of the bitumi-
nous layer and the vertical compressive strain on the top
of the subgrade. The strains thus obtained against fatigue
and rutting criteria have been presented in this paper in
Table 5. The radial tensile strain obtained from IITPAVE
corresponding to binder base thickness estimated using
a present methodology based on finite fatigue and rutting
strain was in the range between 94 to 91 ue for subgrade
CBR ranging from 5% to 15% whereas the allowable strain
of 80 ue as input parameter was considered for pavement
design in the present method. Similarly, the vertical com-
pressive strain obtained from IITPAVE on the top of the
subgrade was found to vary between 182 to 141 micro
strains. However, for subgrade CBR ranging from 5%

Table 5 Comparison of binder base thickness using IIT PAVE and

present method based on finite strain criteria

= W
5 wE 5 & o7  UTPAVEcaloulated
E.g 5 28w ) critical strain
5 o 3 b
Subgrade § A g § f-: E %‘)g
CBR(%) E28 ZE%.7%3
£ g Ee= 2 é} Fatigue Rutting
';% = § 5 _::'3 £ E strain (ng)  strain (pe)
& T8
5 307 340 94 182
6 301 332 93 176
7 295 325 93 170
8 290 320 93 164
9 285 315 93 160
10 281 310 93 156
12 273 300 92 149

15 264 289 91 141
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to 15%, the allowable compressive strain of 200 microns
was considered as an input parameter for perpetual pave-
ment design in the present method. So, it is evident from
the strain data presented in Table 5 that the thickness of
the binder base obtained using the present method is quite
safe under rutting in terms of IITPAVE output but those
fail marginally under fatigue. In this backdrop, the allow-
able radial tensile strain at the bottom of the bituminous
layer may be revised and increased to 95 u¢ instead of 80
microns. Similarly, the recommended allowable vertical
compressive strain on the top of subgrade may be revised
and reduced to 185 ue instead of 200 ue considered in the
present analysis.

Moreover, the thickness of the binder base for different
subgrade CBR has been back-calculated using IITPAVE
based on allowable fatigue strain as 80 micro strains and
reported in Table 5. It is evident in Table 5 that IITPAVE
generated binder base values are 9% more that than the
value obtained from the present finite strain-based method
and therefore may be considered close and compara-
ble. The range of binder base thickness obtained using
the present method was varied from 307 mm to 264 mm
for subgrade CBR ranging from 5% to 15%, whereas the
thickness of binder base obtained using IITPAVE for the
same CBR range varies between 340 mm to 289 mm.
The reason for this variation may be explained due to the
difference in boundary conditions considered in IITPAVE
software and the present analytical method which assumes
the failure of pavement as linear and elastic.

The binder base thickness estimated on the basis of
300 msa load repetitions has been used as an input param-
eter for the determination of fatigue and rutting strain
using IITPAVE and presented in Table 6. The thickness
of the binder base of pavement obtained using the present
method on the basis of allowable fatigue and rutting strain
corresponding to 300 msa load has also been reported in
this paper.

It is evident from the data presented in Table 6 that the
fatigue strain at the bottom of binder base of the pave-
ment sections obtained using the present method varies
from 123 ue to 119 ue for subgrade CBR ranging from
5% to 15%. Similarly, the rutting strain for the same sub-
grade CBR was found to vary between 230 ue to 174 ue.
The trend of variation reported in Table 6 shows that the
allowable value of fatigue strain and rutting strain may be
considered as 120 ue and 230 ue respectively, for a perpet-
ual pavement with a design load of 300 msa.

11 Validation of present method using IRC:37-2018

The method proposed in this paper for the estimation of
perpetual pavement thickness has been used for the esti-
mation of conventional bituminous road pavement thick-
ness for its validation.

The thickness of binder base of pavement correspond-
ing to specified axle load and subgrade CBR has been
determined using the present methodology and those are
presented in Table 7 and Table 8 for comparative study.
The thickness of the binder base has been obtained in
this paper to limit failure of pavement against rutting by
solving Eq. (12) and Eq. (16) for different axle load repe-
titions and subgrade strength. Similarly, the thickness of
the binder base has also been determined to limit fatigue
failure by solving Eq. (14) and Eq. (10). The higher value
of binder base thus obtained against fatigue and rutting
has been considered as design thickness.

Table 6 Comparison of binder base thickness using IIT PAVE and
present method based on finite axle load

T _ &
i o B E 3 2 g IITPAVE calculated
FE5 E3Bmoe % critical strain
v B Q »w &
Subgrade 2 2 g 2 3 <>C |
723 » A= B
CBR(% =S 28 =358 %
Eds 5£=2¢8 A .
2258 2 &2 Z 50 Fatigue Rutting
m =g M =S =5 strain(pe)  strain (pe)
& 3
5 255 272 123 230
6 250 267 123 220
7 244 260 123 213
8 239 255 122 206
9 235 250 121 199
10 231 245 121 194
12 224 236 120 185
15 215 225 119 174

Table 7 Comparison of binder base thickness using present method and
IRC-37-2018 for different subgrade CBR and Axle load repetitions

Axle load (5 msa) Axle load (20 msa)

Bituminous Layer thickness Bituminous Layer thickness

s using Present Method (mm) using Present Method (mm)

24

3

o ) Present Method ) Present Method

T S 3

2 0 S

Ee) 7] 7]

=S gl ) ) = @» gl 5} on — @

£ & Q= £ & A

5 950 99 73 99 145 127 90 127
80.0 83 46 83 120 113 59 113

10 80.0 69 31 69 110 105 43 105




Table 8 Comparison of binder base thickness using present method and
IRC-37-2018 for different subgrade CBR and Axle load repetitions

Axle load (30 msa) Axle load (50 msa)

Bituminous Layer thickness Bituminous Layer thickness

g using Present Method (mm) using Present Method (mm)
=4
S
o ) Present Method ) Present Method
T S >
50 a A
o~ o~
2 7 3 2 58 o 3 o2 3t
2 g B £ 2 g2 B E 2E
— P = IS = = = |172]
g & A/£ £ 2 K=
5 155 164 138 164 180 177 157 177
8 135 151 106 151 155 164 123 164
10 125 143 89 143 145 157 106 157

The thickness of the unbound granular layer in the pres-
ent analysis has been considered as 450 mm for validation
and the subgrade CBR of 5%, 8%, and 10% were consid-
ered. The axle load range in the present analysis has been
considered between 5-20 msa as lower axle load group and
between 30-50 msa as higher axle load group. The design
thickness of the binder base thus obtained using the pres-
ent method has been compared with relevant layer thick-
ness recommended in IRC:37-2018 in Table 7 and Table 8.
It is evident from the data presented in Table 7 and Table
8 that the binder base thickness obtained using the present
method is reasonably close with respect to the binder base
thickness recommended in IRC:37-2018 for low to high
CBR and also for low to high axle load groups.

It may be noted that, for a lower axle load of 5 msa
with subgrade CBR 5% and 8%, the variation in binder
base thickness obtained by two different methods were in
between 4.2% and 3.7%, respectively.

However, for a higher axle load of 50 msa, the same
variation in binder base for subgrade CBR 5% and 8%
were found to 1.8% and 5.1% respectively. It has been
found that the variation in binder base thickness between
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