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The permanent deformation pavement of roads and streets at tropical zones (ifAbstract
layer s are su fficient ly compacted) is due to increase of aspha lt layers t emperatu re and
consequential decrease of modulus of elasticity. Therefore, the asphalt mixture moves aside of
the wheels of heavy vehicles and cause permanent deformations without volume variation. On
the other hand, if the asphalt layer modulus of elasticity is not appropriate, additional stresses
will be moved to the soil subgrade and thus causes permanent deformation. The materials used
for the asphalt layers can be controlled by the proposed method so that additional stresses can
be avoided. This study includes three types of pavements (thin, intermediate and thick) on three
kinds of subgrades (weak, intermediate and strong) at tropical zones of Iran. Modulus of
elasticity and Poisson ratio of layers are selected based on the earlier studies. The heavy axles of
vehicles in Iran which cause the most damages are considered in this study (13 tons with two
axle trucks). Then the modulus of elasticity of the asphalt mixtures is changed and stress-strain
analysis is performed by the Elsym5 computer software to produce the maximum normal strain
at the subgrade for all above mentioned types. The number of passing axles used in the analysis
is obtained by the formula proposed by the Asphalt Institute (N=1.6 (10-9(e)-4.477).
Nomographs showing number of passing axles versus modulus of elasticity for all cases based on
the compu te r ana lysis a re drawn. The d esigned pavement can be co mpared to the
corresponding nomograph mentioned above to control the modulus of elast icity of asphalt
mixtures which prevent the subgrade from additional stresses by using the predicted passing
axles.
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INTRODUCTION
One of the major objectives of this study is to
introduce a method for controlling engineering
properties of asphalt layer mixtures in order to

assu re the ir app rop ria t e funct ion aga inst
applie d loads and environmen t condit ions.
Additional stresses should also be avoided in
order to protect the pavement from structural
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Figure 1. Structural rutting.

rutting phenomena [1]. These phenomena may
occur due to the Conside rable se t t le ments
caused by heavy vehicle s t raffic. U sually, a
significant portion of the sett lement is due to
non -e la st ic ( p la st ic) st r a in s wh ich make
aconcave area in the tire paths. This is called
structural rutting as illustrated in Figure 1.

In tropical zones, the asphalt temperature
may rise to 70 degrees centigrade because of
increase air t emperature and the direct sun
radiat ion [2,3]. Also , the asphalt modulus of
e lasticity decreases due to temperature r ise
which in turn causes the additional stress to be
transferred to the bed of the pavement easily.
T h e r e fo r e , i t ca n b e co n clu de d t h a t a
r e la t ionsh ip be twe en t he de cre ase o f th e
modulus of elasticity and the additional stresses
transfer to the pavement bed exists which leads
to the structural rutting.

INITIAL DATA
The modulus of elasticity and poison ratio of
the base and subbase asphalt layers obtained
from previous investigations are illustrated in
Table 1 [4,5]. Based on investigations conducted
in Iranian tropical zones, three pavement types
with diffe rent th icknesses are in t roduced in
Table 2. D ifferent bed types based on C.B.R
strength are also introduced in Table 3.

LOADING
Many softwares such as E lysm5, Kenlaye r ,
Michpave, Flexpass, Vesys and Dama are used
for structural analysis of flexible pavements.
Analyses preformed by these software indicate

TABLE 1. Layer Properties (Kg/cm2).

PoisonModulus ofProperty
RatioElasticityLayer
0.357000 to 42000Asphalt Layer
0.31750Base
0.351050Subbase
0.50350Weak
0.4525IntermediateBed
0.35980Strong

TABLE 2. Types of General Pavements.

Thickness(cm)
SubbaseBaseAsphaltLayer

252010Thin
352512IntermediateType
402515Thick

TABLE 3. Bed Types Properties.

weakintermediateStrongBed type
3-78-12>12C.B.R

that E lsym 5 and kenlayer give almost similar
results [6]. In this study , Elsym5 has been used
be ca u se o f it s simp licit y a nd re ason able
accuracy. The version of this computer software
presented in 1986 was reviewed by Koperman
[7].

T h e E lsym5 co mp u t e r so f t wa r e wa s
employed for the stre ss-st rain analysis. This
program affords ten circular loads with uniform
intensit ies simultaneously. D ifferent common
comme rcial veh icle s in Ir anian routs we re
studied to get the critical heavy load applied by
the tires on the rout surface. Maximum weights
which can be to le rated by diffe rent axle s are
introduced in Table 4.

Referring to Table 4, it is observed that the
two axle t rucks apply the maximum load on

TABLE 4. Maximum Weights on Different Axle Types.

CombinedSingle 13 tonSingle 6 tonAxle
20 ton(double tire)(Single tire)

Weight
_____2000

8
______ = 325013000

4
_____ = 30006000

2
on every

=2500tire (Kg)
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TABLE 5. Equivalence coefficients.
CombinedSingleSingleType of

20 tondouble tires6 tonaxle
20136Weight On

axle

3.10926.45660.3225Equivalence

Coefficient

Figure 2. Schematic representation of a 13 ton trucks rear
axle.

TABLE 6. Location of Points for Analysis.
ThickIntermediateThinSurface of

PavementPavementPavementasphalt layer
2.962.361.97Middle of asphalt

5.914.723.94Beneath asphalt

10.839.657.87Middle of base

31.5028.3521.65Beneath base

23.6321.4616.73Middle of subbase

31.5028.3521.65Beneath subbase

35.4432.2825.6010 cm beneath
subgrade

pavement surface compared to othe r t ruck
types. Equivalent coe fficient s of standard 8.2
ton axle which reflect the damage rate on routs
are given in Table 5 [5].

Table 5 indicates that the 13 ton axle has the
maximum equivalence coefficient. The research
carried out by the authers indicates that the 13
ton trucks rear axle gives maximum stress and
strain in pavement layers [8] (Figure 2).

According to the information given by truck
drivers and repair centers, the tire pressure of
the 13 ton truck is 85 Psi.

Locations and selection of coordinates for
analysis. (1) Center between two t ires(x= 0.0
y=0.0)

(2) Internal edge of tire (x=2.56 y=0.0)
(3) Center of tire (x=7.11 y=0.0)
(4) External edge of tire (x=11.56 y=0.0)
(5) 10 cm out of tire (x=15.74 y=0.0)

Beneath the above mentioned coordination
loca t ions at su rface , middle and be low the
asphalt , base,subbase and subgrade layers are
considered to compute the stresses. Strains and
displacements are introduced in Table 6.

STRAIN OF DIFFERENT LAYERS
The results of normal displacements obtained by
E lsym5 concerning 54 pavement structures are
given in Table 7. These re sult s at diffe rent
depths for the central points between the tires
are given in Table 7.

The number of allowable passing loads Nd
which avo id t h e st ru ct u ra l ru t t ing can be
calculated form the equation:

(1)Nd=f 4(εc)-f5
Where ec re pre sents th e maximum normal
strain on the subgrade surface; f4 and f5 are
given in Table 8 [9,10].

COMPARISON OF METHODS
The normal st rain on t he subgrade ve rsus
numbe r of 8.2 t on axle s comput e d by the
methods suggested in Table 8 is illustrated by
the nomographs given in Figure 3. Comparing
these nomographs indicat e s tha t t he she ll
company has a considerable difference with the
others.

Probably, the criteria of the Shell company
method has a substantial difference with other
cr it e r ia . O n t he o t he r hand, th e Aspha lt
Institute nomograph seems very close to TRR
method at h igh st rain and indicates a relat ive
agreement with the Be lgium method at low
strains. Therefore, the Asphalt Institute method
is considered a basis for the analysis performed
in this study.

Based on Equation 1, proposed coefficients
by Asphalt Institutes referred to in Table 8, and
su bgr a d e st r a in o f d i f fe r e n t p a ve me n t
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TABLE 7. Maximum Normal Strain.

Unit42000350002800021000140007000Elasticity ModulesPavement
Kg/cm2Bed typeType
(

 10-45.856.056.276.536.877.419Weak

5.215.385.565.796.086.54IntermediateThin

4.624.764.435.135.385.77Strong

3.763.884.024.194.414.78Weak

3.393.493.613.763.954.26IntermediateIntermediate

3.043.133.233.363.533.79Strong

2.943.063.193.353.573.29Weak

2.652.762.873.023.213.51IntermediateThick

2.392.482.572.702.873.13Strong

TABLE 8. Values of f4 and f5.

f5f4Name of
Organization

4.4771.365( 10-9Asphalt Institute
4Shell Company, 1985

6.15( 10-750%

41.94( 10-785%

41.05( 10-795%

U.K. TRR

3.956.18( 10-885% safety

4.353.05( 10-9Belgium road
research center

Figure 3. E ffect of number of allowable passing loads on
normal strain exerted in intermediate pavement of weak
subgrade.

structures referred to in Table 7, the number of
8.2 ton axle s conce rn ing th e limit at ion of
st ructural ru t t ing in troduced in Table 9 are
calculated. Table 9 also introduces the vertical
strain on subgrade and the allowed number of
8.2 ton axles of 54 pavement structures.

Number of elast icity drawn on a logarithmic
sca le fo r t h r e e p a ve me n t t yp e s ( t h in ,
in t e rme diat e and th ick) wit h va r iou s be d
conditions (weak, intermediate and strong) are
shown in Figures 4, 5 and 6.

T hu s, t h e mixt u r e p r op e r t ie s ca n be
cont ro lled by using these nomographs, the
initial data as the number of 8.2 ton equivalent
axles within the design period of the road which
is designed on the basis of one of the methods,
knowing the C.B.R of the bed, and selecting the
appropriate nomograph from Figures 4 and 5 or
6. Proper use of the mentioned nomographs is
illustrated in Figure 7.

RESULTS

The design of pavement thickness and asphalt
mixture can be checked by using the proposed
method. The asphalt mixture and the pavement
layer thicknesses should be checked so that no
additional stresses and strains are obtained in
the soil bed and also no structural rutting occurs
in the tire paths.

A p a ve me n t L a ye r t h ickn e ssExample
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TABLE 9. Number of Allowable Traffic Based on Asphalt Institute Method.

Unit42000350002800021000140007000Modules ElasticityPavement
Kg/cm2Bed typeType
(10-30.5860.6050.6270.6530.6870.742Weak

N402953349312297691248179197732140066Bed
0.5210.5380.5660.5790.6080.654IntermediateThin

682103590772509838425226341661246485BedPavement
0.4620.4760.4930.5130.5380.577Strong

11682351022083873488731033590772431865Bed
0.3760.3880.4020.4190.4410.478Weak

293776225523072177773180917414387351003076Bed
0.3990.3990.3490.3610.3760.426IntermediateIntermediate

467120141011263525111293776223559571679832BedPavement
0.3040.3130.3230.3360.3530.379Strong

760865066769885800066486084438971332835077Bed
0.2940.3060.3190.3550.3570.329Weak

883774873885266132841492614337054162437759Bed
0.2650.2760.2870.3020.3210.351IntermediateThick

14068923117268859844539783685059636153997538BedPavement
0.2390.2480.2580.2700.2870.313Strong

2233804918930952158602931293948798445396676988Bed

Figure 4. E ffect of number of allowable passing loads on
stiffness of thin pavement.

Figure 5. E ffect of number of allowable passing loads on
stiffness of intermediate pavement.

Figure 6. E ffect of number of allowable passing loads on
stiffness of thick pavement.

design is given as: hsubbase= 38 cm; hasphalt= 15
cm; hbase= 23 cm; C.B.R subgrade= 11; EAL= 107.
Number o f axle s o f 8.2 tons vehicle is 107.
Characte rist ics of mater ia ls such as volume
percent of rock and asphalt materials and PI of
asphalt can be determined by the Marshal test.

Comparing the th icknesses of theSolution
designed pavement layers with thicknesses given
in Table 2, it is concluded that the pavement is
thick. According to Table 3, the give C.B.R
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Figure 7. Flowchart of nomograph used in this study.

indicates that the bed is intermediate . Hence,
u sing Figure 6 conce rning E a l = 107, th e
st iffness coefficien t of the required asphalt
mixture which can avoid additional stress in bed
yields: E required = 2756 MPa. Conside ring the
Vander Poel nomograph [5,6], the stiffness of
the exist ing asphalt mixture which is supposed
to be used will be as: E exist ing = 3238 MPa.
Since E e xis t in g > E r e q u i r e d t h e mixt u re is
considered to be acceptable.
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