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Abstract The permanent deformation pavement of roads and streetsat tropical zones (if
layers are sufficiently compacted) is due to increase of asphalt layers temperature 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 materias 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
analysisis 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°°(g)™*4").
Nomographs showing number of passing axles versus modulus of elasticity for all Cases based on
the computer analysis are drawn. The designed pavement can be compared to the
corresponding nomograph mentioned above to control the modulus of elasticity of asphalt
mixtureswhich prevent the subgrade from additional stresses by using the predicted passing
axles.
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INTRODUCTION

One of the major objectivesof thisstudyisto
introduce amethodfor controllingengineering
properties of asphalt layer mixtures in order to
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assure their appropriate function against
applied loads and environment conditions.
Additional stresses should also be avoided in
order to protect the pavement from structural
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Figure 1. Structura rutting.

rutting phenomenal1]. These phenomenamay
occur due to the Considerable settlements
caused by heavy vehicles traffic. Usually, a
significant portion of the settlement isdueto
non-elastic (plastic) strains which make
aconcave areain thetire paths. Thisis called
structural rutting as illustrated in Figure 1.

Intropical zones, the asphalt temperature
may rise to 70 degrees centigrade because of
increase air temperature and the direct sun
radiation [2,3]. Also, the asphalt modulus of
elasticity decreases due to temperature rise
which in turn causes the additional stress to be
transferred to the bed of the pavement easily.
Therefore,it can be concluded that a
relationship between the decrease of the
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 previousinvestigationsareillustratedin
Table 1 [4,5]. Based on investigations conducted
in Iranian tropical zones, three pavement types
with different thicknesses are introduced in
Table 2. Different bed typesbased on C.B.R
strength are also introduced in Table 3.

LOADING

Many softwares such as Elysm5, Kenlayer,
Michpave, Flexpass, Vesysand Damaare used
for structural analysis of flexible pavements.
Analysespreformed bythese software indicate
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TABLE 1. Layer Properties (Kg/cm?).

Property Modulus of Poison
Layer Elasticity Ratio
Asphalt Layer 7000 to 42000 0.35
Base 1750 0.3
Subbase 1050 0.35
Weak 350 0.50
Bed| Intermediate 525 04
Strong 980 0.35
TABLE 2. Types of General Pavements.
Thickness(cm)
Layer Asphalt Base Subbase
Thin 10 20 25
Type| Intermediate 12 25 35
Thick 15 25 40
TABLE 3. Bed Types Properties.
Bed type Strong  |intermediate weak
CB.R >12 8-12 3-7

that Elsym 5 and kenlayer give almost similar
results [6]. In this study , Elsym5 has been used
because of its simplicity and reasonable
accuracy. The version of this computer software
presentedin 1986 wasreviewed by Koperman
[7].

The Elsym5 computer software was
employed for the stress-strain analysis. This
program affords ten circular loads with uniform
intensitiessimultaneoudy. Different common
commercial vehicles in Iranian routs were
studied to get the critical heavy load applied by
the tires on the rout surface. Maximum weights
which can be tolerated by different axlesare
introduced in Table 4.

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

TABLE 4. Maximum Weights on Different Axle Types.

Axle Single 6 ton Single 13 ton Combined
(Single tire) (double tire) 20 ton
Weight
on every 6000 _ 3000 13000 _ 2250 2000
2 4 8
tire (Kg) =2500
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TABLE 5. Equivalence coefficients.

Type of Single Single Combined
axle 6 ton double tires| 20 ton
Weight On 6 13 20
axle
Equivalence 0.3225 6.4566 3.1092
Coefficient
3250kg 3250 kg

(7165 1b) ( 7165 1b)

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

TABLE 6. Location of Points for Analysis.

Surface of Thin  |Intermediate Thick
asphalt layer |Pavement | Pavement | Pavement

Middle of asphalt 1.97 2.36 2.96
Beneath asphalt 3.94 472 5.91
Middle of base 7.87 9.65 10.83
Beneath base 21.65 28.35 31.50
Middle of subbase| 16.73 21.46 23.63
Beneath subbase 21.65 28.35 31.50
10 cm beneath 25.60 32.28 35.44

subgrade

pavement surface compared to other truck
types. Equivalent coefficientsof 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 trucksrear axle givesmaximum stressand
strain in pavement layers [8] (Figure 2).

According to the information given by truck
driversand repair centers, thetire pressure of
the 13 ton truck is 85 Psi.

L ocationsand selection of coordinatesfor
analysis. (1) Center between two tires(x= 0.0
y=0.0)
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(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

locations at surface, middle and below the

asphalt, base,subbase and subgrade layersare

considered to compute the stresses. Strains and

displacements are introduced in Table 6.

STRAIN OF DIFFERENT LAYERS

The results of normal displacements obtained by
Elsym5 concerning 54 pavement structuresare
given in Table 7. These results at different
depthsfor the central pointsbetween thetires
are given in Table 7.

The number of allowable passing loads N

which avoid the structural rutting can be
calculated form the equation:
Ng=f 4(gc)'5 (1)
Where e, represents the maximum normal
strain on the subgrade surface; f, and f5 are
given in Table 8 [9,10].

COMPARISON OF METHODS

The normal strain on the subgrade versus
number of 8.2 ton axles computed by the
methodssuggested in Table 8isillustrated by
the nomographsgiven in Figure 3. Comparing
these nomographs indicates that the shell
company has a considerable difference with the
others.

Probably, the criteria of the Shell company
method hasasubstantial difference with other
criteria. On the other hand, the Asphalt
Institute nomograph seemsverycloseto TRR
method at high strain and indicatesarelative
agreement with the Belgium 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 Ingtitutes referred to in Table 8, and
subgrade strain of different pavement
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TABLE 7. Maximum Normal Strain.

Pavement Elasticity Modules 7000 | 14000 | 21000 | 28000 | 35000 | 42000 | Unit
Type Bed type Kg/cn??
Weak 7.419 6.87 6.53 6.27 6.05 5.85 (10
Thin Intermediate 6.54 6.08 5.79 5.56 5.38 5.21
Strong 5.77 5.38 5.13 4.43 476 462
Weak 478 4.41 4.19 4.02 3.88 376
Intermediate Intermediate 4.26 3.95 3.76 361 3.49 3.39
Strong 379 353 3.36 3.23 3.13 3.04
Weak 3.29 357 3.35 3.19 3.06 2.94
Thick Intermediate 351 321 3.02 2.87 2.76 2.65
Strong 313 2.87 2.70 257 2.48 2.39
TABLE 8. Values of f4 and fe. structures referred to in Table 7, the number of
Name of 0 o 8.2 ton axles concerning the limitation of
Oraanization structural rutting introduced in Table 9 are
g . .
Asphalt Insiitute 1365(10° AaTT calc.ulated.TabIeQaIso introducesthe vertical
Sl Company, 1965 . strain on subgrade and the allowed number of
(107 8.2 ton axles of 54 pavement structures.
0% 615310 Number of elasticity drawn on alogarithmic
8% 194(10” 4 scale for three pavement types (thin,
9% 105(10” 4 intermediate and thick) with various bed
UK. TRR conditions(weak, intermediate and strong) are
85% safety 6.18(10° 3.95 shown in Figures 4, 5 and 6.
Belgium road 3.05(10° 4.35 Thus, the mixture properties can be
research center controlled by using these nomographs, the
initial data as the number of 8.2 ton equivalent
_ axles within the design period of the road which
%m"‘“;‘i is designed on the basis of one of the methods,
9 knowing the C.B.R of the bed, and selecting the
D appropriate nomograph from Figures 4 and 5 or
51 - 6. Proper use of the mentioned nomographsis
T illustrated in Figure 7.
g RESULTS
z The design of pavement thicknessand asphalt
) mixture can be checked by usingthe proposed
method. The asphalt mixture and the pavement
S S layer thicknessesshould be checked so that no
1E+5 2 3 4 5 6 7 8 91E+6

Cycles

Figure 3. Effect of number of allowable passing loadson
normal strain exerted in intermediate pavement of weak
subgrade.
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additional stressesand strainsare obtained in
the soil bed and also no structural rutting occurs
in the tire paths.

Example A pavement Layer thickness
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TABLE 9. Number of Allowable Traffic Based on Asphalt Institute Method.

Pavement Modules Elasticity 7000 14000 | 21000 | 28000 | 35000 | 42000 | Unit
Type Bed type Kg/em?
Weak 0.742 0.687 0.653 0.627 0.605 0.586 (103
Bed 140066 197732 248179 297691 349312 402953 N
Thin Intermediate 0.654 0.608 0.579 0.566 0.538 0.521
Pavement Bed 246485 341661 425226 509838 590772 682103
Strong 0.577 0.538 0.513 0.493 0.476 0.462
Bed 431865 590772 731033 873488 1022083 1168235
Weak 0.478 0.441 0.419 0.402 0.388 0.376
Bed 1003076 1438735 | 1809174 | 2177773 2552307 2937762
Intermediate Intermediate 0.426 0.376 0.361 0.349 0.399 0.399
Pavement Bed 1679832 2355957 | 2937762 | 3525111 4101126 4671201
Strong 0.379 0.353 0.336 0.323 0.313 0.304
Bed 2835077 3897133 | 4860844 | 5800066 6676988 7608650
Weak 0.329 0.357 0.355 0.319 0.306 0.294
Bed 2437759 3705416 | 4926143 | 6132841 7388526 8837748
Thick Intermediate 0.351 0.321 0.302 0.287 0.276 0.265
Pavement Bed 3997538 5963615 | 7836850 | 9844539 | 11726885 | 14068923
Strong 0.313 0.287 0.270 0.258 0.248 0.239
Bed 6676988 9844539 | 12939487 | 15860293 | 18930952 | 22338049
Thin Pavement Thick Pavement
s s
] E}
1E+4 | 1E+4
s o Py 25 em
1E+5 2 4 e ® 1E+6 2 2 4 6 8 1E+7 2 B
Cycles Cycles

Figure 4. Effect of number of allowable passing loadson
stiffness of thin pavement.

Intermediate Pavement

1E+4 |

By =120
hy=25cm

®
T T

By=35em

Intermediate Pavoment

& 1E+6 2 4 ® 8 1E+7

Cycles
Figure 5. Effect of number of allowable passing loadson
stiffness of intermediate pavement.
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Figure 6. Effect of number of allowable passing loadson
stiffness of thick pavement.

design isgiven as: hgyppase= 38 CM; Nagpnait= 15
cm; hpase= 23¢M; C.B.Rgpgrage= 11, EAL = 10".
Number of axles of 8.2 tons vehicle is 10".
Characteristics of materials such as volume
percent of rock and asphalt materials and Pl of
asphalt can be determined by the Marshal test.

Solution Comparingthe thicknesses of the
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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Traffic data Climate data Detemination of Dtermination of other Determination of bed
material properties condition which strengh
infiuence the design
¥

Selecting of thickness design and
determination of layer thickness

Selecting of design mixture method and
determination of optimum asphalt percent

A 4

correction

Determination of type and thickness of
pavement (thin, intermediate,thick)

Determination of bed type
{weak,intermediate, strong)

of material |

properties

y

o
>

Determination of consumed mixture
stiffness modulus according to nomograph

Selecting of the appropriate nomograph

based on type of pavement

Shell=E1
A
Y
Determination of minimum stiffness
modules E2 according to number of 8.2 ton
axle traffic using the appropriate
A 4 nomograph
Comparison of stiffness
/\4 Material
<
—| No |'|< E1<E2 -« h 4 > E1>E2 > properties is
approved

Figure 7. Flowchart of nomograph used in this study.

indicatesthat the bed isintermediate. Hence,
using Figure 6 concerning Eal = 107, the
stiffness coefficient of the required asphalt
mixture which can avoid additional stress in bed
yields: Eequired = 2756 M Pa. Considering the
V ander Poel nomograph [5,6], the stiffness of
the existing asphalt mixture which issupposed
to be used will be as: Egyisting = 3238 MPa.
Since Egyisting > Erequired the mixture is
considered to be acceptable.
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