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Abstract

The flexible pavement layers attach each day by thousands of several types of vehicles
according to axle spacing and distribution between each tires (dual spacing) at same axle.
These different types of wheel and tires generate deformations or horizontal strain caused
fatigue of pavement then reduced pavement life.

In this work using three layers system with linear visco-elastic hot mixture layer.
Visco-elastic properties obtained from creep test under static load. Kenlayer program used
to determine horizontal strain under applied load. It’s concluded that when the axle
spacing and dual spacing increase the horizontal strain over lapping reduced. The study
obvious that when axle spacing increases from 273 cm (sonata car) till 1524 cm (truck 3-
S2) the horizontal strain decreases about 30% .

Key Words: Axle Spacing, Dual Spacing, Visco-elastic, horizontal strain, Flexible
Pavement.
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1- Introduction

Hot mixture asphalt (HMA) is a composite material of aggregates with asphalt cement
as a binder. The performance of HMA is governed by the properties of aggregate, properties
of asphalt cement, the usage of asphalt cement modifiers, and the asphalt aggregate
interactions .The HMA shows discrete behavior as relative positions of aggregate particles
change during deformation. The performance of HMA is also sensitive to the traffic loading
rate, moisture damages, and environmental temperature Gedafa ® and Chen .

There are several alternatives of conventional flexible pavement sections were varied in
the thickness of the surface, base and subbase course, type of axle load, contact pressure,
radius of contact area,....... etc. Conventional flexible pavements are three layered system of
surface, base and subgrade layer as shown in Figure (1).

; P = uniformly distributed load over a circular tire

||||||||||||||“||||||||||||| pavement contact area.
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Figure (1): Employing Three Layer Systems.

2- The Applied Load

Axle load was used according to the type of vehicle. Tire constant area is assumed
circle shape with actual radius. The levels of tire pressure were used for the selected axle
and for the truck the tire pressure assume 95 psi according to SCRB Specification ©.

The vehicle speed relates to the time duration of loading (the duration time increased
when the vehicle speed is decreased or decreased with increased vehicle speed). Two
duration times are used to simulate the moving load 0.1 sec for 40 mph (64Km/h) and
0.05 sec for 60 mph (96 Km/h) Huang .
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3- Environmental Factors

The performance of the flexible pavement depends on the several environmental factors.
The variation in the temperature of the asphalt layer is included in the proposed method
because the changes in temperature affect on the visco-elastic properties of the bituminous
layer. Two periods per year are used to simulate effect of weather factors, as shown in table

().

Table (1): Characteristics of Each Period through One Year.

Periods MMAT ", °C

First Period,
25
Months (Oct. ...... Mar.)

One Year

Second Period,
40
Months (Apr. ...... Sep.)

* MMAT : Mean Monthly Air Temperature °C by Ahmed, N., G. ©

The temperature of the HMA layer can be predicted based on the following equation,
which used in the Asphalt Institute © and depending on the air temperature;

76.2 }— 847 33 (1)

THMA:Tair[1+Z+304.8 Z+3048

Where:-

Thma - the temperature of the HMA layer (°C).
Tar - mean Monthly Air Temperature MMAT (°C).
Z :the depth under the surface (mm).

This equation is used to estimate temperature of the HMA layer at the (20-mm) under
the surface and changed with the depth or thickness of layer.

4- Material properties
The geometry of the selected pavement structure was consisted of three layers system.
These layers are: -

1- Surface layer consists of asphaltic materials (HMA).
2- Subbase layer consists of granular materials
3- Subgrade layer or soil layer.
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In general the following data, the thickness of each layer expect the subgrade layer
which is assumed infinite thickness, the visco-elastic properties for surface layer, and elastic
properties for another layer and Poisson’s ratio for all layers. The methods that used to obtain
these parameters are described in the following sections.

4-1 Properties of Hot Mixture Asphalt Layer
Heukelom and Klomp @ calculate the stiffness of the asphalt mixture (En) from the
stiffness of the asphalt binder using the following equation;

s5Y ¢ ]
E, =E, {1{%}(1_& H ......................................................... Q)

Where:-
4*10°
N=10.83100 )] —= | ceeeeererururiririiiiiiiiiiiiiiiiiiiiirree e 3)
Easp
C, = VOlUMe 0BG g e, 4@

V +V

aggregate asphalt

En, = Stiffness of asphalt mixture
C, = Coefficient of concentration
Easp = Stiffness of asphalt binder (kg/cm?)

The stiffness of asphalt binder was calculated using the Van der Poel nomograph (1954)
Yoder ®. The value of Poisson’s ratio for HMA layer is 0.4. The thickness of asphaltic layer
is assumed to be 4 in (10 cm) SCRB Specification ®. The parameter for this model can be
calculated by assuming generalized model shown in figure (2).

o)

Figure (2): Generalized Model for Visco-elastic Materials
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Huang @ explained that a single Kelvin model is usually not sufficient to cover the long
period of time which the retarded strain takes place and a number of Kelvin models may be
needed. Therefore, the generalized model is used to determine the visco-elastic constants E,,
To, Et and T; contain of one Maxwell model and two Kelvin models connected in series as
shown in Figure (2). The parameters E,, T,, E; and T shown in generalized model can be
calculated from strain time curve for the results obtained from creep test under static load as
shown in table 2.

Table (2): Creep results with time (Al-Haddad, 2005)©

Time (sec) Creep Compliance

0 0.0001826

6 0.0003654
15 0.0007303
30 0.0010555
60 0.0015022
120 0.0019894
240 0.0029029
480 0.0036133
900 0.0044253
1800 0.0056026

4-2 Properties of Subbase Layer

The elastic modulus of the granular subbase layer was considered constant in the
proposed constructed model. It was to be (18*10° Psi) corresponding SCRB specification
for class C and D. The Poisson’s ratio for the granular material depends on the degree of
compaction ranges from 0.3 to 0.5 as shown by Bowles “%. The typical value was taken it
(u=0.45). The thickness of the subbase layer was taken equal to 8 in (20.3 cm) for the selected
structure.

4-3 Properties of Subgrade Layer

The elastic modulus of the subgrade layer could be estimated from CBR test. In the
proposed model, the magnitude of the modulus of subgrade was assumed to be constant with
CBR (value > 4) and equal to (6 *10° Psi). Poisson’s ratio for subgrade soil, depending on the
degree of soil cohesion, changes from 0.3 to 0.5 as shown by Bowles ® and Fanous, Coree
and Wood @, The typical value was taken to be 0.45.
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5- Geometric of Axle and Dual Spacing

In this study, Kenlayer computer program is used to calculate the deformation under
wheel loads and the reason of using such program that the deformation can calculate at the
surface of the pavement, at depth 10.16 cm (below the first layer), and at depth 30.48 cm
(below the second layer). Figure (3) shows dividing contact area below the tire of sonata
(2010).

150c
75
m 273
Wheel 3 7 11 (15 |9
) 50
Spacing

25

0 4125 6825 102375 1365
cm

Axle Spacing

Figure (3): Plan view for axle of sonata 2010
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Figure (4) shows dividing contact area below the tire of truck 3-S2.

243c | o 12 8 12 16 20
Wheel

) 121.
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1
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g

1524 cm
Axle Spacing

Figure (4): Plan view for axle of truck 3-S2.

Figure (5); shows the deformation (horizontal strain at the surface of the pavement)
occur due to (sonata 2010)
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Figure 5: The relationship between the surface horizontal strain and spacing of
axle
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Figure (6); shows the deformation (horizontal strain below the first layer of the
pavement) occur due to (sonata 2010)

'0- mz —_— W
-0.004
_o.ms / LN 1/

-0.008 = <— _J

‘;002; / —4—Y=0cm

-0.014 7 —B—Y=25 cm
-0.016
o018 | _—" Y=50 cm

-0.02 (

Horizontal strain

Axle Spacing (cm) =—=Y=75 cm

Figure 6: The relationship between the horizontal strain at 1st interface and
spacing of axle

Figure (7); shows the deformation (horizontal strain below the second layer of the
pavement) occur due to (sonata 2010)
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Figure 7: The relationship between the horizontal strain at 2nd interface and
spacing of axle
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Figure (8); shows the deformation (horizontal strain at the surface of the pavement)
occur due to (Nissan Qashqai)
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Figure 8: The relationship between the surface horizontal strain and spacing
of axle

Figure (9) shows the deformation (horizontal strain below the first layer of the
pavement) occur due to (Nissan Qashgai)
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Figure 9: The relationship between horizontal strain at 1st interface and
spacing of axle
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Figure 10 shows the deformation (horizontal strain below the second layer of the
pavement) occur due to (Nissan Qashgai)
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Figure 10: The relationship between the Horizontal strain at 2nd interface and
spacing of axle

Figure 11 shows the deformation (horizontal strain at the surface of the
pavement) occur due to Truck 2-S2
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Figure 11: The relationship between the surface horizontal strain and spacing
of axle
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Figure 12 shows the deformation (horizontal strain below the first layer of the
pavement) occur due to Truck 2-S2
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Figure 12: The relationship between the horizontal strain at 1st interface and
spacing of axle

Figure 13 shows the deformation (horizontal strain below the second layer of the
pavement) occur due to Truck 2-S2
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Figure 13: The relationship between the horizontal strain at 2nd interface and
spacing of axle
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Figure 14 shows the deformations (horizontal strain at the surface of the pavement)
occur due to Truck 3-S2.
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Figure 14: The relationship between the surface horizontal strain and
spacing of axle

Figure 15 shows the deformations (horizontal strain below the first layer of the
pavement) occur due to Truck 3-S2

0 50 100 150

0 L L L L I ‘KI L L Sl

-0.05 ﬁ
0.1 /.——ﬁl%k
-0.15

=1

s

g0 P

= 0.2 x//I/

£ -0.25 A

g 0.3 -/ / —=—Y=0cCcm

2 035 / —m—Y=25cm
_‘.;f:: r Y=50 cm

Axle Spacing (cm) —<=Y=75cm

Figure 15: The relationship between the horizontal strain at 1st interface and
spacing of axle
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Figure 16 shows the deformations (horizontal strain below the second layer of the
pavement) occur due to Truck 3-S2
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Figure 16: The relationship between the horizontal strain at 2nd interface and
spacing of axle

6- Conclusion:

The following conclusions are obtained from the theoretical and experimental works.

1. The horizontal strain in pavement has more influence on layer properties & the
assumptions of visco-elastic properties for surface layer are more realistic.

2. When axle spacing increased the generate horizontal strain reduced & so decrease
over lapping stresses between axle and another.

3. When dual spacing increased the horizontal strain decreased.
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