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ABSTRACT
Premature failure of flexible pavements has a large problem in many Iraqi roads with

drastic increase in truck axle loads. It is necessary to reduce this early collapse and make
the best use of the pavement material in the design of economic. In this paper, the control
on the properties of binder layer at the expense of wearing layer to achieve better balance
between the damage ratio compared to the most design life are adopted. The
methodology is based on the damage analysis concept which is performed for both
fatigue cracking and rutting on different pavement sections using KENLAYER program.

The investigated pavement components are thickness and elasticity modulus for binder
layer and thickness of wearing layer. The results of pavement analysis showed that the
design life increases with increasing the thickness of wearing layer when the thickness of
binder layer increases more than (3.94 in) and it decreases when the thickness of binder
layer increase less than (3.94 in). The fatigue damage ratio decreases with increasing the
thickness of wearing layer when increasing the thickness of binder layer more than (3.94
in) and it increases with increasing the thickness of wearing layer when increasing the
thickness of binder layer less than (3.94 in). The rutting damage ratio increases with
increasing the thickness of binder layer and with increasing the thickness of wearing
layer. Finally, the design life increases with decrease binder moduli and fatigue damage
ratio increases with increasing the binder moduli and also the rutting damage ratio
decreases with binder moduli (330000 psi).

KEYWORDS: Binder layer, Wearing layer, Design life, Fatigue damage ratio,
Rutting damage ratio, and KENLAYER program.
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1-INTRODUCTION AND BACKGROUND

Rutting and fatigue cracking are considered the most important distresses surveyed
due to high severity and density levels, and consequently their high effects on the
pavement condition. Flexible pavements should be designed to provide a durable, skid
resistance surface under in service conditions. Also, it is essential to minimize cracking
and rutting in flexible pavement layers. It was necessary to reduce this early collapse and
make the best use of the pavement material in the design of economic. The increased
rutting or decreased fatigue life of the flexible pavements may be attributed to the
shortcomings of the application of flexible pavement analysis and the absence of
attention to identify the pavement components that achieve a balanced section which
gives equal pavement lives with respect to rutting and fatigue (Barksdal, 1978).

The variations in the modulus of elasticity of material affect the design life, even though
not as significant as the traffic loading (Balai Nasional.2011). There are various modes in
which the pavement fails. Cracking of the surface layer and permanent deformation of the
pavement system which manifests as rutting on the pavement surface (El-Hamrawy,
2000). Larger and more concentrated loads produce larger stresses and strains, with
thicker layer carrying higher flexural stresses than thinner layers (Machemehl, 2005). In
pavement analysis, loads on the surface of the pavement produce two strains which are
believed to be critical for design purposes. These are the horizontal tensile strain; €t at the
bottom of the asphalt layer and the vertical compressive strain; ec at the top of the
subgrade layer. If the horizontal tensile strain; &t is excessive, cracking of the surface
layer will occur, and the pavement distresses due to fatigue. If the vertical compressive
strain; €c is excessive, permanent deformation occurs at the surface of the pavement
structure from overloading the subgrade, and the pavement distresses due to rutting
((Mulungye, 2006), (Dessouky, 2007) and (MS-1), 1982))
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The main objective of this study is to investigate the effects of binder layer
components, thickness and elasticity modulus on pavement life with respect to fatigue
and rutting.

2-PAVEMENT RESPONSE ANALYSIS METHODOLOGY

The KENLAYER computer program (Huang, 2004) was used to calculate the
tensile strain (gt) at the bottom of the asphalt layer and the compressive strain (ec) at the
top of the sub-grade soil. These computed strains are incorporated in the fatigue cracking
and rutting models to estimate the pavement life.

2-1 Fatigue Criteria

The relationship between fatigue failure of asphalt concrete and tensile strain (gt) at
the bottom of asphalt layer is represented by the number of repetitions as suggested by
Asphalt Institute ((MS-1), 1982) in the following form equation (1):

Nf=0.0796 (1/et) 3.291 (1/E1) 0.854 (1)

Where:

Nf: number of load repetitions to prevent fatigue cracking.
et: tensile strain at the bottom of asphalt layer.

El: elastic modulus of asphalt layer.

2-2 Rutting Criteria

The relationship between rutting failure and compressive strain (ec) at the top of
subgrade is represented by the number of load applications as suggested by Asphalt
Institute (MS-1), 1982) in the following form equation (2):

Nr=1.365 * 10-9 (1/ ec) 4.477 )

Where:
Nr: number of load applications to limit rutting.
ec: vertical compressive strain, at the top of sub-grade

2-3-INVESTIGATED PAVEMENT CROSS SECTIONS

A typical cross section consists of wearing layer thickness (1.58-in) with elasticity
modulus (380,000 psi), binder layer thickness (3.15-in) with elasticity modulus (330,000
psi), base layer thickness (7.09-in) with elasticity modulus (230,000 psi), and sub base
layer thickness (15.75-in) with elasticity modulus (16,000 psi), resting on sub grade with
elasticity modulus (7,000 psi) is considered a section with reference components.
Different probable cross sections that may be used in Iraqi roads for binder layer are
considered for analysis through varying the reference components by + 25 % and + 50 %
are (1.58, 2.36, 3.15, 3.94, and 4.72) in. Four values of thickness are considered plus the
reference one , + 25 % are (247500,330000,412500) psi Two values of elasticity modulus
are considered plus the reference one and + 25 % are (0.79, 1.18, 1.58)in Two values of
thickness of wearing layer are considered plus the reference one. Varying these
components with each other give various cross sections for analysis.
2-4 Pavement Analysis
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Flexible pavement is typically taken as a multi-layered elastic system in the
analysis of pavement response. Materials in each layer are characterized by a modulus of
elasticity (E) and a Poisson’s ratio (i). Poisson’s ratio; p is considered as 0.3, 0.35, 0.40,
0.40 and 0.45 for wearing layer, binder layer ,base course, sub-base layer and sub-grade,
respectively. Traffic is expressed in terms of repetitions of single axle load 18-Kip
applied to the pavement on two sets of dual tires. The investigated contact pressure is 140
psi. The dual tire is approximated by two circular plates with radius 3.86-in. and spaced
at 13.60-in. center to center.

2-5 Damage Prediction

The prediction of pavement life is based on the cumulative damage concept in
which a damage factor is defined as the damage per pass caused to a specific pavement
system by the load in question. The damage (Di) caused by each application of a single
axle load at any season can be given by equation (3):

e
D; = . 3)

where Ni is the minimum number of load repetitions required to cause either fatigue or
rutting failure, as given by Equations (1) and (2). The total number of load repetitions
(Nf) that are allowed over the pavement lifetime can be determined when total
cumulative damage (Dt) reaches one. Therefore, Equations (1) and (2) can then be solved
for the total allowable number of load applications required to cause either fatigue or
rutting failures over the pavement lifetime.

The design life is computed through Equation 4 and calculated for fatigue cracking and for
permanent deformation, and the one with a shorter life controls the design in period i.

om life =
Design life = 5 (4)

3- ANALYSIS OF RESULTS

Multilayer elastic analysis is performed using the KENLAYER software. The
different variables discussed in the previous section are considered. The resulting
pavement strains, damage and design life showed below sections.

3-1 Effect of Thickness Layer on Pavement Strains and Damage Ratios

Figures 1, 2 and 3 show the relationship between tensile strain at the bottom of the
binder layer versus thickness for different binder moduli and thickness™ of wearing. The
figures show that the tensile strain first decrease with increasing thickness of binder then
with (3.94 in) increasing thickness. Notes that with increase thickness of wearing layer
increase tensile strain and increase modulus of binder layer increase tensile strain.
On the other hand, Figures 4, 5 and 6 show the relationship between the compressive
strain at the top of subgrade soil versus thickness for different binder moduli. the
compressive strain increases in a linear function with increasing the thickness of binder
layer. It also shows that the rate of increase (slope of the line) is greater with binder layer
having modulus (330000 psi)
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3-2 Effect of Thickness of Binder on Damage Ratios

The estimated fatigue and rutting damage ratios versus thickness are presented in
Figures 7, 8 and 9 for different binder layer moduli and thickness of wearing layer . The
figures show that the fatigue damage with first increases in a linear function with
increasing the thickness for greater binder moduli then decrease for thickness (3.94 in).
Notes that with increase thickness of wearing layer increase fatigue damage and increase
modulus of binder layer increase fatigue damage. Figures 10, 11 and 12) show that the
rutting damage increases in a linear function with increasing the thickness for greater
binder moduli. Notes that with increase thickness of wearing layer increase fatigue
damage and It also shows that the rate of increase (slope of the line) is greater with binder
layer having modulus (330000 psi).

3-3 Effect of Axle Load on the Pavement Design Life

The pavement design life is the minimum number of load repetitions required to
cause either fatigue or rutting failure, as given by Equations 1 and 2. Figures 13, 14 and
15 show that the Design life with first decreases in a linear function with increasing the
thickness then increase with increasing the thickness, while increases with decrease
binder moduli.

4- CONCLUSIONS

Based on this study the following can be concluded:

1- The Design life increases with increasing the thickness of wearing layer when
increasing the thickness of binder layer more than (3.94 in).

2- Design life decreases with increasing the thickness of wearing layer when increasing
the thickness of binder layer Less than (3.94 in).

3- Design life increases with decrease binder moduli.

4- the fatigue damage ratio decreases with increasing the thickness of wearing layer when
increasing the thickness of binder layer more than (3.94 in).

5- Fatigue damage ratio increases with increasing the thickness of wearing layer when
increasing the thickness of binder layer Less than (3.94 in).

6- Rutting damage ratio increases with increasing the thickness of binder layer and with
increasing the thickness of wearing layer.

7- Fatigue damage ratio increases with increasing binder moduli while the rutting damage
ratio decreases with binder moduli (330000 psi).
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Table 1 The structural properties of the investigated pavement cross sections.

Lav Thick. Modulus of Poisson’s
B (in) elasticity (psi) ratio
wearing layer 1.58 380,000 0.3
binder laver 3.15 330,000 0.35
hase 7.09 230,000 0.4
subbase 15.75 16,000 0.4
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Figure 1 Effect of thickness of binder on Tensile strain wearing layer =1.58 in
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Figure 2 Effect of thickness of binder on Tensile strain wearing layer =1.18 in
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Figure 4 Effect of thickness of binder on Compressive Strain wearing layer =1.58 in
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Figure 5 Effect of thickness of binder on Compressive Strain wearing layer =1.18 in

—e— E=247500 . . . .
= E=330000 Effect of thickness of binder on Compressive Strain
E=412500 wearing layer =0.79 in
5
4.5 M 22
4
# 3.5 / /
é 5 /./ /
[Z]
£ 25
2 /./ //
1.5 [
1 T T T T T
4.00E-05 6.00E-05 8.00E-05 1.00E-04 1.20E-04 1.40E-04 1.60E-04
compressive strain

Figure 6 Effect of thickness of binder on Compressive Strain wearing layer =0.79 in
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Figure 7 Effect of thickness of binder on Fatigue Damage Ratio wearing layer =1.58 in
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Figure 8 Effect of thickness of binder on Fatigue Damage Ratio wearing layer =1.18 in
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Figure 9 Effect of thickness of binder on Fatigue Damage Ratio wearing layer =0.79 in
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Figure 10 Effect of thickness of binder on Rutting Damage Ratio wearing layer =1.58 in
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Figure 11 Effect of thickness of binder on Rutting Damage Ratio wearing layer =1.18 in
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Figure 12 Effect of thickness of binder on Rutting Damage Ratio wearing layer =0.79 in
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Figure 13 Effect of thickness of Binder on Design life wearing layer =1.58 in
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Figure 14 Effect of thickness of Binder on Design life wearing layer =1.18 in
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Figuer 15 Effect of thickness of Binder on Design life wearing layer =0.79 in
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