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ABSTRACT

The results of the study showed that
exceeding the axle load and axle
configuration are indisputably among the
most damaging factors for flexible pavement
structures in Senegal, made of local materials
(Diack basalt, Sindia laterite). The regulatory
axle load recommended by UEMOA for
users is set at 11.5 tons and 12 tons for a
single and twin axle respectively. For
calculation purposes, this load is set at 13
tons. However, in Senegal, this axle load is
often exceeded, and given the diversity of
heavy goods vehicles in traffic, single axles,
whose effects, according to several authors,
are more detrimental to flexible pavement
structures, are increasingly observed in road
traffic. Differences in fatigue cracking and
rutting damage between single and dual
wheels, as well as load overruns, show the
need to take axle configuration and possible
overloads into account when dimensioning
flexible pavement structures in Senegal, and
when planning their maintenance, the costs of
which are excessively high, according to
Senegal's Autonomous Road Maintenance
Fund (FERA).

Keywords: Single wheel, dual wheel,
damage, fatigue cracking, rutting, traffic

INTRODUCTION

In Senegal, the transport sector is an essential
factor in the economy. It contributes to the
growth and improvement of people’s living
conditions through their mobility and the
opening up of certain areas. Therefore, the
construction of durable road structures is
essential. However, significant deterioration
and ruins are observed prematurely on road
structures and maintenance needs are
estimated according to the Autonomous Road
Maintenance Fund (FERA) at one hundred
and seventy-one (171) billion FCFA for the
three fiscal years 2015 to 2017. Faced with
such a network, which requires so many
funds for its maintenance, the estimation of
the life of these structures is fundamental in
order to forecast the costs for future
maintenance and rehabilitation.

The main objective of this article is the
determination by a Mechanistic-Empirical
design approach of the service life of
pavement structures in terms of the number
of permissible cycles by fatigue cracking and
rutting. This design method has been widely
applied in the dimensioning of flexible
pavement structures. It is based on the
mechanics of materials, which links an input,
such as wheel load, to an output or pavement
response, such as stress or strain. The
approach consists in calculating the response
of the pavement materials to the applied
loading and then predicting the performance
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of the pavement from the response. To do
this, the responses of the pavement are
calculated using the calculation codes
Kenlayer and Alizé LCPC, then the
performance of the pavement is deduced
from transfer functions proposed by the
organizations namely, Asphalt Institute,
Shell Oil and the University of Nottingham.

REVIEW OF LITERATURE

An important method frequently used in
pavement performance analysis is the failure
criterion, sometimes referred to as the
transfer function, an equation used to predict
pavement life in terms of the number of
repetitions or loading cycles until failure,
designated by equations [Eq1] and [Eq2].
The most common transfer functions
associate pavement responses to structural
rutting, as opposed to surface rutting, and
fatigue cracking. The deformation criterion
of the platform, the transfer function for the
number of load cycles to failure in the
structural rutting (permanent deformation), is
related to the vertical strain at the top of the
platform layer. Different agencies have
developed their own models, some of which
contain tensile strain at the base of the
bearing layer (e;), others use vertical
deformation at the top of the platform (e,).
Shell Petroleum International and Asphalt

Table 1 Summar

Institute have adopted two criteria in their
empirical mechanistic design methods,
namely fatigue cracking and rutting [1].
Fatigue cracking is related to tensile
deformation at the base of the bearing layer
[Eq1].

Ny = fre; "E; " [Eq1]
N¢: Number of loading cycles before fatigue
failure

&:: Tensile strain at the base of asphalt layer
E; : Young's modulus of asphalt layer

fi, f» and f; are parameters of the wearing
course material (Table 1). They are
determined from laboratory fatigue tests [2].
A check against the permanent deformations
on the pavement surface (rutting) is also
made, that is, the permanent deformations in
the unrelated granular materials and in the
platform, do not lead to the appearance on the
surface of excessive deformations, producing
unacceptable ruts or uni defects.

Ng = 10°f,e, [Eq2]
N, represents the number of loading cycles
before failure due to cumulative plastic
deformation

&, Isthe vertical deformation at the top of the
platform

fo and f; are parameters related to the
untreated gravel (Table 1). They are
determined by road tests [2].

of parameters

Model parameters f; | Asphalt institute | Shell Oil University of Nottingham
fi 0,0796 0,0685 | -
fo 3,291 5,671 -
fs 0,854 2,363 -
fa 1,36.107° 6,15.1077 1,13.107°
fs 4,477 4,0 3,571

It should be noted that the sometimes
significant  variation between the f;
regression constants in table 1 is largely
attributable to the test procedures used and
the units employed [3].

Exceeding the axle load is one of the most
damaging factors for flexible pavement
structures. UEMOA  (West  African
Economic and Monetary Union) regulation
no. 14/2005/CM/UEMOA of December 16,

2005 on the harmonization of standards and
procedures for the control of the weight
gauge and axle load of heavy goods vehicles
in the member states of the Union, sets the
axle load at 12 tons for a single intermediate
or rear axle with dual wheels [4]. However,
recent studies have shown that this load is far
from being respected. In fact, it is estimated
that 60 to 70% of heavy goods vehicles are
overloaded, contributing to the premature
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deterioration of roadways. The State of
Senegal has therefore decided to implement a
gradual control system to achieve a tolerance
of 5% [5]. High loads cause permanent
deformation, leading to rutting in the
pavement. [6] have shown that longitudinal
permanent deformation at the base of the
wearing course increases by 200% to 400%
when increasing the load from 42 to 86 kN.
[7] observed a linear variation between tire
load intensity and rutting. They reported that
the damage caused depends not only on the
weight of the vehicle, but also on the pattern
of loads transmitted to the pavement. [8]
show that the stresses caused by the tire load
of a heavy vehicle are the major factor
reducing the life of flexible pavements.

The mechanical loads taken into account in
the dimensioning of the pavements come
from the traffic loads which are applied on
the surface of the bearing layer by the
intermediaries of the tires. These tires can be
made of single or dual wheels. [7] pointed out
that the stresses and strains caused depend
not only on the weight of the vehicle, but also
on the axle configuration (single axles,
tandem, tridem). The increase in the number
of axles reduces the load transmitted to the
pavement surface [9]. Indeed, a tandem axle
produces less damage than a single axle [10].
Similarly, a tridem axle produces less
damage than a tandem axle. [11] points out
that there is a very large difference between
the different types of wheels. They argue that
single wheels cause more damage because of
the increased contact pressures they cause.

Data Path: Dy j

[12] and [13] confirm this, they indicate that
this damage is related to tire width and
contact pressure. The work of [14] on the
response of various types of flexible
pavements shows that the deformations
obtained under single wheel loading are
much higher than the deformations obtained
under dual wheel loading.

Description of the Kenlayer calculation code
Kenlayer is a computer program developed at
the University of Kentucky and used for the
solution of a multilayer elastic system under
a loaded circular region. The principle of the
calculation of this software is based on the
Burmister theory of an elastic multilayer
system like other programs based on the
analytical method. Kenlayer's superiority
over other programs using Burmister's
multilayer elastic theory is its ability to solve
linear-elastic, nonlinear-elastic or
viscoelastic systems. The program also
performs damage analysis to assess design
life given damage caused by fatigue cracking
or permanent deformations, using basic
expressions given by performance models
such as those given by the Asphalt Institute
[1]. In its present dimension, it can be applied
to a maximum of 19 layers with output at 25
different radial coordinates and 19 different
vertical coordinates, or a total of 475 points.
To facilitate data entry and editing, a program
called LAYERINP, distributed in the same
package, is used. The program uses menus
and forms for data entry in order to create and
edit the data file. Figure 1 shows the main
Kenlayer screen.

Filename:

2.10.DAT -]

KENPAVE

A Computer Package for

Pavement Analysis and Design

Developed by Dr. Yang H. Huang. P.E.

Asphall

LAYERINP
KENLAYER

LGRAPH

HELP

EDITOR

Professor Emeritus of Civil Engineering
University of Kentucky
Lexington K 40506-0281

Click help for information on the use of this Main Screen.

EXIT

LConcrete

SLABSINP
KENSLABS

KENSLABS SGRAPH

LARGE RAM

CONTOUR

Figure 1 KENPAVE main screen
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MATERIALS AND METHODS

The method consists of using the Kenlayer
calculation code to determine the vertical
strain at the top of the platform and the tensile
strain below the wearing course, and
deducing from the transfer functions the
number of cycles permissible for fatigue
cracking and rutting.

For the purposes of this model, the pavement
will be studied on the assumption of linear
behavior for all the materials making up the
various layers. Each layer is characterized by
a Young's modulus (E) and a Poisson's ratio
(v). The Young's moduli of the surface layer
and the subgrade are 1300 MPa and 30 MPa
respectively. The choice of modulus for the
wearing course is not arbitrary. [15] studied
different types of pavement with moduli of
2300 MPa and 1300 MPa in the wearing
course. The first modulus is not the one
usually used in Senegal. 1300 MPa represents
the minimum modulus to avoid pavement
failure [15]. The 2300 MPa modulus is
obtained by iteration. In fact, several moduli
were tested, starting with 1300 MPa.
Gradually increasing this modulus up to 2200
MPa leads to pavement failure [15]. Still
according to the researcher, failure
disappears once a value of 2300 MPa is
reached for a flexible pavement with an
untreated gravel base layer and an 8 cm

wearing course, as the use of very high
moduli results in the use of low thicknesses
and hence undersizing [16]. Hence the choice
of an asphalt concrete thickness of 8 cm
throughout the rest of the modelling. Where
necessary, this thickness is varied in order to
assess the behavior of the pavement with
respect to these variations.

To determine the Young's modulus (E) of
subgrade materials, triaxial tests with
repeated loading to study reversible behavior
were carried out by [17] at the University of
Wisconsin-Madison in the USA and [18] at
the Université Gustave Eiffel in Nantes on
untreated gravel from various locations in
Senegal (Diack, Bakel, Bandia and Sindia).
The non-linear elasticity model K-6 [Eq3]
was calibrated on the results of these tests to
determine the parameters k1 and k2. These
are used to calculate a reference value for
Young's modulus in accordance with
standard NF P 98-235-1 (g= 600 kPa, P=
300kPa). The mean values of elasticity
parameters calculated in this way are 400
MPa and 274 MPa for Diack basalt and
Sindia laterite respectively (Table 2).
Poisson's ratio values are chosen with
reference to the work of [16].

0\ k2
MT' = k1 (a)
© is the sum of the principal stresses;

[Eq3]

asphalt concrete.
represents a

However,

1300 MPa
reference  modulus for an

k1 and k2 are the model parameters;
Pa is the normalizing atmospheric pressure.

Table 2 Material parameters for the structure studied

Pavement layers | Type of Layer Thickness (m) | E(MPa) | Poisson’s ratio v
Surface Asphalt concrete | 0,08 1300 0,35
Base Diack’s basalt 0,25 400 0,25
Sub-base Laterite of Sindia | 0,25 274 0,25
Subgrade PF1 0 30 0,25
configuration on  flexible  pavement

Loading the structure

Traffic loads are applied to the pavement by
tires, which exert forces on the tire-pavement
contact surface. In Senegal, the reference
load taken into account is that of 130 kN
made up of two dual wheels (Figure 2). The
loading considered in the simulation is that of
a dual wheel half-axle and a 65 kN single
wheel, in order to assess the impact of axle

structures. The loading will be distributed
and applied to one and two indentations in the
surface layer. The reference load used for the
design is 130 kN. It is shown in figure 2. Two
cases will be studied, that of a single wheel
and a dual wheel, in order to see which would
create the most damage.
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Figure 2 Standard axle load of 65 kN [19]

RESULTS AND DISCUSSIONS
Sensitivity analysis of fatigue and rutting
cracking as a function of wearing course
thickness and with regard to exceeding the
regulatory load and axle configuration is
studied. Variations in pavement response as a
function of asphalt concrete thickness are
shown in figure 3.

It can be seen that, whatever the thickness of
the base layer, the tensile strain increases
when the thickness of the wearing course is
in the range from 1 cm to around 8 cm. From
8 cm upwards, the strain decreases with
increasing layer thickness (Figure 3). It is at

-600
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-400

@ 300

-200 \

Hb =10 cm

Hb =20 cm

-100 Hb =25 cm
Hb =30 cm
—<o0—Hb=35cm

Hb =40 cm

0 ) 5 ) 10
Thickness of wearing course (cm)

a)

Tensile strain below the weaning course

this point that the asphalt layer begins to act
structurally and distribute the load to the
lower layers. A maximum level of
deformation was reached at 7.5 cm,
confirming what is indicated in the literature,
which is between 4 cm and 8 cm for road
traffic loads [20]. A further increase in the
thickness of the bearing layer reduces the
bending of the structure and therefore the
resulting deformation. We also note that with
Alizé, when the thickness of the bearing layer
is low, the horizontal deformation is
compressive, that is, it is positive.

-400
-300

-200 /

-100

—~

Tensile strain below the xearing course

:’3/_100
200 /

300 / Hb =10 cm
v Hb =20 cm
400 Hb =25cm
Hb =30 cm
500 —o—Hb=35cm
Hb =40 cm

600

15 0 5 10 15
Thickness of wearing course (cm)

b)

Figure 3 Variation of tensile deformation below the bearing layer for a given H,, base layer thickness: a)

Kenlayer b) Alizé

With Kenlayer, the number of permissible
fatigue cracking cycles decreases between 4
cm and 8 cm. This decrease in the number of
fatigue cracking cycles in the 4 cm to 8 cm
range, while the thickness of the wearing
course increases, could lead to premature
damage to flexible pavement structures,

especially as the catalog of new pavement
structures and guide to pavement design in
Senegal recommends a wearing course
thickness of around 1 cm. From 8 cm
upwards, this number starts to increase. In the
thickness range from 4 to 9 cm, the number
of cycles permissible for fatigue cracking is
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not very sensitive to variations in wearing
course thickness (Figure 4a). However, from
9 cm up to 20 cm, there is a significant
variation in this number of cycles, and this
variation becomes more pronounced as the
wearing course thickness approaches 20 cm.
In fact, with Asphalt Institute, when the layer
thickness is increased from 4 cm to 6 cm,
that’s to say a variation of 2 cm, the number
of permissible fatigue cycles varies by 28%
in relative variation. If the thickness is
increased from 10 cm to 12 cm, that’s to say
a 2 cm variation, the number of cycles varies
by 401%. These differences could be
explained by the wide stress diffusion that
increases with layer thickness. With Alizé,
the number of cycles starts to increase from 9
cm bearing thickness. In contrast to
Kenlayer, the number of cycles is highly
sensitive between 4 cm and 5 cm. We find an

3.0E+07 —
—e— Asphalt institut

—e— Shell Oil
2.5E+07

2.0E+07
1.5E+07
1.0E+07

5.0E+06

Number of cycles per fatigue crack

0.0E+00

0 V9earing Hurse thitRness (c?r?)

a)

25

absolute difference of 6,7 x 10° cycles, or
574% in relative variation with Asphalt
Institute and 1.4 x 10”cycles and 2561%
with Shell Oil in absolute and relative values
respectively (Figure 4b). Between 4 cm and 6
cm, the number of fatigue cycles with
Asphalt Institute varies by 1372% in relative
value. Between 10 cm and 12 cm, it varies by
20%. Comparing the differences between
Alizé and Kenlayer, we see that in the
wearing course thickness range from 4 cm to
10 cm, the number of permissible cycles to
fatigue failure obtained with Alizé is higher
than that obtained with Kenlayer. From 11
cm to 20 cm, the number of cycles is greater
than with Kenlayer (Figure 5). But the
problem is that the number of fatigue
cracking cycles in the 4 cm to 9 cm range
decreases as the thickness of the wearing
course increases.

1.6E+07 —
—e— Asphalt institut

LAE+07 ! —e— Shell Oil
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Figure 4 Variation in the number of permissible cycles per fatigue: a) Kenlayer b) Alizé
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Figure 5 Variation in number of fatigue cycles as a function of wearing course thickness
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In the study of the number of permissible
cycles before rutting failure, we first note that
the number of cycles increases with
increasing wearing course thickness (Figure
6). However, the number of cycles is low in
the 4 cmto 7 cm range, compared with values
above 7 cm wearing course thickness. With
Kenlayer, It is of the order of 10* cycles with
Asphalt Institute and 10° cycles with Shell
Oil. Whereas above 7 cm, this number
reaches the order of 107cycles with Asphalt
Institute and 108 cycles with Shell Oil. From
8 cm upwards, the model tends to
overestimate the number of permissible
cycles. From 4 ¢cm to 6 cm, with Asphalt
Institute, the number of cycles varies by
6 x 103 cycles, or 19.4% in relative terms. If
the thickness is increased from 10 cm to 12
cm, a difference of 2 cm, the number of
cycles varies by 52%. Whereas with Alizé,
when the thickness goes from 4 cm to 6 cm,
it varies by 2.27 x 10> cycles and 55% in
absolute and relative variation respectively.
Between 10 cm and 12 cm wearing course
thickness, the number of cycles varies by
6.2 X 10° and 44% in relative variation.
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—o— Asphalt institut
%.5E+08 —e— Shell Oil
.0E+08

.5E+08

0E+08

mber of gycles ger rytting dam
m
+
8
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Wearing course thickness (cm)

a)

25

Given the differences in terms of relative
variation, the number of permissible cycles
for fatigue cracking seems to be more
sensitive to variations in wearing course
thickness than the number of cycles for
rutting damage. In fact, with Asphalt
Institute, for values of 4 cm and 6 cm wearing
course thickness, the relative difference is
28% and 19.4% for fatigue cracking and
rutting respectively. And between 10 cm and
12 cm, the difference is 401% for fatigue
cracking and 52% for rutting. This greater
susceptibility to fatigue cracking could be
explained by the fact that the wearing course
is subjected to the most severe traffic
aggression, being in direct contact with
traffic loads.

In general, the rutting allowable load
repetitions obtained by the Asphalt Institute
is very low compared to those obtained by
Shell Oil (Figure 6). These very high Shell
Oil allowable repetitions can lead to poor
design, that’s to say the choice of low
pavement layer thicknesses.
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Figure 6 Variation in the number of permissible cycles per rut: a) Kenlayer b) Alizé
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Figure 7 Variation in the number of permissible cycles per rut as a function of wearing course thickness

With the Alizé calculation code, for a
wearing course thickness of between 4 cm
and 7 cm, a 1 cm variation in thickness results
in a variation of the order of 10> cycles and
10° cycles at rutting failure with Asphalt
Institute and Shell Oil respectively. Between
7 cmand 20 cm, still with a variation of 1 cm,
this number of cycles rises to around 10°
with Asphalt Institute and 107 with Shell Oil.
Compared with the number of cycles for
rutting failure, that for fatigue cracking
obtained for a variation of 1 cm in wearing

70
—&— Fatigue cracking

60 —&— Rutting damage

50
40
30
20

10

Relative variation in number of cycles (%)

0 5 10 15 20
Wearing course thickness (cm)

course thickness shows the greater sensitivity
of fatigue cracking compared with rutting
damage for a variation in wearing course
thickness. In addition, this significant
variation in the number of cycles to rutting
and more or less significant variation in the
number of cycles to fatigue failure for a
variation of 1 cm in thickness could lead to
premature  deterioration of pavement
structures calculated with the Alizé design
code. This greater sensitivity to fatigue
cracking is illustrated in figure 8.

% —&— Fatigue cracking
80 —&— Rutting damage
70
60
50
40
30

20

10

Relative variation in number of cycles (%)

0
0 5 10 15 20
Wearing course thickness (cm)

Figure 8 Evolution of relative variation as a function of wearing course thickness with Alizé: a) Asphalt

Institute b) Shell Oil

Effect of exceeding regulatory loads
The results of this study show that the vertical
deformation at the top of the platform and

that below the wearing course vary linearly
with increasing load. However, the variation
is much greater with vertical deformation,
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with a slope of 48.014 compared with 16.318
for tensile deformation (Figure 9). The results
also show that it is possible to predict the
effect of overloading on pavement response.
It can be seen that, as axle load increases, the
number of permissible cycles to fatigue and
rutting failure decreases (Figure 10). This is
due to the increase in tensile deformation

below the wearing course and vertical
deformation at the top of the subgrade.

For flexible pavement structures, fatigue
cracking would appear to be more sensitive
to exceeding the reference load than rutting.
This could be explained by the high repeated
bending stresses beneath the asphalt concrete
layer, which can reach permissible values
prematurely.

700
600 | Y =48.014x +140.73
R2 = 0.9964

N
o
o

300

200

Vertical strain (pe)

100

0 5 10 15
Load (tonnes)

Figure 9 Pavement response as a function of axle load
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0.0E+00
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Figure 10 Number of permissible cycles as a function of axle load

The almost linear evolution (R? = 0.99) of the
number of cycles as a function of axle
overload is illustrated in figure 11. It shows
the high sensitivity of flexible pavement
structures in relation to their service life in the
event of overloads, but also the prediction of
a reduction in this service life.

For an overload of 12.5 tons, that’s to say 1
ton more than the regulation axle (11.5 tons),
the number of fatigue cracking cycles is
reduced by 0.62 million cycles with the

Asphalt Institute and 0.67 million with the
University of Nottingham respectively. The
number of rutting cycles is reduced by 0.74
million and 0.45 million with Asphalt
Institute and  Nottingham  University
respectively.

For a variation of 4 tons in relation to the
regulation axle, the number of fatigue
cracking cycles decreases by 1.5 million
cycles with Asphalt Institute and 1.6 million
with  the University of Nottingham
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respectively. The number of rutting cycles  with the Asphalt Institute and the University
was reduced by 1.7 million and 1.3 million of Nottingham respectively.
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Figure 11 Evolution of the overload in relation to the legal axle as a function of the number of admissible
cycles

2 3
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Effect of axle configuration the top of the platform, these pavement
A comparative study of the effect of axle responses are higher with the single wheel
configuration on pavement response isshown  than with the dual wheel. However, the
in figures 12 and 13. It can be seen that the  greatest difference is noted for wearing
deformations generated by the single wheel course thicknesses in the 4 cm and 8 cm range
are higher than those obtained with the dual (Figure 13). Indeed, for a 4 cm thickness, the
wheel. It can also be seen that this difference  tensile strain deviation is 265.4 pe and 269.9
decreases with depth and even tends to cancel ue for an 8 cm thickness. However, for a
out towards the subgrade layer (Figure 12). thickness of 15 cm, for example, the
The more unfavorable effect of the single  deviation is 76.9 pe. Hence the need to take
wheel compared to the dual wheel could be into account the effect of the single wheel in
explained by the fact that the single wheel  the design of flexible pavement structures,
tends to puncture the structure. With regard given the diversity of axle configurations in
to variations in tensile deformation below the ~ Senegalese road traffic.

wearing course and vertical deformation at
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Figure 12 Stress and vertical strain as a function of pavement depth
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Figure 13 Evolution of pavement response as a function of wearing course thickness and axle

configuration

By the same token, the number of permissible
cycles is lower with all models in the case of
a single wheel. In fact, the higher the tensile
deformation below the wearing course or the
vertical deformation at the top of the
subgrade, the lower the number of
permissible cycles at failure or rutting. This
sharp increase in the number of cycles could
be explained in part by the wearing course's
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m Dual wheel

I‘ I| -| -I -I .|
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Wearing course thickness (cm)

1.0E+06

8.0E+05
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2.0E+05

Number of cycles per fatigue crack

0.0E+00

ability to act structurally from a certain
thickness and distribute the load to the lower
layers. This results in a sharp reduction in
tensile deformation below the wearing course
and vertical deformation above the subgrade,
leading to a rapid increase in the number of
cycles from a given wearing course
0.0E+00 " —— ——

thickness.
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Wearing course thickness (cm)
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Figure 14 Influence of axle configuration on service life as a function of wearing course thickness (Asphalt

Institute)
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Figure 15 Difference in number of cycles between dual wheel and single wheel (Asphalt Institute): a)
fatigue cracking b) rutting damage
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Figure 16 Sensitivity of permissible number of cycles to wearing course thickness (Shell Oil)
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Figure 17 Difference in number of cycles between dual wheel and single wheel (Shell Oil): a) fatigue
cracking b) rutting damage

International Journal of Research and Review (ijrrjournal.com) 70
Volume 11 ; Issue : 10 ; October 2024



Babacar Diouf et.al. Study of the influence of the variability of traffic-related parameters on the service life of
flexible pavement structures in Senegal by a Mechanistic-Empirical approach

CONCLUSION 3. Murillas, A. Q. (2010). « Application de
This paper focuses on the effect of traffic, méthodes et d’outils mécaniste-empiriques
particularly overloads and axle configuration, pour la conception et la rehabilitation des
on the performance of flexible pavement chaussees », Faculte de sciences et de genie
structures. Its main objective is to determine S\élll;lgglversnte Izggglls,)Quebec « Réalement
pavement responses at critical points.  N°14/2005/CM/UEMOA relatifg A
Vert_ical deformation above th? subgrade and I’harmonisation des normes et des procédures
tensile strain below the wearing course are du controle du gabarit, du poids, et de la
determined using the Kenlayer calculation charge a Dessieu des véhicules lourds de
code. Pavement performance is then assessed transport de marchandises dans les états
using transfer functions such as Asphalt membres de 1’Union Economique et
Institute and Shell Oil, and the number of Monétaire Ouest Africaine (UEMOA) ».
cycles corresponding to fatigue cracking and 5. Samb, F. (2014). « Modeélisation par éléments
rutting are deduced. The study is of vital finis des chaussees en graveleux latéritiques
importance in predicting the service life of traits ou non et application au
flexible pavement structures, in order to plan dimensionnement Mecanistique ~ ~ —
for their future maintenance or rehabilitation. Empirique » These de doctorat, Université de
. . Thiés.
The results show that. deformations in the ¢ Bonaquist, R., Surdahl, R, Mogawer, W,
pavement are greater in the case of single (1989). « Effet of tire pressure on flexible
wheel than dual wheel loading. However, this pavement response and performance ».
variation is cancelled out as we approach the Journal of Engineering Mechanics Volume 2,
platform. As for the effect of exceeding the Issue 3, pp. 271-290.
regulatory load, the latter varies linearly with 7. Gillespie, D., Karanuhao, M., Sayers, W.,
the tensile strain below the wearing course Nasim, A., Hasen, W., Ehsan, and D., Cabon
and the vertical strain at the top of the (1999). «Effects of heavy — Vehicle
platform, and consequently, for a given caracteristic on pavement responses and
overload, these pavement responses can be g‘g;g;?a??\f: »|—||\ilgch|\_/|v§5 R;g’s%r;riﬁ?";\r'gggﬁl
predicted. The s_lgnlflcant differences in Transportation Research Board. Washington
damage between single and dual wheels, and 0. 132.
in load overshoot, show the need to take axle g pijerre, P, Dor¢, G. and Vagile, L. (2003).
configuration and possible overloads into « Characterization and evaluation of tire-
account  when  dimensioning flexible roadway interface stresses », Report GCT-
pavement structures and predicting their 03-03 Submitted by University of Laval.
maintenance. 9. Stolarski, H. (1999). «Load testing of
instrument pavement section », University of
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