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Abstract 
This work aims to look for a simplifying surface that can represent the effect 
of the dual wheels on the variation of the stress and deformation state pre-
vailing during the passage of traffic loads. This was facilitated by the results of 
Thiam (2016) [4] obtained on the distribution of the vertical contact stress in 
the space described by the dual wheels. The analysis of the results of this 
study, on all the loading circles considered, shows that the radius loading cir-
cle equal to 0.181 m makes it possible to most probably represent the effect of 
the dual wheels. With this new surface, the effect of the dual wheels can be 
determined in 2D. The choice of this load is confirmed by a study in case of 
overload. Thus, the single axle with dual wheels is represented by a simplified 
diagram equipped on each side by a disk of radius 0.181 m. These results are 
obtained using a numerical simulation under Cast3M with a gravelly lateritic 
pavement. 
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1. Introduction 

The concept of equivalent single-wheel load has long been used in the structural 
design of the pavement. In order to design the exchange of these loads at the 
equivalent single wheel load (ESWL), calculation methods have been proposed 
by some authors like [1] and [2]. These methods are particular adapted to the 
design of airport pavements. The rapidly changing configuration of heavy 
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trucks, equipped with multiple wheels, has highlighted the need for a pavement 
design method, according to which multi-wheel loading can be linked to a 
common standard independent of the configuration of the road wheel. In many 
cases, the loading of the dual wheels is described by two circles with a radius of 
0.125 m and a center distance of 0.375 m. The configuration of this load (2 disks 
spaced) does not allow to model the whole structure-loading in 2D [3]. The sim-
plification of this loading into an equivalent single load; provides pavement de-
signers with a practical means of analysis and to evaluate the state of stress and 
deformation at the level of the roadway. The load circles are converted to a sur-
face equivalent to a single loading circle so that the design criteria based on the 
single-wheel loading circle can still be applied. This will allow us to have the ef-
fect of dual wheels in 2D with the new radius. Although further research is 
needed in this direction, the simplification method presented here will provide a 
satisfactory solution to the problem of loading wheels coupled to a loading cir-
cle. The studies conducted as part of this work are essentially based on a numer-
ical simulation using the Cast3M finite element calculation code. 

2. Modeling the Effect of the Dual Wheels on Pavement  
Behavior 

The study of the distribution of the vertical contact stress in 3D space by [4] has 
a particular advantage for the realization of this research. This distribution is 
performed with the loading of the dual wheels described by 2 disks with a radius 
of 0.125 m and a distance of 0.375 m and that of a wheel simple radius 0.125 m 
on lateritic pavements. The results of his studies show that the vertical contact 
stress is non-uniform on the circular footprint and has a significant influence on 
the deformation of the pavement at the level of the bituminous layer. This de-
formation is maximum in the center of the circular imprint where the vertical 
stress is maximum. The distribution of the vertical contact stress does not influ-
ence the platform [4]. This non-uniformity has been shown by [5] under a 
pneumatic tire thanks to the VRSPTA system (Vehicle-Road Surface Pressure 
Transducer Array) according to the intensity of the load and the inflation pres-
sure. These results show that it is possible to determine non-uniform distribu-
tions of the vertical contact stress for modeling to evaluate their effect. In other 
words, the results obtained with the semi-axle with dual wheels are of particular 
interest for the size of roadways. The stresses induced in the structure by the 
load are maximum in the center of each circular imprint but not in the center of 
gravity of the half-axle (or plumb the twinning) [4]. The implementation of 
these previous results allows us to approach the notion of an equivalent surface. 

3. Study of an Equivalent or Simplifying Surface 

Modeling the load of a half-axle of reference shows the non-uniformity of the 
vertical contact stress on the footprint of dual wheels. This allowed us to quanti-
fy the maximum deformation of the roadway. This deformation is maximum in 
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the center of each twinning disk. The study of an equivalent surface consists in 
looking for a single circle of loading to simulate in the most probable or ap-
proximate manner the effects of vertical stress on the footprint of dual wheels. 

For this, we consider two (2) cases of loadings which are described as follows: 
Figure 1. 

• The load 1 is a circle of radius equal to 0.312 m whose center is the middle 
of the center distance. This circle is tangent to each twinning disk, and this circle 
represents a circumscribed circle for the two circular imprints; 

• The load 2 is a circle of radius equal to 0.187 m passing through the center 
of each twinning disk whose center is midway between the axes. 

The evolution of the deformation will be observed at the center of each load. 
Also, an analysis of the evolution of deformation as a function of depth will be 
used to better understand the details of the study. For this, we will represent the 
deformation at each layer of the roadway to know the answer at each level dur-
ing a solicitation. It is important to emphasize that the study of these loads is 
done by referring to the evolution of the deformation obtained at the center of a 
dual wheel. The studies conducted as part of this work are essentially based on a 
numerical simulation using the Cast3M finite element calculation code. 

3.1. Structure of the Modeled Roadway: Characteristics of the 
Materials-Geometry of the Model and 
Mesh-Loadings-Boundary Conditions 

The modeling of a structure leads, in general, is to be interested in several as-
pects of which the most usual is the geometry and its discretization. The model-
ing is based on a 3D structure of flexible pavement, consisting of a surface layer 
made of 80 mm thick bituminous materials, a lateritic gravelly basecoat treated 
with 2% 250 mm thick cement, a laterite gravelly foundation layer of 250 mm 
thickness and a platform of infinite thickness. The simulations were performed 
considering the hypothesis of the non-linearity of the base layer and that of the 
foundation, while the bituminous layer and the platform have a linear behavior. 
The input parameters obtained by [6] on the lateritic gravel of Ngoundiane are 
presented in Table 1 and used as a working tool for modeling. 

The construction of the finite element model under Cast3M is done in this  
 
Table 1. Characteristics of the lateritic gravel of Ngoundiane [6]. 

Layers of roadway Thickness (m) 
Linear model Parameters of Uzan nonlinear model 

υ () E(MPa) k1 (KPa) k2 () k3 () 

Bituminous 0.08 0.35 1300 − − − 

Base 2% 0.250 0.25 84 279074 0.65 −0.56 

Raw foundation 0.250 0.25 62 837276 0.13 −0.33 

Platform 10 0.25 30 − − − 
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Load 1                              Load 2 

Figure 1. Geometry of the two loads. 
 
study using elements at 8 knots (cub8) on a quarter of the pavement. The car-
riageway is loaded with a half-axle with the dual wheels spaced 37.5 cm apart 
and a single wheel with a radius of 12.5 cm. The charges will be applied to finely 
meshed fingerprints located at the surface layer. The description of this geome-
try has been adopted by [7], who referred to the work of [6] for the optimal di-
mensions chosen. As part of this work, the reference axle is the single dual wheel 
130 KN, used to represent the reference load during mechanical calculation. 

The loading of a half-axle is equal to 65 KN. This load will be distributed and 
applied to the two fingerprints of the dual wheels finely meshed located at the 
surface layer. For each load considered, the entire load of a reference half-axle is 
applied. For the boundary conditions, the horizontal displacements are blocked 
in the transverse directions, and the vertical and horizontal displacements are 
blocked in the lower part of the platform. The images of the 3D mesh of the 
roadway for each load considered and that of the dual wheels are given respec-
tively by Figure 2 and Figure 3. 

3.2. Analysis and Interpretation of the Results 

The results obtained using these loadings, at each layer, are presented in Figures 
4(a)-4(d). 

The results obtained, in the different loading cases, show that the evolution of 
the deformations differs from one layer to another. It decreases according to the 
depth of the layer at the level of the roadway. This may be because the effect of 
the load is attenuated with the depth and distance of the area requested. Howev-
er, it is important to note that the opposite trend is observed at the bottom of the 
foundation layer to a certain depth of the platform. This may be related to sever-
al factors (material properties, interface phenomenon, etc.) that are not covered 
in this study. The results of these simulations show that the load 1 is very low to 
represent the effect of the dual wheels at the two (2) layers of pavement (bitu-
minous layer, base layer). By contrast to the load 2, the evolution of the defor-
mation is close to that obtained with the dual wheels. This is related to the size of 
the loading circle. As the applied load remains the same, the stress is accentuated 
with the reduction of the surface of the loading circle. From the load 2, 
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(a)                               (b) 

Figure 2. Mesh of the structure roadway with the loadings; (a) load 1 and (b) load 2. 
 

 
Figure 3. Mesh of the structure roadway with the loading of dual wheels [7]. 

 
we study a variation of the radius towards the loading center (that is to say a de-
crease of the radius) to see if there is another surface closer than that of the 
loading 2. Figures 5(a)-5(d) show the results obtained with the different radius 
considered. 

It can be seen from these results that, for the different loading circles consi-
dered, the evolution of the deformation is the same at the level of the base layer, 
the foundation and the platform. However, there is a deformation gap at the lev-
el of the bituminous layer with the different circles of loadings. With the radius 
loading circle equal to 0.181 m, the maximum deformation obtained at the sur-
face of the bituminous layer corresponds to that obtained with the dual wheels 
for this layer. The evolution of the latter is similar and close to that observed 
with dual wheels. The difference between the two deformations can be expressed  
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(a)                                      (b) 

 
(c)                                      (d) 

Figure 4. Evolution of the vertical deformation with the loadings studied at the level: (a) 
bituminous layer; (b) base layer; (c) foundation layer; (d) platform. 
 
in relative error according to the formula of equation 1. 

( ) Present value Reference valueRelative error %
Reference value

100−
×    (1) 

Table 2 summarizes the relative error on the deformation in the different lay-
ers between the radius loading circle equal to 0.181 m and the loading of dual 
wheels 

It should be noted that these relative errors are common with the other load 
circles studied. The difference between the different loading circles is found on 
the deformation obtained at the surface of the bituminous layer. 

That’s why our choice will be on the 0.181 m radius loading circle to represent 
the effect under the dual wheels footprint. This loading will be noted the loading 
3 for the rest of the work whose image of the geometry is given by Figure 6. 
Figure 7 presents the mesh of the structure with this loading. 

Otherwise, [8] also show that a 44% increase in load leads to a 15% to 20% in-
crease in deformation for single wheels and 20% to 30% for dual wheels. The 
damage does not only depend on the weight of the vehicle, but also on the con-
figuration of the loads transmitted to the road [9]. [6] shows that it is possible to  
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(a)                                      (b) 

 
(c)                                      (d) 

Figure 5. Evolution of the vertical deformation with the variation of the radius of the 
loading circle at the level of: (a) bituminous layer; (b) base layer; (c) foundation layer; (d) 
platform 
 
Table 2. Relative error on the deformation at the level of the layers with the reference 
load. 

Level Roof of the base layer 
Roof of the  

foundation layer 
Roof of the platform 

Relative error (%) 13 22 8 

 
predict the impact of the overload on the deformations and the deflections at the 
level of the roadway. So it is also important to study the evolution of the defor-
mation with the load 3 in case of overload. For this, we consider a total load of a 
single axle with dual wheels equal to 20 tons. Half of this load (100 kN) will be 
applied at the level of the loading 3. This half of the load will be distributed on 
the two disks representing the half-axle to be able always to make a comparison 
between the two loadings. Figures 8(a)-(8d) show the results obtained in case of 
overload. 

The analysis of these results shows that even in case of overload, the evolution 
of the deformation obtained with the load 3 is very close and similar to that of  
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Figure 6. Schematic of the loading 3. 

 

 
Figure 7. Meshing of the structure with loading 3. 

 
the dual wheels. This allows us to confirm our choice on the load 3. The relative 
error in case of overload is presented in Table 3. 

By these facts, the footprint of the dual wheels of a half-axle, described with 
the aid of two 0.125-m disks, of 0.375 m between-axis, can be represented by a 
single circular surface of equal radius at 0.181 m (load 3). Given the 
non-uniformity of the vertical contact stress on the dual wheels footprint, this 
new surface will represent the effect under the center of a pairing disk where the 
vertical contact stress is maximum. Therefore this equivalent surface will allow 
us to determine the effect of the dual wheels on the behavior of pavements in 
2D. 

Thus, in the space of 3D, the single axle with the dual wheels can be 
represented by two circles of radius equal to 0.181 m. The loading of the dual 
wheels is represented with a single disk. So axle will be equipped on each side by 
a disk of radius 0.181 m. 

According to [10], the distance between the two centers is 1830 m. The new 
geometry of the axle with the equivalent surface is represented by Figure 9. 

The mesh obtained, with the simplified loading of the single axle with the dual 
wheels, is shown in Figure 10. 

4. Conclusion 

In three-dimensional space, [4] has shown that vertical deformation is maximal 
at the center of each disk in the space described by the pairing of two disks of 
0.125 m and 0.375 m between-axis. In order to find a loading circle, which can  
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(a)                                      (b) 

 
(c)                                      (d) 

Figure 8. Evolution of vertical deformation in the event of overload at: (a) bituminous 
layer; (b) base layer; (c) foundation layer; (d) platform. 
 
Table 3. Relative error on the deformation at the level of the layers in case of overload. 

Level 
Surface of the  

bituminous layer 
Roof of the  
base layer 

Roof of  
the foundation layer 

Roof of the  
platform 

Relative error (%) 3 14 23 8 

 
represent the two circles of loadings of the twinned wheels, several circles of 
loadings considered. By referring to results of [4] obtained under the center of a 
dual wheel, we note a deformation gap at each layer of the roadway between the 
different load circles and the dual wheels. This difference is expressed in relative 
error. In addition, an equivalent area, described by a radius of 0.181 m loading 
circle, was found to represent the effect of the dual wheels on the roadway. This 
loading is confirmed by a study in case of axle overload. The interest of this new 
loading circle is to be able to determine the effect of the dual wheels in 2D. That 
said, a new geometry can represent the single axle with dual wheels, each side of 
which is equipped with a disk of radius 0.181 m. The results obtained in this 
study should be the subject of further research in various directions. A study 
must be done on the loading 3 and the simplified loading of the single axle with  

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0 0.00050.0010.0015

Th
ic

kn
es

s (
m

) o
f t

he
 b

itu
m

in
uo

us
 la

ye
r 

Vertical deforformation (με)

dual wheel

loading 3

0

0.05

0.1

0.15

0.2

0.25

0.3

0 0.0002 0.0004

Th
ic

kn
es

s (
m

) o
f t

he
 b

as
e 

la
ye

r 

Vertical deformation (με)

dual wheel

loading 3

0

0.05

0.1

0.15

0.2

0.25

0.3

0 0.000020.000040.00006

Th
ic

kn
es

s (
m

) o
f t

he
 fo

nd
at

io
n 

la
ye

r 

Vertical deformation (με)

dual wheel

loading 3

0

2

4

6

8

10

12

0 0.00005 0.0001

Th
ic

kn
es

s (
m

) o
f t

he
 p

la
tf

or
m

  

Vertical deformation (με)

dual wheel

loading 3

 

DOI: 10.4236/ojce.2018.82018 242 Open Journal of Civil Engineering 

 

https://doi.org/10.4236/ojce.2018.82018


B. B. Thiam et al. 
 

 
Figure 9. Simplified schematics of a single axle with the dual wheels. 
 

 
Figure 10. Mesh of the structure with simple axle loading simplified. 

 
the dual wheels with other types of road to be able to pronounce on the validity 
of these types of loading. 
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