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Abstract: Pavement thickness is highly variable in country roadways. The main objective of pavement
engineers is to insure that these stresses do not exceed the strength of materials used in different pavement

layers. The main objectives of this study were to examine the effect of pavement shoulders on the
structural strength of highways. The finite element analysis and the Kenlayer computer program were used

in the structural analysis of pavement shoulders. This analysis indicated that shoulder width would result
in a slight reduction of vertical stresses.
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INTRODUCTION

Pavement shoulder thickness and widths are highly
changeable in country roadways. Some country

highway sections are even constructed without any
pavement shoulders. One theory states that shoulders

may help increase the service life of pavements by
reducing stresses due to loadings .[7]

Shoulder width is the distance from the edge of the
traveled way to the edge of the roadway. They are

used to hold stopped vehicles for emergency use and
are commonly used by pedestrians and bicyclists.

Shoulder widths vary depending on traffic volumes,
ground, and the cost of added width to the roadway

section. The materials used to construct shoulders are
variable, and include concrete, asphalt, gravel, and

bituminous surface treatments. This study examined
only asphalt paved shoulders.

The  structural  strength  of a pavement section
can be contributed to several factors within the

following cross sectional elements of the roadway
system:  the  number  of layers, types of materials

used,  condition  of  these materials, and the
dimensions of the layers and cross section. The

combination  of these variables determines the
structural strength of the pavements. When heavy

passage loads are applied to pavement surfaces, the
pavement will be subjected to variable levels of

stresses. The main objective of pavement engineers is
to  insure  that these stresses do not exceed the

strength  of  materials used in different pavement
layers. Some pavement designers propose that the

addition of pavement shoulders can reduce edging
stresses in pavements and therefore increase pavement

service life .[8 ,10]

Maintenance plays an essential and integral part in
the life of a pavement. Throughout the past several

decades, preventive maintenance has presented a series
of challenges to pavement engineers, highway planners,

and others involved in the construction and
management of public infrastructure at all levels of

government. This paper discuss about design shoulder
of road that it is an important element in PPM

(preventive Pavement Maintenance).In PPM need
understand performance of pavement and shoulder

structure under load, therefore this paper noticed to
pavement analysis . [8]

Thikness Recommendations for Pavement Shoulders:

Flexible pavements normally have a rather thin asphalt
wearing course with layers of granular base and

subbase used to keep the subgrade from being
overstressed. The basic concept of granular base

flexible pavements is to give a base thickness that
insures that the vertical compressive subgrade stress or

deflection is reduced to some limiting value less than
the allowable distress level. This pavement system

consists of built up layers having successively higher
modulus values in the upper layers. The load spreading

capabilities of this system must occur primarily through
the thickness of the granular base and subbase layers[5].

Employing stiffer materials in the upper layers
result in a obvious reduction of subgrade stress or

deflection. For any given subgrade soil type, this
allows a reduction of thickness of a stiffer layer over

similar thickness of unbound granular material to
satisfy the requirements of an permissible subgrade

distress or limiting deflection criteria. This is a direct
result of better load spreading capabilities of stiff or

rigid layers. However, it is important to note that even
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though stiffer materials reduce the risk associated with

a subgrade mode of distress, such as shear, the
presence of this stiff layer brings about an increase in

the tensile stress amount at the bottom of this layer as
well as a marked increase in the horizontal shearing

stresses .[11]

Asphalt Institute procedures for designing asphalt

pavements consider two specific stress-strain conditions.
In the first condition, the wheel load is transmitted to

the pavement surface through the tire as an about
uniform vertical pressure. The pavement structure then

spreads the load stresses, thus reducing their intensity
until, at the surface of the subgrade, the vertical

pressure has a maximum strength. If the vertical
pressure on top of the subgrade is higher than the

strength of that subgrade, rutting can develop due to
repeated loading. The second condition results from the

wheel load deflection of the pavement structure, which
causes tensile and compressive stresses and strains in

the asphalt layer. When the tensile stress exceeds the
strength of the asphalt mix, cracks will start developing

in the asphalt layer . [1]

Asphalt Institute recommends that shoulders be

designed using the same principles and procedures as
for the main travel lanes. This is recommended because

shoulders must withstand encroachment of moving
vehicles and often must serve as temporary driving

lanes during construction or maintenance activities.
Also, at times shoulders are used by slow moving

vehicles as travel lanes. It also is practical for future
traffic usage .

AASHTO has no specific design criteria for
shoulder thicknesses. However, the AASHTO design

guide states that paved shoulders adjacent to flexible
pavements will provide lateral support for the base and

surface courses. AASHTO recommends that local
practice, experience and cost analysis should be

considered as factors in shoulder design .[1]

Streess in Flexible Pavement: The finite element
analysis  and the Kenlayer computer program were

used in the structural analysis of pavement shoulders.
The model characteristics, procedures used in these

methods, and results are described in this research.

Finite Element Analysis: Finite element analysis is
used in all types of applications to calculate a field

quantity.  This  field  quantity could be displacement
or  stress  for a stress analysis, temperature or heat

flux  in  a  thermal  analysis  or the stream function
or  the  velocity potential in a fluid flow analysis.

Finite element analysis is a way of getting a numerical
solution to a specific problem. The solution to a finite

element analysis is approximate unless the problem is
so simple that a convenient exact formula already is

available.

Finite element analysis consists of dividing a

structure into several elements, describing the behavior
of each element in a simple way, then reconnecting

elements at “nodes” as if nodes were pins or drops of
glue that hold elements together. This process results

in a set of simultaneous algebraic equations. In stress
analysis the equations are equilibrium equations of

nodes. There may be several hundred or several
thousand equations, which makes computer analysis

mandatory.
A more multifaceted description of the finite

element method regards it as piecewise polynomial
interpolation. That is, over an element, a field quantity

such as displacement is interpolated from values of the
field quantity at nodes. By connecting elements

together, the field becomes interpolated over the entire
structure in a piecewise fashion, by as many

polynomial expressions as there are elements. The
“best” values of the field quantity at nodes are those

that minimize some function such as total energy. The
minimization process generates a set of simultaneous

algebraic equations for values of the field quantity at
nodes. Matrix symbolism for this set of equations is: 

K ×D = R,                                     Eq. (1)

Where D is a vector of unknowns (values of the

field quantity at nodes), R is a vector of known loads
and K is a matrix of known constants. In stress

analysis, K is known as a “stiffness matrix.” The finite
element method is a versatile tool for structural

analysis. The structure analyzed can be of any shape,
type of supports, and loading configuration . [2]

ANSYS is a software package developed by
ANSYS Group Engineering that was used to perform

the finite element analysis in this study. It allows the
user to solve many types of structural problems using

finite element analysis. The following is the input that
ANSYS required for this analysis: the geometrics of

the problem, loading conditions, and boundary
conditions. Geometrics included the shape and

dimensions of the structure and the number of elements
to be used in the structure.

KENLAYER Analysis: KENLAYER is an acronym

for Bituminous Structures Analysis in Roads. It was
developed by Hounag. Kenlayer is a program to find

stresses,  strains, and displacements in asphalt
pavement structures. It assumes that the pavement

structure is unlimited in the x and y directions. The z
direction is the depth and is dependent on the input.

The bottom layer in the z direction is assumed to be
infinite in depth . [9]

Kenlayer solves a variety of asphalt pavement
problems. To solve these problems, certain information

about  the  problem  must  be  specified in the input
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coding. The required input for Kenlayer includes

number of layers in the structural system, modulus of

elasticity, and Poisson’s ratio for each of those layers,

thickness of each layer, number of loads being applied

to the system, horizontal and vertical components of

these loads, position of the loads, radius of the loads,

number  of  points  where  the displacement, stress

and  strain  are  to  be  determined, and the location

of the points. Furthermore, all the units for the input

must be the same, so the units of the output are

known. The output from Kenlayer does not specify the

units being used; neither does the input .[9]

Model Characteristic: Characteristics of the models

used  for the two analysis methods are quite like.

These characteristics include thickness of the layers,

types of materials, and properties for the various

materials. Kenlayer only uses the information pertaining

to asphalt pavement structures. This section examines

these characteristics for each analysis procedure.

A  three-layer system was used in the analysis.

The material included in the surface layer was asphalt.

Base materials included coarse base course, asphalt

treated base (ATB), or cement treated base (CTB).

Subgrade is the existing in place soil. Table. 1

summarizes the modulus of elasticity (E) and Poisson’s

ratio (n) for the materials analyzed in this study.

Finite Element Analysis: The finite element model

used  in  this  study  represented  a typical driving

lane  and  a  shoulder. This was done for simplicity

and ease of analysis. The pavement structure consists

of a 3.6 m traveled way and a variable shoulder width.

The material properties described in the prior section

were used to create various models for analysis. Plane

strain analysis was used for this model. The materials

were assumed to be isotropic and linearly elastic.

Plane strain is a situation in which Z = 0, because

physical constraints check the strain from occurring in

that direction. Furthermore, plane sections that are

perpendicular to the longitudinal axis remain plane and

at the same distance apart. An isotropic material is one

in which the material properties are the same regardless

of direction. A material is elastic if the strains caused

by the application of a given load disappear when the

load is removed . It is linearly elastic if the strains[6 ]

increase or decrease linearly. Rollers were used as the

boundary condition along the bottom of the model and

on the left side of the model.

A unit load was applied to the model at 0.3 m

away from the edge of the traveled way. This load was

applied as one foot wide to approximately represent the

width of a truck tire. This method yielded stresses and

strains for the entire pavement structure. For the

purpose of this analysis the stresses were found directly

under the load, at the edge between the traveled way

Table 1: M aterial Properties

M aterial E(kPa) Poisson’s ratio

Asphalt 2,000,000 0.35

CTB 400,000 0.25

ATB 150,000 0.35

Granular Base 120,000 0.40

Subgrade 100,000 0.45

and the shoulder and at the edge of the shoulder. More

specifically, stresses located at the bottom of the

surface layer, middle of the surface layer, bottom of

the surface layer, bottom of the base, and at the top of

the subgrade were collected. 

KENLAYER Analysis: In the Kenlayer analysis, the

basic model characteristics described above were used

only for the asphalt pavement structures. Kenlayer only

can be used to analyze asphalt pavement systems. The

load used in this analysis was 40 kN, to represent one

wheel of the standard 80 kN axle.

The tire pressure was assumed to be 690 kPa, with

a circular contact area. The load and tire pressure yield

a tire patch radius of 135.9 mm by using the equation

F = P/A where: F is a force, P is a pressure, and A is

the area. In this case, F = 40 kN , P = 690 kPa and A

equals the area of a circle (A = ðr ). A representation2

of the conditions for the Kenlayer analysis can be seen

in Figure 2. The stresses that were found by this

analysis were the ones located directly below the load;

at the bottom of the surface and at the top of the

subgrade .[11]

RESULT AND DISCUSSIONS 

The two structural analysis methods yielded

stresses and strains for the various locations of notice.

The locations include stresses at the bottom of the base

layer and the top of the subgrade. The results of the

two analysis methods are summarized in the following

sections.

Finite Element Analysis: The finite element analysis

was conducted by using ANSYS. The stresses were

determined by obtaining the stress at a node on the

model that was of interest. At locations where there

was  a  transition from one material to another

(material interface) the stresses for the specific layer

could not be obtained by specifying the node. This is

because the finite element method averages stresses

from around the node. Thus the stresses would be the

same at the bottom of one material and at the top of

the other.

Stresses  normally  change at material interfaces.

To get these stresses, strains were determined at these

nodes. The strain remains the same across the material

interface, no matter the change in materials. Then the

following equation was used to obtain the stresses from
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Table 2: Stresses under the Load in the Vertical Direction from Finite Analysis (Asphalt Surface)

Shoulder Width (m) Stresses (kPa)

Base  M aterials Thickness (mm) --------------------------------------------- ----------------------------------------------------------

Surface Base Top of Subgrade Percent Change

Untreated 75 150 0 -211.0 ----

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Untreated 75 150 3.0 -245.8 17.3

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ATB 75 150 0 -83.9 -----

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ATB 75 150 3.0 -80.8 -4.2

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CTB 75 150 0 -52.8 ----

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CTB 75 150 3.0 -50.9 -5.1

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Untreated 300 150 0 -93.2 -----

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Untreated 300 150 3.0 -90.3 -3.4

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ATB 300 150 0 -45.2 ------

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ATB 300 150 3.0 -43.9 -3.4

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CTB 300 150 0 -31.1 -----

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CTB 300 150 3.0 -29.7 -4.8

Table 3: Stresses between Traveled Way and Shoulder in the Vertical Direction from Finite Element Analysis (Asphalt Surface) 

Base  Materials Thickness (mm) Shoulder Width (m) Stresses (kPa)

------------------------------------------- --------------------------------------------------------

Surface Base Bottom of Base Percent Change

Untreated 75 150 0 -126.0 ----

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Untreated 75 150 3.0 -111.9 -11.8

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ATB 75 150 0 -577.3 -----

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ATB 75 150 3.0 -525.5 -10.1

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CTB 75 150 0 -1182.8 ----

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CTB 75 150 3.0 -1076.2 -10.1

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Untreated 300 150 0 -109.1 -----

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Untreated 300 150 3.0 -102.8 -6.1

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ATB 300 150 0 -431.4 ------

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ATB 300 150 3.0 -407.2 -6.1

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CTB 300 150 0 -833.7 -----

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CTB 300 150 3.0 -790.6 -6.3

the strains obtained. The equation is the plane stress-
strain relation of a linearly elastic and isotropic
material . [4]

Eq. (2)

Where:

E = modulus of elasticity,
= Poisson’s ratio

Z = depth
A = radius 

The stresses at material interfaces were calculated
with equation 2. Other stresses were obtained by
examining the node of interest. The stresses obtained
from the finite element analysis are summarized in
Tables 2 and 3. Strains obtained from the finite
element analysis are summarized in Table 4.

The interface between the traveled way and the
shoulder, as presented in Table 3. Table 4 displays the
strains that occur at the bottom of the base in the
vertical  direction.  This  table  indicates  that as the
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Table 4: Strains at the Bottom of the Base in the Vertical Direction from Finite Element Analysis (Asphalt Surface)

Thickness

Base (mm) Shoulder Strains

M aterials --------------------------------------- Width (m ) ----------------------------------------------------------------------------------------

Surface Base Under Percent Between Traveled Percent

the load Change Way &Shoulder Change

Untreated 75 150 0 -1.815 e-7 ---- -5.446 e-8 ----

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Untreated 75 150 3.0 -1.77 e-8 -91.2 -4.05 e-8 -25.4

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ATB 75 150 0 -8.434 e-8 ---- -3.919 e-8 ----

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ATB 75 150 3.0 -8.261 e-8 -11.2 -3.29 e-8 -15.1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CTB 75 150 0 -5.154 e-8 ---- -3.082 e-8 ----

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CTB 75 150 3.0 -5.32 e-8 -2.6 -2.725 e-8 -14.5

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Untreated 300 150 0 -6.97 e-8 ---- -5.355 e-8 ----

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Untreated 300 150 3.0 -6.59 e-8 -5.3 -4.77 e-8 -12.1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ATB 300 150 0 -4.30 e-8 ---- -3.171 e-8 ----

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ATB 300 150 3.0 -4.169 e-8 -3.1 -2.98 e-8 -8.7

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CTB 300 150 0 -2.91 e-8 ---- -2.173 e-8 ----

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CTB 300 150 3.0 -2.861 e-8 -1..8 -2.51 e-8 -5.8

Table 5: KENLAYER Stresses

Thickness (mm) Stresses (kPa)

Base  M aterials ------------------------------------------------------------------ -----------------------------

Surface Base Top of  Subgrade

Untreated 75 150 -153.1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ATB 75 150 -91.5

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CTB 75 150 -55.0

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Untreated 300 150 -25.9

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ATB 300 150 -22.2

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CTB 300 150 -16.8

Table 6: Comparison of Results

Thickness (mm) Stresses (kPa)

----------------------------------- --------------------------------------------------------

Base  M aterials Surface Base Top of Subgrade Percent Change

--------------------------------------------------------

KENLAYER Finite Element

Untreated 75 150 -153.5 -199.1 28.1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ATB 75 150 -91.5 -80.8 13.8

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CTB 75 150 -55.01 -50.3 10.1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Untreated 300 150 -25.8 -90.3 74.6

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ATB 300 150 -22.2 -43.9 50.1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CTB 300 150 -16.7 -29.7 45.2
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Table7: Comparison of experimental data (observation)

Thickness (mm)

Base  M aterials ------------------------------------------- Shoulder Width (m) rutting depths (Permanente deformation))mm

Surface Base

Untreated 100 250 0.9 42

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Untreated 100 250 1.2 34

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Untreated 100 250 1.5 27

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Untreated 100 250 1.8 20

Fig. 1: KENLAYER Model

shoulder width increases the strains decrease

slightly.Looking at Table 2 for stresses under the load,

it is observed that when shoulder width is increased

from 0 m to 3.0 m, the stresses decrease slightly.  

KENLAYER Analysis: Input files were created for

various conditions, and stresses were calculated using

Kenlayer. The Kenlayer output was printed and stresses

were obtained from this printed output. The stresses

from the Kenlayer analysis are summarized in Table 5.

Comparison of Kenlayer and Finite Element

Analysis: The results of the conversion and the

comparison can be seen in Table 5.From Table 6, it is

observed that the two methods yielded different results.

However, both methods showed similar trends, such as

when the base material becomes stiffer the stresses

decreased .[10]

For corporation numerical analysis and experiential

data, researchers observe several shoulders width in

Iranian road and found that with increase shoulders

width rutting depths (Permanente deformation)

decrease. The results of the comparison can be seen in

Table 7. 

Conclusions: This paper presented the methods of

structural analysis used for Shoulder pavement. Finite

element analysis was performed and the Kenlayer

program was run. The results of this analysis provided

stress and strains at the desired locations with variable

shoulder widths. The stresses and strains indicated that

shoulder width had a minimal effect on stresses and

strains at the top of the subgrade and the bottom of the

base layer. The stresses and strains were only slightly

reduced when no shoulder is compared to a 3.0 m

shoulder. The comparison between Kenlayer and the

finite element method showed that the results were

different from each other.

The main objectives of this study were to examine

the effect of pavement shoulders on the structural

strength of highways. This study can be performed by

collecting data on representative highway sections from

throughout Iranian highway for suit period. A statistical

and structural analysis was performed on the data. 

This study was performed to determine the effect

of pavement shoulder width on stresses in the base and

subgrade layers. Stresses under the load were examined

to determine if there is a reduction in stresses with the

added width of shoulders. This analysis indicated that

shoulder width would result in a slight reduction of

vertical stresses.

The judgment between Kenlayer and the finite

element method showed that the results were different

from each other.
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