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Abstract: This study explores the application of finite element analysis to parameter-sensitive analysis. The
important performance parameters are investigated by altering the thickness and material characteristics of
various layers of flexible pavement using a 2D axisymmetric analysis. Additionally, hypothetical pavement
sections are examined in order to determine how sensitive the horizontal axisymmetric extension and mesh
refinement are. Following validation, the generated computer programme is utilised to ascertain the impact of a
single wheel load on the flexible pavement. The FEA analysis determines critical regions of pavement with
maximum shear stress, maximum normal stress, total deformation, and stress intensity flexible pavement. The
effect of different pavement layer thicknesses is then analyzed using the response surface method, and the
numerical data is determined. The current design processes result in premature pavement breakdown or the
construction of unprofitable pavement portions when the direct or indirect empirical approach is used. Applying
experience, expert indentation, or a combination of both to the relationship between design inputs and pavement
failure is restricted to a certain set of environmental and material variables. A good pavement design delivers the
anticipated performance while taking into account the required economic factors, thus in this case it becomes
necessary to discover a cost-effective option in the form of an analytical tool that can handle the specifics of the
intricate pavement system. Instead of relying solely on CBR values, the use of such improved analytical tools
can be advantageous for predicting the performance of pavement without actual construction or even by
outperforming the costly and time-consuming laboratory or in situ tests, for various thicknesses and material
properties of different component layers. In this regard, there is complete certainty in the use of the flexible
finite element method (FEM) for the design of flexible pavement. The use of FEA for two-dimensional plane
stress/strain and more rigorous three-dimensional finite element analysis for further extension of work is simple
given that FEM is not restricted to two-dimensional axisymmetric conditions. By assuming equal stress states
exist in every radial direction, axisymmetric modelling predicts pavement behaviour using a 2D mesh rotating
around a symmetric axis; hence, loading is circular.
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1. INRODUCTION

There are two basic kinds of road pavements: Rigid & Flexible. Wearing surfaces on rigid pavements are
typically made of Portland cement concrete, which functions like a beam across any imperfections in the
supporting material. However, the bituminous materials used in flexible pavements ensure that even tiny
abnormalities are kept in touch with the underlying substrate. A bituminous base is covered with a granular and
a fine layer of material to create flexible pavements. Instead of using a foundation course, concrete pavements
are constructed using Portland cement concrete.

There are four components to flexible pavements: the subsoil, the subbase, the base and the wear surface. The
latter gets stiffer & contributes more to the pavement's strength when formed with Hot Mix Asphalt.
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Figure 1.1: Schematic of a Flexible Pavement

1.5 Finite Element Method

It is advantageous to use the FEM approach to resolve mathematical equations in a variety of engineering
contexts. It was suggested in the aerospace sector as a way to assess anxiety in challenging jet systems. It was
embraced. This technique draws its inspiration from matrix analysis, which is utilised in the design of
aeroplanes. Their individual fields of research have made significant progress. This method reduces the body's
normal structural elements to "limited elements,” which are finite-sized subcomponents. The variables
connected to a small number of connections known as nodes or nodal points are studied in the initial frame and
structure.

The assembly factor of the various joints, known as "nodal points™ or "nodes," is taken into account in the
analysis of the "limited element” if a model or component is divided into discrete portions termed "finite
elements.” The original construction or design is also taken into account. Since pressure and dislocation are
components of an object's real change, the continuum does not recognise temperature, pressure, or velocity. A
straightforward function can calculate the variation of the soil variable in a small area.

We might offer an interpolation model estimate function using the field node include method. If the field
equations are constant, the nodal condition for a changing field is met.

After determining the nodal values, the field variable displays approximation traits throughout the element
assembly process. There are still numerous issues with the finite element method that can be broken down into
manageable pieces.

The following is an illustration of the method's step-by-step application to static structural applications:

Step 1: - Explanation of the Design Model (Domain). The final output area's structure is divided into smaller
pieces or components using the finite element method.

Step 2: The appropriate interpolation technique was applied. We presume a reasonable conclusion in an
unidentified solution component because the dislocation (field variable) explanation of a problematic structure
cannot be anticipated accurately under all stress scenarios. Some union requirements must be completed, and
the desired objective must be obvious.

Step 3: - The third step entails starting to create the inflexibility matrices for the components and load vectors.
Both the predicted load vector P-load for the rigidity matrix (K(e)) and a suitable variant notion for rigidity
matrices (K(e)) and the rigidity matrix load vector P-e should be employed in order to balance the rigidity
matrices (K(e)).

Step 4: At this stage, equilibrium equations are constructed.

The various load vectors and firmness load vectors, as well as the overall equilibrium equation, are all stated in
the same manner because there are multiple finite components.

[KJe = P Using a simple function, one may estimate the soil variable's variation in a constrained region.
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If [K] is the mounted rigidity matrix, age is a nodal displacement vector, and a pressure vector, or nodal
pressure, is known in its whole.

Step 5: - Using a system equation solution, you may find nodal displacements (subject variable). To take into
account the limitations, it is required to alter the conventional equilibrium equations. Once the boundary
conditions have been taken into account, the balancing equations can be given.

[K]p =P

If the issue is linear, handling the vector " p" will be simple. For non-linear problems, each step necessitates
altering the firmness matrix (K) and responding to the or weight vector P in a series of stages.

Step 6:- To the nth power, stresses and strains are determined. From the supplied nodal displacements, the
primary equations of stable or structural mechanics may be applied to derive detailed lines and stresses. The
terms in parenthesis next to each of the procedures mentioned above relate to the FEM procedure that comes
after it.

Objectives
This work main goal is to demonstrate the value of finite element analysis for analysing the impact of
variations in important parameter thickness and material qualities, effect of single wheel load on flexible
pavement. From the FEA analysis, critical regions of pavement having maximum shear stress, maximum
normal stress, total deformation, and stress intensity’s flexible pavement is determined. The effect of different
pavement layer thickness is then analysed using response surface method, and the numerical data determined.
It is an attempt to correlate the results of the current study with actual field circumstances because the
hypothetical thicknesses and material qualities that were taken into consideration for the analysis are typically
employed in practise in accordance with IRC: 37-2012. Through this kind of examination, an equilibrium
between weariness and rutting lives can be reached. The primary goal of the current study is to examine how
the Response Surface Method optimisation technique affects the corner and edge stress created by pavement
layer thickness.
1. CAD modeling of pavement using ANSYS design modelerwizard. Structural analysis on base design
of pavement using ANSYS software.
2. Selection of optimization variables and conducting response surface optimization. These design points
are width of different layers.
3. The DOE (design of experiments) table is generated and output parameters are evaluated for each
design points generated. Generating sensitivity plot, 3d response surface plot and 2D response surface
plot to aid in understanding the effect of each design variable.

2. LITERATURE REVIEW
Khan (1998) [1] The Group Index Method and the California Bearing Ratio Method are explored in relation to
flexible pavement design. A soil's Group Index is used to estimate its thickness initially. Subgrade Group Index
and thickness are presented in connection to different traffic conditions. Building depth and % of California
Bearing Ratio Percentage are used in the construction of California Bearing Ratio curves.
Arora (2003) [2] Flexible pavement design strategies have been documented in a variety of ways. Methods such
as McLeod's approach and the Group Index Method are among the many available. Thickness of foundation and
surface are linked to traffic volume in Group Index Method constructions. Light, medium, and heavy traffic are
plotted on CBR and pavement thickness curves in the CBR Method. The California Resistance Value Method
employs the R-value, which stands for California Resistance. The Mcleod Method utilises graphs to show the
relationship between construction depth and CBR under various traffic scenarios.
Punmia et. al (2005) [3] In this study, they report on the results of Burmister& elastic deformation analyses for
flexible pavements. There have been produced charts for vertical deflections. Curves for the Group Index
Method and the California Bearing Ratio Method have been made available for usage. This method uses the
Group Index and the thickness of the line to plot the curves of the data. Using the California Bearing Ratio
Method, a line is drawn from California Bearing Ratio to the thickness of a building's structure.
Subagio et.al (2005) [4] analyses the structural behaviour of many layers of pavement using approaches with an
equivalent layer thickness. Multilayer pavement systems may be modelled using a one-layer pavement system
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having identical thicknesses of one elastic modulus. The approach of equivalent thickness is based on the
premise that the stiffness of a layer affects the stresses and strains that occur underneath it.

Das (2008) [5] Mechanisticempirical approaches to bituminous pavement design are discussed in this paper.
The reliability of a certain pavement may be evaluated using a variety of failure criteria that take into
consideration variations in pavement design input parameters. Based on empirical pavement design methods, a
technique has been proposed to design asphalt pavements with a certain degree of overall dependability.
Tarefder et. al (2010) [6] The diversity of design inputs necessitates consideration of dependability in flexible
pavement design. The dependability of flexible pavement designs and subgrade strength variations are
examined in this research. The mean, maximum probability, median, coefficient of variation, & density
distribution of subgrade strength are calculated. Both the dependability and thickness of the design outputs are
taken into consideration when using these procedures. In terms of dependability, the AASHTO technique
outperforms the probabilistic approach. Finally, altering the hot mix asphalt qualities are used to test the
resiliency of the flexible pavement design. To alleviate various problems, it is suggested that the present
pavement thickness be modified by altering the material and subgrade qualities.

Rahman et. al (2011) [7]Flexible pavement design often makes use of empirical methods like layered elastics
and two-dimensional finite elements. More mechanical approaches are being used to lower the restrictions on
stress, strain and displacement calculations for pavements nowadays. In order to achieve the study's requisite
accuracy and convergence, researchers employed ABAQUS software to experiment with model size, element
kinds, and meshing processes.

Ameri et. al (2012) [8]Pavements have been studied and designed using finite element analysis. Using the
finite element approach, it is possible to investigate stability, time-dependent issues, and material nonlinearity.
The Finite Element Method and the Theory of Multilayer System have both been used to examine a large
number of common pavements in this work. As a consequence of this statistical study, the significance
parameter and correlation coefficient were used to compare the findings of these two methodologies.
Finite-element analysis findings are best compared to those from the theory of multilayer systems in this
research, and there is no significant difference in mean values between both.

Jain et. al (2013) [9]the design methodologies that have been historically used and the cost analysis for each
type of rigid and flexible pavement design are discussed. Since they can be reinforced and upgraded
incrementally as traffic increases, flexible pavements outperform cement concrete roads in terms of durability
and their surfaces may be milled and recycled for rehabilitation. The initial investment and ongoing
maintenance costs are lower with flexible pavement as well. Rigid pavement may be more expansive, but it
requires less care and has a longer useful life. Flexible pavements have been shown to be more cost-effective
for low-volume traffic. Flexible pavement has a life expectancy of around 15 years, however it requires regular
maintenance after a given amount of time and the prices are quite expensive. More than 2.5 times as long as
the 40-year life span of a flexible pavement, the life of rigid pavement is more than twice as long as that of
flexible pavement.

Dilip et.al (2013) [10]In designing flexible pavements, consider the uncertainty associated with things like
material qualities and traffic characterization. As a result of this, there have been major attempts in recent years
to include dependability and probabilistic design approaches into pavement design, rehabilitation and
maintenance. The first- and second-order reliability methods, as well as a rudimentary Monte Carlo simulation,
are used in this work to assess the resiliency of a flexible pavement segment. Narrow boundaries are also
recommended, since they offer a more accurate assessment of the failure probability, as shown by the Monte
Carlo Simulation findings.

3. METHODOLOGY

3.1 Overview

An object, such as the cylinder depicted in Figure 3.1, is broken down into a series of discrete elements linked
at their nodal points for finite element analysis. Nodal stiffness is determined for each element based on an
assumed variation in element displacements and stress-strain characteristics of its material. Nodal point forces
may be expressed in terms of nodal point displacements and stiffnesses for each nodal point in the system. The
resulting equations are then used to determine the actual velocities. The strains and stresses in each element are
then calculated based on the displacements of all nodal points. Real-world systems analysis often necessitates
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the simultaneous formulation and solution of hundreds of equations. As a result, this method can only be used
with modern, high-performance digital computers. The digital computer software that was employed in this
investigation is detailed elsewhere. " In order to accurately reflect the behaviour of granular base and cohesive
subgrade materials under traffic-like circumstances, modifications have been made to automatically produce
acceptable finite element configurations for axisymmetric pavement structures analysis.

This computer application uses quadrilaterals and/or triangles to break down the structure to be studied. For the
sake of this investigation, only quadrilaterals were used. The computer algorithm then divides each
quadrilateral into four triangles. Within each triangle, the displacements are supposed to fluctuate linearly. This
assumption guarantees the deformed structure doesn't develop gaps and that displacements are compatible all
over and at all nodes. Each node's load or displacement and the material parameters of each element (Young's
modulus and Poisson's ratio) must be specified in addition to the finite element configuration. The density of
each material has to be supplied in order to determine the initial gravity stress (corresponding to no applied
weight on the pavement) for each element in the nonlinear analysis. Nodal displacements at each of the
quadrilateral components' nodal points, as well as a full state of stress at the centroid of each quadrilateral, are
generated by the computer. The average of the stresses in the four triangles is used to calculate quadrilateral
stresses.
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Figure 3.1: Pavement Section Showing Critical Line and Hypothetical Idealization

3.2 Methodology Steps

The analysis of pavement is conducted using techniques of FEM. Different stages of FEM are discussed in this
section.

3.2.1 CAD Modelling

ANSYS design modeller is used to create the pavement CAD model. Figure shows the CAD model of the
pavement that was produced.
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Figure 3.2: CAD Model of Pavement
The layer highlighted in figure 3.2 above comprises of wearing course and binder course.
The next layer is shown in figure 3.3 below which is base layer and sub base layer.
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Figure 3.3: CAD Model of Pavement Base Layer
The bottommost layer of pavement is subgrade layer as shown in figure 3.4 below.
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Figure 3.4: CAD Model of Pavement Subgrade
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3.2.2 Meshing CAD Modelling in ANSYS

After CAD design of pavement is developed, it is meshed using hexahedral elements. The total number of
elements and nodes created is 2232 and 7039, respectively. Due to topological consistency the model is suited
for hexahedral elements.

o.00 SOoO0.00 1 000.00 Crraxre>
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Figure 3.5: Hexahedral Element Meshed
3.2.3 Applying Loads and Boundary Conditions
Loads and boundary conditions are utilised in combination with the CAD model to provide force and
displacement support.Depending on literature, there are a lot of restrictions. Pavement subbase is applied using
a fixed support system.The loading condition are applied as per Indian Road Congress (IRC: 37-2012).

(] 150000 300000 )
50 usm

Figure 3.6: Loads and Boundary Condition

3.2.4 Solution Stage
At this stage, the stiffness matrix is formulated for each element type. The nodal calculations are made for
deformation and stresses. The complete edge length of the element was interpolated in order to arrive at these
findings.
3.2.5 Response Surface Methodology for Design Optimization
There are numerous methods in the response surface method (RSM) that may be used to analyse issues in
which several independent variables have an impact on one dependent variable.[28]. There's a goal here: to
maximise this reaction. When X1 is denoted as an independent variable, it is assumed to be continuous and
controlled by the researcher with small error. Xn is the number of independent variables.[29]. To express the
link between a dependent variable and one or more other variables, correlation may be used.

y =f (X1, Xo, X3, X4....... Xn) t €
The "y" answer has a "noise" or "error" in it.
The expected answer may be labelled as follows:

E(y) =f (Xl, Xa, X3, X4....... Xn) =7n
This is referred to as the "surface"

f (X1, X2, X3, X4....... Xn) =7

12
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is called the response surface[29].
The optimization parameters selected for optimization are shown in table 3.1 below.

Table 3.1
Optimization Variables
Subgrade 900mm
Baselayer 450mm
BI 200mm

& Ferdy 3 Oua 5 om

Figure 3.7: Variable Definition for Optimization

3.3 Optimization Types used for Research
3.3.1 Central Composite Design
Second-order response models are often employed in combination with these sorts of designs. As you can see,
there are three sorts of points in this design.

1. Axial Points: A screening analysis generates axial points.

2. Cube Points: 2n cube points are derived from the total number of professors on a certain campus.

3. Center: A nominal design is used to generate a single centre.
The control parameter ranges (minimum and maximum values) are altered to [-1, + 1] for a more complete
explanation of the diagrams. Central Composite (CCC) is used to create a three-dimensional design with a
confined area. The axial points are located in a bi-radius hypercube. The lateral length of the cube formed by
the cube points is 2.

B Cube points

e . » ® Axial points
Paramter 3 - Tl H e

\:'\‘ @ Center point
Paramter 2

7777777777777777777777 b
Paramter 1 E‘“‘-

»
Figure 3.8: The Example Points of a Central Composite Circumscribed Design with Three Input Parameters

3.3.2 Optimal space filling design

Using deterministic models, it is preferable to employ space fill designs since the design points are uniformly
distributed over the design area. There must be a computer simulation that accurately represents the physical
system in order to employ these design choices. This article does not explore the ability of space fill designs to
verify a simulation with physical test data, but rather illustrates how these designs are employed in a validated
simulation to characterise a physical system.
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These projects may record diverse reactions in different places due to the diffusion points. The response
behaviour in the design space might alter dramatically according to the complexity of these simulations. In
general, attempts to fill empty space strive to avoid making duplicates in as many dimensions as possible. The
optimum space fill design does not contain replication points in the smallest design space when searching for
elements that do not have a statistical influence on the response. As an example, when one element is found to
be insignificant and the plan is projected onto the lowest dimension of the other factors, there is no reaction.
Due to the deterministic nature of the result and the lack of extra information provided by the duplicated test
points, this method allows us to learn more about the system in question.

1. Traditional DOEs (like CCD) would concentrate on modifying parameters near to the scope of the design

area due to the noise involved with physical testing.

This restriction does not apply, or does not apply as much, to the computer simulation.

An equitable distribution of the design parameters is made possible by a room filling system.
The goal is to convey the most information possible with the fewest points.

arwn

constrained.
6. The design room's cover is not consistent. Centres and/or angles are not always included.
7. The choice of the beginning place takes into account a few risks.
Optimal space filling design is shown in figure 3.9

P1 ‘ .

P2

Figure 3.9: Optimal Space Filling Design
e  Benefit: - provides the user with the option to define the number of design points. - You must
enhance the functions that fill the available space if you wish to apply a more sophisticated
metamodeling technigue like kriging, non-parametric regression, or neural networks.
e Disadvantage: - Choosing too many design points can lead to poor response prediction quality since
the ends are not always covered.
3.3.3 Box Behnken Design
The Box-Behnken layout lacks an integrated factorial or fractional layout and is a standalone square design. In
this layout, the middle and edges of the treatment room are where treatment combinations are located. These
designs can rotate (or virtually rotate) for each factor. The structures orthogonal to the main composite
components can only be partially locked.

Figure 3.10: Box-Behnken Design for Three Factor

14
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Projects developed according to the Box-Behnken method have processing combinations that "lie in the centre
of the test room's edges and need at least three continuous components.” A three-factor box barrier design is
shown in the illustration below. These designs enable rapid estimation of the first and second order
coefficients. Box-Behnken designs frequently contain fewer design points than central composite designs with
the same number of pieces, so they might be less expensive to build. They are not suited for subsequent trials
since they do not have an integrated factorial design. If we are aware of the process's safe operating area, using
Box Behnken projects is also a possibility. Axial points are typical in core composite constructions outside of
the cube. These locations might not be of local interest or might not be reachable due to being outside of the
safe operating parameters. You may be sure that every design point in Box-Behnken projects is within the
spectrum of safe operation. The Box-Behnken designs are employed to avoid this.

3.3.4 Sparse grid initialization

This approach was initially designed to solve partial differential equations. Smolyak, a Russian mathematician,
is credited with introducing the basic concept of sparse grids. Hyperbolic crosses, Boolean techniques, discrete
blending methods, and splitting extrapolation methods are also strongly connected to the notion. The sparse
grid technique uses O (hn-1.log(hn-1)d-1 grid points in the discretization process to represent a function f
defined across a d-dimensional domain, where hn:= 2n is the mesh size and n is the discretization level. O
(hn2.log(hn-1)d-1 for an accuracy of O) may be proved to be the order of approximation for a function f given
certain smoothness requirements (hn2). Sparse grids, on the other hand, need many fewer points in higher
dimensions to obtain the same approximation quality as ordinary complete grids. The complete grid method's
dimensionality curse is less severe for sparse grids, and these grids may be utilised to solve problems with
larger dimensions.

Figure 3.11: 2D Sparse Grid and 3D Sparse Grid
3.3.5 Latin Hypercube Sampling
There are just a few iterations in the latin hypercube sampling and the input probability distributions are
stratified. In probability theory, stratification is the process of dividing the cumulative curve into equal
intervals (0 to 1.0). Each interval or stratum of the input distribution is then randomly sampled. As a result,
sampling is compelled to re-create the input probability distribution™.

Five Iterations of Latin Hypercube Sampling
10
]
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T
Cumulative 6
Probability !
Distribution 5
Stratified
Irto 4
Five Intervals
3
2
a H
0 H
Minimurm T Maximum
Distribution Values Sampled Distribution
Value Value

Figure 3.11: Latin Hypercube Sampling
The cumulative curve in figure 3.12 above is divided into five intervals using the Latin hypercube, which more
precisely reflects the value distribution without replacement. Stratification affects the iteration numbers. The
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sampling effectiveness and runtimes of the Latin Hypercube are considerably enhanced. Latin Hypercube analysis
may be useful for probability distributions that contain low-probability events. Latin Hypercube sampling pushes
the sample to include the outlying occurrences, ensuring accurate representation in your simulation findings.

4. RESULT AND DISCUSSION
4.1 FEA Results on Pavement
Normal stresses are determined using a FE study of pavement. The greatest horizontal normal stress is
0.026653 MPa, as illustrated in the red-colored zone. The normal stress is maximum at the point of load
application which reduces along the downward direction.

0.00 500.00 1000.00 (mm)
[ SE—  SS—

25000 750.00

Figure 4.1: Maximum Normal Stress Along X Direction (Horizontal Direction)

L1 50000 1000.00 (mm)
[ Se— SS—

25000 75000

Figure 4.2: Maximum Normal Stress Along Y Direction (Vertical Direction)

Figure 4.2 shows the maximum normal stress in the vertical direction. The maximum normal stress is observed
at the zone of load application with magnitude of 0.0052793MPa as shown in dark blue coloured zone. The
normal stress reduces as we move towards the bottom region of pavement.

Maximum Normal Stress Intensity: The normal stress intensity plot is obtained from the FEA analysis of
pavement. The maximum stress intensity is obtained at the corner region with magnitude of 0.084808MPa
which reduces towards the bottom region and at the other free end.
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Figure 4.3: Maximum Normal Stress Intensity

Total Deformation Plot: The total deformation plot is obtained from the FEA analysis and the maximum
deformation obtained from the FEA analysis is 0.13788mm at the point of load application which reduces
towards the base of pavement and at the free end of pavement.

Figure 4.4 depicts the variance in total pavement deformation across its length. At the point where the load is
applied, the overall deformation is greatest.

000 500,00 100000 (mm)
[ EEaa——  SS—

Figure 4.4: Total Deformation Plot across Length
4.2 Response Surface Optimization
The DOE table is generated from Taguchi response surface optimization method. It includes the optimization
variables i.e., subgrade, baselayer, and bituminous layer. The output parameters include normal shear stress,
normal stress, total deformation. We use a linear regression model to create the design points.
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Figure 4.5: Normal Stress along Length
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Figure 4.6: DOE Table Generated
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Figure 4.7: Shear Stress v/s Design Points

As its evident from figure 4.7 above, the minimum shear stress is obtained for design point number 14 which

has dimensions of 826.83mm subgrade and 486.59 base layer and 216.26mm bituminous layer.
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Figure 4.8: Normal Stress v/s Design Points
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As its evident from figure 4.8 above, the minimum normal stress is obtained for design point number 13 which
has dimensions of 973.17mm subgrade and 413.41mm base layer and 216.26mm bituminous layer.
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Figure 4.9: Total Deformation v/s Design Points

As is evident from the figure above, the minimum total deformation is obtained for design point number 14
which has dimensions of 826.83mm subgrade and 486.59 base layer and 216.26 mm bituminous layer, and
maximum deformation is observed for design point number 9 (0.14897 mm).
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Figure 4.10: Goodness of Fit Curve

The solution yields a goodness-of-fit curve, which demonstrates the precision with which the DOE solution
was arrived at. From the current solution, it is evident that very little deviation is observed for obtained values
(represented in boxes) as compared to expected values (as represented in line).
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Figure 4.11: Shear Stress v/s Subgrade
The figure depicts the relationship between shear stress and subgrade. The shear stress increases gradually with
an increase in the subgrade layer and reaches to the almost maximum stage after 990mm of subgrade thickness.
The minimum shear stress was observed for the 810mm subgrade thickness value.
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Figure 4.12: Shear Stress v/s Baselayer
The variation of shear stress with respect to base layer is shown in figure. The shear stress decreases gradually
with increase in base layer thickness and reaches to minimum value at 495mm of base layer thickness. The
maximum shear stress was observed for 405mm base layer thickness value.
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Figure 4.13: Shear Stress v/s Bituminous Layer
The variation of shear stress with respect to the bituminous layer is shown in the figure. The shear stress
decreases approximately linearly to reach a maximum value of 220 mm of the bituminous layer.
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Figure 4.14: Normal Stress v/s Subgrade
The variation of normal stress with respect to subgrade is shown in figure 4.14. The variation of normal stress
with respect to subgrade is shown in the figure. The normal stress decreases gradually with an increase in the
subgrade layer and reaches to the almost constant stage after 990mm of subgrade thickness. The maximum
normal stress was observed for the 810 mm subgrade thickness value.

Figure 4.15: Normal stress v/s Baselayer
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The variation of normal stress with respect to baselayer is shown in figure 4.15. The variation of normal stress
with respect to the base layer is shown in the figure. The normal stress decreases gradually with an increase in
base layer thickness and reaches a minimum value of 485mm of base layer thickness.
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Figure 4.16: Normal Stress vs Bituminous Layer
The figure illustrates the fluctuation in normal stress regarding the bituminous layer parameter. The normal
stress decreases with an increase in bituminous layer value and reaches a minimum value of 220mm. The

maximum normal stress was observed for a bituminous layer value of 180mm.
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Figure 4.17: Total Deformation v/s Subgrade

Figure 4.17 shows the figure shows the change in total deformation with regard to the subgrade. With
increasing subgrade value, overall deformation grows exponentially. A subgrade value of 810mm has the
lowest overall deformation, while a value of 990mm has the highest total deformation.
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Figure 4.18: Total Deformation v/s Baselayer

The variation of total deformation with respect to the base layer is shown in the figure. The total deformation
increases exponentially with an increase in base layer value. The minimum total deformation is observed for a
base layer value of 405 mm and the maximum total deformation is observed for a base layer value of 495mm.
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Figure 4.19: Total Deformation v/s Bituminous Layer

Figure 4.19 shows the relationship between total deformation and the bituminous layer. Bituminous layer values
decrease linearly in complete deformation. The bituminous layer value of 180mm results in the maximum
overall deformation, while the bituminous layer value of 220mm results in the lowest value of total deformation.
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Figure 4.20: Response Surface Plot of Shear Stress

Figure 4.20 shows the figure shows the shear stress response surface plot as it changes over time. The shear
stress is greatest for subgrade thicknesses of 920-990mm and for base layer thicknesses of 400-415mm. The
shear stress is at its lowest in the dark blue-hued areas displayed.
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Figure 4.21: Response Surface Plot of Normal Stress

Figure 4.21 shows the usual stress response surface map in 3D. Subgrade values between 800mm and 850 mm
and base layer values between 460 and 500 mm provide the highest normal stress on pavement. In the dark
blue zone, there is the least amount of usual stress.
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Figure 4.22: Response surface plot of total deformation

Figure 4.22 shows the 3D response surface plot of total deformation. When the subgrade thickness is more than
950mm and the base layer thickness is between 400mm and 470mm, the total deformation of the pavement
reaches its maximum. In the dark blue zone, the overall deformation is the lowest.
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Figure 4.23: Sensitivity Percentage Plot

The Figure 4.23 shows the Sensitivity percentage plots is generated for different variables and output
parameters. For shear stress, the subgrade layer thickness has the lowest sensitivity percentage of 26.156%
whereas the base layer has the highest sensitivity percentage of 48.678% and the bituminous layer has a
sensitivity percentage of 36.989%. The higher sensitivity percentage of the base layer shows that base layer
thickness has the highest effect on shear stress.

For normal stress, the subgrade layer thickness has the minimum sensitivity percentage of 23.638% whereas
the bituminous layer has the highest sensitivity percentage of 50.762% and the base layer has a sensitivity
percentage of 43.116%. The higher sensitivity percentage of the bituminous layer shows that bituminous layer
thickness has the highest effect on normal.

For total deformation, the bituminous layer thickness has the lowest sensitivity percentage of 18.703% whereas
the subgrade layer has the highest sensitivity percentage of 60.353% and the base layer has a sensitivity
percentage of 20.917%. The higher sensitivity percentage of the subgrade layer shows that subgrade layer
thickness has the highest effect on total deformation.

5. CONCLUSION AND FUTURE SCOPE
5.1 Conclusion
The results obtained and plots, graphs of different correlation of layers and results of shear stress, normal stress
and deformation, | arrived in an outcome.
Finite element-based software tool (ANSYS SOFTWARE) provides a reasonable response and fast analysis
and result compared with empirical method of analysis. ANSYS being a user friendly and being a combination
of both finite element method and multilayer analysis method, this tool can be effectively used for analysis and
design purpose investigating the combined effect of each layer thickness on strength of pavement
The FEA analysis is conducted on pavement to determine the effect of single wheel load on flexible pavement.
From the FEA analysis, critical regions of pavement having high normal stress, deformation on flexible
pavement is determined. The effect of different pavement layer thickness is then analysed using response
method and the findings are summarized below.
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The minimum shear stress is obtained for design which has dimensions of 826.83mm subgrade and
413.41 base layer and 183.74mm bl.

The minimum normal stress is obtained for design which has dimensions of 973.17mm subgrade
and 486.59mm base layer and 216.26mm bl.

The minimum total deformation is obtained for which has dimensions of 826.83mm subgrade and
413.41 base layer and 183.74mm bl.

For shear stress, the higher sensitivity percentage of subgrade layer shows that subgrade layer
thickness has highest effect on shear stress.

For normal stress, the higher sensitivity percentage of subgrade layer shows that subgrade layer
thickness has highest effect on shear stress.

For total deformation, the higher sensitivity percentage of subgrade layer shows that subgrade layer
thickness has highest effect on shear stress.

5.2 Future Scope

Further analysis can be conducted on pavement by changing material of different layers. The material
properties of these layers especially stiffness has significant effect on deformation and normal stress. The use
of replacement materials like coal dust, brick dust, replacement aggregates and other coal fly ash, ground
granulated blast furnace slag, silica fume, ground glass natural pozzolans or calcined clay (eg, metakaolin).
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