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ABSTRACT

A mechanistic model of flexible pavement was considered and constructed to study the effects of shear modulus on
performance of various pavement layers. The objective of this study was to quantify the effects of interlayer
bonding by varying of the shear modulus of the contact layer. Flexible pavements are complex structures
consisting of several layers of asphalt and granular materials. This pavement layers including overlays are
subjected to wheel load due to improper bonding may cause slipping of layers and which will induce parabolic
deformation on the top surface of the pavement. The elastic property is influenced mainly by shear modulus of the
contact layer with other parameters being constant. Bonding is assessed due to increase or decrease of critical
stress values when static loading condition is maintained with constant elastic properties except shear modulus for
the contact layer. Stress distribution is extremely influenced by the adhesion conditions at the layer interface. The
response of the pavement is assessed from the critical stresses developed. Various analysis software such as
KENPAVE, ABACUS, BISAR and ANSYS are available. Present study involves analysis using ANSYS software.
Critical stress values for varying shear modulus in range for 9000kg/cn? to 12000kg/cn’ have effect on the
bonding characteristics which is the key factor for pavement response. Performance is determined due to the effect
of the elastic properties.
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INTRODUCTION

The flexible pavement is generally designed andstanted in several layers for effective stresgrithistion
across the pavement layers under the varying h&affic loads. The viscous nature of the flexiblavpment,
allows its different layers to sustain significgriastic deformation, although distresses due teatgu heavy
loading over time which is the most common failorechanism. The flexible pavement works as a sisiglecture
due to good bonding between the different layetse Honding of the layers of the flexible pavementmiainly
characterized by the response of the pavement uth@emwheel load. It is believed that, the pavem&ntss
distribution is extremely influenced by the adhesat the layer interface. Poor adhesion at laywrface may
cause adverse effects on the structural strengtheopavement system and form numbers of premdailtges.
The basic assumption for structural response oépent is asphalt layers are completely bonded @atth other,
while they may not be completely bonded [1]. Thediog is accessed by introduction of the contagédan a
five layered pavement consisting of sub-grade, lsage, base, binder course and wearing course. [ks#ce
property which mainly influence on the bonding loé itontact layer with all other layers is shear uhosl [3]. The
shear modulus is one of the several quantitiesnasuring stiffness of the material. The shear fusddescribes
the material's response to shear stress. The shadwlus is concerned with the deformation of adsalhen it
experiences force parallel to the surface of theepeent. The shear modulus leads to the intrusioaritital
stresses in the pavement layers. Increasing vdlosatizal stress indicates poor bonding of the tagh layer with
the other layers of the flexible pavement.

Therefore it is necessary to create a model farutation of the pavement response under the lodd@enhance
the bonding. The poor bonding pavement layersligested to laying without analysis may lead to &ijpure and
early deterioration of the pavement before its eklife. Lack of bonding destroy continuity, dese structural
strength, and allow water to enter sub layers.Bitwus tack coat is laid to ensure contact of tigregates of the
various layers of the flexible pavement. The stulyolves creation of 3D mechanistic model using AM$S
APDL with the assigning of the elastic propertiesnely Elastic Modulus, Poisson's ratio and sheaduius as
per IRC372001 and analysis of the effect of theasmodulus on performance of pavement. The valfigheo
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critical stress for various values of the shear uhasl are used to enhance the bonding of the |layées.values of
elastic modulus and poison's ratio are tabulatadbte 1.
The Objectives of this paper are as follows -

» Understand the effects of the bonded interfacet@ss distribution in the contact layer.

* Evaluate the performance of pavement due to sheduius and obtain critical stress values.

» To enhance the performance of the pavement duléetct ®f shear modulus.

MODELING
Construction of Model
Modelling involves defining of the nodes, key paintype of the material etc. Model is a geometsenebling to
the actual structure of layers of the flexible paeat. A 3D realistic model flexible pavement layersnodelled
using ANSYS APDL (Ansys Parametric Digital Librargpftware where in all the material properties loé t
various layers is defined. ANSYS APDL is a mechahtool which is used efficiently to setup, solpest process
linear analysis and obtain the results as wellhasdeformations. The model consists of six layesely sub-
grade, sub-base, base, binder course, contact daybmearing course as shown in Fig. 1.The elgstperties
such as modulus of elasticity and poison's rat@oaddtained as per IRC 372001.The shear moduluseofantact
layer is varied in the range of 9000 to 1200&k®.The Elastic modulus of contact layer is kepigtant as that
of the top layer and a poison's ratio of 0.4 is@dd and these parameters are kept constant tilglshear
modulus is varied in the specified range in ordesigsess the performance of the pavement.

Analysis

The analysis is done by converting complex probietm simpler steps for determining the unknownsigsome
Eqgns..Various types of analysis are done such exsndd analysis, structural analysis, fluid analysmagnetic
analysis and electric analysis. The present armalgsilone using the finite element method congidetine finite
number of elements in the volume. The analysistrisctural type defining the elastic properties ahd load
condition as well as the degrees of freedom rewtthiSo as to determine the stresses which arsféraed from
node to node as the effect of the load. The modekidered in present analysis a solid volume 3 dgimmal
defining the dimensions in three directions i.ey @nd z directions. The 3D finite element analysisarried out in
order to assess the stresses imposed due to tkectof the layers and inducing of the stressestheesffect of
wheel load. As stress due load and due to effeshe&r modulus has direct influence on performaf@avement
as elastic due to bonding. The stress distributiay not be uniform at the surfaces of layer actbssfull width.
The deformation of the flexible pavement due touitidg of the stresses due to loading will be maxmunder
the point of action of the load on the surface.

The static analysis is done in order to obtaindtitécal stress values of the contact layer to ss$s bonding with
the other layers of the flexible pavement. Thesstes induced due to variance of shear modulus maxémum
and minimum values. The analysis is done to obtainimum values or the critical stress which hasatge
significance on the performance of pavement i.edbformation caused due effect of loading. Thessge are
determined from various types of Equations suchlimsar, logarithmic, polynomial and exponential Bgn
Analysis can be performed with the various typeshef analysis software such Abacus, Kenpave, Girdkisar
,Ansys etc. The ANSYS software being used to cautythe present analysis study. There are threermstgps to
perform analysis using Ansys they are pre procgssinere in the material properties along with tyetas well
as behaviour of the material is defined. Second stéhe assigning of the load with the specifiwatof analysis
whether static, dynamic, transient, harmonic etoalFstep is to solve which involves the determratof
deformations from the longitudinal section of thexible pavement.

SECTIONS

The section is a schematic representation of thelae shaped geometry defining the length, breadththickness
as in case of volumes. The section may be prefe@iblor 3D.The pavement section is made up of sdvayers
laid over one another. The volumes of the variaysils of the flexible pavement namely sub-graderlasub-base
layer ,base layer of depth, binder course ,contaar of depth and surface layer are created usindelling
volumes tool in ANSYS APDL providing the valuestb& coordinates in x, y and z directions. Wherer&ation
defines the width of the pavement direction repneséhe length of the stretch of the pavement awlitection
represents the depths or the thicknesses of theidodl layers. The flexible pavement layer secsi@onsists of
the sub-grade layer of thickness 200cm,sub-baser lafythickness 15 cm, base layer of thickness 1Bicitler
course of thickness 9cm,a contact layer of 1cmvaearing course of thickness 5cm. The width of thegment is
restricted to 350cm.The length of the stretch srieted to 1800cm. A point load i.e. Equivalemtgde wheel load
of 5100kg and is analyzed for the stresses dukeavheel loads. As the standard axle wheel loamhei@by IRC
372001 is 10200kg per axle made up of two wheelgtwis converted into equivalent single wheel lo&ditical
stress values for corresponding shear modulus lbt&ned. The critical stress values are obtainedhfnodal
solutions as Z-component stresses which givesethigonse of the pavement under varying shear moéhilushe
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width for all the layers of the section is kept stamt .The displacement due to loading is carrfgtbua stretch of
9mm.All the dimensions for the section are keyedwith by defining a central node and other dimensiare

specified with respect to this central node. Thé&dm nodes of the section are restrained from afirdes of
freedoms (DOFs) i.e. from the displacements, rotestietc. The model used for study purpose is ofhamgstic

type of section analyzed by finite element methwdugh software by defining certain parameters lvea as the
material properties. Being a layered structure lifeeof an asphalt pavement not only depends ensthength and
stiffness of its individual layers, but also on thend between the layer sections [4]. The Fig. shtve depths
adopted for the individual layers

£100 kg

}
> CXE 3B

- ep—
DEM = Qcm
$ ‘@ Table -1 Values of Initial Modulus of Elasticity ard
= ¥ B = Poison's Ratio
BASE = 10cm
E — value p— value
a> (kg/cm2)
Sub-grade Layer 300 0.45
Sub-base Layer 701 0.3
SUB BASE = 15cm
Base Layer 992 0.3
$ Binder Course 2696 0.4
Wearing Course 4033 0.4
Contact Layer 4300 0.4

SUB GRADE =200¢cm

A | N

Fig. 1 2D view of the model showing Pavement layewith the thicknesses of the individual layers antbading
At the bottom restrained from all DOFs and sides fom rotation in X direction

FINITE ELEMENT ANALYSIS

The formulation for structural analysis is gengrablased on the three fundamental relations equilir
constitutive and compatibility. There are two majmpproaches to the analysis Analytical and Numekrica
Analytical approach which leads to closed-form tiohs is effective in case of simple geometry, amny
conditions, loadings and material properties. Hoavewn reality, such simple cases may not ariseaAsgsult,
various numerical methods are evolved for solvinghsproblems which are complex in nature. For nicaér
approach, the solutions will be approximate whey ahthese relations are only approximately sathfiThe
numerical method depends heavily on the procegsinger of computers and is more applicable to stmest of
arbitrary size and complexity. It is common praetio use approximate solutions of differential Egaghe basis
for structural analysis. This is usually done usingmerical approximation techniques. Few numenmuathods
which are commonly used to solve solid and fluicchanics problems are given below

* Finite Difference Method

* Finite Volume Method

* Finite Element Method
The finite volume method is a discretization methduch is well suited for the numerical simulatiohvarious
types (elliptic, parabolic or hyperbolic, for inst®) of conservation laws; it has been extensiusbd in several
engineering fields, such as fluid mechanics, hedtraass transfer or petroleum engineering. Thikéshnumerical
method to obtain the solution of elasticity Equasiconsistent with the boundary conditions. It rbayused on
arbitrary geometries, using structured or unstmgctumeshes, and it leads to robust schemes. Ati@ualifeature
is the local conservatively of the numerical fluxbat is the numerical flux is conserved from oigeigtization
cell to its neighbor. This last feature makes théd volume method quite attractive when modelimgblems for
which the flux is of importance, such as in fluidechanics, semi-conductor device simulation, hedt raass
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transfer. Finite difference method consists in aelg the governing partial differential Eqns cdlcity and the
Eqns defining the boundary conditions by the cqoesling finite difference Eqns. The basis of timité element
method is the representation of a body or a strachy an assemblage of sub-divisions called FiBltaments.
Adjoining elements may be thought of as being cotetwe at common points, termed as nodes or nodaltgoi
Finite element method is a numerical approach byclwta general differential Eqn can be solved in an
approximate manner. The solution that we are gtinget from finite element method is an approximane in
some cases, this approximate solution may match exact solution. Then simple functions are chogen
approximate the variation of the actual displacetmener each finite element. Such assumed functioasalled
Displacement Functions of Models. The unknown miagigis of the displacement functions are the digplents
at the nodal points. Hence, the final solution wikld the approximate displacements at the nodaitp. The
displacement model can be expressed in variouslsifopms, such as polynomials and trigopnometriccfioms.
Any continuum/domain can be divided into a numbfepieces with very small dimensions. These smaltes of
finite dimension are called ‘Finite Elements’. Theslements are connected through number of joihishvare
called ‘Nodes’. Finite element method was usednalyze the pavement section resting on sub graile 3te
software ANSYS APDL was used for finite element mitidg. The elements may be 1D elements, 2D elesnant
3D elements .The physical object can be modeledhmpsing appropriate element such as frame elempé&ig
element, shell element, solid element, etc.. Thepent section was modeled as a 3-D axisymmetoblem and
20-noded structural solid element was used foratiedysis.20 nodded solid implies any element wisctreated
utilizes maximum of 20 nodes. The Model is as shawfig 2.Per element six nodes are created. Alajered
flexible pavement system was modeled and analyEafl.2 shows the typical model for six layered ftde&
pavement resting on sub grade soil. The thicknéssaoh layer in the pavement was modeled as pearind
practice code IRC 37-2001.

The individual layers are constructed by volumethwpecified thickness one above the other staftimg sub
grade to the wearing course. To ensure contactastthese layers these are connected using tatkincactual
practice by varying the rate of application busdftware the layers are glued by the glue toothim operate
section of Booleans in the modelling step. Varityges of analysis such as static, modal, harmdransient,
spectrum and Eigen buckling can be performed irstiivare. Static analysis is carried out with ¢ineslastic and
isotropic material. However non linear, damping ahdrmal problem analysis can also be done. Straictu
damping is dependent on factors such as dampirg foelative displacement and the friction paramegmdal
analysis is a method of structural mechanics i®ldetermination of frequencies due vibrations. hadics
involves behaviour of the material due to the dffg#fovibrations and displacement. Transient analysvolves use
of algorithms, control options and initializatiofi convergence. Also in case of transient analyisi tfor load
repetitions is to be specified in order to detemnthe frequency of the analysis due to repetitiohsoading.
Harmonic analysis involves the specification of es\and generalization of Fourier analysis. Spectaualysis
involves spectrum of frequencies or related quigstisuch as energies. Eigen buckling method ingobueckling
analysis. Buckling analysis is a technique usedédtermine buckling loads critical loads at whiclsteucture
becomes unstable and buckled mode shapes the wha@tic associated with a structure’s buckled oase. This
method involves Eigen vectors. The Ansys softwane also be used for non linear analysis problerss. dlhe
various non linear analysis methods involves varigarameters such as density, elastic, non elastit
viscoelastic analysis can be done. A set of simelbas Eqgns involving differential Eqns of variablasd
functions. A wheel load equal to single axle whéxdd obtained by conversion of standard axle loatd i
Equivalent Single Wheel Load of 5100kg has beemirassl to be applied as a point load at the surfack a
distributed [6]. The point load will cause deforioat of the pavement which indicates the pavemenénvh
subjected to loading behaves by deforming. The isaansferred from layer to layer due to contaith each
other. For application of Finite Element Methodtle layered flexible pavement Analysis, the layesgstem of
infinite extent is reduced to an approximate sizi finite number of elements of smaller dimensi®he ends are
retained in all directions at the bottom nodes ®/tiile edges are restrained with roller suppor¥ direction. This
is done in order to avoid the bulging of the modieleways in the horizontal plane. Linear analysithods
assume elastic behaviour and the displacementséddurhere are number of methods such as NewtosoRap
method, Sparse matrix method, Triangular matrixhoetetc.

The elasto-plastic analysis was carried out byntle¢hod of sparse matrix to evaluate the primarpaase of the
pavement resting on sub grade soils. The crititaks values in various directions are plottediasmgin table 2.
The critical stress values can be determined frarious Eqns such as linear, logarithmic, polynonsat
exponential. However various other differential Egran also be used but they would not yield aceurssults.
Hence Eqns with approximate values accurate ortoeiose in the table are adopted. The solutidraged on the
dependent variable and independent variable. Tims Brcp obtained by plotting scatter graph in Mséky inputs

in the tabulated format in X and Y directions o fhlot with Shear modulus along X direction andi€al stresses
along Y direction then adding trend line with thispdaying of Eqn for the coefficient of correlatioralue
approximately near to 1.Minimum stress values forresponding shear modulus are used to determime th
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response of the pavement section. A check has pedarmed by substituting values of shear modumarse
matrix method is a numerical analysis using maitnixvhich most of the elements are zero. Refer EQrOh
contrast, if most of the elements are non zero thenmatrix is considered dense matrix consistihgan zero
elements. The sparse matrix method is used in prasedy for elasto-plastic analysis of 3-D axisyatrit finite
element model of the layered flexible pavement getoyn The volume numbering is turned on the plotton tab

to know the volume number created as Volume 1(¥bjume 2(V2), Volume 3(V3), Volume 4(V4), Volume 5
(V5) and Volume 6 (V6) for the six layered flexibfmvement model constructed using the softwareicBas
geometry as volume for individual layer after constion in the model is as shown below -

Fig. 2 3D model of six layered flexible of pavememhodelled as volume with Solid element as 20-nod&6a.

Sparse Matrix Method
The Sparse matrix is used for solving static Egnisivolves factorizing the matrix. The sparse mais a direct
solver. It directly solves for (x), in the statiqit

[L1X)= (F) 1)
This method is similar to the frontal solver. Therftal solver actually triangularizes [L] and theck-substitutes
for (x). This is time-consuming process and is asbard drive hog (since the full [L] is factorige®parse
solvers, on the other hand, take advantage ofabethat [L] is sparse and banded (usually non-tenms near
diagonal) to reduce memory requirements. Thus liedube time for analysis with quick results as alogblutions
and elemental solutions. Sample matrix is givethgyEqn (1)

Ly LTy 1z -an =
e e . | | @ 2=

L,; and A1l are (n - 1)-by-(n -1)

Ll "1 = &,

L1112 = g,,

oo + P = @
The L matrix is a frontal solver matrix of triangulform. The software automatically sorts the datd solves for
the unknowns. The analysis gives stress values twélcorresponding node number in X, y and z dwast The
various z component minimum stress values induseatktermined as the critical stress. Such valuesdnous
shear modulus are obtained and are tabulated .Tiienom value of stresses for shear modulus of dKfAM?2
are tabulated. The stress can be obtained fronowarEqns consisting of one dependent variable aothar
independent variable. Various types of Eqns are@eeptial, linear, logarithmic, power Eqn, polynohian and
moving average method. The Eqns some of which sed in the present case are given as follows -
Linear Eqn is an algebraic Egn with a constant wtgraph is a straight line and is of the form

y = mx+c
m = 1E-05, ¢ = -8.502
y = 1E-05xX - 8.502 )

Where to obtain stress(y) substitute shear modqlus(
Logarithmic Eqgn consisting of logarithmic functioa. In function which is an antilog value of the x

y = 0.099In(x) - 9.323 3)
Where to obtain stress(y) substitute shear modxjlus(
Polynomial Eqns are available for determining thknown in second degree and third degree Eqnssétend
degree Eqn of the form abx’+c
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a=-3E-10, b = 2E-05, c = - 8.538
y = -3E-10% + 2E-05x - 8.538 (4)
Where to obtain stress(y) substitute shear magxiju

The selection of a particular type of Eqn depermishe value of coefficient of correlation with inlual Eqns.
The Eqgns with the coefficient of correlation eqtmlvalue 1 or near to value 1 gives approximate@rurate
results. The substitution of the shear modulushiove Eqns yielded approximate stress values. Téyghgof shear
modulus vs. stress is plotted which shows decrgasatue of the stresses for contact layer with higlue for

shear modulus of 9000kg/cm2 to low value for 12@30in2.Further increase in values of shear modudysid

specified range gives constant value of the steesB@ese decreasing values indicate good bondirigeo€ontact
layer with that of other layers. Thus shear modiias direct influence of the performance of thegmaent as in
our case load and other parameters are kept canStamlarly for the same volume model the sheaduios is

varied accordingly with other parameters such astiel modulus, thickness, load and poison's rajut konstant.
The graph of shear modulus or modulus of rigidiycyitical stress values induced in the contactiaye plotted
with shear modulus along X direction and criticiaéss along Y direction of plot determining varideigns. Refer
to the Fig. 3, 4 and 5.Also refers to the Eqns (@)and (4).

SOFTWARE ANALYSIS PROCEDURES

The analysis of the 3D model using ANSYS APDL saftavinvolves the following steps

1. Run the ANSYS APDL software from the start winddihe global user interface opens. Go to file anédel
Change job namegive appropriate job name. Go to change directod/ éhange the location in order to save
file in a known folder or location. In the Ansys imanenu select preferences tab choose structudatkck on
OK. Define the type of element go to the Pre-proaetsmand select Element type. Choose add elerolak,
on add choos0solid186as in our case sele@K. This is selected because of the maximum numbepdés
are required for assessing the stresses inducethdwdfect of loading.

2. Go to Material properties tab in the Pre-processasrder to define the properties of the materialarious
layer. In our case elastic analysis is being cdroiet. Hence elastic properties considered ard¢ielmeduluskE '
and poison's ratio 'u'. All layers except Contagtel are created as Structural-Linear-Elastic-ogitr with
specified value of the modulus of elasticity andspo's ratio as in table 1.The contact layer is efled as
Orthotropic material defining modulus of elasti¢ippison's ratio and shear modulus. Shear modualuge\as G
in X, y and z directions.

3. The geometry of the model is created from modeltaiy selecting volume block by dimensions andking
input for dimensions are as specified in the Big.he dimensions in x, y and z directions are keipedith
respect to the centre. Plot of the model is dorth thie Z axis upwards. The sub grade layer of d2pfitm is
keyed in z coordinate of the dimensions with x 88c8n and y as 1800cm.Similarly repeated for &leptayers
Sub base, base, binder, contact and surface layer.

4. After the model is created the properties of théividual layers are to be assigned by selecting rigsh
attributes tab from the meshing menu of the pregssor, pick volumes and select individual layethvihe
mouse pointer according to the numbering givennfodel properties assigned by selecting ok wheratyer
selected turns pink. Similarly done for all laye@nce all the layers are assigned with propertiesrtsure
contact glue the layers using Glue in the Boolexdrihe operate tab of modelling. Pick two volumea éime to
glue them together. The top three layers i.e. sarfaontact and binder are glued together selettiem at a
time. After glued the entire model when picked Wil picked as one volume.

5. Meshing refers to the dividing of the large modekimilar small and finite number of the modelsatirey the
elements of smaller size for effective stress fiandue to the loading. The meshing is done byctelg the
mesh option in the meshing and selecting volumeepwehoosing pick all. A number of nodes created are
accessed from the numbering option in the plosdb in the GUI window. This numbering is helpfat
applying the wheel load as point load on a particabde at the centre on the top surface layerafonodels
varying the shear modulus of contact layer, nodeied on the same node number selected.

6. The type of analysis is specified in the solutioanun by selecting analysis choosing new analys&ai. The
loads are specified in the load menu of the sahultip applying structural force/displacement. Owrsent study
is concerned with the analysis due to static loandition. The Degree of freedoms(DOF's) are spatifiy
applying load as structural displacement on nodessalecting to bottom most nodes by picking théhe box
for the sub grade layer and choosing All DOFthwalue as zero. Click oc@K. The sides are restrained from
moment in the X-direction by applying displacemantl selecting the UX in the direction and selecthegside
edges as per the Fig. 1.this is done in orderdagmt the model from side bulking.

7. Now the wheel load of 5100 kg is to be applied loa Wwearing course which is done by selecting ajgads
option in the solution tab and choosing structfwate on nodes with keying in the node number efdlntral
node of the top surface with choosing the directienFz value as -5100(negative sign indicated dasthw
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direction).This value is equivalent single wheeldd ESWL) as per IRC 372001.The load is applieclfrto
the surface of the pavement.

8. Go to solve menu in the solution sel€trrent Ls (Longitudinal sectionpnd analysis starts by the method of
sparse matrix. Once the analysis is done a windppeas as solution is done. Now go to General Post
processing step to assess the deformation by fjobi the plot results and choose the deformedesi@lptain
the displacement value as dx.

9. To assess the critical stress values go to lisilieesind choose nodal solution select stress asnZpanent
stresses. A PRNSOL window listing the node numbet stresses in X, y and z direction is displayeldoA
maximum stress and minimum stress are displayedoading is done in Z direction so we are conceméh
stress variation in Z direction. The analysis ipe@ed varying the shear modulus of the contaer lay the
range of 9000 to 12000 kg/énkeeping the properties of other layers constadtthe corresponding minimum
or critical stress values are tabulated as givetable 2.A Eqgn is generated by plotting the graprtsteear
modulus vs. critical stress with the shear modakiX axis and critical stress values along Y akie values of
the stress are verified by substituting the vahfeshear modulus as x to obtain critical stress the Eqn (1).

RESULTS

Step 1 Creation of the model as volume definingdlement as solid. Other elements such as beate, flaid
element can also be created. Initially the volumecieated defining the volume by block with specifi
dimensions. Similarly all layers are created asbibeks one above the other. The creation of tisireld geometry
as per the specifications of IRC 372001.Here théera properties such as modulus of elasticity andon's
ratio are defined. Also individual layer is assign® the attributes. The horizontal line in the Yedtion
represents the stretch of the pavement influeneeritd load. The dimension in the X direction repres the
width of the pavement layers and dimensions inZluérection represent thickness of the layers. ¥tleame after
creation is as shown in Fig. 6.

Step 2 Discretization of the whole volume into tinhumber of elements meshing the whole block velunto
known number of maximum nodes. As the stress duati@mtion of shear modulus is transferred fromelaio
layer through the joints called nodes. Meshing ealy be done after assigning the mesh attributdayters. An
individual element of mesh is mode up maximum gffated element.

Step 3 Defining the boundaries in terms of the Begrof freedom i.e. number independent ways in lwhic
system can move. In present study the bottom nadesestricted against displacements, rotationsHgace the
bottom nodes are restricted for all DOFs while ¢dges are restricted for the rotation in the X diom i.e. Ux.
The step involving restricting the sideways in ortteavoid side bulging. Longitudinal section aftessigning of
restrictions is as follows

Step 4 This step involves assigning of the poiatiland the model is ready to be analyzed. The sisalkycarried
out to obtain results. The software automaticadlyes by linear method of sparse matrix once theesourrent Ls
is selected in the solution menu. The analysisompleted when a window of solution is done popsaod the
results will be stored which are obtained from gahpost process in window PRNSOL displaying nodenber
and stresses shown in Fig. 10.

Table -2 Shear Modulus and Corresponding i
Critical stress values ShEHr MOdUIus V5 C!‘It:ta| StrESS
Shear Modulus (kg/cfh Critical Stress (kg/cR) &l
9000 8.418 &000 00
9300 8.414 t B
9600 8.411 53398
-
9900 8.408 £ 8,403 y= 1E-05x- 8502
10200 8.405 = R*=0.999
: 0
10500 8.403 g
10800 8.400 59413
11100 8.397 -4.418
11400 8.394 8473
11700 8.392 Shear Modulus kgfom?
Fig. 3 Plot of Shear Modulus vs. Critical stress fodata given in table 2
12000 8.389 with linear equation
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Shear Modulus vs Critical Stress

00 10000

¢= 009 HUnfx) - 9.323

Ri= (0999

Crithcal Stress kgfom?
R -
L

Shear Modubss kglom?

Fig. 4 Plot of Shear Modulus vs. Critical stress fodata
given in table 2 with logarithmic equation

Critical Stress kgfom?

Shear Modulus vs Critical Stress
-8.388

2000 10000
-2.3593

-8_3°98

-8.403 yu-3E-10x40 2E-054 - B.538

R*

Shear Modubus kgfem?
Fig. 5 Plot of Shear Modulus vs. Critical stress fodata given
in table 2 with second degree polynomial Eqn

Fig. 6 3D model of various layers representing volaes of
various layers

Fig. 7 3D model of various layers of pavement mesthidéy volume

sweep for finite element analysis

T

Fig. 8 3D model of with ends restrained bottom nodgfor all DOFs and
sides for rotation in X direction

Fig. 9 3D model of with ends restrained and poinblad ready
to analyzed

EVALUATION OF BENEFITS

The proposed methodology is a mechanistic typdesign approach for design of flexible pavememdut®
evaluate the response by pavement under wheel viith varying the values of shear modulus (elgsbperty)
of the contact layer in the specified range wiither parameters kept constant. The bonding cteistics can
be assessed by analysis using the critical stmitesia. It is a better method for characterizinffetent material
properties and loading condition. Has the abilityevaluate the performance of the pavement forbtirading
criteria on an economic basis. Bonding charactesistccessed based on the shear modulus criteria.

Pavement Response

The 3-D axisymmetric isotropic finite element moadélflexible pavement was developed using the coraiak
software ANSYS APDL and pavement response is etedudy obtaining various critical stress values
corresponding to the shear modulus. Increasingegalof the critical stress indicates poor bondindhilgV
decreasing values of critical stress indicatesbé&tnding condition. The study involved varyingahmodulus of
the contact layer and keeping all other parametenstant such as modulus of elasticity and poisatis. In the
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present study the critical stress values in the¢aminayer are observed to be decreasing indicafoagl contact or
bonding of this layer with the other top and bottlayers. This signifies better bonding of the cohtayer whose
shear modulus mainly influence on the performanceesponse of the pavement. Better bonding engrester
performance under varying traffic loads as wellgasater durability rather than early deterioratidhe stress
values due to varying of the shear modulus of airtayer show decrease with increase in shear rosdilhis
signifies good bonding and ensures greater lif¢hef pavement under the present considered parandteus
shear modulus of the contact layer has direct émite on the performance of the pavement due teffeet of
stresses induced by loading with Equivalent singheel load. And the deformation under the pointdloz.
9.9mm which shows that the pavement has respondéeruhe given equivalent single wheel load of 5k80
This method of model analysis helps in non destraavaluation of the flexible pavement model unther effect
of shear modulus. Better adhesion at the interfdidbe layers of the flexible pavement is assessethe adopted
methodology.
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LOAD STEP= 1 GUBSTEP= 1
TIHE=  1.0000 LOAD CRSE= 0
HODAL RESULTS ARE FOR HATERIAL 1

THE FOLLOWING X,Y,Z YALUES ARE IM GLOBAL COORDINATES

HODE 5K gy 52 SRy SV GRE

1104 -0.44735E-03-0, 20757E-03-0.72235E-03 0.66332E-04 0.66305E-03-0.94796E-04
1106 -0.60512E-03-0. 11165E-02-0. 45724E-03 0.43443E-05 0.12319E-02-0.51363E-04
1108 -0.10336E-02-0. 21730E-02-0. 24725E-03 0.90986E-04 0.88064E-03-0.19575E-03
1110 -0.15491E-03-0, 26412E-02 0.19737E-02 0.28063E-03-0.14643E-02 0.23721E-03
1112 0.44558E-02 0,30270E-02 0.38561E-02-0,15266E-03-0.91909E-02-0.69751E-04
1114 -0.90879E-02-0.65332E-04 0.18376E-03-0,17946E-03-0. 12425E-02 0.43731E-02
1116 -0.26386E-01-0, 19695E-02-0. 15835E-01-0,11256E-05 0.19545E-04-0.23580E-01
1118 -0.91138E-02-0. 10784E-03 0.16744E-03 0.17734E-03 0.12860E-02 0.43718E-02
1120 0.43995E-02 0.29294E-02 0.38213E-02 0.15126E-03 0.92532E-02-0.71415E-04
1122 -0, 263636-03-0., 28261E-02 0,19138E-02-0. 2797303 0.15726E-02 0.22890E-03
1124 -0.12017E-02-0, 25081E-02-0. 31383E-03-0, 80396E-04-0. 69541E-03-0.20404E-03
1126 -0.80536E-03-0. 15760E-02-0. 40631E-03-0, 11678E-05-0.93383E-03-0.69146E-04 N

Fig. 10 PRNSOL window displaying node numbers andacresponding stresses

CONCLUSION

* The critical stress values are calculated for adriteyer by the following Egns by substitution tiesr modulus

in the range of 9000kg/cm2 to 12000kg/cm?2 as xdepto obtain stress y
a) y = 0.099In(x) - 9.323 b) y=1E-05x - 8.502 c) y=-3E-10x2 + 2E-05x - 8.538
Logarithmic Eqn Linear Egn Polynomial Eqn

« Stress induced due to varying of shear modulusnaoeder of decreasing values which signifies bdttending
characteristic of the contact layer with that dfeatlayers.

« It was observed that the stress values for shedulus below or above specified range showed nogghan

» These are stresses are key factors for determin@agond strength of the layers of the flexibleqraents.

* From study conclusion can be drawn that due tcatiari of shear modulus critical stresses are indlwaeich
has direct impact on bonding characteristics offéaéble pavement.

* A correlation of shear modulus with that of bonesgth of the pavement is developed in order terd@he the
effect of the shear modulus on the performanceeflexible pavement.
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