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ABSTRACT — To predict pavement responses and performancealue t
external working loads, it is necessary to estimateesses and
deformations through pavement. When the inducednstrare relatively
small, they are usually evaluated using the theady elasticity.
Boussinesq's theory is used for this estimatioaugh homogeneous soil.
These responses in case of layered pavement sgsteless than those
obtained for the ideal homogeneous case depengiog the stiffness of
the layers. Semianalytical solutions are availaol@nalyze the behaviour
of elastic layered soil deposits subjected to siefédoads. For more
complex cases of soil deposits or loading cond#jdhis necessary to
perform numerical analysis using finite elementhtéque. In addition,
most of pavement materials do not linearly perfamder the action of
traffic loading. In this paper, the ANSYS versiopr®gram is used to
analyze in three dimensions the behaviour of arey@avement system
under static loads indicating load transmissioruiss for a wide variety of
materials stiffness, tire pressures and axle loaith dual wheels. Also
linear and non linear analyses were preformed fdfedent previously
mentioned items. In this research, the pavemenmdgeled as a
multilayered elastic system composed of a subges$emed to be an
infinite medium upon which layers of finite thickaenfinitely extended
horizontally are laid. Furthermore, it is assumdtht vertical loading,
such as dual wheel loads are simultaneously apgiedbtain stresses
and deflections through the road pavement. On #wishof this research,
remarkable conclusions are drawn out.

1. INTRODUCTION

Flexible pavements are classified by a pavementtire having an asphalt wearing
surface on the top of layers of granular base aitbase being used to protect the
subgrade from being over-stressed. Pavement respams affected by both load and
tire pressure. But, the load has a greater effieah ttire pressure. The effect of
increased tire pressure is significant in the asphaface layer in terms of vertical

compressive stresses, and the magnitude of themoaxtensile strain at the bottom of
asphalt base layer increases with the increasegriéssures. Further more, titgpe,
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axle load, and axle configuration have significeffiects on those responses. When the
induced strains due to external loads are relatisslall, stresses and deformations are
usually estimated using the theory of elasticitemBanalytical and analytical
solutions are available to analyze the behaviowlastic layered pavement subjected
to surface loads. In solutions concerning the aislpf layered pavement systems
under traffic load, the pavement layers are comsitlas homogeneous, linear elastic,
isotropic and the loading is considered as statiese methods work reasonably well
if the pavement system behaves as a linear elagitem. In the real situation,
heterogeneous pavement layers behave far from &ledi conditions. Pavement
materials are not behaving in a linear elastic reaand the materials behave in a non-
linear manner. For design of relatively thick adphanstruction, linear elastic theory
for a wheel load may be valid, where for thin adpleanstruction the non-linear
characteristics of the granular layers and soilidate the response to wheel load, non-
linear analysis is required. In addition, the shibuld operate at stress levels within the
elastic range. For pavement analysis, while conisigehe heterogeneity and non-
linearity condition of the pavement structure, striecessary to perform numerical
analysis using finite element technique. The fieiments programs can easily handle
complex geometry, boundary conditions and matefalks3].

In this paper, the ANSYS program version-8 [14]used to model the flexible
pavement as a finite element model, with definedinblary conditions and to
investigate the effect of loading when combined hwiinear and non-linear
characteristics of pavement materials of the lay&liso, the effect of different cases of
traffic loading on the stresses and deformationsudih the layers is investigated.

2. BACKGROUND

The flexible pavement responses can be derived &iber the results of road trials
and experiments and from observations and measantemeade on roads carrying
normal traffics or analytical and finite elementluimns, requiring some of the
mechanical properties of pavement materials wilstét linear behaviour, summarized
as follows [15]:

One-layer Elastic System: This approach has been developed by Boussinesy, wh
assumed that the soil is weightless and unstrdssfede the application of the load and
the change in its volume is neglected; the subgmdsbase, base and surfacing layers
form one semi-infinite linearly elastic, isotropsolid; and stress and deformation
distributions are symmetrical with respect to thertical axis of acting load [1].
Furthermore, the maximum vertical stresg &t any depthzj below the surface due to

a uniformly distributed circular loag{) at the surface is as follows:

0, =P, [1_;
@+ @)+

where:a = radius of circular load pressure

Also, he suggested the following equation for dateing deflection under the center
of the loaded area assuming a value of one-haPd&igson's ratio:

] (1)
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p, (&

A= F 2

where:A = vertical displacement; p = pressure intensity;radius of loaded area,
E = modulus of deformation (or modulus of elastigity
F = deflection factor depends on the depth radiosatnd,;

F= 1.5 {1/[1+ (&/Z}]} °° (3)
z = depth blew loaded area of compressible layer.

When the soil mass consists of layered stratarnefr fand coarser materials or non-
isotropic soils, the Boussinesq equations may rmtige reliable solution.

Two layers System: In the solution, certain essential assumptionsadapted such
as the materials in the layers are homogeneousofso, and elastic; the surface layer
is infinitely long in the lateral direction but dinite depth, whereas the underlying
layer is infinite in both horizontal and verticatettions; the layers are in continuous
contact and the surface layer is free of sheanmgreormal stresses outside the loaded
area [1]. The total surface deflectidnfor two layer system can be obtained by the
following equation:

A =15P2
E

F (4)

S

where E = modulus of elasticity of lower layer,
F, = dimensionless factor depending on the ratio ofluti of elasticity of the
subgrade Jeand pavement (fFas well as the depth to radius ratio,
Po, a= have the same previous significance.

Huang [1] has developed interface factor chartsl&germining interface deflectiaky
from an extension of Burmister's two layer theasyallows:

As=F (po.a/Ey) (5)
whereF is a deflection factor depending Bp Es andz/aratios.

Multi-layers Elastic System: A pavement structure is considered as a layered
elastic solid with the lowest layer semi-infiniteextent. Burmister provided analytical
expressions for stresses in three layer elastiteisyss which had been expanded by
Jones and Peattie, where vertical stress at tkefanes of layers due to the applied
stress (p) on the plate at the surface, has been obtaingthphical representations as
a stress factor value (£2nd Z2) given as [1]:

621 = b (Z21) (6)
022 = b (Z2) )

Conversion of the Layers of Pavement Section: In this approach, it is assumed
that the pavement layers are acting as a singleopeneous incompressible layer
considering stiffness factor of layers. The totatss and deflection in the subgrade
consists of two components, the first results fribra applied wheel load and the
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second from the overlaying materials. The vertistaess in subgrades) can be
obtained by using modified form of Boussinesq'satigms considering equivalent
height of pavement layers as follows [16]:

(h3/E,7E. + kh 3/E, /E, |
fz+(hy/ETE, +knJE,TE)2}"

og,=p, |1- + (y;h + khy,) (8)

where:p, = tire pressure
r = radius of contact area,
h; andh, = thickness of base and subbase, respectively,
E:, B, Es= modulus of elasticity of base, subbase, andrsuleg respectively,
k = hy/hy; hy = h, hy, hp, are thickness of base and subbase, respectively,
71, y2 = unit weight of the base and subbase, respegtivel

For more complex cases of layered pavement or igacibnditions, it is necessary to
use means of numerical techniques such as the faddment method for structural
analysis offlexible pavement system. In recent years, some softwagrans permit
the calculation of stress and deformations at angtpn a particular layer for one or
more loads for multilayer system.

Two-Dimensional Finite Element Analysis of Multi-layered Pavement
Systems: In these methods each layer of the multi-layerdinelastic pavement
structure is characterized by its Young's Modulog s Poisson's ratio. The stresses,
strains and deflections at specified distances fthenload are then theoretically
calculated, assuming a semi-infinite subgrade afidiie lateral boundaries. Layers
thicknesses and material properties are adjustiéidhe computed responses are lower
than elastic criterion. For multi-layereflexible pavement, two relations were
developed using 2-D finite element analysis [12]. The derivative relationship
between the total equivalent height of pavemeag); @hd the relative stress at subgrade
with respect to applied one at pavement surfapéotsed as shown iRig. 1. Also, the
relationship between the deflection factor, F afg; (s plotted as shown iRig. 2. In
these relations; the pavement layers thicknegsighreplaced by equivalent subgrade
material (R). Pavement surface deflection beneath the cemterof applied load/)
may be expressed as follows:

A=(2p*a)(1-vs) *F/E (9)

where g = applied contact pressure, a = radius of apptiedtact pressure, F =
deflection factor, Eandvs = modulus of elasticity and Poisson’s ratio of gnatle,
respectively.

3. THREE-DIMENSION FINITE ELEMENT ANALYSIS OF
MULTI-LAYERED FLEXIBLE PAVEMENT

For 3-dimensional analysis of pavement structuneoof homogeneous materials, it can
be efficiently used for the analysis, is ANSYS Reog Version-8 [14]. This software
is used in this research study for elastic lineat aon-linear behaviour of pavement
materials under various loading conditions as feilo
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Fig. 1: Relationship between the relative stress at subgrade / applied one
(p1/ po) and equivalent pavement height (He)t.
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Fig. 2: Relationship between the deflection factor, F, and equivalent pavement
height (He).

3.1 Case of Elastic-linear Characteristics of Pavement Materials

For analysis of pavement structure, the layerkii@sses in the pavement model have
been chosen such that they are close to thosee axilsting pavement. The pavement
structure selected for this study consists of 50 afirdense graded asphalt concrete
surface course and 50 mm thick binder course, a &0 thick granular crushed
limestone layer as the base course, a 250 mm dfiigkavel-sand soil as the subbase
course and a subgrade (silty soil) at the bottohe €onfiguration for the structure
used in the analysis is illustrated Fig. 3. The material characteristics used in the
analyses, considered to be representative of theuslayers in the selected pavement
structures, are summarizedTiable 1.

To analyze the pavement system showRii 3, the pavement is modeled as a finite
element model, using ANSYS Program Version-8. Thaement configuration
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selected for calculation is shown Fig. 4. The pavement block is modeled with
SOLID45 brick elements quadratic with 8-node. Thement has three degrees of
freedom at each node: translations in the nodg and z directions and rotation are
not allowed for all nodes [14]. The finite elemanbdel representing the pavement
considered in this analysis, and mesh generat®slawn irFig. 5.
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¢
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Asphalt surface layer, 5 C4 : £ !
Asphalt layer, 5¢ ; % i

Base course, 15y b |
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Subgade, infinig Symmetry plane, x-axis

4 Wheel configuration plan

Figure 3: Pavement configuration.

Table 1: layer thickness and elastic material properties used for analysis.

Layer Material Thickness, | Unit Weight, |Young's Modulus,| Poisson’s
cm kg/m® kg/cm 2 Ratio

1 Surface layer 5 2400 10000-3000d 0.4

2 Binder course 6 2350 5000-15000 0.4

3 Base 15 2200 1500 0.3

4 Sub-base 25 2000 1000 0.3

5 Subgrade infinite 1500 200 0.45

The boundary conditions are defined at the nodesrevithe displacements in
horizontal and vertical directions can be restrdin€he following conditions are
applied with reference teig. 4, when defining the boundary conditions.
« The vertical displacements of the nodes on theobofilane (plane ABCD) of
the model are fixed.
* The plane ADGEF is considered as plane of symmedtyden the two wheels,
thus the orthogonal displacements to the plangraneented.
* The plane ABEF is considered as vertical planeipgshrough midway of
one wheel, thus the orthogonal displacements tpldree are prevented .

This configuration gives more realistic represaatabdf the pavement, and the load is
also repeated on either side of the symmetry bayndde analysis is run in a plane
strain configuration. In this type of analysis, tleading is applied as traffic static
loading of axle equal to 80 kN applied through aldwheel assembly spaced by
31.5 cm. The 20 kN wheel load is assumed to beumlfy distributed over the contact
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area between tire and pavement. A contact pressurals to 570 KN/m(tire pressure
of commercial vehicle) is assumed, i.e. 5.77 kg/cithe contact area can be
represented by two semicircles and rectangle asrshoFig. 6. This previous shape is
converted to a rectangle as suggested by Reh4®]ng an area of 0.5228lthe same
contact area of each wheel. Since, NW / (570 x 0.5228) = 26 cm, then the contact
area has the dimensions of 22.6 x15.6 cm as sho®ig 6.

A

Fig. 4: Pavement configuration used in Fig. 5: Three-dimensional view of
the analysis. the finite element model.

Due to symmetry, the pavement under a half whesl Ie considered in the analysis.
A pavement block under half wheel load, having agth of 183.6 cm, width of
131.35 cm, and a depth of 300 cm, is consideredn®ranalysis as shown Hig. 4.
The effect of increasing contact pressure is coteducTherefore, another contact
pressure of 8.44 kg/dmon the same selected contact area is used foysimal
Furthermore, the effect of increasing axle load waglied. Thus other runs were
performed for a model representing the pavemenewutite effect of an axle loads of
9.3t 13.6 t for contact pressure of both 5.77 &rlt kg/ cri and pavement block
under half wheel load, having a length of 191.1ard width of 152.9 cm, and a depth
of 300 cm, are considered.

1 -
© [{e]
o o
| |
0.4L ‘ 0.8712 1 !
Fig. 6-a: contact area between Fig. 6-b: Equivalent contact area.

tire and pavement surface.
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3.2 Case of Elastic-non linear Characteristics of Pavement Materials

The behavior of unbound pavement materials witm théphalt layer is certainly
nonlinear and stress dependent, even at low trsfifesses. For pavement analysis, a
nonlinear finite-element model with stress depewgles suitable for calculating a
reduced horizontal tension in the bottom half obaund aggregate base layers. It is
also noted that the effects of nonlinearity and thagying stress-dependent modulus
and Poisson's ratio, especially in the base layendd be substantial, and the proper
selection of material properties is very importemimprove the prediction of those
behaviors [11].

Therefore, the finite element computer program Al$S¥ogram Version-8 was used
for pavement analysis considering the non lineavitythe pavement materials. The
Durcker-Brager yield criterion is used in this stuals a simple pressure dependent
failure criterion. It can be viewed as a smoothragimation to the Mohr- Coulomb
criterion. Since the values of ¢ (cohesion) arale determined by using conventional
triaxial compression tests, they are different frimose determined under plane strain
conditions. The value of Drucker Brager constantloa expressed as [18]:

tan ¢
J(©@+12tan ? ¢)

wherea = angle of flow (the inclination of yield surface)
¢ = angle of internal friction

tan a = (10)

The values of cohesion, angle of internal frictaord angle of flow in addition to the
initial values of Young's modulus and Poisson'ssator different materials used in
the analysis for non linear behavior of pavemegeils are assumed and shown in
Table 2 [9, 18 and 19]. The pavement structure, configonaand loading conditions
selected for calculation; finite element mesh dmdldoundary conditions are similar as
in the case of linear analysiBids. 3-5). The 3-dimensional analysis is run in a plane
strain configuration. The pavement block is modetdtts SOLID 45 brick elements.

Table 2: layer thickness and elastic material properties used for non linear analysis.

Layer Material Initial Young’s | Poisson’'s| C, Friction | Angle
Modulus (kg/lcm ?)| Ratio | kg/cm?® | angle, ¢ | of flow
1 [surface layer 10000-30000 0.4 2.5 35 10
2 |Binder course 5000-15000 0.4 2 35 1P
3 |Base 1500 0.3 0.01 55 14
4  |Sub-base 1000 0.3 0.08 45 12
5 |Subgrade 200 0.4 1.0 20 2

The vertical stress o, load step increments curve

To check the accuracy of the used progreigure 7 shows the relationship between
the stress, and the increments (load steps) of equivalenisiwbeel load at specified
point (at surface) through the center line of dubkel load assembly obtained from
linear and nonlinear solutions using the ANSYS paog The nonlinearity solution
performed using Drucker Brager criterion is compalg linear solution. The linear
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solution assumed that there is no yield surfacethad the behavior of materials is
always elastic. But in non linear solution, thelgisurface is assumed as Drucker
Brager criterion. Therefore, if the stress acting tbe material is inside the yield
surface, the partial solution is linear followed bgnlinear solution due to the
hardening of material where the yield surface egpdrisotropically until it fails.

—— non linear solution
6 1 | = linear solution =

w
I

The stress,
(kalcr?)

(o] 20 40 60 80 100 120

Percent of load step

Fig. 7: The linear and non-linear solutions of selected flexible pavement.

4. PAVEMENT ANALYSIS RESULTS AND DISCUSSION

The results of all of the analyses obtained in riimeled pavement structures are
presented. These results are given in the sequendgch they were accomplished to
illustrate the process used to arrive at a prépewledge of predicted performance of
pavement structure.

The effect of pavement depth on deflection andssae were determined. These
responses were obtained at lines of symmetry (x-and y-axis) and through C.L. of

wheel.Figure 8 shows the locations at which deflections and segsvere determined,

analyzed and described in the following sections

Locations

On surfac >

On base surfa > Asphalt Concrei
Bast
Sut-bast

At subgrad >
Subarade

Figure 8: Pavement surface locations at which deflection and stress were determined.

4.1 Case of Elastic-linear Characteristics of Pavement Materials

The effect of pavement depth on deflections angssts due to tire pressure
(8.44 kg/cm) were presented ifigs. 9-10. From these figures, it is noticed that the
deflection decreases as pavement depth increasesdéflection at line of symmetry
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(x-axis) and through C.L. of wheel decreases asdibtance of line of symmetry
increases depending on pavement depth and on vassembly configuration for
shallow ones.

20 40 60 80 100 120 140 160 180
0.02
0.04
S
o
. -0.06
)
C‘ 0.08
§e]
o o1
Q
E 0.12 4
Qa —e—20
0.14 —m— 710
0.16 225
—«— 2750
0.18
Distance, cm
Figure 9: Deflection through wheel C.L. and different depths (0, 10, 25, 50 cm).
0
50 100 150 200 2p0
0.02
E 0.04
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j:‘ 0.06
c
o 0.08
3]
@ 0.1
©
D 012‘
0.14 -
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0161 —a—2z=50cm,linear

Distance, cm

Figure 10: Deflection of pavement surface and at depth of 50 cm through x-axis

The stress due to tire pressure decreases as paveemh increases, and depends on
wheel assembly configuration for shallow depthsla@wn inFigs. 11-12. The stress

at shallow depths through C.L. of wheel is gretltan that at y-axis line of symmetry
(C.L. of wheel assembly configuration). The maximuentical stress at depth 50 cm
using firstly, Boussinesq's theory and modifiedatun (8), secondly 2-D analysis and
Fig. 2, reached -0.30 kg/cnwhile it is equal to -0.39 kg/chaccording to the present
analysis, i.e. exceeds by 30 % of that obtainedraloty to comparison cases. Also,
the maximum surface deflection obtained using 2AR@lysis and derivative relation
given inFig. 2 equals 0.188 cmwhile it reached 0.17 cm according to the present
analysis i.e. less by 10 % of that according to2Hg analysis. These deviations may
be attributed to the assumed circular contact anebdimensional effects in previous
works.
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Figure 11: Vertical stresses at depths of 10 and 50 cm through y-axis
and C.L. of wheel.
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Figure 12: Vertical stresses at depths of 10 and 50 cm through x-axis.

4.2. Case of Elastic-non linear Characteristics of Pavement Materials

The deflection due to tire pressure decreases wsnmnt depth increases for non
linear performance of pavement materials as predeint Figs. 13-14. Also, these
deflections under loading zone at shallow deptheredese depending on wheel
assembly configuration. The value of deflection atrdss considering non linearity are
larger than those obtained from linear analysigigsn in Figs. 13-15. Considering
non linear analysis, vertical stresses through ©fLwheel are larger than those
through C.L. of dual wheel assembly at shallow pasmt depths, but the differences
are negligible at large depths, i.e., dual loadsaa@ unit load as shownfiy. 16.

The different stresses(S5,, S,) at the bottom surface of lower surface layerstu@vn

in photos given inFigs. 17a-17c. So, the maximum shear tensile stress reached
1.4-1.86 kg/cry while the vertical compressive stress is equal.®8 kg/cri but,
vertical compressive stress reached 0.56 kg/ainsubgrade surfacesig. 17d.
Figure 17e illustrates that the pavement responses almogiemawithin semi-conical
zone and sharply decreased beneath surface lagieexa@ends to 2-3 times of wheel
breadth roundly.
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Figure 13: Comparison of linear and non linear deflections of pavement surface and at
depth of 50 cm through C.L. of wheel.
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Figure 14: Comparison of linear and non linear deflections of pavement surface and at
depth of 50 cm through x-axis.
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Figure 15: Comparison of linear and non linear vertical stresses (S,) at depths of 10
and 50 cm through x-axis.
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Figure 16: Non linear vertical stresses (S,) at depths of 10 and 50 cm through y-axis

and C.L. of wheel.
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The tire pressure effect on pavement responsesiderimgy linear and non linear
analysis was performed. The increase of tire presétom 5.77 to 8.44 kg/cm
increases the deflection and stress through pavefoemoth linear and non linear
analysis as shown iRigs. 18-22. The deflection through the C.Ls of wheel and dual
wheels assembly are nearly the same. But, thessdtgS.L. of dual wheels assembly is
slightly larger than that at large depth as presennh Figs.18-20. The pavement
surface deflection is affected by wheel positiotthwiaon-linear analysis as given in
Fig. 21.

The effect of wheel magnitude ranging between $& .3 t with the same tire
pressure on pavement responses was performed.€eflleetibns especially at surface
increase with increasing the magnitude of wheetl loa spite of contact pressure
equality as shown irFig. 23-24. Also, the stresses through the pavement were
increased owing to increasing wheel load as gindtig. 25.

20 40 60 80 100 120 140 160 180
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—%— x=0,z=0cm, p = 8.44 kg/cm”"2
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Deflection, U, cm

—o—x=0,z=0cm, p =5.77 kg/lcm”2
—— x=15.75,z=0 cm, p =5.77 kg/cm”2

Distance, cm

Figure 18: Comparison of linear deflections of pavement surface and at depth of
50 cm through y-axis and C.L. of wheel due to different tire pressure intensities.
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Figure 19: Comparison of linear vertical stress at depth of 50 cm through y-axis
and C.L. of wheel due to different tire pressure intensities.
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Figure 20: Comparison of non linear deflections of pavement surface through y-axis
and C.L. of wheel due to different tire pressure intensities.
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Figure 21: Comparison of non linear deflections of pavement surface and at depth
50 cm through x-axis due to different tire pressure intensities.
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Figure 22: Comparison of non linear vertical stress at depth of 50 cm through x-axis
due to different tire pressure intensities.
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Figure 23: Comparison of non linear deflections of pavement surface and at depth of

0.05

50 cm through C.L. of wheel due to different wheel loading.
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Figure 24: Comparison of non linear deflections of pavement surface and at depth of

50 cm through x-axis due to different wheel loading.
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Figure 25: Comparison of non linear vertical stress pavement depth of 50 cm through

x-axis due to different wheel loading.
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The surface layer rigidity effect on pavement resgs due to tire pressure equal to
5.77 kg/cri was conducted considering linear and non linealyais. The increase of
surface layer rigidity ¢s= sin (E; = 30000 kg/crfy E,= 15000 kg/cth s, = sn (B, =
20000 kg/crfy, E, = 10000 kg/crf), s: = sin (E; = 10000 kg/c E, = 5000 kg/cr);
decreases the resulting deflection through pavechemending on pavement depth as
shown inFigs 26-30. The deflection through x-axis reflects the rdagltequivalent
wheel load through pavement as givelfiigs. 28-30.
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Figure 26: Comparison of linear deflections of pavement surface through C.L. of wheel
for different surface layer rigidities.
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Figure 27: Comparison of non linear deflection of pavement surface through C.L. of
wheel for different surface layer rigidities.
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Figure 28: Comparison of non linear deflection of pavement surface through x-axis for
different surface layer rigidities.
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Figure 29: Comparison of non linear deflection at pavement depth of 10 cm through

Deflection, U cm

x-axis for different surface layer rigidities.
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Figure 30: Comparison of non linear deflection at pavement depth of 50 cm through

x-axis for different surface layer rigidities.

For linear and non-linear analysis, the verticetsg at depths 10 and 50 cm through
symmetry axis through both C.L. of wheel and x-agikrger in case of lower surface
layer rigidity especially through small depths &swn inFigs. 31-38. On the other
hand the tensile stress (tangential stress) ie ldmgpugh the load acting zone with high
surface layer rigidity as given ifigs. 34 and37. It may be owing to layer stiffness
increasing and its proportioning with lower lay€he resulting deflections are similar
as those of Boussinesq's results.
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Figure 31: Comparison of linear vertical stress at pavement depth of 10 cm through
C.L. of wheel for different surface layer rigidities.
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Figure 32: Comparison of linear vertical stress at pavement depth of 10 cm through x-
axis for different surface layer rigidities.
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Figure 33: Comparison of non linear vertical stress at pavement depth of 50 cm
through x-axis for different surface layer rigidities.
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Figure 34: Comparison of linear shear stress (S,) at pavement depth of 10 cm through
x-axis for different surface layer rigidities.

(0] 60 80 100 120 140

Vertical stress, Sz kg/dm

o1 —e—sln
—=—s2n

—a—s4n

Distance, cm

Figure 35: Comparison of non linear vertical stress at pavement depth of 10 cm
through C.L. of wheel for different surface layer rigidities.
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Figure 36: Comparison of non linear vertical stress at pavement depth of 10 cm
through x-axis for different surface layer rigidities.
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Figure 37: Comparison of non linear shear stress S, at pavement depth of 10 cm
through x-axis for different surface layer rigidities.
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Figure 38: Comparison of non linear vertical stress at pavement depth of 50 cm
through x-axis for different surface layer rigidities.

5. CONCLUSIONS

1. The surface deflection and stress at shallowthdethrough C.L. of wheel are
slightly greater than those at C.L. of wheel asdgrobnfiguration, but the difference
is negligible at large depths.

2 For linear and non linear analyses, the deflactind the stress through pavement
due to tire pressure decrease as the depth frosutfece increases.

3. The deflection curves through pavement deptlecethe concept of the resulting
equivalent wheel load, which the assembled duaklghmay act.

4. For linear analysis, the maximum vertical str@ssording to the present analysis is
equal to130 % of that obtained according to theifremtiBoussinesq's formula or by
the 2-D analysis, while surface deflection is legd.0 % than that obtained from the 2-
D analysis.
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5. The values of deflection and stress considaning linearity are greater than those
obtained from the linear analysis.

6. The pavement responses almost happen withicieeficonical zone and sharply
decrease beneath surface layer and extend ton2e8 tf wheel breadth roundly.

7. For both linear and non linear analyses, thecase of tire pressure increases the
deflection and stress through pavement dependingpeement depth especially under
the load acting zone. Those responses increasanerasing the magnitude of wheel

load in spite of contact pressure equality. Ondtieer hand, the increase of surface
layer rigidity decreases the resulting deflectiod atress through pavement.

8. It is desirable to select surface layer of higlality and with enough thickness to
resist tensile stresses exposed to the bottomcsuofdlower asphalt layer
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