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Pavement cracking is a major factor of failure in surface of pavements
structure, In spit of this, seldom intention has been considered how is the pavement
structure has been affected when surface cracking are presented and/or progressed.
On the other hand, higher costs are presented for maintenance and repair. Generaly,
pavement surface conditions in terms of pavement surface cracks, rutting, roughness
and pit-holes are the main factors used to establish criteria for pavement maintenance
and repair. Sructural adequacy factor of the pavement is usualy neglected. The
accurate decision making processes for maintenance and repair works must be done
not only due to functional conditions, but also due to structural conditions.

Finite element analysis is used in this research paper using the ANSYS-10
program. SOLID45, and SOLID185 elements represent unbounded layers, and asphalt
cement layers respectively to evaluate the stresses in a flexible pavement system under
different conditions. These conditions were: (1) The vertical load of a single wheel was
modeled as uniform pressure placed directly at the edge of the transverse crack. (2)
The effects of seasonal differentiation of the pavement material properties during
winter and summer. and (3) Various crack depthes which represent 25% , 50%, 75%
and 100% of the asphalt layer thicknesses are also, considered in the analysis. The
horizontal normal stresses along the top and bottom of the AC layer, and vertical
stresses at selected points in the base has been investigated.

Comparisons of stresses finally were made for all studied cases. It is found that
the presence of crack in the AC layer significantly increases both the vertical stresses
and the horizontal stresses in the AC layer which indicate a greater potential for
tensile stresses outside the tire treads than in the middle of the treads. With the wheel
load located at the edge of transverse crack there is considerable change in the values
of horizontal and vertical normal stresses in the asphalt pavement layers. Seasonal
variation has significant effect on the normal stresses values, where the maximum
horizontal tension stresses (oyy ) is higher in winter than that in summer with about
66%

Finally, it is recommended that at crack depth ratio (CDR) 50% pavement must
be rehabilitated to prevent initiation of new cracks or rutting of asphalt pavement
surface. In other side the winter season is considered the critical for initiation of
cracking, as summer season is considered critical for rutting occurrence.

KEYWORDS: Pavement Surface Cracking, Three dimensional finite element,
Horizontal stresses, Vertical stresses
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1 - INTRODUCTION

Cracks are the major indicative of failure in the/@ment structure. In other context
higher costs are presented for maintenance andr rejpaks. Generaly, pavement
surface conditions in terms of pavement surfacekssarutting, roughness, and pit-
holes are the main factors used to establish @ifer pavement maintenance and
repair while structural adequacy factor of the paeet is usualy neglected.
Longitudinal cracks or, as it is sometimes callegp-down cracking have been
observed to form perpendicular to the edge of tduestrerse cracks in the wheel paths,
and then propagate away from the transverse cnafilsthey eventually meet and
form one continuous cracks the entire length ofgreement. However, the causes of
pavement cracking are very complicated where cramaur in flexible (asphalt)
pavements for several reasons. The most probahlsesaof top-down cracking
( TDC ) include poor compaction binder stiffeningdéor low binder content, in
addition to thermal stresses in the asphalt [1, 2].

In (1992), Matsuno and Nishizawa [3] reported th&XC are a major distress that
occurs near the wheel paths in pavements. Theyuoted mechanistic analyses using
finite element method on two typical pavement cresstions and concluded that
traffic loads cause high tensile strains in hotgmagnts and that the pavement cross
section had little effect on the surface tensikaiss. In (2000), Uhimeyer et al [4]
observed that TDC occur in and around the wheedpiatipavements 3 to 8 years old
with AC thickness of more than 16-cm (6.3-inch).nkle, they concluded that
pavement thickness has an effect on the initiabbrTDC, which contradicts the
findings of Matsuno and Nishizawa and Meyers etra{2002), Tunwin Svasdisant et
al [5] conducted field investigation to determime tcauses of TDC. They conclude
that the surface radial tensile stress inducedwbyel load and enhanced by
differential stiffness due to construction, tempera and aging can cause TDC. Also
the locations of the maximum surface tensile styg®slicted by the mechanistic
analysis correspond very well to the locationshef TDC observed in the field. Wang
et al (2003) [6], presents a new approach to inyaist the causes of top-down
cracking using micromechanics. They found thafftlB€ may not necessarily initiated
only at the pavement surface. It may also be teitiaat some distance down from the
surface. They conclude that both tensile-type adrmehistype cracking could initiate
top-down cracking.

Theoretical analysis of continuous flexible paveh®rstems have been presented by
several researchers provide valuable tools by usinige Element Method (FEM) for
stress, strain, or displacement calculations. Gememputer code such as ABAQUS
[7], or specialized computational modules such #GLY [8], and BISAR (9),
provide valuable tools for stress, strain, or dispment calculations. Limited
references describe the effect of cracks on thehehof flexible pavements; notable
results on deflection profiles and stress concéotra due to surface load and
preexisting cracks in flexible pavements [10]. Miaits and Nishizawa [3] performed
axisymmetric elastic finite element analysis witiifarm normal contact stress. From
the analysis, the authors concluded that the strainder the tire are mainly
compressive in the vertical direction, and higtetdat tensile strains at the tire edge
were sufficient to cause cracking.
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Myerset al. [11] performed studies on the potential mechasisfsurface cracking.
The stresses in the pavement were determined tisangprogram BISAR. Asphalt
concrete thickness and modulus were varied in thieidy; base thickness remained
constant, but modulus varied, and the subgradechadtant modulus. The interface
between each layer was modeled both in full slig &l contact. Tire/pavement
contact stress distributions were obtained fromeédrpental data on radial-ply truck
tire provided by Pottinger [12]. Each tire treadswaodeled with at least 2 circles
across. The direction of uniform shear tractions v&ken as pointing outward due to
Poisson's effect of each tread. The authors coadlutiat the location where the
maximum surface tensile stresses occur is the cehthe outer treads, rather than the
edge of the tread. The magnitude of the predictadion appears to increase with the
width of the tire tread, with the highest tensiaurd under the center of the widest
tread.

Uddin and Pan [13] used the finite-element code ABR)S. They introduced a crack,
either a longitudinal, transverse, or alligatorcirainto the model using the special-
purpose gap elements available in ABAQUS. The mawindynamic deflections were
calculated for each of the differently cracked pagats and compared to the
calculated deflection of an uncracked pavement. Whelongitudinal crack was
present, the pavement experienced a deflectionedaser of approximately 17%
compared to the calculated deflection of an un@dckavement. The pavement
displayed only an increase in deflection of 10% mvhetransverse crack was present.
When a pavement had severe alligator crackingc#heulated deflection was about
36% higher than the calculated deflection for acracked pavement.

Bensalenet al. [14] performed field observations to study surfacacking in flexible

pavements. A study of numerous cores revealedstindice cracks were present in
pavements at least 160 mm thick. They concludediib&om-up cracking was rarely
the main failure mechanism. Instead, surface crngckias the main failure mechanism.

The objective of this research was to investightedffect of transverse cracks with
different depths on stresses at selected crossomsgcand locations in flexible
pavement systems. Empirical data from literatutehe assessed critically to extract
the main features of the stresses at the layemafacked and cracked pavement. A
numerical elastic model will be developed that\ador determining the stresses at
the surface of the pavement as well as within theement. ANSYS-10, a finite
element computer program, will be used as a calonlaool. The effects of seasonal
differentiation of the pavement material propertéaging winter and summer are
considered. Also, different crack depths which espnt 25% , 50%, 75% and 100% of
the asphalt layer thickness are represented. Viguainclustions about the effect of
different material properties and crack depthshenstructural behavior of the asphalt
pavement are extracted out. The critical crackllepalso investigated.

2- COMPUTER PROGRAM

Three-dimensional finite element model (3-D FEM)swesed to represent the asphalt
pavement layer structures with fully bonded layems used. Analysis using the
ANSYS computer program Version-10 was selected. [I6]represent asphalt surface
layer model, SOLID185 is used for the 3-D. It idided by eight nodes having three
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degrees of freedom at each node: translationseimdidal x, y, and z directions. The
element has plasticity, hyper elasticity, stre$i$esiing, creep, large deflection, and
large strain capabilities. It also has mixed foratiain capability for simulating
deformations of nearly incompressible elastoplas@éterials, and fully incompressible
hyper elastic materials. To represent base andadbdayer model, SOLID45 is used
for the 3-D finite element model. The element ifirded by eight nodes having three
degrees of freedom at each node: translationseimdidal x, y, and z directions. The
element has plasticity, creep, swelling, stresesing, large deflection, and large
strain capabilities.

3 - FINITE ELEMENT MODELING METHODOLOGY

3.1 Model Geometry

The developed finite element codes represent atyaof three-layer systems that are
encountered regularly in typical flexible pavemstructure. The bonds between all
layers are assumed perfect, and each was modebadiasstropic elastic material. The
dimensions of the modeled prism are 300 cm x 30k @02 cm as pavement layers
thickness were considered as 12 cm AC, 30 cm lzase, land 160 cm for subgrade.
These dimensions were selected to reduce any dtiga errors, while keeping the
elements’ sizes within acceptable limits (modeldumstraints). Due to the symmetry
in loading and geometry, The prism simulated a sgimoal half of the physical prism
(road) cut by a plane perpendicular to the craséeFig. 1). Vertical axel is
considered Z axel, while Y axel is considered ie tirack direction and X axel
represented perpendicular to crack length. Theméed mesh was designed to give
an optimal accuracy (fine mesh around the crackaamobd position, and coarse mesh
far from the crack). The model consisting of 2728ments was constructed, and its
accuracy was verified as sufficient. To improve tthe of convergence, 8-node linear
brick reduced integration elements were used vatieble thickness depending on the
layers. All layers were simulated with the samepghto preserve the continuity of
nodes between consecutive laydtigure 2 shows an elevation of the finite element
model. The plane of model is shownFig. 3.

3.2 Boundary Conditions

The boundary conditions for the sides of the medsie roller supports, so there was
no horizontal displacement. The bottom base ofstifegrade is prevented from axial
movements in the three directions , they are cotalyléxed.

3.3 Layered System

The top layer is asphalt surface course (AC) hacktiess 120 mm (4.72 in.). was
modeled by using four layers element, each 30 mighheThe base course was
300 mm (11.8 in.) thick was modeled by using thiseers element, each 100 mm
height The subgrade was 1600 mm (62.93 in.) thibtle subgrade was subdivided into
sixteen layers element each 100 mm height The moadesisted of 27232 three-
dimensional brick elements.
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Fig. 1. General layout of the developed 3-D finite element model.
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Fig. 2: Elevation of the finite element model.
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Fig. 3: Plane of the finite element model.

3.4 Load Position

A vertical uniform contact pressure of 0.7 MPa (B0psi) were considered to
represent the stresses of the tire contact withveermpent layer over uniform normal
contact pressure as a unit loading acting overrsguantact area 200 x 200 mm (7.87
X 7.87 in.). The position of the load is at the teerof the prism model While the
location of the crack was taken directly at theeedfjithe contact area figure as shown
in Fig. 4. This location was chosen because it is expectég the most detrimental to
the pavement.

3.5 Crack Simulation

The models were created in ANSYS code. The motivator creating five different
models. One to investigate of the stresses ofasked pavement, and the others to
investigate the stresses in the AC layer and mg bf the open crack with different
depths where four different crack depths were amied . To investigate the crack
depth value, its considered as a ratio of asplagkrl thickness , crack depth ratio
termed (CDR).

where :

crack depth vale
asphaltconcretelayer thtkness

CDR % =

100 1)

The considered crack depths are: 3 cm, 6 cm, 912 cm. The ratio of these
depths to the asphalt concrete layer thickness wivieh 12 cm, ( CDR values) are
25 %, 50 %, 75 %, and 100 %, respectively.
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Fig. 4. General layout of crack and load position on the model.

4- MATERIAL PROPERTIES

Two seasons of winter and summer (different progef material) are considered in
the analyais. The first layer which represent thighalt concrete layer with a modulus
of elasticity of 21,346 MPa (3,096,000 psi) in veinand 1,766 MPa (256,100 psi) in
summer and, Poisson’s ratio is equal to 0.15 an88 Gn winter and summer
respectively [16]. Density is equal 2.2 gfcrfoung’s modulus for the material of the
base layer is equal to 345 MPa (50,000 psi) invthger and 131 MPa (19,000 psi)
during summer. The density is 2.0 gfcmcohesion factor 0 Pa, angle of internal
friction @ is 40. For the subgrade clay loam is considered, Yaingdulus is equal
to 345 MPa ( 50,000 psi ) in winter and 43 MP&@6, psi) during summer. The
density is 1.8 g/cth cohesion factor 40 Pa, angle of internal frictibris 13 . The
Poisson’s ratio for the base and subgrade matesidi@ considered the same in winter
and summer [16].

In the pavement structure model using in ANSYS paog the values for various
material properties were adjusted according to ghecified layer thickness of the
model, where the first four elemental layers of t@del would all have properties of
AC. The second three element layers would have beserial properties, and the
remaining elemental layers would all have subgradterial properties.
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5- STRESSES DISTRIBUTION

Normal horizontal stresses are considered in tladysis. The horizontal stresseg
(acting in the Y axel direction ) and horizontatesseso,, (acting in the X axel
direction) along the top and bottom of the AC layespectively were extracted from
ANSYS. These were used to create graphs to illiesthow the variation in the
material properties and different crack depthstendtresses values along the entire
cross section through the center of loading ofpdneement.

(1) stresssy along the top of the AC layer,

(2) stresssy, along the bottom of the AC layer,
(3) stresss,, along the top of the AC layer, and
(4) stresss,, along the bottom of the AC layer.

5.1 Horizontal Stresses Perpendicular To Crack Direction 0Oy

5.1.1 Stress oy along the top of the AC layer

Horizontal stresses,, along the top of the AC layer have been shimigs. 5
and 6 in both winter and summer, respectively. It isetbthat negative stresses
(compression) values has been found at the patkelwbad while positive stresses
(tension) values are found at outside the wheeh.pdhe maximum value of
compression stresses has been found in case aiaked pavement. Tension stresses
value has been found on the other side, Its valtiee minimum in case of uncracked
pavement, while at the CDR 75 % the values of se®are higher with about 144 %
than that of uncracked one in winter. Due to thediming of the asphalt material
properties in winter than that in summer, the temsitresses are found higher in winter
than in summer with about 48 %. This would causiation of new crack in winter
parallel to the existing one.

-140 -120 -100 -80 - - - ) 4 80

100 120 140 1

Distance from crack in cm.

Crack position

e uncracked
—— 25% CDR
—24—50% CDR
—Xx— 75% CDR
=—0—100% CDR

Stresses in X direction in kPa

1.00.
LUV

Fig. 5: Horizontal stress oy on the top of asphalt surface (in winter).
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Fig. 6: Horizontal stress gy, on the top of asphalt surface (in summer).

5.1.2 Stress oyx along the bottom of the AC layer

Horizontal stressesy ) along the bottom of the AC layer have showrigs. 7 ands

in winter and summer respectively. It is noted fhaditive stresses (tension) values has
been found under wheel path and negative stressegp(ession) values are found at
the two sides of wheel path. The maximum valuesnion stresses are found in case
of uncracked pavement. As shownHigs. 7, 8 the tension stresses, was found

higher in winter than that in summer with about48

COhen

Distance from crack position

Stresses in X direction in kPa

= uncracked
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—¥— 100% cracking
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160

Fig. 7: Horizontal stress gy, on the bottom of asphalt surface (in winter).
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Fig. 8: Horizontal stress oy, on the bottom of asphalt surface (in summer).

5.2 Horizontal Stresses Parallel To The Crack  Direction oyy

5.2.1 Horizontal stress oy, along the top of the AC layer

Figures 9 and10 depict the stress distributiows, through the center of wheel load
along the top of AC for material properties in veintand summer respectively. The
conditions for an uncracked pavement (represenjethé solid line) and cracked
pavement ( represented by the dotted lines). Cesspn stresses are generally found
at the top of AC, while tension stresses are ptesest the bottom of AC.

In winter it is found that for crack depth ratio€PDR) 25%, 50% and 75% there is no
significant difference between the values of s#esd§ compared with the case of
uncracked AC as shown fig. 10. But, Significant difference in stresses valaes
found at CDR 100%, where its value increase withual#0% than that of uncracked
AC as clear irFig. 9. The maximum values has found at the edge of thekc This
would cause initiation of cracks perpendiculathe existing one. While in summer
the presence of crack has no significant effecthenvalues of horizontal stressgg
as shown irFig. 10. Considering the effect of seasons, its found the maximum
compression stresses is higher in winter thanithatmmer with about 42% for case
of 100% CDR, while no significant difference fohet cases

5.2.2 Horizontal stress oy, along the bottom of the AC layer

Figures 11 and12 show the stress distributioss, through the center of wheel load
along the bottom of AC for material properties imt@r and summer respectively.. All
figures shows that in summer the presence of chaskno significant effect on the
values of horizontal stresseg which parallel crack direction.
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Considering the material properties in both wirdad summer for 100% CDR, its
found that the maximum tension stresses is high&imter than that in summer with
about 77%]If the case of uncracked pavement is consideriee tension stresses value
in winter is higher with about 46% than that in soen.

Crack positio

Distance from crack position in cm.

stresses in kPa

100 120

uncracked
—u- -CDR =25%
—a— CDR =50%
—x= =CDR = 75%
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140

160

Fig. 9: Stresses oy, at the top of AC surface for ( in winter).
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Fig. 10: Stresses g,y at the top of AC surface for (in summer).
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Fig. 12: Stresses o,, at bottom of AC surface (in summer).

6. CRITICAL STRESS LOCATIONS AND LOADING

To study the effect of surface cracking on thesstes at specific points, the magnitude
of o, oy, ando,. at selected location were investigated.
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In the current approaches, of primary interest lawézontal stresses, and vertical
stresses, beneath the center of the wheel load @dnéinuous flexible pavement
system. In particular, the horizontal tensile stess,, ando,,, at the top and bottom
of the AC layer Figs. 14 , 15), respectively, the vertical normal stress at the
interface Fig. 13), in the base next to the interface, are consileie the possible
cause of rutting edge of the crack and under theeceof load. In the analysis
presented in this paper, the location of the cwaak taken directly at the edge of the
loaded area. This location was chosen becausexpiscted to be the most detrimental
to the pavement. In fact, the pavement should éxpes the highest stresses and
largest displacements when the load is positiotiédeaedge of the crack. In addition
to presenting stress values, the effect of cragksthe value of stresses were
guantified by the crack/no crack (stress) ratio CN&ined as [16]:

stressin a crackedpavement
stressin an uncrackedpavement

CNR= 2

where CNR =1 when there is no change in stresses

Wivily Wivily
AC l AC e om

ik

base 06, Ox

subgrade
subgrade

Fig. 13: Critical position of elements Fig. 14: Critical position of elements
considered for o, considered for o,y
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Fig. 15: Critical position of elements considered for oy, .

6.1 Horizontal Sresses At The Center Of Wheel

Table 1 presents the horizontal stressgsat selected two locations foundHiy. 14.

The value of stresses at the element located @bghand bottom of the asphalt layer
under the center of wheel load are found in theeiadxs of crack and with different
crack depths. From table it is found that the magle of stress,, along both the top
(compressive) and bottom (tensile) of the AC layecrease with the increasing of a
crack depth in both winter and summer. No signiftadifference in the stresses value
at winter and summer in case of compressive sgeadele tension stresses are mostly

higher in winter than that in summer with aboutt43

Load oy

Table 1: Stresses o0y in (kPa) at the center of wheel load.

Crack In top of AC In the bottom of AC
depth In winter In summer In winter In summer
ratio | Values | CNR | Values | CNR | Values | CNR | Values | CNR
(CDR) | In kPa in kPa in kPa in kPa
0 -64.0 |1.0 -59.2 1.0 55.1 |1.0 37.7 |1.0
25% -60.1 10.94 -55.3 [0.93 53 [0.96 35.6 |0.94
50% -49.5 10.77 -45.3 |0.77 48.3 ]0.88 31.7 0.84
75% -39.5 |0.62 -36.5 [0.62 44 10.80 28.5 |0.76
100% | -25.0 ]0.39 -27.9 10.47 26.4 10.48 22 |0.58
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6.2 Horizontal Sresses At The Center Of Whee | Load oyy

Conversely, with the perpendicular stres3esle 2 representshe parallel stresses,
along the top and bottom of the AC layer, which iacreased with the increasing of
the crack depth. Scientifically increase in coldsmn when the Young's modulus of
AC attains the highest value. At full crack defitt CNR ranging from 1.24 in the top
of AC (compression) to 1.3 at the bottom of ACnéien) in winter, while in the
summer the change in CNR values are not signific@oimparing the tension stresses
in both winter and summer, its values increaseb aliout 48% to 57% in winter than
that in summer for case of uncracked pavement t® CB%. The most critical value
was found at CDR 100%, where the stresses is &%t higher in winter than the
corresponding values in summer.

Table 2: Stresses oy, in (kPa) at the center of wheel load.

In top of surface In the bottom of surface
Crack
depth In winter In summer In winter In summer
ratio
(CDR) | Values Values Values Values
in kPa CNR in kPa CNR in kPa CNR in kPa CNR

0 -63.7 1.0 -58.1 1.0 54.7 1.0 37.1 1.0
25% | -65.2 1.02 | -58.5 1.0 55.2 1.01 37.2 1.0
50% | -65.8 | 1.03 | -58.5 1.0 56.5 1.03 37.2 1.0
75% | -67.2 1.05 | -58.7 | 1.01 58.5 1.07 37.2 1.0
100% | -79.1 124 | -59.8 | 1.02 71.3 1.30 39.7 1.07

6.3 Vertical Sresses At The Top Of The Base Under The
Center Of Wheel Load And At Crack Edge o0

Vertical compressive stress, at the two selected locations are showfahle 3. Up

to CDR 50% no significant variation in stresseaiealin summer as well as in winter.
At CDR 75% the value of stresses increased by a#®% than that of uncracked
pavement. Also, stresses are higher in summer tthgtnin winter with about twice
time. Table 3 shows that the critical stresses is at the edggamfk where, the CNR
reaches up to 3.71 in winter to 2.9 in summer isecaf full crack depth. However,
only moderate increase @y, is observed below the center of loading, CNR alios2

at winter to 1.32 at summer. This is increasedriizal compressive stresses worn to
rutting exist.
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Table 3: Stresses o0,, (kPa) at the top of the base throught the center of wheel load
and at edge of the crack.

Crack |In base of AC at the cinter of load| In base of AC at the crack edge
depth In winter In summer In winter In summer
ratio |Values| CNR |Values| CNR |Values| CNR |Values| CNR
(CDR) | in kPa in kPa In kPa in kPa
0 -3.48 |1.0 -6.76 1.0 -3.18 |1.0 -5.83 |1.0
25% | -3.56 |1.02 -6.86 |1.01 -3.39 |1.06 -6.3 |1.08
50% | -3.76 |1.08 -7.15 |1.05 -3.82 |1.20 -7.16 |1.23
75% | -3.97 |1.14 -7.55 |1.12 -4.41 1.38 -8.68 [1.49
100% | -5.64 |1.62 -8.95 |1.32 -11.8 |3.71 -16.9 [2.90

7- CONCLUSIONS

In the current paper, three dimensional finite eetranalysis is performed using the
ANSYS-10 program to investigate the effect of scef@racking on the responses of
flexible pavements structure. The normal stressésided by a single wheel load
located adjacent to crack with various depthsérifile pavements as 25% 50% 75%
and 100% of asphalt layer thickness. The analysis, @onsider the variation in the
material properties in winter than in summer.

The following conclusions are drawn out.

1. With the wheel load located at the edge of thelgréere is a considerable change
in the values of horizontal and vertical normaésses in the asphalt concrete and
in the base layers

2. Structural behavior of asphalt layer is scientificaffected seasonally for both
horizontal and vertical stresses.

3. At the top of the AC layer, horizontal compressitesses,, beneath the wheel
load is decreased as the crack depth increasee wdrilsion stresses are found
outside the location of wheel load. That tensicessies increases as the crack
depth increases. Significant values are found aéR @Bual 75%, where the values
of stresses is higher with about 144% than thatefacked one in winter. This is
would cause initiation of top down cracking paritlhe existing one.

4. Tension stresses,, at the bottom of the uncracked AC layer is higinewinter
than that in summer with about 48%.

5. Considering the effect of seasons variations, faund that the maximum
compression stresses is higher in winter thanithaummer with about 42% for
case of 100% CDR, while no significant differenoedther cases

6. Considering the material properties in both wirgted summer for 100% CDR, its
found that the maximum tension stresses is highavinter than that in summer
with about 77% But in the absence of cracks, it was found thatrtfaimum
tension stresses,, is higher in winter than that in summer with at46%

7. Vertical stresses,, at the surface of base layer are significanthea#d by
(different material properties), where the valuéss@ in summer is about twice
more than that in winter. A greater increase in mitage is found at the edge of
crack than that at the center of loading.
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8. Vertical stresses,, at the surface of base layer are significantlyéased in
summer at CDR 75% where its value increased withuad9% than that of

uncracked one
Finally, it can be recommended that at CDR 50% pereé must be rehabilitated

to avoid the higher stresses which may cause fioiticof new cracks at asphalt

[1]

[2]

[3]

[4]

[5]

[6]

[7]
[8]

[9]

[10]

[11]

pavement surface. In other side the winter seasaroimsidered the critical for
initiation of cracking, as summer season is comsilecritical for rutting
occurrence.
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