International Journal of Advanced Engineering and Nano Technology (IJAENT)

ISSN: 2347-6389, Volume-2 Issue-12, November 2015

New Concept for the Design of Flexible Pavement
at Critical Highway Sectiol
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response and the predicted pavement life. Thereanvss-

Abstract— The design procedure of flexible pavement to becalled critical modulus Eat whicheg; is a maximum. The

completely rational in nature, consideration shouli given to all
forces acting on pavement through the vehicle'stiAlthough the
horizontal forces (HF) on the pavements are of sifjcant values,
all pavement design methods do not take the actiofisghese
forces on the pavement system into consideratiomisTmay
appear to be unrealistic load condition. Previoustudies
concluded that horizontal forces have significanffect on the
response of flexible pavements. The main objectiwk this
research is to recommend/quantify solutions to eliate the
effect of these forces on the response of flexipevements. To
achieve this objective theoretical analysis, usifigite element
technique, was performed to investigate the respoofdifferent
flexible pavement sections under various wheel loatlinear
analysis was conducted using the computer program AM$S12.1.
The basic measuring parameters of flexible pavemierthis study
were; the maximum surface deflection (SD), the maxim
horizontal tensile strain at the bottom of asphalincrete layerd)
and the maximum compressive strain at the top obgtade ¢;). A
total of 643 cases were studied to investigate tfiece of HF on
the behavior of asphalt pavements. Based on the oesp of
asphalt pavement under HF, recommended pavementicest
were adopted to eliminate the effect of HF. Reductimfrthe effect
of HF on the flexible pavement response may achievieg
increasing the AC layer thickness {hfollowed by the asphalt
concrete layer modulus (B or by increasing the base layer
modulus (B).

Index Terms— Flexible Pavement, Horizontal Forces, Design,
Critical Sections.

[. INTRODUCTION

critical E; values decreased as imcreased under various
wheel loads. For Evalues below the critical values there
was a significant effect horizontal force (HF) dexible
pavement response. On other words, the effect of HF
decreased with increasing; E3]. Similar findings were
obtained after studying the response of flexibleepaents
under trucked vehicle loads and aircraft loads 9}, El-
Desouky and El-Shikhy (2014) studied the effectbake
thickness and base modulus on the response ofbliexi
pavement under various wheel loads. They found it
effect of horizontal forces on flexible pavemenspense
decreases with; increasing asphalt concrete ldyekness
(hy), increasing base layer modulus,)(Eand/or increasing
asphalt concrete layer modulus X E].

The main objective of this paper is to eliminate #ffects
of horizontal forces, if exist at critical highwagctions, on
the response of flexible pavements through quantjfghe
required increase in different layers thickness /@nd
modulus. To achieve this objective, theoreticalysis, using
finite element technique, was performed to inved#gthe
response of different flexible pavement sectiongleun
various wheel loading schemes. Linear analysis was
performed using computer program (ANSYS 12.1) THe
basic measuring parameters of flexible pavemethigithesis
are, the maximum surface deflection (SD), the magrim
horizontal tensile strain at the bottom of aspbaticrete layer
(e) and the maximum compressive strain at the top of
subgraded). The pavement structure was composed of three

There are three forces acting on the tire from thgYers; asphalt surface, untreated base, and sisgikne

pavement. Tractive force (or longitudinal force) iB the
component in the X direction of the resultant foeerted
on the tire by the road. Lateral forcgif the component in
the Y direction, and normal force I5 the component in the
Z direction (vertical load, VL). Although horizomtforces
are of significant values, most of the design meéshéor
flexible pavement do not take the effect of horiabforces
into consideration. They used only the effect oftical
wheel load or axle load [1].

In (1999) Khedr et al. studied the effect of HF the
performance of flexible pavements. Although theggmsted
to increase the thickness of surface layer andhbamce the
properties of asphalt concrete (AC) layer to mamntagh
modulus, they did not quantify the required amouoiit
increase of both AC thicknesses and modulus. Intiadd
they did not study the effect of base layer thidshand
modulus [2]. El-Desouky et al. (1999) found tha® Aayer

modulus (E) has significant effect on the flexible pavemensupports on sides. This
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studied variables were HF values, layers thick(las$,) and
layers modulus (E E;). Results of a previous study [6] were
used in this research where HF in addition to Virenspplied

to the pavement structural sections referred hereriginal
sections. New pavement sections, if required, vatndied
and compared to the original sections to determine
recommended pavement sections that could elimitiae
effect of HF.

Il. FINITE ELEMENT MODELING

As mentioned before, flexible pavement structures wa
assumed to have three layers. The interface betamgtwo
consecutive layers was assumed to be perfectly dublad
recommended by the asphalt institute [8]. A sdbaindary
conditions was defined for the model to providebiity to
the structural system. The analysis model wstsbéshed
with a fixed boundary at the bottom and lemol
conforms to the assongpif
Uddin et al. [9]. In this study, a single wheeldoaf 40 kN
(9000 Ib) was applied over a circular contact asf£80 cm
diameter. The tire pavement contact pressure wasis®.7
kg/cnt). This represented the vertical wheel load VL. The
analysis was focused on the effect of horizontatdo(HF)
in additional to vertical wheel load (VL) on the xiraum
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surface deflection, the maximum horizontal tensftain €) horizontal tensile strain at the bottom of AC lajer HF =
at the bottom of the AC layer and the maximum eatti 0.6 VL.
compressive straired) at the top of subgrade. Table 1 shows

the layers properties data [6]. V. ELIMINATING THE EFFECT OF HORIZONTAL FORCES

This part of research concerns with the concepts of

TABLE I LAYER PROPERTIES DATA [6] eliminating the effect of horizontal force on thesponse of
. Thickness Modulus Poisson's the flexible pavements. Fig. 1 — (a) shows thetiaiahip
aver (cm) (MPa) ratio betweere; and k& for hy =5 cm and hi= 20 cm for both E=

AC 5/10/15/20 750-2250 035 100 MRa and £= 250 MPQ under VL only (plotted in
dotted lines). On the same figure, all cases, wiBeBeVL
L"”treated 20/35 100/250 0.30 was applied as HF to the pavement structure, wirtte.

ase . .
The figure illustrates some close curves to theewf V0L
Subgrade 80/90/100 50 0.40 only where h =5 cm, h = 20 cm. Fig. 1 — (b) presents the

solution to eliminate the effect of HF ep The figure shows
that for E = 100 MPa on normal road sectiong,=h5 cm,
and B = 20 cm might be used. While at critical sections

The Results showed that, the maximum horizontailen yvhere HF exists, there are two choices. The firet  to
increase hto 10 cm and use surface layer of modulys E

strain at bottom of the AC layeg,) is changed significantly 1250 MPa. The second recommended solution is tease
when horizontal forces were applied to the pavemeft , 15 . For E= 250 MPa, k= 15 cm and hi= 35 cm
structure. In addition it was noticed that the coesgive mlight be us.ed in case of HE ’existence instead @h&nd
strain at the top of subgrade layey) (did not change under 20 cm respectively.

effect of all horizontal forces values. Detailegukts and Similarly, when normal road section has=h10 cm and

analysis of results can be foqnd_ elsewhere [6]. h, = 20 cm as shown in Fig. 2, it is seen that theset
Based on these results it is planned to study how Lurve to the curve of VL only for;h= 10 cm, h = 20 cm
control the maximum horizontal tensile straig) (under g4 E = 100 MPa is the curve of k 10 cm and h= 35
application of HF. The HF value of 0.6 VL had arsigant \\hen HF of 0.6 VL exists, i.e.,lshould be increased from
effect on maximum horizontal tensile straig) (for all = 20 ¢m to 35 cm to eliminate the effect of HF. Tidution
studied cases. For;h 5 cm only, all values of HF had js yajid only for § values> 1750 MPa. Another solution is
significant effects or.. As h, h,, By, and E increased the to yse better base course of modulys=E125 MPa. Also

effect of HF oneg, decreased. The following paragraphsvhen § = 250 MPa, the best solution to eliminate theaffe
introduce the concept of eliminating the effecti on the of HF is to use h= 15 cm and = 35 cm when HF exists.

Ill.  EFFECT OF HF ON THE RESPONSE OF FLEXIBLE
PAVEMENTS
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Figure 1. Elimination of the effect of HF for h; =5 cm and i = 20 cm.
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Figure 2. Elimination of the effect of HF for h; =10 cm and h = 20 cm.

For the case of;i= 10 cm and h= 35 cm, as shown in the effect of the HF o, when E = 100 MPa is to replace
Fig. 3, there are some close curves to the curwéLabnly. the normal road section by the recommended seofitin=
At critical section when HF exists, the normal rattion 15 cm, h =20 cm and E= 125 MPa. For = 250 MPa, it
where h = 10 cm, h = 35 cm and E= 100 MPa might be is recommended to use # 20 cm, h = 20 cm. The second
replaced by a section of k 15 cm and Hh= 20 cm. While recommended solution is to use=h20 cm, b = 20 cm and
when B = 250 MPa the recommended section consists of B, = 200 MPa but Eshould> 750 MPa.
=15 cm and h= 35 cm and modulus of AC layer should be The last case in this study is when the normal szadion
> 750 MPa to eliminate the effect of horizontal fsscon has h = 20 cm and h= 20 cm as shown in Fig. 6. The
maximum horizontal tensile strain. recommended solution for this case is to increas® 80

Next case is when normal road section has1b cm and cm for both E values of 100 MPa and 250 MPa. Table 2
h, = 20 cm. When E= 100 MPa as shown in Fig. 4, thesummarizes the results of the work presented B ghper.
recommended solution for this case is to increas® IB5 In this table, the recommended sections are intedu
cm. While when E= 250 cm the best solution is to use=h against original sections to eliminate the effectB on the
15 cm, h =35 cm and E> 750 MPa. response of flexible pavements at critical roadtises

Fig. 5 illustrates some close curves to the cuv&lo  where horizontal forces may exist.
only when h = 15 cm, h = 35 cm. The solution to eliminate

9 et VWLLO/35 E2-100 o VWLL0/35 E2:
3 A = = VWI10/35 F2=750 8 = W =VWL10/35 E2:

\ —4—0.610/20 [2-100 S 0.6 15/20 E2=
7 L 0.6 10/20 E2-250 ! . 0.6 15/35 E2=
N \‘\\‘ ——0.6 10/35 P2=100 6
: . —4— 06 10/35 [2-250 . e '
SR ™ : ——06152002=100  © " | N ey .

e ——0.6 15/20 £2=250 R S L .

0.6 15/35 £2-100

=—10.6 15/35 £2=250
== 0.620/20 £2=100
0.6 20/20 E2=250

Maximum tensile strain at bottom of AC layer x10-4
Maximum tensile strain at bottom of AC layer x 10-4

0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500

£ (Mpa) E,(MPa)

(a) Variation of g with loads and pavement sections (b) Recommended solutions

Figure 3. Elimination of the effect of HF for h; =10 cm and h = 35 cm.
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Elimination of the effect of HF for hy = 15 cm and h = 35 cm.
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Elimination of the effect of HF for h, = 20 cm and h = 20 cm.
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TABLE Il. SUMMARY OF THE RECOMMENDED SECTIONS TO ELIMINATE
THE EFFECT OF HF.

Original Section Recommended Section
hy hy E, hy hy E, Notes
100 15 20 100
5 20 10 20 100 E1>1250 MPa
250 15 35 250
100 10 35 100 E1>1750 MPa
10 20 10 35 125
250 15 35 250
10 35 100 15 20 100
250 15 35 250 E1>750 MPa
15 20 100 15 35 100
250 15 35 250 E1>750 MPa
100 15 20 125
15 35 250 20 20 250
20 20 200 E1>750 MPa
100 20 30 100
20 20 250 20 30 250

V. CONCLUSION
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The work presented in this paper provides the @ornerof. of Civil Engineering in 2010. During his wdn the Military technical
stone and a new concept to eliminate the effects ofllege, Dr. El-Desouky was the Head of Civil Eregiring Department

horizontal forces, if exist, at critical sections dlexible
pavement response:
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effects of HF.

2.The key to eliminate the effects of HF is to conepar
betweeret of straight sections (where no HF exist) and

et of critical sections where HF exist.
3.For a given asphalt mix properties, asphalt cordester

thickness (b) has the greater effect to resist the negative
influence of HF followed by the base layer modulus

(E2).

4.More reduction of the effect of HF on the flexible
pavement response may achieved by increasing tb,
thickness of base layer Jjhfollowed by enhancing

asphalt mix properties to increase its modulu3. (E

Finally, it is recommended to conduct field andoeiory
studies to determine the practical values of haitizloforces
applied at the critical pavement sections, e.g.izbatal
curves, intersections, steep upgrades, etc. Fudhaties
should be conducted using practical values of bote
wheel loads to develop new design charts for dlifiexible
pavement sections.
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