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Abstract— In the context of the wide demand of highality of
bitumen, this research was initiated with the objeti of
enhancing the asphalt mix properties. Variable addés
percentages of nanomaterial and polymer material wer
investigated, experimentally, in order to determitteeir effect on
asphalt properties. Three nano materials (i.e. nasitica,
nanoOkaolinite and nano-montmorlinit) and three pgher
materials were considered (i.e. SBS, polypropylenend a
polyethylene). Modified specimens (with 1, 3, 5afd 9% of nano
and polymer material) were prepared. Rheological pedes tests
were conducted (i.e. penetration, softening, flastoim and
viscosity). In addition, mechanical properties teswere carried
out (i.e. Marshall, compression, and indirect tefestests). Results
were obtained and analyzed. They indicted that addi
enhanced rheological and mechanical properties spaalt mix.

Index Terms— Hot Asphalt Mix; Polymerized-Materials

[.INTRODUCTION

to select the proper percentages of material argneo
additives percentages.

I1.LITERATURE REVIEW

Many researchers are involved in investigating the
enhancement of bitumen. Among them, for exampke, ar

Abdel-Lateef, T.H., (2009) et al. investigated #ifect of
different percentages of PET to HMA on the mix muijes.
Marshall, indirect tensile strength, rutting testiabending
tests were carried out to assess the propertiemneament,
where the results indicated that using PET enharhed
stability, indirect tensile strength, stiffnessdamtting. They
documented that there was a decrease in flow réadtrain,
and rutting depth. In addition, the results indéchthat 13%
PET provided an optimum ratid).

Qing, X., et. al., (2009) reportted that softeniagd
ductility enhanced the bitumen by adding 10 wt. % o
mechano-chemically devulcanized tire rubber (m-GaRJ)

Asphalt is a binder material that should resisEBS. This resulted in a decrease in road deformaiim an

environmental conditions, rutting, heavy stressed bw
temperatures. Accordingly, it should be enhancesppfalt
Institute; Eurobitume, (2011%.

increase in the viscous modulus (G”) and elasticlatus (G’)
(6]

Romeo, E., et. al., (2010) examined the impact BE S

Road development, new cities construction, increpsi modifiers on the hot asphalt mix properties. SUPERP

road network led to a rapid increase in bitumersaamption.
[Becker, Y., et. al., (2001)]°¥ reported that bitumen
consumption is 102 million tons per year, 85% ofclhis
implemented in pavements.

Bitumen production is a complex process that depemd
the raw material quality (crude oil) and refineryogess.
Accordingly, more attention is directed towards amting
the bitumen in order to improve its performance. @dhesion,
sensitivity to temperature, oxidation resistancactibn
properties, durability and aging resistance) [Skieh, et. al.,
(2012)]%.

There are many asphalt modifiers (i.e. resinsesuihetal
complexes, rubbers, polymers, fibers and chemigehts)
[Abdel-Lateef, T.H., (2009)f".

IDT (Indirect Tensile) and the SCB (Semi Circulagrling)
tests were carried out in order to evaluate thexghan the
product characteristics. The results indicated fhaymer
modifications do not induce significant effectstba resilient
modulus, at intermediate temperatures. On the bidued, the
tensile creep test provided a decrease in theafateeep,
which implies the occurrence of reduced accumutatiof
micro-damage [7].

Romeo, E., et. al.,, (2010) studied the effect &SS
modifiers on the properties of hot asphalt mix. FBPAVE
IDT (Indirect Tensile) and the SCB (Semi Circulagrling)
test were conducted to evaluate the change in pgiepeThe
results showed that Polymer modification at intediate
temperatures does not have significant effect erréiilient

In the context of the wide demand of high qualify omodulus, while during tensile creep, the rate @fepr was

bitumen, this research was initiated with the ofdjecof
enhancing the asphalt mix properties. Accordingdy,
methodology was designed to encompass a literaguiew,
experimental work and analyzing so as discussiagéabults
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lower implying less micro-damage accumulatidn

Ghasemi, M., et. al., (2012) investigated the ipaftt
nano-SiO2 and SBS on asphalt mixtures. Five asphmalers,
with polymer modified bitumen by 5% SBS, were
investigated using different nano-SiO2 percengs @, 0.5, 1,
1.5, and 2%). The mixtures (i.e. bitumen with SBE 8i02)
were prepared in a high shear mixer. They investjahe
rheological properties (i.e. modified bitumen [sofihg point,
penetration and ductility]). In addition, Marshadist was
applied to all specimens. The results indicatetttr@masphalt
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mixture with 5% SBS and 2% nano-SiO2 powder pravide
the best results among all the tested specimensordingly,
this modification was perceived to enhance the ighlsnd
mechanical properties of asphalt binder so as maztd.

Yazdani, A., et. al., (2012) implemented L16 ortbog|
array of the Taguchi method in order to find ot dptimum
polymeric Nanocomposite bitumen mixture. They dadin
three main factors: .

Factor (A) Polypropylene (PP) with percents: 2,4 %wt. SBS Polyethylene Polypropylene

Factor (B) Styrene-butadiene-Styrene (SBS) : 1534wt

Factor (C) Nanoclay with percents: 1,1.5,2,3 %wt

All samples encompasssed 4.5% bitumen 60/70. Soffen
tests were carried out in order to determine st modifier
compression. 3% SBS, 5 % PP, and 1.5% Nanoclay were
detected to be the ideal Nanocomposite asphaleksnd he
results indicated that the compressive strengthsaffteéning
point were enhanced by 55%

Walters, R.C., (2014) investigted the bio-char aado-
clay effect on asphalt rheological properties, wh&ro nano
materials (nano-clay ‘Cloisite 30B’ a naturally rganic
mineral, and bio-char) were examined. RotationatWimeter
(RV) tests were carried out, at 120, 135 and 15QGeC,
evaluate the enhancement in their properties. Hsilts
indicated that using nano-particles and bio-modifie
enhanced the high temperature performance and aging
resistance. XRD ascertained that the reason wasttration
of the layer spacing in nano-cl&l.

Figure (1): Nano-M aterials

[11.EXPERIMENTAL WORK

An experimental work was achieved in order to compa
the attained enhancement in the rheological soexhamical
properties of bitumen and asphalt mixtures duééaiano or
polymer material addition. The polymerized material
percentages were varied (i.e. 1, 3, 5, 7, and 9%itoynen
weight). Implmented polymer materials were styrene
butadiene styrene (SBS), polyethylene, and polygeng;
figure (1). Nano and polymerized materials wereadiwith
pure bitumen by a mechanical mixer; figure (2). &eation
(i.e. ASTM-D5 standard), softening point (i.e. ASTDB6
standard), flash point (i.e. ASTM-D3143-13 standlaadd
viscosity (i.e. ASTM-D4402 standard) tests weraiedrout
to evaluate the rheological properties enhancenunt
modified bitumen; figure (3). In addition, Marshd(il.e. Viscosity Test Flast
ASTM D5581 - 07a 2013), unconfined compression aest Figure (3): Rheological Properties of Bitumen
Indirect tensile tests; figure (4) were carried unvestigate
the mechanical properties (i.e. stability, flondimect tensile
stress, compression stress, and modulus of etgstioi the
modified polymer and nano-polymer asphalt (with can
kaolinite). Moreover, the performance of the maatifasphalt
mix, in rutting wheel track test was carried ougufe (5).
Figure (6) indicates the preparation steps of fhecisnen.
Marshall mix design was achieved in order to deteenthe
optimum bitumen percent in the mix. Finally, théeet of
polymer materials properties were compared to ¢salts of
nano material of Abdelzaher et

Marshall Tes Unconfined Compression Test
Figure (4): Testsof Asphalt Specimens
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Figure (5): Wheel Track Test
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d) Cooling
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Speci
Figure (6): Casting%cr:wlaquecimens preparation

IV.RESULTS

Results were obtained fom the experimental workeyTh
were plotted; presented on graphs and discusses] ber
follows:
= Figures (7) to (10) indicate that (7%) and (9%) tre

optimum percentages of nano-silica and nano-kaeliso

as nano-montmorlinite , respectively. It is obvidhat the
optimum percent of polymer-materials is (9%). Apgdris
also that the optimum percentages provide a paticatr

rduction by 35.38%, 21.5%, 24.62%, 23.08%, 18.4684,

13.85% for SBS, nano-silica, polyethylene, nanolikée,

polypropylene and nano-montmorlinite, respectivelyile

softening increased by 54.17%, 29.17%, 27.5%, 2%,08

25%, and 16.67% for SBS, nano kaolinite, polyprepgl

nano silica, polyethylene and nano montmorlinite,

respectively.
= Figure (7) indcates that the increase in nano-nadseor

polymer-materials change the grade of bitumen. The

optimum percent of polymer changed the grade t&@10-

while optimum percent of nano-materials changed the

grade to 50-60. In addition, the flash point insexzh by
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8.33%, 7.5%, 6.25%, 5.83%, 5.42%, and 5% for
nano-kaolinite,  polypropylene,  nano-montmorlinite,
polyethylene, SBS and nano-silica, respectivelpoAthe
viscosity increased by 6.44%, 5.32%, 4.76%, 3.92%,
3.92%, and 3.36% for nano-silica, polyethylene,
polypropylene, SBS, nano-kaolinite and
nano-montmorlinite, respectively.
Figure (10) indicated that the behavior of nanolikéte is
similar to SBS and polyethylene is similar
polypropylene.
Figure (11) indicated that the optimum percentitfrben
is 5.5%, obtained from Marshall mix design.
Figures (12) to (17) provide a comparison betwden t
mechanical properties of polymer modified aspha&ttand
nano-materials modified asphalt mix. The followivwgs
noticed:

= At optimum percentages, the stability increased by

60.78%, 50.5%, 37.5%, 31.75%, 17.6%, and 17% for

to

polypropylene, polyethylene, nano-kaolinite,
nano-silica, nano-montmorlinite and SBS,
respectively.

= On the other hand, the flow decreased by 21.75%,
21%, 19.22%, 13.65%, 13%, and 13.4% for
polypropylene, nano-kaolinite, polyethylene,
nano-montmorlinite, nano-silica and SBS,
respectively.

= Air voids decreased by 17.13%, 16.85%, 15.5%, 13%,
6.5%, and 3.65% for nano-kaolinite, SBS,
nano-montmorlinite, nano silica, polyethylene and
polypropylene, respectively.

= VMA decreased by 3.7%, 3.66%, 3.4%, 3.3%, 1.38%,
and 0.76% for nano-kaolinite, SBS, nano-silica,
nano-montmorlinite, polyethylene and polypropylene,
respectively.

= Unit weight increased by 0.61%, 0.61%, 0.57%,
0.53%, 0.2%, and 0.12% for SBS, nano-kaolinite,
nano-silica, nano-montmorlinite, polyethylene and
polypropylene, respectively.

= Rigidity increased by 105%, 86%, 73.8%, 51.6%,
36.2%, and 35% for polypropylene, polyethylene,
nano-kaolinite, nano-silica, nano-montmorlinite and
SBS, respectively.

Figures (18) to (22) indicated that nano-kaolinied
polypropylene are better than other implementecenzs
with respect to the mechanical properties of asphat.
Obvious was that increasing the percent of nandixit®
more than 5% decreased the air voids and flow than
specification limits. Accordingly, it was decided t
considered in the design. This percentage decrehsesr
void, flow, and VMA by 13%, 37.3% and 7%, respeelyy
while it is increased both stability so as unit giei by
26.8% and 0.5%, respectively.
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compared to the conventional mix, by 24.4%
compared to using polypropylene only and by 93.16%
compared to using nano-kaolinite only.
= Modulus of elasticity increased by 34.2% compaced t
the conventional asphalt mix, by 10.7% relative to
polypropylene only and by 2% relative to
nano-kaolinite only.
= Modulus of resilience increased by 93% compared to
the conventional asphalt mix, by 185% compared to
polypropylene only and by 45.5% compared to
nano-kaolinite only.
= Modulus of toughness increased by 28.5% relative to
the conventional asphalt mix, by 8% relative to
polypropylene only and it decreased by 13% compared
to nano-kaolinite only. This indicated its non-
effectiveness.
Figure (33) present the wheel track test for naabenmals
modifying asphalt mix under wheel weighting 70kg in
temperature 6@ , while figures (34) and (35) present the
rutting test results. They indicated the behavfanodified
asphalt mix compared to the conventional asphatlt as
follows:

—+— 9% Polypropylene + Nano Kaolinite % --®-- Nano Kaolinite % === Polypropylene %
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Figure (22): Effect of Nano-materials on Unit Weight of
Polymer Modified Asphalt Mix

= Figures (23) to (27) present the performance of the
modified asphalt mix. The following was noticed:
= The optimum percentages of additives increase the
compressive strength by 41.14%, 36%, 29.4% and
17.6% for nano-kaolinite, polypropylene, nano silic
and polyethylene, respectively but it decreased by
5.9% in case of SBS, and is not significant for
nano-montmorlinite.
= Indirect tensile strength increased by 200.8%, 1,74%
93.5%, 60.16%, 50%, and 40.65% for polypropylene,
polyethylene, nano-kaolinite, SBS, nano-silica and
nano-montmorlinite, respectively.
= Modulus of resilience increased by 93%, 32.5%,
32.5% for nano-silica, nano-kaolinite and
nano-montmorlinite, respectively, while it decredhse
by 23%, 32.5%, and 32.5% for SBS, Polypropylene
and polyethylene, respectively. Modulus of touglsnes
increased by 0%, 47.6%, and 19% for nano-silica,
nano-kaoliniteand nano-montmorlinite. SBS,
respectively. Polyethylene decreased modulus of
toughness by 19% while polypropylene increased it b
the same percent.
= Figure (28) to Figure (32) present the performan€e
modified asphalt mix using both polypropylene and
nano-kaolinite. The following was noticed:
= At the optimum percent, the compressive strength wa
increased by 47% compared to the conventional mix,
8.7% compared to implementing polypropylene only
and 4.2% than using nano-kaolinite only.
= Indirect tensile strength increased by 273.3%

15

= For conventional asphalt mix, the maximum rutting
was 15.589 mm, which occurred mostly in the first
4000 cycle.

= For the first 4000 cycle, rutting is 12mm, whichane

that about 75% of rutting happened in the first@00

cycle and 25% of rutting happened in subsequent

cycles.

For all types of nano-materials, the rate of ragttin

increased during all cycles. Maximum rutting was

4.228mm, 5.247mm, and 5.808mm for nano-kaolinite,

nano-montmorlinite and nano-silica, respectively.

= Nano-materials decreased the rutting depth by 72.9%
66.34%, and 62.75% for  nano-kaolinite,
nano-montmorlinite  and nano-silica,respectively.
According to BS 598-110[11] the maximum allowable
rutting is 7mm.

= Conventional asphalt mix reached this limit at 1500
cycle while nano-materials reached it at 1500 cycle

= Polypropylene and polyethylene nearly have the same

behavior of conventional asphalt mix.

= Maximum rutting are 12.092mm and 13.4mm for

polypropylene and polyethylene, respectively.

= For the first 4000 cycle rutting was 10.945mm and

11.769mm for polypropylene and polyethylene,
respectively, which means that about 90% of rutting
occurred within the first 4000 cycle after thatythe
become stable, compared to the conventional asphalt
mix.

= For SBS, the maximum rutting depth is 4.416mm and

the rate of increase in rutting for polypropylera a
polyethylene occurred after 5000 cycles.

= Polymer-materials decreased the rutting depth by

71.7%, 22.4%, and 14% for SBS, polypropylene and
polyethylene, respectively.

= Polyethylene and polypropylene reached to the

maximum rutting depth after 2000 cycles. They

increased the rutting life with 33%.
)
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= The rutting of nano-kaolinite with polypropylene 0.18
modified asphalt mix. This indicated
nano-kaolinite with polymer enhanced the asphatt mi

in the same manner as nano-kaolinite only.

= The maximum rutting depth is 4.116mm. It decreasec
the rutting by 73.6% compared to the conventional
asphalt mix by 66% compared to polypropylene only
while it decreased the rutting by 2.65% compared tg

the nano-kaolinite only.
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Figure (27): Behavior of Modified Asphalt Mix in
M odulus of Toughness
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Figure (24): Behavior of Modified Asphalt Mix in
Indirect Tensile Strength of Elasticity
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Figure (25): Behavior of Modified Asphalt Mix in
M odulus of Elasticity
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Figure (28): Effect of Nano-Kaolinite with Polypropylene
on Stress-Strain

il

Conventional Mix Polypropylene Nano-Kaolinite 9%
Polypropylene+5%
Nano-Kaolinite

Iy
@

I
(<]

w
@

w
=1

2R NN
o un o wu
I

Indirect Tensile Strengthj (kg/em2)

w
'

(=]

Figure (28): Effect of Nano-Kaolinite with Polypropylene
on Indirect Tensile Strength
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Figure (29): Effect of Nano-Kaolinite with Polypropylene

on Modulus of Elasticity
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Figure (30): Effect of Nano-Kaolinite with Polypropylene
on Modulus of Resilience
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Figure (32): Effect of Nano-Kaolinite with Polypropylene
on Modulus of Toughness

Figure (33): Wheel Track Test
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Figure (34): Rutting Behavior of Nano-M aterialsand
Polymer in M odifying Asphalt Mix

—+— Conventional Mix —#—9% Polypropylene

—— 9% Nano-Kaolinite 9% Polypropylene+5% Nano-Kaolinite
18
16

14

-
o

ALY

[
o

A

Rutting (mm)

/

Figure (35): Rutting Behavior of Nano-M aterialswith
Polymer M odifying Asphalt Mix
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= Table (1) is presented to encompass the numbeyabé ¢
that provided the maximum rutting depth for
nano-materials and the equations of the trend,lifeesall
types.

= According to equation (1) the number of load rejmetiis
calculated and tabulated in Table (2). From theltgsthe
maximum increase of load repetition is attained for
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nano-kaolinite with 6.24%.

Nf = fl St'fz El'fg .................. (1)
Where; {=0.0795;§ = 3.291, {= 0.854,

Table (1): Equations of Trend Linesfor Nano-M aterials
Rutting

Cycle
No.

Nano Type Equation R

y = -2E-23X + 8E-19X -
2E-14% + 2E-10% -
8E-07X + 0.0025x +

0.2511

y = -2E-23X + 9E-19X -
2E-14% + 2E-10% -
7E-07% + 0.0017x +

0.3319
-2E-23¥ + 8E-19%X -
2E-14% + 2E-10% -
9E-07%¥ + 0.0023x +

0.3947

According to equation (1) the number of load rejmtiis
calculated and tabulated in Table (2). From resthis

Silica 0.9904 | 21000

Kaolinite

0.9804 | 33000

Montm.

0.9806 | 28000

maximum increase in no. of load repetition is for
nano-kaolinite with 6.24%.
N=fg@EI™ ... 1)
Where; {=0.0795; = 3.291; {= 0.854,
Table (2): Number of L oad Repetition for M odified
Asphalt Mix
_ NLR
] E Strain
Material NLR Increase
(kg/cn?) &
%
_ 549760
Conventional 950 7x1b .
555245
7% Nano-Silica 1050 | 6.8x10 o 1
584073
9% Nano-Kaolinite | 1250 | 6-4x10 i} 6.24
9% 566776
o 1150 | 6.6x10 3.1
Nano-Montmorlinite 8
568183
9% SBS 820 | 7-2x10 o 3.35
566776
9% Polypropylene 1150 6-63(10 g 3.1
556462
9% Polyethylene 1175 | 6.6x10 ) 1.22
9% Polypropylene + 574279
ypropy o 1275 | 6.4x10 4.46
7% Nano-Kaolinite 4 3
18

| SSN: 2347-6389, Volume-3 I ssue-4, June 2016

= Figure (36) presents the assumed cost of each nepied

material. There is an increase in initial cost for
nano-modified and polymer-modified asphalt mix .r Fo
example:
= Bitumen cost = 3 LE/kg
= Aggregate cost = 90 LE/km
Nano-Material cost = 250 LE/kg
Polypropylene cost = 25 LE/kg
Polyethylene cost = 20 LE/kg
SBS cost = 80 LE/kg

~
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Figure (36): Increasein M odified Asphalt Mix Cost

= For comparison purposes, the cost optimum percestag

are taken as datum and the following is provided:

= For nano-modified asphalt mix, nano-silica, kaadni
nano-clay and montmorlinite nano-clay the incraase
the cost was 447%, 575%, and 575%, for polymer
modified asphalt mix, SBS, polypropylene, and
polyethylene increase the cost by 93, 29, and 23%,
respectively.

= |t is expected in the future that the price of
nano-materials to be similar to cement or slightly
higher than it. The raw materials of manufacturing
nano-materials are not expensive. After constrgctin
many factories for producing nano-materials, the
traditionally price will be normal price.

= Figure (37) presents the increase in cost for dspha

pavement if the cost of nano-materials is more fléatimes
of cement cost. If Cement cost = 0.6 LE/kg; Assume
Nano-Materials cost = 10 LE/kg. The following was
perceived:
= The increase in cost for nano-materials does not
exceed 28%.
It gives increase in fatigue life about 6% and in
addition the very high resistance for rutting which
decrease the final cost of nano-materials modified
asphalt mix.
For roads that acequire high resistance to rutkiitly
30% increase in stability, nano-kaolinite and
nano-silica are suitable.
= Nano-kaolinite will increase the fatigue lifetimg 6%
while nano-silica does not increase the fatigue lif
= Nano-montmorlinite and SBS are suitable for roags a
they have a high resistance to rutting with anease
in stability by 15% and an increase in fatiguetiife
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by 3%. Table 4-14: New Design Criteria
= For roads that acquire high stability and highrgith
regardlgss to rutting, pqupropylene and pongthgl Fatigue and
are suitable. They increase the stability and Compression Crack
compressive strength by 55% and 30% in addition Optimum Best
slightly improvement in rutting. Furthermore, _ ITS
polypropylene increases the fatigue life than Percent NLR Rutting Material
polyethylene. % 0 !_n‘e
% Time% (kgfent
100 )
- o0
2 8 P.P 9 3.1 6 200
2 70
CCJ 60 Q
2 Al 335| 1900| 60 =
§ 20 %
2 X
: | :
0 - K 9 6.24 1841 93 3
& & & & & & z
& & & . &
¢ & & & s | 9% P.P+
S \@(\o@ <© < Mix 506 N-K 4.46 1847 273

V. CONCLUSION AND RECOMMENDATIONS

Based on the results obtained from this researod, t
following conclusions are provided:
* New Design Criteria Based on The Outcomes of The 1)Nano-materials and polymer-materials improve the
Results mechanical properties of the asphalt mix (i.e. éase
each of stability, unit weight, modulus of elagtici
compression stress, and indirect tensile strengtiig it
is decreases flow, air voids, voids in mineral agate.
2)There is interfere between lines represent naneiiaig
and lines represent polymer-materials, which méan t
not. . ) polymer does not perform better than nano-mateaals
= Nano-montmorlinite and SBS are suitable for rodwds t vice-verse.
acquire high resistance to rutting with increasing 3)SBS has the highest effect on each of penetratiad,
stability by 15% and an extend in fatigue life tiro softening by 54.17%, and 35.38%, respectively while
3%. ) . . , nano kaolinite has the highest effect on flash {pbin
» For roads that acquire high stability and highreth, 8.33% and viscosity by 6.44%.

regardless ruttipg, polypropylene gnd polyethylgme 4)Polypropylene has the highest effect on stabilitgt #ow
suitable. They increased the stability and compress by 60.78% and 21.75%, respectively, while nan@ail

strength by 55% and 30%. In addition, slight has the highest effect on air voids, VMA and ureight

improvement in rutting occurred. Furthermore, by 13%, 3.4%, and 0.61%, respectively

polypropylene extended the fatigue life more thagyanq kaolinite has the highest effect on compressiv

ponethyI_ene. L . strength and modulus of elasticity by 41.14%, and
= New design crltgrla are preseqted in Table 4-14revh 41.8%, respectively, while polypropylene has thghbist

the best _mz_altenal n er_1h_ancmg the_ performance  of effect on indirect tensile strength by 200.8%

afphalt mix1s papo-kaohmte W'Fh optimum percefeta 6) Using nano-kaolinite, as an additive for polymerdified

9%. Although, it is not economic, it is expectedbi® asphalt, improves all properties but it should exateed

within t_he norm !n the future. 5%, which causes a decrease in the air voids awd fl
= Accordingly, this research suggested that asphalt . .. ihe code specifications.

pavement design ShOUId_ include ruttm_g depth.amj U$)Using nano-materials increase modulus of resilieaoe
SBS so as nano-materials, as additives. This woul toughness while, polymers decrease them.
extend |t_s life time by 5% and its cost would béued 8) Nano-materials in addition to SBS decrease ruttiagth
by 25% in the future. more than 60% while, polymers decrease it up t0.20%
9)Service life is extended by 6.24%, 3.1%, 3.35%9%3.1
1.22%, and 4.46% for nano-kaolinite,
nano-montmorlinite, SBS, polypropylene, polyethglen
and mixture of polypropylene with nano-kaolinite,
respectively.
10) Initial cost increased by 447% for nano-silica &itb%

T~
= 2
{‘ g Ii] £\ ENT

'Bxploring innovation’

Figure (37): Expected Increasein Modified Asphalt Mix
Cost in Future

= For roads that acquire high resistance to ruttiridp w
30% increasing in stability, nano-kaolinite and
nano-silica are suitable in addition. Nano-kaoinitill
extend the fatigue life time by 6% while nano-siligill
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for nano-kaolinite and nano-montmorlinite, while B
polypropylene, and polyethylene increased the ahiti
cost by 93%, 29%, and 23%, respectively.

11) For roads that acquire high resistance to ruttiitly 80%

increasing in stability, nano-kaolinite and nanlicaiis
suitable in addition nano-kaolinite will extendelet
service life by 6% while nano-silica would not.

12) Nano-montmorlinite and SBS are suitable for rahds

acquire high resistance to rutting with increasing
stability by 15% and increased the service life3bf.

13) For roads that acquire high stability and high rejtk

regardless rutting, polypropylene and polyethylane
suitable. They increase the stability and compvessi
strength by 55% and 30% with a slightly improveniant
rutting. Furthermore, polypropylene extended theise
life more than polyethylene.
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