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ABSTRACT: Pavement response to a variety of damages is affected by the bond between bitumen
and aggregate (adhesion) which is strongly affected by moisture and moisture entering from the surface
or substrates of asphalt pavement causing the aggregate to stripped. The result of moisture damage is
commonly called stripping because the bitumen is separated from the aggregates and the aggregates
remain uncoated. Various factors affect the moisture sensitivity of asphalt mixtures, which are generally
divided into two categories: The first one is of internal origin and is directly related to the properties of

the asphalt mixing constituents. In contrast, the second category is of external origin and is dependenton  Keywords:

conditions outside the asphalt mixing system. Today, glasphalt technology is considered as an efficient Glasphalt

way to reduce asphalt production costs, reduce fuel consumption, and reduce environmental pollution

. . . . . Hot mix asphalt
caused by the production of this type of waste. Despite the advantages of glasphalt, moisture damage is a P

weak point for these types of mixtures. The present study evaluated the moisture sensitivities of glasphalt Moisture sensitivity

and HMA and compared the performance of these two types of mixtures, along with the effects of two ~ Nanomaterials
types of additives, nano hydrated lime and nano calcium carbonate on moisture damage. The moisture  Modified Lottman test
sensitivity of both types of mixtures was evaluated using a modified Lotttman test and a thermodynamic
test of Wilhelm plate based on surface free energy methods. The results of the indirect tensile strngth
test showed that the resistance of glasphalt in dry conditions was higher than that of HMA. However,
glasphalt are exposed to wet conditions with a higher resistance to HMA. The results obtained from the
thermodynamic test also showed that the modification of both types of asphalt binder (AC 60-70 and
AC 85-100) using nano hydrated lime and nano calcium carbonate increases the total surface free energy
and adhesion of the bonding of both types of base asphat binders. This increase improves the strength
of mixtures made with this type of asphat binders against moisture damage of cohesion type, which is a

positive effect in reducing the moisture damage.

1. INTRODUCTION

The increasing growth of substance use and, consequently,
the methods needed to eliminate its waste, is a major
environmental concern. One solution to reducing this concern
is to reuse them through recycling. Recycling is considered
one of the most important foundations of sustainability of
natural resources. [1, 2].

The use of waste materials in the construction of roads, in
addition to reducing the volume of these waste and eliminating
the space needed to bury these materials. It also has many
benefits in environmental and economic terms. In addition,
the use of these materials reduces the need for new natural
resources, thereby reducing the use of mines [3]. Glass is one
of the most critical waste materials. The benefits of scrap glass
are that shattered glass is easily accessible and environmentally
friendly. It also absorbs less bitumen through glass aggregates
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than conventional aggregates [4]. In contrast to these merits,
there are problems such as decreased adhesion between glass
and bitumen, reduced slip resistance, and increased moisture
sensitivity in glass asphalt mixtures [4, 5].

The most important goals of this research are:

eEvaluation of performance of glass asphalt mixtures
against moisture sensitivity using mechanical testing,

eEvaluation of the performance of hot asphalt mixtures
against moisture sensitivity using mechanical testing,

eComparison of performance of glass asphalt mixture
with hot asphalt mixture against moisture sensitivity,

elnvestigating the effect of using nano-mineral additives
in reducing moisture damage of both types of asphalt
mixtures,

elnvestigate the effect of using nano-mineral additives
on the surface free energy components of the base bitumen,
and
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elnvestigation of the effect of bitumen remediation
using nano-mineral additives on bitumen bond free energy
parameter and resistance of asphalt mixtures to moisture
sensitivity using surface free energy method.

In this study, two types of nano minerals including
hydrated lime and calcium nano carbonate were used to
improve the resistance of glass and hot asphalt mixtures
to moisture damage. The main reason for using these two
materials is that both of them in filler state have been able
to reduce the moisture sensitivity of asphalt mixtures because
they increase the adhesion properties of mastic and acidic
aggregates.

2. METHODOLOGY

In this study, 36 different compounds were prepared to
evaluate the moisture sensitivity potential of glass and hot
asphalt mixtures. To prepare these compounds, as mentioned
earlier, three types of aggregates include limestone, granite
and quartzite, two types of bitumen with penetration rates
of 70-60 and 85-85, nano-stripping additives including nano
Hydrated lime and calcium nano carbonate have been used
as bitumen modifiers (2% by bitumen mass) as well as scrap
glass scraps. It is noteworthy, for each of the 36 compounds
mentioned, three samples were prepared for dry conditions
and three for wet conditions, and each sample was tested
twice with repeat.

3. RESULTS AND DISCUSSION

Figures 1-2 show the results of this index for glass and hot
asphalt mixtures made with the two types of bitumen used
in this study. According to these graphs, as indicated for the
values of indirect tensile strength (ITS), the ratio of indirect
tensile strength (TSR) of glass and ordinary specimens also
decreased with increasing number of ice-thaw cycles. Also,
the values of this ratio were lower for glass asphalt mixtures
than for hot asphalt mixtures, indicating lower resistance of
these types to wet conditions. In addition, specimens made
of bitumen 60-70 showed better performance than specimens
made of bitumen 100-85. On the other hand, based on the
results, it can be seen that the use of anti-stripping additives
of hydrated nano-lime and calcium nano-carbonate
increases this ratio and consequently improves the strength
of specimens made with all three types of aggregates. Glass
asphalt as well as hot asphalt mixtures compared to the control
samples. For both types of bitumen, this ratio is higher for
basic and modified calcareous aggregates. In other words,
calcareous aggregates have the highest resistance to moisture
damage and quartzite aggregates have the least resistance to
moisture. Finally, in completing the results obtained from the
modified Lattman experiment, it can be said that the glass
asphalt mixtures, despite being resistant to moisture, can be
obtained by using anti-stripping additives. This study also
used two types of nano-minerals to offset this resistance and
achieve a roughly equivalent strength to hot asphalt mixtures.
The use of nano additives has reduced the separation energy
of modified asphalt mixtures. This means that the bitumen-
aggregate system is in a more thermodynamically balanced
state and the tendency for stripping is reduced. This reduces
the moisture sensitivity of the modified asphalt mixtures.
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Fig. 1. Indirect Tensile Resistance Ratio (TSR) of AC 60-70
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Fig. 2. Indirect Tensile Resistance Ratio (TSR) of AC 85-100

4. CONCLUSION

oThe use of nanomaterials in this study has increased the
resistance of glass asphalt mixture in dry and wet conditions.
This increase was more pronounced in samples modified with
hydrated nano-lime.

oGlass asphalt blend specimens are more resistant to
moisture than normal asphalt blend specimens. This has
made a greater difference in the number of higher ice-melting
cycles.

oThe results of mechanical tests of moisture sensitivity
have shown that the use of both additives used in this study has
reduced the moisture sensitivity of glass asphalt mixture.

oThe performance of samples made with quartzite
aggregates was significantly weaker for both asphalt mixtures
in wet conditions than for samples with two other aggregates.
In contrast, lime aggregates in both asphalt mixtures had
better moisture resistance. On the other hand, the two
bitumen used in the study showed that the bitumen 60-70 had
better performance than the bitumen bitumen 85-85 in the
resistance of the glass and hot asphalt mixture.

eIndirect tensile strength ratio for glass asphalt mixtures
was lower than for hot asphalt mixtures and decreased with
increasing number of ice and thaw cycles. In addition, the use
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of both nanocomposites has significantly increased this index
and consequently improved the resistance of both types of
asphalt mixtures to moisture sensitivities.

eThe use of nanomaterials has reduced the acid component
and increased the amount of base bitumen free energy. This
will increase the adhesion between bitumen and glass, which
has strong acidic properties over other aggregates.

eUsing both hydrated nano-lime and calcium nano-
carbonate additives increased the bond free energy parameter
for both bitumens, resulting in improved bond breakage
resistance, which resulted in a better performance in the
hydrated nano-lime. Improved resistance of mixtures made
with both types of bitumen used in this study.
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Table 1. Physical properties of the aggregates used
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Table 2. Chemical compounds of the three types of aggregates used

Pl Sal S | clS | cuplS
pH AIA Y/ #15
Silicon dioxide, SiO, (%) YIA FAN aA
R;0; (ALO; + Fe;03) (%) 18 \EIY VYWY
Aluminium oxide, Al,O; (%) 1 VE/A “IA
Ferric oxide, Fe,0s (%) AT \/f YIA
Magnesium oxide, MgO (%) \IY <A -
Calcium oxide, CaO (%) AVY Y/f leY
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Fig. 1. Gradation of aggregates used
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Table 3. Basic characteristics of the bitumens used
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Table 4. Physical properties of both nanomaterials used
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Fig. 2. Particle size distribution of glass cullet used in this research
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Table 5. Characteristics of the constituent minerals of glass used

el e 00,5
Silicon dioxide, SiO2 {%) Velde
Potassium oxide, K;O (%) VY
Aluminium oxide, ALOx(%) Yi$
Sodium oxide, Na,O (%) \§ /¥
Magnesium oxide, MgO (%) Y/a
Calcium oxide, CaQ (%) oY
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Table 6. Different compositions of asphalt mixtures made
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Table 7. Components of surface free energy of test liquids in Wilhelmy plate method
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Fig. 3. Immersion of the screen impregnated with bitumen
and removing it
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Fig. 4. Indirect tensile strength (ITS) of samples made with AC 60-70 in dry conditions
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it labgliee Sis Lyl il 10 45 S Gl o gl 4 4z g5
355 3l 5 cdla labosloes 4y Cons | (5 e 0 Shos (slatnd
J8 950 Gl @ plgr ) 990 nl (ol s - silesls plas
boles 4y Cud (sl (i bglivs ;5 e glailaSin Cos s
Lglee Coaglia iol38l ogupe el a5 cansls aids g claul
S Caaglie s dnglie b ool oads (Sideen ly o odli]
b sl b a5 2,0 o5 cm e £55 50, b oad axsle slaaiges
Vo) puie Seiiaz o bislepd 4 Con (FoV) S Ssaiaz o

E5 99 2 o S Laulyd 10 GBSk ply 5 65 Seeslie (AD

o A Sis byl o ADY e g PV Gla B L end sl
&) slaosls 5l as b lea cCowl oals &31,10  F slo S o
Sal 6l o938l 50,0 05 @lol canl aseie § IS j0 00l
S Cuoglite (5o 55 Al Sl S Ol S 9 g a5l 0m
WSl S dilaSiw 55 dw o b oo ailu slodiges ki il
ol o o0 50,5 Clawl glabsls yo o0 o 3,158 5 uil,S
Ao g 8 o (S 4 STl 0ol glads claw]
Wlgi o Eodg0 (pl g el yiaS Lol ailaSin b aslie jo glad s
LWl o5d 38wl 5 (i Lglie Coglis alS 2l

yavi



YAAS b YA50 docio VYRR Jlo VY 0)leud @Y 093 ¢S ool (lpos suokite & pis

O, las oaias lis aS Wload axlse Cusb, ply )0 palivs e
el slabglse 4 o lains cdlawl glabglxe s
&yl ool ay azgi Lecpl pogdle .ol oo gl o byl 06
wlo 65 g glaind sladiges o Slos a5 098 0 odnline odd
Sz BB 55 4 osb e Lulyh jo Co )l allafen by ond
e cpl a8 Canl 00gs 5 crs Sl Kiw 9 sl 5 slaailaiw

9 aloiws U‘l| RS- J.oS.wJ 6[.(&‘5\[5 ‘s'l.wjé s.)T J.uo L d.‘>5.| L

900
800
70
60
50
40
30
20
10

Indirect Tensile Strength (Kpa)
o © & & © & & o

Sal Sw

Bl B 5lae Sal gl b oo 2ol

ool oyl sg5 31 i bglics
(ITS) pkino yub (cietS Cenglie gl o Sid oyl 1 b aslie
b yo Lyl S AD-Y + -
Pl dSs 1o coi @ oad g JSew )50 g g A oSy LS
Vo g A F Gl S 5l aS b les el oad ool Las VY B

55V ol lons sl sladiges

€9 dm ,o b oo adl sladed cllaw] sladiges wivl Lasuie
SiiS Ceaglie 2alS b o ,lsS 5 il S o Sal K ailasn

Zo3,lsS

bl do s Ve il do ) Al oy

[ | p,......lS“ Sly,S gl b oas C)Lol

@98 & S 093 S L gb o bl ph comi Fe-Ve 8 b ouldh aid b grdiges (ITS) oyl (LAl Conglibo # S
Fig. 6. Indirect tensile strength (ITS) of samples made with AC 60-70 under wet conditions with an ice-melting cycle period
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Fig. 7. Indirect tensile strength (ITS) of specimens made of AC 85-100 under wet conditions with an ice-melting cycle period
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Fig. 9. Indirect tensile strength (ITS) of specimens made of AC 60-70 under wet conditions with three ice-melting cycles
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Fig. 10. Indirect tensile strength (ITS) of specimens made of AC 60-70 under wet conditions with five ice-thaw cycles
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Fig. 11. Indirect tensile strength (ITS) of samples made of AC 60-70 under wet conditions with five ice-thaw cycles
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Fig. 12. Indirect tensile strength ratio (TSR) of specimens made with AC 60-70 under an ice-melting cycle period
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Fig. 15. Indirect tensile strength ratio (TSR) of samples made with AC 85-100 under three periods of ice-melting cycle
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Table 9. Components of surface free energy of base bitumen modified with nanomaterials
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Table 10. Free energy of base and modified bitumens with nanomaterials
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