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ABSTRACT: looking for of increased pollution and environmental concerns, as well as rising fuel and
energy prices, the Warm Mix Asphalt (WMA) technology, has been introduced as an environmentally
friendly technology, and nowadays the direction of the pavement industry has become more widely used.
WMA asphalt technology, despite the reduction in production and compaction temperature and other
advantages compared to Hot Mix Asphalt (HMA), has a weakness in moisture damage, which is one of
the main concerns of this technology, and the use of Anti-stripping additive is one of the most widely
used methods to reduce this damage. Asphalt mixtures of WMA are composed of different materials
such as bitumen, aggregate and WMA additives. The study on the effect of each of these materials on
the reduction of moisture sensitivity less attention has been investigated. Therefore, in this study in order
to aware of road engineers to improve this problem with this type of asphalt mixture will be discussed.
Studies showed that the type of aggregate (characteristics of acidity or alkalinity), the type of WMA
additive, and mixing and compaction temperature were among the most important factors affecting the
WMA asphalt mixture resistance, which indirectly affected the pavement.
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1- INTRODUCTION

The use of hot mix asphalt due to the compaction and
mixing high temperature increased the amount of energy and
fuel consumed and, it poses a serious risk to the environment
by releasing pollutants and toxic gases. By increasing
environmental pollution, rising fuel, and energy prices, the
trend to use of WMA asphalt technology has become more and
more universally accepted worldwide. The WMA compared to
conventional asphalt mixtures have different advantages and
disadvantages. The main advantage of this new technology is
to reduce the asphalt production temperature by 20-40 °C, and
this reduction in temperature is considered as an effective way to
reduce air pollution. Environmental considerations, less aging,
lower energy consumption and increased runtime throughout
the year are the benefits of this kind of asphalt mixture. On the
other hand, the cost of special additives, the cost of refining,
equipping asphalt factories and the weakness of the pavement
against moisture damage are its disadvantages. The sensitivity
of the asphalt mixture to moisture is one of the main concerns
of WMA technology that results from the destruction of the
bonding between bitumen and aggregate or the failure of the
bitumen structure. The presence of moisture in the pavement
layer due to the destruction of the bonding between bitumen
and aggregate, and during the traffic loading, the structure of
the asphalt ruptures and occurs in failures such as rutting and
raveling [1]. The moisture sensitivity of asphalt mixture is due
to various factors, which in this study other effective factors
*Corresponding author’s email: loordsaeid@gmail.com

such as aggregate, bitumen, and various WMA additives are
discussing.

2- INTRODUCTION OF MOISTURE DAMAGE
MECHANISM

Although several factors occur simultaneously, causing
Anti-stripping, all researchers have reached the consensus
that the main factor that causes this phenomenon is the water.
In order to accurately assess the mechanisms of damage
caused by moisture, it is necessary to identify the sources and
routes for its entry and exit in the pavement system. As shown
in Figure 1, moisture enters through the pavement structure
in different ways [2].

Anti-stripping is a complex phenomenon that affected
by various factors, and some of these factors are not known,
but some of them, such as pore pressure, detachment,
displacement, emulsion, and environmental conditions are
accepted as mechanisms of this phenomenon.

3- MATERIAL
SUSCEPTIBILITY
Asphalt mixtures consist of various components of
aggregates, bitumen, and additives, which each of it has a
significant effect on the asphalt mixture properties, Therefore,
in order to better investigate the asphalt mixture, it is
necessary to examine all the chemical and physical properties
of its components. In this research, the effects of aggregates,
bitumen, and additives (WMA additive and anti-stripping
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Fig. 1. Possible ways of penetrating water into the pavement [3].
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materials) was investigated.

3.1. Chemical properties of bitumen

The bitumen structure is complex and its chemical
structure is not fully known. Bitumen chemical compounds
and their structure depending on the oil and the processes
used to produce it. Additives have a significant role in
strengthening the chemical structure of bitumen and cause
different bitumen behavior, so adding anti-stripping in
bitumen with increasing polar groups increases the adhesion
between bitumen and aggregates in the presence of water([4].

3.2. Bitumen aging

During the aging process, the physical and chemical
properties change, resulting in different bitumen performance
in the production of asphalt mixtures. Bitumen moisture
resistance is very important and little research has been
done in this regard. According to Figure 2, the aging time
at low temperatures has a significant effect on the moisture
sensitivity of the asphalt mixture.

3.3. Aggregate type

The aggregates have different chemical properties, which
results in the different performance of the asphalt mixture
against moisture. Aggregates are according to their source
of extraction, as well as siliceous or limestone minerals. The
aggregates that are mostly silica have their acidic surface,
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Fig. 2. Effects of temperature and aging time on changes in
asphalt moisture resistance [5].

known for their hydrophilic aggregates, and also the
limestone aggregates whose surface is alkaline and known
as hydrophobic materials. Figure 3 shows the properties of
aggregates, and it is observed that the aggregates of acidity
possess significant amounts of silica (Sio,) in their structure,
and as materials are high in calcium carbonate (Caco,), the
materials are mainly limestone.

4- EFFECT OF ANTI-STRIPPING ADDITIVES

Moisture damage is one of the major failures in the WMA
technology, which is due to poor bonding between bitumen
and aggregate in the presence of water, this bonding is broken.
One of the solutions to this problem is the use of anti-stripping
additives to change the properties of aggregate surface and
compatibility and improve adhesion between bitumen
and aggregates. The effect of some anti-stripping agents on
the moisture resistance of the WMA asphalt mixture was
mentioned below.

4.1. Gilsonite

Gilsonite (natural bitumen) as a mineral material has a
significant effect on the moisture properties of the warm mix
asphalt. The presence of significant asphaltenes, as well as the
nitrogen components in gilsonite, has caused the material to
form a strong adhesion between bitumen and aggregate. In the
Sobhi and Hesami research, the percentages of this additive
were added to the asphalt mixture of WMA. Results showed that
due to increased viscosity, the presence of calcite and dolomite
in itself, as well as high percentage of asphaltenes, it has very
good adhesion to silica aggregates and causes an improvement
of bitumen-aggregate bonding. Also, it causes a significant
reduction of moisture deterioration in WMA mixtures [2].

4.2. Hydrated Lime

Extensive research has been done on the effect of hydrated
lime on the moisture resistance of asphalt mixtures, which
shows that lime as an anti-stripping material changed the
mechanical properties of the mixture and it increases the
moisture resistance of the asphalt mixture.

4.3. Zycotherm and zycosil

Zycotherm, as a silicon nanotechnology additive,
improves the moisture sensitivity of asphalt mixtures due to
its strong chemical bonding between bitumen and aggregate.
The performance of this anti-stripping agent is based on two
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Fig. 4. Effect of compaction and mixing temperature on
moisture sensitivity of asphalt mixtures [9].
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organic and inorganic phases that interact with the formation
of a covalently bond between bitumen and aggregates [7].

5. COMPACTION AND MIXING TEMPERATURE

The compaction and mixing temperature of the warm
mix asphalt is the main and key factor in the amount of
compaction mixture and coating bitumen and aggregate. The
compaction of asphalt mixture cause to reduce the volume and
its voids and thus increases the strength of the mixture against
moisture damage[8, 9]. According to Figure 4, by reducing
compaction temperature the amount of Asphalt mixture
moisture sensitivity increases. In general, it can be concluded
that the compaction and mixing temperature along with other
factors are the most important parameters in determining the
amount of resistance of the mixture to moisture.

6. CONCLUSIONS

Asphalt mixture moisture sensitivity is a structural failure
and one of the potential failures in the asphalt pavement
of WMA, which plays an important role in the mechanical
performance of asphalt mixtures. Therefore, this requires
more study and attention to extending the pavement life. This
study was conducted to better understand the factors affecting
the moisture sensitivity of WMA technology, some of which
are as follows:

1) The type of aggregates used in asphalt mixes based on
the acidity theory in terms of their acidity and alkalinity has a
significant role in the formation of the bond between bitumen
and aggregates. Generally, aggregates of alkali (calcareous
aggregate) have a stronger bond with bitumen than acidic
aggregates and have higher moisture resistance.

2) Neat bitumen generally has acidic properties and
modified bitumen with WMA additive (Sasobit) increases the
acidity of bitumen, in which case aggregate bitumen forms a
stronger bond to acidic aggregates.

3) Due to the structural similarity, slag (steel and copper)
and limestone are alkaline properties, and its use in the WMA
asphalt mixture, together with the improvement of other

failures, leads to increased resistance in the moisture content
of the asphalt mixture.

4) The mixing and compaction temperature of the asphalt
mixture of WMA is the main and key factor in the amount
of asphalt mixture compaction and bitumen and aggregate
coating that is directly related to the moisture resistance of
the mixed mixture.

5) Aging on the moisture resistance of the asphalt mixture
has a positive effect and increases the TSR. Also, the aging
time of bitumen at low temperatures reduces moisture
damage, and this effect decreases with increasing temperature,
and decreasing the aging time will increase the sensitivity of
moisture
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Table 3. Free energy of adhesion and surface free energy of bitumen-aggregates and additives

- olﬂ LS.)’.)'“
. I3t &35! .
&y . Sl 32 Sk > — y8 (S Nz
(a0 . &Y 5 (=l 2 2 . (e
PRI (ergs/cm”) | (ergs/cm?®) | ,qas ;o ailasiw
(ergs/cm2) g -
(ergs/cm”) ol
Hesami et al 1 ab 8+ Cogule —\YIAY
5013 S ‘ VLD - Y/as NN
o L + S _
(2013) S5 4 525+ Capguls \YYIAY
| Wl yu8+ relins] SAYY/OF
e R WY YISV N
sl S b 8+ elasl —VA-/Q¥f
54 Congule + 5]
Sa] PO g ~VFE/AD
ol
5 gl + S } - B
el | T A
ol
54 elawl + Sal
ol 7o REYIN
e
51 sli] + Sl ) ) )
el | O RV
b
Arabani et Sal b+ Cogule -1/3
1 VE/D- /a5 -8V
a WK wl b+ Cungules YY)D
(2012) - - .
| b 8+ pelanl —FAIfY
e G — WAY YISV -18Y
uil)S b 8+ elinl —\Vo/-f
+ Cosgal + K
ol 8
L;, ‘ VOIYA VoY NNy
+ Co + K
g s golos + o551 e
al 8
B + pooliw! + 15
Sal o oSl -¥81a8
aly 8
Lm ‘ VEIOY V/YA - IAY
+ + :
—d Sl B SAYVYE
al 8
Shafabakhsh Sl aly 3 S YD
¢ al YNy \IYY Y
cta el 5 al 8 —ay/04
(2013) - "
I b 3+ 05, —ONfO
s 2k D YAI-Y VYA R¥
<l,S al 8+ 055505 -2/

4y




VAV B VAV dotio YR Jlo o) oyl DY 093 €3S paol 3y (it &y

a0

85

mAged112°C mAged129°C mAged 146 °C

80

75

7

TSR (%)
(=]

6

Ln

6

=]

5

Ln

50
WMA-0 h

Mixture

WMA-2h WMA-4 h WMA-8 h

Lvy] awl Sugb ) Cwglio @l pudd p (S oo 9 Lo @l ¥ S
Fig. 3. Effects of temperature and aging time on changes in asphalt moisture resistance

EUnaged M Short-term aged

110

100

. 90

Q\i 80
a4
7

= 70

60

50

40

Asphamin Cecabase Evotherm Rediset Sasobit
Mixture

LYY WMA _dliw] belio glgil ugb ) cuoglio y S w5 . F S
Fig. 4. Effect of aging on the TSR values of different WMA mixtures

Sy50 50 335 coyp b AVE] 0gd o Uil bgle JSCis
Ol o S las (olo> g ouins S sl
5, ol b 8 Sors )0 6laSKin mhaw gg5 45 S,
S s oms foSes S5 clasie Jols olss ol s
@ azgi wadplnl Slllhe @b wilo mhw Cusb) 5 65
I arg oyse 28 s ) i O LSl g s alaSis gy
b (S o oS Lolys coenl dllis ol a5 coul a8 ,5

Olis gsh, ol s 590 50 1) (il bl plSowil 5 5.3

s opl 4

yay

Slalllas Gilies guls & a5 b V0] wil o cusb ) Conlas
5 @t Sleogad i baS 58 Sl CiS olgiee
WMA S0g38l £98 g ailaSiw 45 4y az g5 b ool ol o (S5 3.8

Syl [, WMA bglses b, Conlas alS sl

ailoS, -F-Y
Ll )l Jissl gz 1y sl anclSal (28 (Sow gllas
ASZIG"“' 9 oo;

c>ge a5 WS oo dbul B o Gy |,



VAY B VAY dis YRR Jlo o) o)laid DY 0,93 €3Syl ()l yos (corbingo 4 it

LAl sl = 5 cmols L1 Caliizo ailaSouw oluS 5 O JSb

Fig. 5. Composites of various aggregates in terms of alkali-acid properties
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Fig. 6. Chemical compositions of different aggregates
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Table 4. Effect of RAP on moisture resistance of WMA mixtures
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Table 5. Effect of Slag on moisture resistance of WMA mixtures
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Fig. 7. Adding of Zycotherm and formation of a covalent bond between the aggregate and the anti-stripping agent
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Fig. 8. Effect of compaction and mixing temperature on moisture sensitivity of asphalt mixtures
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Table 6. Mixing and compaction temperatures of WMA additives
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EHMA Control B WMA Control (Sasobit)
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Fig. 9. Effect of Sasobit on moisture sensitivity of asphalt mixtures
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Fig. 10. Effect of Evotherm additive on moisture sensitivity of asphalt mixtures
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mHMA Control = WMA Control (Rediset)
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Fig. 11. Effect of Rediset additive on moisture sensitivity of asphalt mixtures
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Table 7. The moisture resistance of warm mix asphalt containing foamed bitumen additive
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Fig. 13. Effect of Aspha-min additive on moisture sensitivity of asphalt mixtures
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