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ABSTRACT

Recently, some of Iraq's newly constructed asphalt concrete pavements showed premature
failures with significant negative impacts on roadway safety and the economy. Using Nano
hydrated lime (NHL) in pavement construction could be one of the possible steps to improve
pavement durability. This article discusses how NHL affects the durability of hot mix asphalt.
NHL was added in two methods to the asphalt concrete mixture for the wearing course. The
firstis the dry method, i.e., on the aggregate, whereas the second is the wet addition method,
i.e, to the bitumen. The percentages were tried for each additional method; 1, 2, and 3% by
weight of aggregate for the dry method and 0.5, 1, and 1.5% by weight of asphalt concrete
for the wet method. The optimum asphalt cement contents were evaluated using the
Marshall procedure. Asphalt concrete mixes were prepared at their optimum asphalt content
and then tested to evaluate their durability properties, including moisture damage and
permanent deformation. These properties have been evaluated using indirect tensile
strength and uniaxial repeated loading tests. The results show that the NHL has improved
the permanent deformation characteristics and resistance to moisture susceptibility.

Keywords: Nano Hydrated lime, TSR, Marshall Mix design, Permanent deformation
(repeated load).
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1. INTRODUCTION

Some recently constructed asphalt concrete pavements in Baghdad and other cities across
Iraq have prematurely failed in the last five years, detrimental to the economy and the safety
of the roads. The primary failure types found in those newly constructed roads frequently
include load-associated modes of failure (rutting and fatigue) and sporadically moisture
damage in some poorly drained parts. Investigations into the causes of the failure beyond
these found that there are two categories: intrinsic and extrinsic. The intrinsic category is
limited to the mixture, improper gradients, and excessive use of natural sanitizer. The
extrinsic category is caused by the heavy axle loading combined with the relentlessly high
summer temperatures (ambient air temperature for nearly three months can reach 50
degrees Celsius, and pavement surface temperature can reach up to 60 degrees Celsius).
Using HL could be one of the possible ways to improve the performance of asphalt concrete
pavement (Sebaaly et al., 2006; Al-Tameemi et al., 2016). Different fillers can change the
physical or chemical properties of the binder in various ways because they have different
qualities (Kavussi and Hicks, 1997). The following elements play a significant role in this
modification process:

(1) Filler type (e.g., limestone powder, fly ash, hydrated lime, etc.)
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(2) Concentration of filler in the mix.

The use of hydrated lime in asphalt concrete has been a topic of interest for researchers in t
he industry for many years. Studies have shown that adding hydrated lime can improve the
performance of asphalt concrete in several ways. (Mohammad et al.,, 2000; Kennedy,
1984) performed a mechanistic assessment of the necessary engineering characteristics of
the Marshall-designed bituminous mixes that contain HL as defined by the indirect tensile
strength, permanent deformation characteristics, modulus of resilience, and fatigue
resistance. The outcomes exhibited that the HL addition as a mineral filler enhanced the
permanent deformation characteristics and the fatigue endurance of the asphaltic concrete
mixes. Such enhancement especially appeared at the higher testing temperatures with the
polymer-modified asphalt and the limestone aggregate mixes. It has been found that using
the HL as a reactive mineral filler can increase aggregate binding and matrix strength
(Lesueur et al., 2013; Preti et al,, 2021; Khattak and Kyatham, 2008). Hydrated lime
stiffens the binder above or at room temperature due to its highly tinny nature and high
surface area (Lime, 2010). (Hossain and Ullah, 2011) carried out a study to assess the
efficiency of lime as a modifier and a replacement for stone filler used in road paving asphalt
concrete mixtures by dry addition method for four different lime percentages (1.0, 1.5, 2.0,
and 2.5). Compared to the AC mixes without lime, the results showed that increasing the
amount of added lime increased resistance to the adverse effects of water. Increases in the
amount of lime are correlated with increases in tensile strength ratio (TSR) and the loss of
stability. A study found that adding 2% HL by aggregate weight resulted in the highest
stability and strength of asphalt concrete. However, another study by (Albayati et al.,
2022)suggested that a dosage of 3% hydrated lime may be more suitable for improving the
fatigue resistance of asphalt concrete. Also, they investigated three different hydrated lime
(HL) sizes ranging from nano, sub-nano, to microscales. The researcher stated that the
efficacy of asphalt concrete against rutting, moisture damage, and the fineness of the HL
particles are positively correlated. The authors suggested that 1.5 % of NHL could
compensate for the 3% of normal size HL. Because of the above preface, little information
exists in the literature about using NHL in asphalt concrete (Albayati, 2012). Therefore, this
research attempts to bridge the gap in the literature about the effect of NHL on the durability
of asphalt concrete mixes. The environment in Iraq is epitomized by high temperatures in
summer coupled with heavy axle loads, which hastens the premature deterioration of
asphalt concrete pavement. The primary distress type in newly constructed pavements was
moisture damage and accumulation of permanent deformation in the asphalt concrete
surface layer (Mohammad et al., 2008).

This study investigated using hydrated lime in a nanoscale to reduce the possibility of
performance reduction due to the two types of distress and produce more durable asphalt
concrete mixtures.

This work aims to determine the effect of nano-hydrated lime on the durability of a hot
asphalt mixture. Two NHL addition methods are considered, dry and wet. The optimum
asphalt cement contents shall be evaluated using the Marshall method. Asphalt concrete
mixes will then be prepared at their optimum asphalt content and tested to evaluate their
durability properties, including moisture damage, resilient modulus, and permanent
deformation.
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2. MATERIALS

2.1 Asphalt Cement

Concerning the hot mix asphalt, one type of asphalt cement was used for this study. It is
produced in the Al-Dura petroleum factory with a penetration grade of (40-50). Table 1 lists
the asphalt cement's physical characteristics. Also, the results are compared to the
specifications provided by the State Corporation for Roads and Bridges (SCRB R9, 2003)
Asphalt cement fulfills the requirement.

Table 1. Physical Properties of AC 40/50

Test Unit Result = Specification limit (SCRB
R9, 2003)

Penetration at 25°C, 100 gm, and 5 sec mm 44 40-50
Softening point RandB ( ASTM, D36, °C 52 ----
2003)
Specific gravity at 25°C ( ASTM, D70, ---- 1.02 ----
2003)
Flashpoint °C 280 Min. 232
Ductility cm 129 Min. 100
Residue from thin film oven test
Retained penetration, % of original % 56 Min. 55
Ductility at 25°C, 5 cm/min, (cm) cm 86 Min. 25

2.2 Coarse and Fine Aggregate

The aggregate used in this work was crushed quartz obtained from the Amanat Baghdad
asphalt concrete mix plant located in Al-Obaidy, east of Baghdad; its source is the Al-Nibaie
quarry. This aggregate is widely used in Baghdad city for asphaltic mixes. The coarse and
fine aggregates used in this work were sieved and recombined in the proper proportions to
meet the wearing course gradation as required by SCRB specification (SCRB R9, 2003).
Routine tests were performed on the aggregate to evaluate their physical properties. The
results and the specification limits set by the SCRB are summarized in Table 2.

Table 2. Physical properties of aggregate

Coarse Fine | (SCRBRY,

Property Agg. | Agg. | 2003)

The bulk specific gravity (g/cm) (ASTM C127,2012; ASTMC128, 2012) 2.636 2.62 ----
The apparent specific gravity (g/cm) (ASTM C127,2012; C128, 2012) 2.646 2.65 —

The water absorption percentage (ASTM C127, 2012; ASTM C128,2012) 0.139 0.52 ——--

The wear percentage (Los Angeles Abrasion) (ASTM C 131, 2006) 18.89 max. 30
The percentage of fractured pieces 96 max. 90
The sand equivalent 53 min.45
The soundness loss by Sodium Sulfate solution percentage 3.5 12 max.
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Test results show that the chosen aggregate met the SCRB specifications. The gradation for
the aggregate is presented in Table 3.

Table 3. Selected gradation for wearing course

Sieve size Wearing course

Inch mm Selected gradation | Specification limit (SCRB R9, 2003)
%% 19 100 100

EZ; 12.5 95 100-90

3/8 9.5 83 79-90

No. 4 4.75 59 44-74

No. 8 2.36 37 28-58

No. 50 0.3 13 5-21

No.2 00 0.075 7 4-10

2.3 Mineral Filler

Local ordinary Portland cement, which is compatible with the requirements of SCRB
specification (SCRB, R9 2003), was used for this research work. The physical properties of
Portland cement, a non-plastic material passing through sieve No. 200 (0.075 mm), are
presented in Table 4.

Table 4. Physical characteristics of the natural Portland cement

Property Result of test
The bulk specific gravity 3.20
Passing sieve No.200 (0.075mm) 97%

2.4 Additive (Nano Hydrated lime)

Hydrated Lime (Ca(OH)3z) is a dehydrated powder mostly comprised of Calcium Hydroxide
Ca(OH)2. It's determined by the hydration of Quicklime (principally Calcium Oxide, Ca0O)
utilizing particular hydration equipment. CaO is produced by the combustion of limestone of
too high purity (prepared from Calcium Carbonate, CaCO3) at temperatures of about (900°C)
into the devoted kilns according to the National Lime Association (NLA) (NLA, 2003), the
usual HL grades appropriate for most chemicals objectives possess (85%) or more that
passes throughout the sieve no. 200, where for special uses, it may be determined as fine as
(99.5%) that passes the sieve no. 325. And the below chemical equation evinces the HL
formation from the limestone (Boynton, 1980; Crossley, 1999)

CaC0; —» Ca0 - Ca(OH),
NHL has acquired a substantial appreciation as a beneficial additive to improve asphalt
pavement performance. It's added to specific low-grade aggregates rendering them

appropriate in asphalt mixture for use in a highway building. Occasionally, it's hard to coat a
definite aggregate with asphalt due to its acidic or siliceous surface. Adding NHL often
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improves the coating ability and ponding properties of asphalt of this aggregate Table 5.
shows the Physical and Chemical properties of hydrated lime on a nanoscale.

Table 5. Physical and Chemical properties of Nano hydrated lime.

Material property NHL
Average particle size (nm) 93.4
Surface area to volume ratio 85.5
200 Mesh (75pum) passing 100
% Ca0 56.1
%Si0; 1.38
%Al203 0.72
%Fez03 0.12
%MgO 0.13
%S0s3 0.21
%L.0.1. 40.65

3. EXPERIMENTAL WORK

The present section comprises the conducted tests depiction for mix design as well as
evaluating the HMA mixtures durability for the wearing course utilizing NHL in two various
methods: Dry method (dry lime supplemented to the dry aggregates) and Wet method (dry
lime supplemented to the asphalt cement) before the asphalt blending in three different
contents for each method; for the first one (1.0, 2.0 and 3.0%) by the aggregate weight as a
cement feller substitution (Albayati and Mohammed, 2016) and for the second one
(0.5%,1%, and1.5%) by weight of mixture to introduce NHL for the asphalt cement the
asphalt binder, heated at 150°C, and blended by a shear mixer device set at 12000 rpm for
20 min, as displayed in Fig. 1. Asphalt concrete mixtures were produced using the optimum
amount of asphalt cement according to the Marshall method for mix design. They were then
tested for moisture susceptibility employing the Indirect Tensile Strength (ITS) as well as for
permanent deformation utilizing uniaxial repeated load test.

() (b)

Figure 1. Hydrated lime and mixing device, a) Hydrated lime, b) Mixing device
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3.1 Marshall Mix Design

Using the graduation requirements listed in Table 2, various aggregate fractions were
retained on sieves no.12. 3/8, no. 4, no. 8, no. 50 and no. 200, and the mineral filler was
combined into an (1150 g) batch. Then, the aggregate blend was heated in a container to
roughly (150°C) for (2 hr.). To accomplish a (170 c.St) viscosity, asphalt cement was also
heated separately for (2 hr.) at a controlled temperature of (155°C). The mixture was then
precisely blended for two min at (155°C), while a precise asphalt binder quantity was added
to it by the prescribed percentages (4.0, 4.3, 4.6, 4.9, and 5.2 % by weight of the mixture). As
soon as the mixture was prepared for compacting, it was then located in a furnace at a
controlled temperature (146°C) of compaction (matching to a (280 c.St) viscosity) for ten
min. After that, they were dispatched into cylindrical specimens having a diameter of 101.6
mm (4 inches) and a height of 63.5 mm (2.5 in), as well as compacted utilizing (75) blows
per face by the Marshall Compactor. After overnight, the specimen was extracted from the
mold, and volumetric test parameters (i.e., weight and dimension) were determined. Then,
it was submerged in water at 60°C for (30-45 min.) before testing for stability and flow.

3.2 The Repeated Load

The cylindrical specimens used in this study have a diameter of 101.6 mm (4 in) and a height
of 203.2 mm (8 in). The aggregate fractions were divided into coarse and fine groups, and
the aggregates retained on the pan were discarded and replaced with mineral filler (Portland
cement). The aggregates were combined into a batch of 3800 g and heated in a temperature-
controlled oven to 150°C. A container containing asphalt was likewise heated to a
temperature between 145 and 150°C for 2 min, and the bowl contents were completely
blended manually on a hot plate. The bowl and its contents were placed in an oven and
heated to 140 °C for 10 minutes to guarantee a consistent compaction temperature 101.4
mm (4-inch) paper disk was added to cover the mold base plate after the compaction mold
was heated to 100°C. To make it easier to remove the specimen, the internal edge of the mold
was greased with a brush. Then, in the laboratory of Materials of the Department of Civil
Engineering at Baghdad University, a hydraulic compression machine was used to compact
the specimen using the double plunger method while applying a weight of 65000 1b (29491
kg) (Kakade et al., 2018). The weight was applied to both ends of the specimens for one
minute. A hydraulic extractor was used to carefully remove the specimens from the molds
after they were cooled overnight at 25°C and had the ideal amount of NHL. The samples were
classified and stored in bags. Fig. 2 exhibits the repeated loading device and specimen.

The permanent strain (gp) is computed as:

_ Pgx10°

g, = 128 ()

where:

&p is an axial permanent microstrain

Pgis permanent axial deformation

h is the height of the specimen

This investigation’s permanent deformation test results are illustrated in Eq.2 (Monismith
etal,, 1975; Barksdale, 1971).
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g, = aN® (2)

where ¢, is a permanent strain, N is the stress application number, a is the coefficient of
intercept, b is the coefficient of Slop

Figure 2. Repeated loading device and cylindrical specimen (a) Repeated loading device
and (b) cylindrical specimen

3.3 Moisture Susceptibility Test

The susceptibility of the moisture of the asphalt concrete mixes was assessed according to
the (ASTM, D 4867-14,2009) for the indirect tensile strength (ITS) (Hicks, 1991; Hadi,
2017; . Specimens of every mixture were prepared according to the-Marshall technique and
compacted at the two ends to achieve a (7£0.5%) air void content. Also, 6 specimens were
prepared for every mixture. Then, they were divided into two groups: 3 for the control were
straightly tested at a temperature of (25°C), and the other 3 for the conditioned were
exposed to a cycle of freezing as well as thawing experience at (-18+2°C) (16 hr), pursued
by another at (60+1°C) for (24 hr), before the tensile test at (25°C). In the ITS test, a
compressive load was applied alongside the cylindrical specimens' diametric axis at a (50.8
mm/min) rate. Fig. 3 exhibits the device and specimen of the ITS test.

2P

ITS = == (3)
ITS,

TSR = ¢ (4)

where ITS is Indirect tensile strength, P is the Ultimate exerted load, t is the specimen's
thickness, D is the specimen's diameter. The other factors are well-defined earlier.

Figure 3. ITS device and the specimen, a) ITS device, b) specimen
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4. RESULTS AND DISCUSSION

The tests conducted are to design the mixes and evaluate the durability of HMA mixes for
wearing courses using two additional methods of nano-hydrated lime (dry and wet) and the
content. Following the Marshall method for mix design, asphalt concrete mixtures with the
optimal amount of asphalt cement were prepared and then tested for moisture susceptibility
using Indirect Tensile Strength (ITS) and permanent deformation using a uniaxial repeated
load test.

4.1 Optimum Asphalt Content in the Mixture

The optimal content of the asphalt of the Bituminous mixes is obtained depending on the
mean values that fulfill the needs groups for the Marshall Stability, Marshall Flow, voids of
air, VMA, and VFA. According to the Marshall approach, a comprehensive mix design process
was carried out (ASTM D6926., 2010). The three asphalt cement contents that produce the
best stability values were averaged to determine the OAC, unit weight, and air voids of 4%.
As a result of averaging the asphalt cement concentration over the three properties
described above, the OAC is 4.9%. As presented in Fig. 4

8.6 45
8.4
z 8.2 e 4
~ 8 35
2 S
2 78 s 3
© L <
5 75 2 (5]
'7 (a) 15
3.8 43 4.8 5.3 3.8 4.3 4.8 5.3
Asphalt Content,% Asphalt Content, %
2.34 6
‘€ 233 5
°Q
£ 232 S 4
> 231 z 3
Q ' 1
c d
2.29 (c) 0 (d)
3.8 4.3 4.8 5.3 3.8 4.3 48 5.3
Asphalt Content, % Asphalt Content, %

Figure 4. Relationship between asphalt content and Marshall properties, a) Stability,
b) Flow, c¢) Density, d) VTM

4.2 Optimum Nano Hydrated Lime Content

Marshall Stability and Flow tests were carried out on specimens prepared using three
percentages of nano-hydrated lime for both dry and wet methods at the OAC of 4.9. The
optimum contents were 1.5% for the hydrated lime wet method and 3% for the hydrated
lime dry method. According to the comprehensive outcomes of the measured Marshall
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characteristics (Marshall Stability and Flow) (BlaZek et al., 2000; Yardim et al., 2019),
which can be seen in Figs. 5 and 6, the content of hydrated lime continuously increases over
the investigated content of NHL with stability. The highest content of NHL was chosen as the
optimum content, which produced the best results.

16 4.5
14 4
12 3.5
< 1o E 3
- €25
= = 2
9 4 o
S T 1.5
h 4 1
2 0.5
a b
: (a) 5 | (b)
0 0.5 1 15 2 0 0.5 1 1.5 2
NHL % NHL %

Figure 5. The effect of NHL (wet method) on stability and flow, a)The effect of NHL (wet
method) on stability, b) The effect of NHL (wet method) on flow

14 45

12
Z E S
> 10 -
£ =
= 5
3 15
H 8

(a)
6 . (b)
0 1 2 3 4 0 1 2 3 4
NHL % NHL %

Figure 6. The effect of NHL (dry method) on stability and flow, a)The effect of NHL (dry
method) on stability, b) The effect of NHL (dry method) on flow

4.3 Influence of Optimum Hydrated Lime Content on Marshall Properties.

The addition of slaked lime as an additive to asphalt increased the Marshall Stability by 1.5%
by the wet method, i.e., by adding NHL to the asphalt cement, and by 3% by the dry method,
i.e.,, by adding NHL to the aggregate by the filler replacement method, as observed in Fig. 7.
The maximum increase in Marshall Stability was 72% for the wet method and 43% for the
dry method. The increment was escorted by a reduction in flow values by 28% for the wet
and 42% for the dry methods. The air voids decreased by 22.7% for the wet method and by
17.8% for the dry method. All values were within the allowable range. Conversely, the NHL
addition raises the asphalt cement's viscosity (Kim et al., 2003; Little and Petersen, 2005;
Zeng and Wu, 2008; Sebaaly et al., 2002). These results can be explained by the fact that
the NHL addition augmented the fine materials in the mixes of asphalt, and as a result, the
air voids decreased while these materials absorbed more asphalt. The increase in bulk
density caused by the decrease in the air void values leads to an obvious increase in Marshall
Stability (Nataadmadja et al., 2020). Table 6 includes the test results.
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Figure 7. Effect of mix type on the Marshall Property: a) Stability, b) Flow, c) Density, d)
AV, e) VMA, f) VFA

Table 6. The Influence of mix type on the Marshall properties for the Asphalt grade

Mixture Stability Flow Density AV VMA VFA
kN mm (gm/cm?3) % % %
CM 8.31 3.71 2.330 4.01 16.69 73
NHL wet method (1.5%) 14.33 2.65 2.331 3.09 16.66 81
NHL dry method (3%) 11.96 2.14 2.335 3.28 16.50 80
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4.4 Influence of NHL on Tensile Strength and Moisture Susceptibility

The NHL addition to the asphalt mixtures improves tensile strength outcomes for the two
additional methods, i.e., dry and wet. As a result, the values of TSR for the two mixture kinds
were higher, while the ultimate increase of the wet method happened at an NHL content of
1.5%. Also, the ultimate value of TSR was augmented by 11.7% above the control mix; the
results are in agreement with (Ismael and Ahmed, 2019). Similarly, the ultimate value of
TSR for the dry method at 3% of lime was higher by 20.16% than the control mix. And, the
Ca inclusion into the lime material strengthened the bond among the aggregates. According
to the scientific interpretation, the asphalt cement's surface texture and the film may have
had a chemical reaction that improved the moisture damage resistance (Behbahani et al.,
2020; Al-Marafi, 2021). Fig. 8 portrays the influence of NHL (dry and wet) on the
conditioned and unconditioned ITS, while Fig. 9 demonstrates the influence of NHL (dry and
wet) on TSR.

m unconditioned

1200 m conditioned
1000
600
400
200
0

ITS, KPa
©
S
S

HL dry HL wet
Mix Type
Figure 8. Effect of mix type on conditioned and unconditioned ITS
100
80
S 60
&

B 40
20
0

HLdry HL wet

Mix Type

Figure 9. Effect of mix type on TSR
4.5 Influence of NHL on the Permanent Deformation

Fig. 10 depicts the test results of the permanent deformation measurement under the
repeated uniaxial load (schemed on a log-log scale). By employing Eq. 2 for representing the
relationship, two parameters, i.e., the intercept and the slope, are linked to the potential of
material deformation. Table 7. compares the fitting lines' slope and intercept parameters.
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The outcomes revealed that adding hydrated lime on a nanoscale enhanced the asphalt
concrete's rutting resistance. Utilizing the nano-sized particles made the uppermost
enhancement, and at the content of hydrated lime of 1.5% wet method, the lowermost slope
and intercept values at 3% for dry method being greatly lesser than the optimal, respectively.
It was noted that the intercept and the slope values for the dry method at the content of
hydrated lime of 3% were (31.4%) and (13.2%), respectively, and were substantially lower
than the control mix's optimal values. The percentage of slope for the wet method at 1.5%
HL was the lowest by (29.3%) from the control mix, while the intercept value for the wet
method at 1.5% HL was the greatest by (33.7%) when compared to the unmodified mixture
for the control mixture. The mean decrease in the permanent strain experienced after 10,000
load repetitions was about (14.7% and 63.9%) for dry and wet mixes, respectively. The main
outcomes evinced the better performance of the NHL in generating a high-stiffness asphalt
concrete as well as raising the contact of stone-stone, which caused an effective spreading
and a decrease in the strains and stresses placed on the structure of pavement by the loading
of traffic, thus also decreasing the likelihood of a high temperature rutting distress in asphalt
concrete pavement (Kakade et al., 2018).

10000
= CM
g HLdry
g 1000 HLwet
=
€
7}
3
= 100
&
o

10
1 10 100 1000 10000

Number of Load Repetations

Figure 10. The effect of mix type on the permanent deformation

Table 7. Effect of the mix type on the coefficient of permanent deformation

Mixture coefficient of permanent deformation at 40 °C
a b (ep) at N=10,000
CM 89 0.416 3290*
Hydrated Lime (dry) 61 0.361 2805
Hydrated Lime (wet) 59 0.294 1185

*CM failed at N=8020

5. CONCLUSIONS

This study aims to determine the effect of hydrated lime on a nanoscale on the durability of
the asphalt concrete mixture. Two additional methods were adopted, dry and wet. Three
percentages of NHL content for each addition method were investigated. Marshall properties
and durability properties were evaluated. The durability of the asphalt concrete mixtures
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was evaluated regarding moisture susceptibility using indirect tensile strength (ITS) and

permanent deformation using the uniaxial repeated load test. The following conclusions can

be drawn based on the limited test results obtained in this study.

1- As compared with the conventional asphalt mixture, both NHL addition methods
increased the Marshall Stability by 43% and 72% for dry and wet methods, respectively,

2- Marshall flow outcomes were reduced by (28% and 42%) for (dry and wet) methods,
respectively, compared with the conventional asphalt mixture.

3- The nano-hydrated lime addition reduces air voids in the asphalt mixes. The reduction
value was 22.7% for AC (40-50) for the wet method and 17.8% for the dry method
compared to the conventional asphalt mixture.

4- Nano-hydrated lime greatly improved tensile strength ratio results. The percentages of
the NHL of 1.5% for wet and 3% for dry produced the highest results. The improvement
in TSR results is 11.7% and 20.16% for the mixes with dry and wet addition methods
compared to conventional asphalt.

5- At relatively high temperatures (40°C), the influence of nano-hydrated lime addition is
more pronounced in resistance to permanent deformation. It can be inferred that 1.5%
for the wet method and 3% for the dry method of hydrated lime content will achieve an
optimum mixture with the highest resistance to rutting. The slope for the wet method at
1.5% HL was lower by (29.3%) from the control mix, whereas the corresponding
reduction for the dry method is 13.2 %.

6- The use of NHL significantly improved the performance of asphalt concrete; it also
provides the possibility of producing more durable mixtures with higher resistance to
distress in terms of moisture damage and permanent deformation.

REFERENCES

Albayati, A.H. 2012. Mechanistic evaluation of lime-modified asphalt concrete mixtures. 7th RILEM
International Conference on Cracking in Pavements: Mechanisms, Modeling, Testing, Detection and
Prevention Case Histories, pp. 921-940.

Albayati, A.H.K., and Mohammed, A.M., 2016. Effect of lime addition methods on performance related
properties of asphalt concrete mixture. Journal of Engineering, 22(9), pp.1-20.
D0i:10.31026/j.eng.2016.09.01

Albayati, A, Wang, Y., and Haynes, ], 2022. Size effect of hydrated lime on the mechanical
performance of asphalt concrete. Materials, 15(10), 3715. D0i:10.3390/ma15103715

Al-Marafi, M.N.I. 2021. Effects of Hydrated Lime on Moisture Susceptibility of Asphalt Concrete.
Advances in Science and Technology. Research Journal, 15(2).

Al-Tameemi, A.F.,, Wang, Y., and Albayati, A., 2016. Experimental study of the performance related
properties of asphalt concrete modified with hydrated lime. Journal of Materials in Civil Engineering,
28(5),04015185. D0i:10.1061/(ASCE)MT.1943-5533.0001474

National Lime Association, 2003. How to add hydrated lime to asphalt, an overview of current methods.
National Lime Association.

ASTM, D 4867-14, 2009. Standard test method for effect of moisture on asphalt concrete paving
mixtures. Annual Book of ASTM Standards.

156


https://doi.org/10.31026/j.eng.2016.09.01
https://doi.org/10.3390/ma15103715

Volume 30 Number 3 March 2024 Journal of Engineering

ASTM, C 128-0.1, 2012. Standard test method for density, relative density (specific gravity), and
absorption of fine aggregate.

ASTM, C 131, 2006. Standard test method for resistance to degradation of small-size coarse aggregate
by abrasion and impact in the Los Angeles machine. ASTM International, West Conshohocken, PA.

ASTM, D70-97, 2003, Standard test method for specific gravity and density of semi-solid Bituminous
materials (Pycnometer Method). Annual Book of ASTM Standards, 4(03).

ASTM D36-95, 2003. Standard test method for softening point of Bitumen (ring-and-ball apparatus).
Annual Book of ASTM Standards Vol 04.04 Road and Paving Materials Paving Management
Technologies, ASTM 1916 Race Street, Philadelphia, PA.

ASTM, (€127, 2012. Standard test method for density, relative density (specific gravity), and
absorption of coarse aggregate.

ASTM D6926, 2010. Standard practice for preparation of bituminous specimens using Marshall
apparatus.

Barksdale, R.D. 1971. Compressive stress pulse times in flexible pavements for use in dynamic
testing. Highway Research Record, 345(4), pp- 32-44.

Behbahani, H., Hamedi, G.H., and Gilani, V.N.M., 2020. Predictive model of modified asphalt mixtures
with nano hydrated lime to increase resistance to moisture and fatigue damages by the use of deicing
agents. Construction and Building Materials, 265,P.120353.D0i:10.1016/j.conbuildmat.2020.120353

Blazek, ]., Sebor, G., Maxa, D., Ajib, M., and Paniagua, H., 2000. Effect of hydrated lime addition on
properties of asphalt. 39th International Petroleum Conference, Bratislava.

Boynton, R.S., 1980. Chemistry and technology of lime and limestone. John Wiley and Sons. Inc., New
York.

Crossley, G.A., 1999. Synthesis and evaluation of a new class of polymers for asphalt modification.
Queen’s University at Kingston.

Hadi, S.S., 2017. Impact of preparing HMA with modified asphalt cement on moisture and
temperature susceptibility. Journal of Engineering, 23(11), pp. 1-12.D0i:10.31026/j.eng.2017.11.01

Hicks, R.G., 1991. Moisture damage in asphalt concrete. NCHRP Synthesis of Highway Practice 175,TRB,
National Research Council, Washington, D.C.

Hossain, K., and Ullah, F., 2011. Laboratory evaluation of lime modified asphalt concrete mixes with
respective to moisture susceptibility. International Journal of Civil and Environmental Engineering,
11(4), pp-47-54.

Ismael, M.Q., and Ahmed, A.H., 2019. Effect of hydrated lime on moisture susceptibility of asphalt
mixtures. Journal of Engineering, 25(3), pp. 89-101. D0i:10.31026/j.eng.2019.03.08

Kakade, V.B., Reddy, M.A., and Reddy, K.S., 2018. Rutting performance of hydrated lime modified
bituminous mixes. Construction and Building Materials, 186, Pp- 1-10.
D0i:10.1016/j.conbuildmat.2018.07.009

Kavussi, A., and Hicks, R.G., 1997. Properties of Bituminous mixtures containing different fillers.
Journal of the Association of Asphalt Paving Technologists, P. 66.

Kennedy, T.W., 1984. Use of hydrated lime in asphalt paving mixtures. National Lime Association.
157



Volume 30 Number 3 March 2024 Journal of Engineering

Khattak, M. ]., and Kyatham, V., 2008. Viscoelastic behavior of hydrated lime-modified asphalt matrix
and hot-mix asphalt under moisture damage conditions. Transportation Research Record, 2057(1),
pp. 64-74.D0i:10.3141/2057-08

Kim, Y.R, Little,D. N, and Song, 1., 2003. Effect of mineral fillers on fatigue resistance and fundamental
material characteristics: mechanistic evaluation. Transportation Research Record, 1832(1), pp1-8.
D0i:10.3141/1832-01

Lesueur, D., Petit, J., and Ritter, H.J., 2013. The mechanisms of hydrated lime modification of asphalt
mixtures: a state-of-the-art review. Road Materials and Pavement Design, 14(1), pp. 1-16.
D0i:10.1080/14680629.2012.743669

Lime, H., 2010. A proven additive for durable asphalt pavements. European Lime Association.

Little, D.N., and Petersen, J.C., 2005. Unique effects of hydrated lime filler on the performance-related
properties of asphalt cements: Physical and chemical interactions revisited. Journal of Materials in
Civil Engineering, 17(2), pp. 207-218.D0i:10.1061/(ASCE)0899-1561(2005)17:2(207)

Mohammad, L.N., Abadie, C., Gokmen, R., and Puppala, A.J., 2000. Mechanistic evaluation of hydrated
lime in hot-mix asphalt mixtures. Transportation Research Record, 1723(1), pp. 26-36.
Do0i:10.3141/1723-04

Mohammad, L.N., Saadeh, S., Kabir, M., Othman, A., and Cooper, S., 2008. Mechanistic properties of
hot-mix asphalt mixtures containing hydrated lime. Transportation Research Record, 2051(1), pp-49-
63.D0i:10.3141/2051-07

Monismith, C.L., Ogawa, N, and Freeme, C.R.,, 1975. Permanent deformation characteristics of
subgrade soils due to repeated loading. Transportation Research Record, P. 537.

Nataadmadja, A.D., Prahara, E.,, and Setyandito, O., 2020. The effect of hydrated lime addition in
improving the moisture resistance of hot mix asphalt (HMA). IOP Conference Series: Earth and
Environmental Science, 426(1). D0i:10.1088/1755-1315/426/1/012023

Preti, F., Accardo, C., Gouveia, B.C.S., Romeo, E., and Tebaldi, G., 2021. Influence of high-surface-area
hydrated lime on cracking performance of open-graded asphalt mixtures. Road Materials and
Pavement Design, 22(11), pp. 2654-2660. D0i:10.1080/14680629.2020.1808522

SCRB/RY, 2003. General specification for roads and bridges, Section R/9, Hot-Mix Asphalt Concrete
Pavement. State Corporation of Roads and Bridges, Ministry of Housing and Construction, Iraq.

Sebaaly, P.E,, Little, D.N., and Epps, ].A., 2006. The benefits of hydrated lime in hot mix asphalt. WRSC
Research Reports, 99.

Sebaaly, P., Hitti, H., and Weitzel, D., 2002. Effectiveness of lime in hot mix asphalt pavements. 82nd
Annual Meeting of the Transportation Research Board, Washington.

Yardim, M.S,, Sitilbay, B.D., and Diindar, S., 2019. Modelling the effects of hydrated lime additives on
asphalt mixtures by fuzzy logic and ANN. Teknik Dergi, 30(6), pp. 9533-9559.
D0i:10.18400/tekderg.402816

Zeng, M., and Wu, C., 2008. Effects of type and content of mineral filler on viscosity of asphalt mastic
and mixing and compaction temperatures of asphalt mixture. Transportation Research Record,
2051(1), pp. 31-40. D0i:10.3141/2051-05

158


http://dx.doi.org/10.3141/2057-08
https://doi.org/10.1080/14680629.2012.743669
https://doi.org/10.3141/1723-04
https://scholarworks.unr.edu/handle/11714/4904
https://scholarworks.unr.edu/handle/11714/4904

