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ABSTRACT

It is obvious that the type of fillers has a significant effect on the properties of hot-mix asphalt
(HMA). 1t is very important to understand the effect of these types of fillers on the HMA and its
performance. This paper represents laboratory research into the different effects of the bi-product
fillers on the properties of HMA mixture. Four types of filler and three filler contents for each
were used to obtain the characteristics of HMA and to characterize the effect of filler in HMA.
The effects of filler on the of HMA mixture were also studied. The properties of HMA evaluated
include Marshall Test and indirect tensile (ITS). The research results showed that fillers had a
great influence on the properties of HMA. With the increase of filler content, some properties of
HMA improved.
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1. INTRODUCTION

It has been found that the filler type has a great role to play in the behavior and the performance
of the HMA mixtures. The main role of the filler that it fills voids between aggregates in the
mixture and modify the properties of the HMA binder, because the filler acts as an integral part
of the mastic (combination of bitumen, filler, and entrapped air), The usage of the lime waste as
a filler improves the stiffness and the resistance of the permanent deformation at different values
of temperature [1].

The usage of the solid wastes is now taking a higher attention for the industrial countries, the
continuous increasing of the by-product wastes requires a huge landfill space which could be non-
economical and harmful for the environment [2], the optimum bitumen content was found using
Marshal Experiment. One of the advantages of the Marshall Mix Design method is that the
performance of the mixes can be expected for local materials and environmental impact [3]. The
workflow in this research provides a comparison between ten types of mixtures using four filler
types. The author used red brick dust, marble dust, Hashmi brick dust and Limestone as fillers, In
the study the researcher use the limestone filler in the control mix with 100% of the filler content,
after getting the OPC from Marshall Test the other three fillers were added, each with three
percentage with limestone filler 35%, 70% and 100%, after the evaluation of the stability and
flow of the specimens the ITS test performed.

2. LITERATURE REVIEW

With the significant growth of industries, diverse problems have more and more appeared,
including rapid deterioration of natural resources and severe environmental contaminations. Daily
accumulation of waste materials is one of the causes of these problem [4]. Recycling costs should
become a considerable part of road construction because of the huge amount of money that
consumed every year in recycling and solving the problems that appear in the constructed road,
and on the other hand a big amount of by-products are produced every year as a result of the
industry process at all levels of the industry, these waste harm the environment if it left without
right usage, in this study the authors are going to investigate the effect of using a by-product
powder and dust as a filler in the hot mix asphalt and find out it’s effect on the performance of
the hot mix asphalt mixture, The conclusion that the authors get from the results that a lime waste
could be used as a good filler and, especially, And it’s found that there’s a significant increase in
the resistance of the permanent deformation in the HMA specimens [5]. And the authority pays
high attention for the usage of the by-products wastes because it could affect inflation in the cost
of traditional [6]. Numerous studies have observed significant influence of filler’s physical
(specific gravity, particle shape, size, texture, size distribution, porosity) and chemical
(mineralogy, active clay content) properties over primary pavement distresses (rutting, fatigue,
low-temperature cracking, aging and moisture susceptibility [5, 6]. Several researchers have
reported on the formulation of new soil stabilizers by replacing the conventional additives with
industrial waste products [7]. The contribution of mineral filler properties to the reduction of
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rutting in asphalt mixtures is not well understood, and contrary findings have been reported. When
subjected to high temperatures and heavy traffic, roads built according to Specifications with
B60/70 show high rates of permanent deformation, leading to higher repair costs. The challenge,
then, is to find a balance between using better quality materials and keeping the total project cost
low, particularly in developing countries [8]. In arid and hot regions, such as in North African or
Middle Eastern countries, roads often deteriorate more quickly than in temperate climates. These
road surfaces suffer from poor mix designs resulting in substantial deformation (e.g., rutting,
shoving), especially in desert regions [9]. Fillers and modifiers are defined as fine or additives
materials that work to alter the characteristics of the bitumen binders and the resulting HMA.
Both in research and in industrial practice, various modifiers and fillers have been used, including
polymer, fly ash, hydrated lime, fiber, clay or mineral particles, brick powder, cellulose, limestone
dust, OPC, or used hard bitumen viscosity to resistance a high temperature [10].

3. PROBLEM STATEMENT AND OBJECTIVE OF THE STUDY

The repair cost of the roads has reached a higher limit in Egypt due to the presence of roads cracks
and distresses that appears fast in the roads in a short term after construction, these cracks affect
the performance of the roads and increase the rate of accidents in many spots, and repairing the
roads cost the government a huge amount of money to restore the roads performance again and
consume a lot of resources from the landfill.

The main objective of this study is to reduce the use of landfill resources, enhance mix
performance and find out the best bi-product filler

4. EXPERIMENTAL PROGRAM

The Experimental program discussed in the research in five stages as follow:

5.1 materials physical and chemical properties.

5.2 Control mix design

5.3 Prepare the samples using the Four different fillers and test them using Marshall.
5.4 Select the best results from step 3 and test it with ITS.

5.5 Analysis of the results

5. MATERIALS

5.1. In this study the type of the used aggregate was a crushed dolomite, and the Lime
was used as a filler in the control mix. The chosen aggregate properties are found to be
hard, clean, and with high durability, a hot mix asphalt, prepared with a close-graded
surface coarse gradation and mixed according to the specifications of the standard
Egyptians code for roads (Fig.1).
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Fig.1: Aggregate gradation
Table 1: Physical characteristics of the aggregate
Tested Property Test Specification (25-12) mm (12-9) mm (9-6) mm (6-0) mm
Bulk Density 2.507 2.515 2.528 2.611
SSD ASTM C127 2.533 2.541 2.548 2.646
Apparent 2.714 2.712 2.719 2.756
Abrasion (LA) ASTM C131 255 26.1 27.1 -
Clay lumps - 0.2 0.1 0.1 -
Flat Elongate particles ASTM D693 3.43-2.17 3.21-2.37 2.11-2.62 -
Natural stones - 2.68 2.78 2.34 -
Water absorption ASTM C127 1.81 1.95 2.1 1.18
L.L,P.LandPI ASTM D4318 NP NP NP NP
Sand Equivalent ASTM C2419 - - - 56.4
Stripping ASTM D1664 Nil Nil Nil -

5.2. Asphalt Binder: A traditional 60/70 PG bitumen with a softening point equal 49.2C, was
used in the production of HMA specimens. This bitumen grade was selected as it is normally used
to produce HMA mixtures. Table 2 presents the properties of the bitumen.

Table 2: The properties of the bitumen

Test

Penetration test

Ductility test

Softening point

Flash point

Value

67 mm

482.5 centistoke

49.2C

265C

5.3. Fillers: The fillers that used in this investigation were collected from factories wastes,
Limestone was used as a control filler in the control mix, three other fillers were used (Marble
dust, red brick powder, Hashmi brick powder), all the fillers passed from sieve 200 mm, Table 3
presents the chemical of each filler from the XRF test.
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Table 3: Comparative chemical properties of XRF

Comp. SiOz | TiOz2 | Al2O3 | Fe20s | MnO | MgO | CaO | Naz20 | Kz20 P20s | CI SOs3 | LOI

%Marble 1.02 | 0.08 | <0.01 | 0.82 <001 |1 536 | <0.01|0.1 0.05 | 0.12 | <0.01 | 43.18

%Hashmi 8.78 | 0.14 | 0.36 5.94 0.09 | 0.27 | 46.74 | <0.01 | 0.18 0.09 | 0.39 | 0.12 36.7

%Limestone | 0.19 | 0.03 | <0.01 | 0.01 <0.01 | <0.01 | 55.89 | <0.01 | <0.01 | <0.01 | 0.04 | <0.01 | 43.68

%Red Brick | 49.18 | 1.96 | 13.41 | 16.21 01 | 184 6.5 0.26 1.43 0.04 | 094 | 233 55
6. RESULTS

6.1. Marshall Test Results

The specimen’s stability is defined as the maximum required load to put the specimen in a failure
condition and the load application rate must be 50 mm / min. The figure below shows that the
maximum stability result is 1470.643 kg at the percentage of 5.0% of bitumen content, and the
maximum flow was at 6% bitumen content, and the bulk density is found to be maximum at the
percentage of 5.4% of bitumen content and its value was 2.343 g/cm3, it was found equal to 5.2%
by weight of the total mix which is calculated as the average of bitumen content values that
corresponding the maximum stability, maximum density and median of the air voids. Table 4

presents Marshall Test results.

Table 4: Control mix results

Bitumen % ld\r/‘t't M(Z‘;&?r' AirVoids % | VMA % | VFB % Steotlity | Flow
' (kg) (mm)
45 2.298 2.427 5.3 17.0 68.9 | 1113 | 27
5.0 2.343 2.443 41 15.8 740 | 1470 | 31
5.5 2.37 2.441 2.9 15.2 81.0 | 1200 | 33
6.0 2.39 2.441 2.1 14.9 859 | 1033 | 41
989
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Fig.2: Asphalt specimens

6.2. Specimen’s Results

Lime Lime Lime Lime Lime Lime Lime Mdaur?tle Lime Lime
100% | 0% 35% 65% 0% 35% 65% 35% 65%
100%
Filler
Red Red Red rl:ash- :;l]aSh' :ash— Marble | Marble
brick | brick | brick brfck bﬁi’ck br%’ck dust dust
100% | 65% 35% 100% | 65% 3506 65% 35%
Stability
1206 1695 1524 1486 1670 1659 1633 1833 1436 1394
(KN)
Flow 3.3 3 35 35 3.2 3.2 3.3 3.1 35 3.2

6.2.1. Marshall Stability-Flow results

It’s noticed that that all values of stability with different Fillers achieve the local and international
specification requirements, in red brick powder specimens it found that the stability of the HMA
specimens increase by substituting the lime powder with red brick powder and it continue going
up as the percent of the red brick powder increase until it reach its maximum limit when the red
brick powder became 100% , and the flow decrease as the red brick powder decrease until
reaching its optimum percent at 100% of red brick powder , in Hashmi brick powder specimens
it found that the stability of the HMA specimens increase by substituting the lime powder with
Hashmi brick powder and it continue going up as the percent of the Hashmi brick powder increase
until it reach its maximum limit when the Hashmi brick powder became 100%, and the flow
changes were constant at the 3 percentage of Hashmi brick , in marble dust specimens it found
that the stability of the HMA specimens increase by substituting the lime powder with red brick
powder and it continue going up as the percent of the marble dust increase until it reach its
maximum limit when the marble dust became 100% , and the flow changes with a non-uniform
pattern as the percentage changes.
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Fig.3: Asphalt sample

6.2.2. Marshall stability-filler content relationship

It found that the minimum stability value was at 100% lime and the stability increase as the author
substitute the lime until reaching the 100% substitution, the maximum value was at 100% marble
dust and the second value was with red brick and the third was with Hashmi brick powder.

RED BRICK Stability (KN) MARBLE DUST Stability (KN)

1800 2000 1833
1695 1436
1700 1500 1394
1600
1524 1486 1000

1500
1400 . 500
1300 0

100% R 65%RL  35%RL 100% M 65%ML  35%ML

HASHMI BRICK Stability (KN) OPTIMUM Stability (KN)

1680 1670 1850 1833
1670 1659 1800
1660 1750
1640 1633 1700 1070
1620 1600
1610 1550

100% H  65%HL  35%HL 100% M  100%R  100% H

Fig.5: Marshall Stability results

7.3. Indirect tensile strength results

In this experiment indirect tensile strength is carried out to obtain the shear resistance of
the specimens by using the best 6 types and percent of fillers , there were 100 % and 67
% of all the used fillers , it’s tested at dry state to obtain it, the authors found out that the
best shear resistance were at the three 100% specimens, After that moisture sensitivity
was going to be tested by using wet specimens in the test, the three 100% specimens get
the best results in the moisture sensitivity, below the results will be discussed.
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Fig.4 Indirect tensile strength Specimens

IDT DRY(KPa)

1000 907

800 784 723
641 686 693

676

600

400

200

100% L  100%R  100% H 100% M 67% ML 67%RL 67% HL

Fig.5: Indirect tensile strength results

CONCLUSIONS

1-The existence of different types of fillers (red brick powder, marble dust, Hashmi brick powder)
in HMA specimens is found to be an eco-friendly bi-product material and it can be used as an
effective additive.

2-The results of Marshall Stability, flow, of the specimens are within the specifications values at
all percentages of the filler quantities.

3-Marshall Stability achieve the maximum results at the 100% of marble dust filler in the asphalt
binder.

4-The flow always within range in all specimens of all different types of fillers.
RECOMMENDATIONS

1-Further studies are needed using different types of fillers and different percentages of filler
content.

2-The research results were found very promising to be used in the construction field and to get
the permission to be used by the government.

3-The authors recommended to track the application in the field and evaluate its performance by
using these eco-friendly wastes.
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4- The authors recommended to investigate the effect of using another waste materials based on
the most wastes spread in the investigator country.
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