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a b s t r a c t

This study investigates the suitability of seven different waste materials as fillers in place of conventional
material in dense graded bituminous macadam mix. Waste materials under consideration are glass
powder, limestone dust, red mud, rice straw ash, brick dust, carbide lime and copper tailings. Ordinary
Portland cement was adopted as a conventional filler. Detailed physical, geometrical and chemical char-
acterization of fillers was carried out. Thereafter, bituminous mixes were prepared using waste materials
and their strength, volumetric properties and performance against various distresses (rutting, cracking
and moisture susceptibility) were assessed. At similar bitumen content, all waste modified mixes deliv-
ered satisfactory mechanical and volumetric performances as demanded by paving specifications. Mixes
with finer fillers (red mud and limestone dust) displayed superior stiffness and cracking resistance.
Similarly mixes having filler with a predominance of calcium minerals (carbide lime and limestone dust)
displayed superior adhesion and moisture resistance.

� 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Ever increasing growth of various sectors has led to the contin-
ual usage of natural resources and generation of huge quantities of
solid wastes. Currently, world cities produced around 1.3 billion
tonnes of solid wastes annually, which is expected to increase to
2.2 billion tonnes by 2025 (Hoorweg and Bhada-Tata, 2012).
Besides environmental concerns, inflation in the cost of virgin
material and the gradually declining amount of natural resources
have obliged the decision-makers to utilize waste/secondary mate-
rials as replacements to conventional construction materials. Glo-
bal pavement network primarily consists of flexible pavements,
which utilize bituminous mixes as their base and surface courses.
Bituminous mixes consist of aggregate, bitumen, filler and in some
cases additives too. Mineral filler is the finest aggregate in the bitu-
minous mix which mostly passes through a particular sieve (0.075
mm in India and 0.063 mm in Europe) (MORTH, 2013; EN 13043).
Materials such as stone dust, hydrated lime and ordinary Portland
cement (OPC) are traditionally used as fillers.

Filler plays a dual role in bituminous mixes; coarser particles of
filler acts as inert component and fills interstices between larger
aggregates in mixes, providing strength and impermeability to
the mix. However, finer particles of a filler having a particle size
smaller than bitumen film thickness have an active role in modifi-

cation of viscosity and consistency of bitumen-filler mastic (Huang
et al., 2007). Numerous studies have observed significant influence
of filler’s physical (specific gravity, particle shape, size, texture, size
distribution, porosity) and chemical (mineralogy, active clay con-
tent) properties over primary pavement distresses (rutting, fatigue,
low-temperature cracking, aging and moisture susceptibility)
(Huang et al., 2007; Kuity et al., 2014; Pasandin et al., 2016;
Wang et al., 2011). Hence, choice of appropriate filler and its
concentration in the bituminous mix is crucial since it influences
cost and performance of pavements from construction throughout
their entire service life (Cardone et al., 2015).

There is a growing interest in the scientific community in
replacing conventional materials with waste fillers. Various
researchers have investigated the performance of bituminous
mixes prepared with wastes fillers such as: coal fly ash (Chandra
and Choudhary, 2012); rice husk ash (Al-Hdabi, 2016; Arabani
et al., 2017); brick dust (Arabani et al., 2017; Kuity et al., 2014);
borogypsum (Kütük-Sert and Kütük, 2012); phosphogypsum
(Katamine, 2000); green liquor dregs (Pasandin et al., 2016),
among others. Wastes such as coal fly ash and borogypsum deliv-
ered good performance regarding strength and durability, whereas
phosphogypsum and green liquor dregs showed poor performance
against moisture due to their high porosity and mineralogical com-
position (Chandra and Choudhary, 2012; Katamine, 2000; Kütük-
Sert and Kütük, 2012; Pasandin et al., 2016). Although, rice husk
ash and brick dust delivered good strength, rutting and cracking
resistance, they received mixed reviews from investigators for
their performance against moisture (Al-Hdabi, 2016; Arabani
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et al., 2017; Kuity et al., 2014). Despite such intensive studies,
actual use of waste materials as fillers on the field is very limited,
and only a few materials like fly ash and slag dust have been
acknowledged as alternative fillers in paving specifications around
the globe (ASTM D 242-95; EP, 2009; MORTH, 2013). In India, fil-
lers are characterized using their particle size distribution and clay
content only (MORTH, 2013). Although, these characteristics are
necessary for quality control, they are not sufficient to assess the
expected field performance of bituminous mixes. Unlike conven-
tional materials, properties of wastes face significant variation
with sources and process of their generation. Hence detailed phys-
ical, geometrical and chemical characterization of waste materials
should be done before utilizing them in bituminous mixes.

2. Objectives and scope

The objectives of this study were (a) characterization of waste
materials and explore their suitability as filler in bituminous
mixes; and (b) comparison of mechanical and durability properties
of waste filler modified and conventional dense bituminous maca-
dam (DBM) mixes at constant optimum binder content (OBC) and
filler content. DBM mix is a type of well graded bituminous mix,
which offers good compressive strength. It is one of the most com-
monly used in binder course for Indian roads having heavy com-
mercial vehicular traffic.

Seven different waste materials; glass powder (GP), bauxite
residue or red mud (RM), brick dust (BD), copper tailings (CT),
dimension limestone slurry dust (LD), carbide lime (CL) and rice
straw ash (RSA) were studied. These are some of the major wastes
generated in large quantities from various sources around the
world and have diverse physical and chemical characteristics.
Firstly, various physical, morphological and chemical characteriza-
tion of all materials was done as per tests included in the Indian
standards (MORTH, 2013), along with tests that have been identi-
fied as reliable performance indicators as per various ongoing
researches. Secondly, DBMmix incorporating conventional OPC fil-
ler was designed, and its OBC is evaluated as per Marshall mix
design procedure. OBC of any mix varies with the type of filler,
however, in this study, bitumen content in each mix is kept equal
to the OBC of the conventional mix. This is done to study the effect
of filler, without altering the other parameters of mix. The conven-
tional filler was replaced with waste materials and stability, flow,
volumetric and performance parameters such as Marshall quotient
(MQ) and indirect tensile strength (ITS), were evaluated to com-
pare the performance of mixes against rutting and cracking respec-
tively. The resistance of prepared mixes against moisture damage

was evaluated using retained Marshall stability ratio, active and
passive adhesions test values.

3. Materials and experimental investigation

3.1. Materials

3.1.1. Aggregates
The crushed and sharp-edged granite aggregates were collected

locally and used in this investigation. The physical properties of
aggregates are stated in Table 1. DBM (Grading II) mix was
designed as per Indian specifications (MORTH, 2013). The chosen
gradation was specified in Table 2.

3.1.2. Bitumen
VG 30 (Viscosity Grade 30) bitumen was used in this study and

was collected locally. It is the most popularly used bitumen in
India, which is equivalent to 60/70 penetration grade bitumen.
Results of various properties evaluated as per IS: 73 (2013), were
stated in Table 3.

3.1.3. Filler
OPC was collected from a local supplier, and waste materials

were collected from the dump yards of their respective sources
in India, whose details are stated in Table 4. In this analysis, oven
dried filler with the fraction that is finer than 0.075 mm was used.

3.2. Characterization tests on filler

3.2.1. Specific gravity
Specific gravities of waste fillers and OPC were determined as

per ASTM D854 and IS 2720 Part 3 specifications respectively.
Specific gravity plays a key role in bituminous mix design, partic-
ularly in Indian specification where weight batching procedure is
used in place of volume batching (MORTH, 2013).

Table 1
Evaluated properties of aggregates.

Property Specification
Used

Results Requirements

Specific gravity of coarse aggregate (g/cm3) ASTM C127 2.731 –
Bulk specific gravity of fine aggregate (g/cm3) ASTM C128 2.637 –
Water Absorption of coarse aggregate (%) ASTM C127 0.452 2% (max)
Aggregate Impact Value (%) IS: 2386 (Part IV) 12.1% 24% (max)
Los Angeles Abrasion Value (%) IS: 2386 (Part IV) 16.2% 30% (max)
Combined Flakiness and Elongation Index IS: 2386 (Part I) 22.1% 35% (max)

Table 2
Adopted gradation of DBM (Grading II) mix.

Sieve Sizes (mm) 37.5 26.5 19 13.2 4.75 2.36 0.3 0.075

Lower-Upper Limits (%) 100 90–100 71–95 56–80 38–54 28–42 7–21 2–8
Adopted Gradation (%) 100 97 90 67 46 36 16 5

Table 3
Evaluated properties of VG 30 asphalt.

Characteristics Results Requirements/
desirable

Absolute viscosity at 60 �C, (poise) 2972 2400–3600
Penetration at 25 �C, 100 g, 5 s, (0.1 mm) 62 50–70
Softening Point, (Ring & Ball Apparatus) (�C) 52.5 47 (min)
Ductility at 27 �C (pull of 5 cm/minute),(cm) >100 75 (min)
Specific gravity 1.021 0.98–1.04

418 J. Choudhary et al. /Waste Management 78 (2018) 417–425



Download English Version:

https://daneshyari.com/en/article/8869386

Download Persian Version:

https://daneshyari.com/article/8869386

Daneshyari.com

https://daneshyari.com/en/article/8869386
https://daneshyari.com/article/8869386
https://daneshyari.com

