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Abstract- In the present study, dense graded bituminous mix specimens are prepared using natural aggregate as coarse
aggregates, bottom ash as fine aggregates and coal ash as filler. Proportion of aggregate for dense graded bituminous
macadam (DBM) grading has been considered as per MORTH (2013) having nominal maximum aggregates size
(NMAS) 26.5 mm. The bitumen used is VG20. Firstly, bottom ash and fly ash was used as fine replacement in DBM
mix. In this, the total coal ash content is taken as 35% by weight of the total mix, from which the percentage of fly ash
as mineral filler is fixed, i.e. 5% of weight of the mix. The bottom ash content is varied according to the DBM gradation
specified in MORTH (2013). Detailed study with Marshall test results were used to determine the Marshall
characteristics, optimum binder content and also optimum use of coal ash. The maximum stability value of 11.826 kN
was achieved when 149% of coal ash by weight of the mix was mixed for preparing DBM samples. It is finally observed
that results are not only satisfactory, but also much improved engineering properties with coal ash as fine aggregate
and filler. Utilization of non-conventional aggregate like coal ash may help to find a new way of bituminous pavement
construction.
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mm IS sieve to the mineral filler, smaller than 0.075 mm IS
sieve), which are blended with bitumen binder to form a
consistent mixture. This mixture is then laid and compacted

to achieve an elastic body which is seamlessly impervious
coal thermal power plant are fly ash and bottom ash. Heavy and hard. The study of mix design is to attain the suitable

dumpl.ng of these waste products Cal{ses fatal gr?wronment proportion of aggregate, bitumen and other additives if
pollution to air, water and land, besides impairing human R

health. This research work is done to deliver the optimum
use of ash, namely bottom ash as fine aggregate and fly ash
as mineral filler used to improvise the engineering
properties of bituminous paving mixes. For national interest
these waste products, which are available easily and
abundantly can be used economically for bituminous

I. INTRODUCTION

Coal-based thermal power plants have been a key source of
power generation in India. The prime waste product of a

A. Coarse Aggregates

Coarse aggregates comprised of stone chips were procured
from a nearby crusher and were stored by sieving in to
different sizes. For this study, stone chips comprising
coarse aggregate fractions and upper size fractions of fine

paving purpose, which ultimately helps in saving the
natural aggregate resources of the nation. The coal ash
dumping which is a serious concern to everyone in respect
of its disposal and environmental pollution, can find one
way for its reuse in an economical way by substituting
natural resources of sand and stone dust.

Il. MATERIALS USED

A bituminous mix is made from aggregate, graded from
maximum fraction to smaller fraction (usually less than 25
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aggregates ranged from 26.5 mm to 0.3 mm were used as
shown in Figure 3. For lower fractions of fine aggregates
and mineral filler, bottom ash and fly ash were respectively
used to the extent of 9% and 5% by weight of total mix.
Bottom ash and fly ash was procured from the nearby
Eklahare, Nashik thermal power plant (shown in Figure 2
and 1). The physical properties of coarse aggregates and
fine aggregates which are primarily required for paving are
given in Table 1
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Fig.1 Fly ash

Fig.2 Bottom ash

Fig.3 Stone chips

Table 1 Physical properties of coarse and fine aggregates
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with VG20 bitumen as binder. The physical characteristics
of VG20 bitumen tested as per IS standards are given in
Table 2.

Fig.4 Experimental Bitumen
Table 2 Physical properties of binder

Physical Properties IS Code Test Result
Penetration at 25 °C 1S:1203-1978 72.7
Softening Point, °C 1S:1203-1978 48.5
Flash Point, °C 1S:1209-1978 226
Specific gravity, at 27 °C 1S:1202-1978 1.01
Kinematic Viscosity, 135°C,

1S 1206 (Part 3) 305
CST

Code Natural Bottom
Property specification Aggregate ashand
P gareg fly ash
Aggregate  Crushing | ., ag5 ot 1y 137 -
value, %
Aggregate impact
1S:2386 part-1V 14.25 -
value, %
Los Angles Abrasion )
test, % 1S:2386 part-1V 18.92 -
Flakiness index, % 1S:2386 part-1 11.89 -
Elongation index, % 1S:2386 part-1 12.59 -
Water absorption, % 1S:2386 part-111 0.13 10.54
Specific gravity 1S:2386 part-111 2.7 2
B. Bitumen

The paving bitumen grade VG20 (VG-viscosity grade) was
used in this experimental study. Especially the Marshall
stability in respect of mixes made up of bottom ash, fly ash
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I1l. EXPERIMENTAL METHODOLOGY

The DBM mixtures were prepared in accordance with the
Marshall procedure specified in ASTM D6927-2015. All
ingredients of mixture, such as coarse aggregates, fine
aggregates, filler and VG-20 bitumen were mixed in a
specified procedure.

The aggregates and bitumen were heated separately to
the mixing temperature of 155°C to 160°C. The
temperature of the aggregates was maintained 10°C higher
than that of the binder. Required quantities of bitumen VG-
20 were added to the pre-heated aggregates and thoroughly
mixed. Proper mixing was done manually till the colour and
consistency of the mixture appeared to be uniform. The
mixing time and temperature was maintained within 2-5
minutes and 150°C-160°C respectively. The mixture was
then poured in to a pre-heated Marshall mould and
compacted using Humboldt Automatic Marshall Compact
with 75 compaction blows on each side. The specimens
were kept 24 hours for cooling to a temperature of 25+1°C.
In this experiment, the resistance to deformation of a
Marshall cylindrical specimen of DBM mixture is
measured. The specimen is loaded diametrically at a
deformation rate of 50 mm/min. Here are two major
features of the Marshall method of mix design are given
below.

1. Stability and flow values
2. Voids analysis.

The Marshall stability for bituminous mix is defined as
the maximum resistance carried by specimen at a standard
temperature of 60°C. The flow value is recorded when the
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specimen deformed under maximum. The Marshall voids
analysis were done before the Marshall stability test. In this
voids analysis bulk specific gravity (Gmb), air voids (VA),
voids in mineral aggregate (VMA), voids filled with
bitumen (VFB).

1V. DISCUSSION OF RESULTS

This section deals with the comparison of coal ash in
DBM mixes with conventional DBM Mix.

A. Marshall Stability

It is seen from the figure 5 that using of coal ash in DBM
mix is not satisfactory with respect to stability value, when
compared with conventional mix. The maximum stability
value of 11.826 kN was achieved when 14% of coal ash by
weight of the mix was mixed for preparing DBM samples.

Stability vs Bitumen content
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Fig.5 Variation of stability value with bitumen content at different
coal ash content

B. Marshall Flow

It was seen from the flow value vs bitumen content graph
shown in figure 6 that with increase in bitumen content and
coal ash content the flow value increase. But with 14% coal
ash content by weight of mix the flow value decrease as

compare to the conventional mix.
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Fig.6 Variation of flow value with bitumen content at different coal
ash content
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C. Air Void

It is observed from the graph shown in figure 7 that with
increase in coal ash the air void increases. By taking 14%
coal ash by weight of the mix, the air void is fairly near to
the conventional mix, which means coal ash can be used
with some modification to achieve optimum properties than

conventional mix.

Air void vs Bitumen content
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Fig.7 Variation of air void value with bitumen content at different coal
ash content

D. Unit Weight

From the unit weight and bitumen content graph shown in
figure 8, it is observed that with increase in coal ash content
the unit weight of DBM samples decreases. Coal ash been a

lighter material cause the decrease of unit weight.

Unit weight vs Bitumen content
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Fig.8 Variation of unit weight value with bitumen content at different

coal ash content
E. VMA

From the observation of VMA vs bitumen content graph in

figure 9, it is clear that with increase in bitumen content
voids in mineral aggregate decrease rapidly first and then

increases steadily.
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VMA vs bitumen content
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Fig.9 Variation of VMA value with bitumen content at different coal
ash content

F. VFB

It is observe from the VFB and bitumen content graph
shown in figure 10 that VFB increase rapidly with increase
in bitumen and coal ash content.

VFB vs Bitumen content
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Fig.10 Variation of VFB value with bitumen content at different coal
ash content

V. CONCLUSION

From the results of the Marshall tests it was observed that
the DBM mixes prepared with bottom ash and fly ash used
respectively in 300-75 micron sizes and passing 75 micron
resulted best mixes satisfying the Marshall criteria when
bitumen content were 5.600%. It is also observed that
Marshall stability and flow values are quite acceptable
when the coal ash content is within 15%. So we can replace

the coal ash with conventional fillers in the DBM mixes.
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