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Abstract: Coal-based warm power plants have been
a key wellspring of energy age in India. The prime
waste result of a coal warm power plant is fly fiery
remains and base slag. Substantial dumping of these
waste items makes lethal condition contamination
air, water, and land, other than debilitating human
wellbeing. This examination work is done to convey
the ideal utilization of fiery debris, to be specific base
powder as fine total and fly cinder as mineral filler
with common fiber (, for example, sisal fiber) used to
ad lib the building properties of bituminous clearing
blends. For national intrigue these waste items,
which are accessible effortlessly and liberally stick
be utilized monetarily for bituminous clearing
reason, which at last aides in sparing the normal
total assets of the country. In the present
examination, thick reviewed bituminous blend
examples are readied utilizing regular total as coarse
totals, base fiery debris as fine totals, fly powder as
filler and sisal fiber as added substance. Extent of
total for thick evaluated bituminous macadam (DBM)
reviewing has been considered according to MORTH
(2013) having ostensible most extreme totals estimate
(NMAS) 26.5 mm. To reinforce the blend, moderate
setting emulsion (SS1) covered sisal fiber is included
shifting level of 0, 0.25%, 0.5%, 0.75%, and 1% by
weight of the blend, with various length varieties, for
example, Smm, 10 mm, 15 mm and 20 mm. At the
underlying phase of the examination, examples were
set up with two sorts of clearing bitumen i.e. VG30
and VG10, out of which the underlying trials came
about better Marshall attributes with VG30 bitumen
and henceforth was considered for consequent
investigation. Definite examination with Marshall
test comes about were utilized to decide the marshal
qualities, ideal folio content and furthermore ideal
fiber content including the ideal length of fiber.
Marshall solidness as high as 15kN was acquired
with ideal bitumen substance of 5.57%, with ideal
fiber substance of 0.5% with ideal fiber length of 10

mm. Further, to deliver the exhibitions of the asphalt,
different execution tests were additionally directed,
for example, dampness helplessness test, roundabout
elasticity (ITS), crawl test and rigidity proportion of
bitumen blends. It is at long last watched that
acceptable, as well as much enhanced designing
properties result with coal fiery remains as fine total
and filler, balanced out with normal sisal fiber
appropriately covered with SS-1 emulsion ahead of
time. Use of non-ordinary total like coal slag and
regular fiber together therefore may locate another
method for bituminous asphalt development. The coal
fiery remains dumping which is a genuine worry to
everybody in regard of its transfer and ecological
contamination, can discover one route for its reuse in
a sparing path by substituting characteristic assets of
sand and stone tidy.

Key word: Bottom ash, Fly ash, Sisal fiber,
Emulsion, Indirect tensile strength, Static creep test,
Tensile strength ratio.

1.0 INTRODUCTION

Totals in coarse, fine and filler divisions are the
principle constituents of the bituminous clearing
blends. In numerous development destinations, totals
in various size divisions are not effectively
accessible, requiring their acquirement from long
separations in this manner causing excessive
increment in cost of development. Then again, 70 %
of the aggregate power age in India is because of coal
based warm power plant, that likewise contribute
around 112 million tons of coal fiery remains as
result squander in consistently from 120 coal based
warm power plants (2010— 11 information). Such an
immense amount of this sort of waste material poses
testing issues, as land use, wellbeing perils and
ecological risks. Thus to smother the said issues
identified with these materials, a great number of
studies have been endeavored to use them gainfully
which will fulfill the requirements of the general
public. This specific work is an endeavor to use these
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waste materials to some degree by supplanting the
filler and a few parts of fine totals in bituminous
clearing blends. So as to improve the properties of
the clearing blends, their change with various sorts of
filaments is likewise done.

GENERAL

Development of thruway includes immense cost of
speculation. An exact building configuration may
spare significant speculation also a solid execution of
the in-benefit roadway can be accomplished.

A decent outline of bituminous blend is required to
bring about a blend which is enough

(1) strong

(i1) durable

(iii) resistive to exhaustion and perpetual
distortion

(iv) environment benevolent

%) Economical et cetera. A blend originator

tries to accomplish these necessities through various
tests on the blend with fluctuated extents and
concludes with the best one. The present research
work tries to recognize a portion of the issues
associated with this specialty of bituminous blend
plan and the bearing of ebb and flow examine.

Scope of the study

. The huge extent of this examination is to
utilize coal fiery remains as a fine material in HMA
blend outline and accordingly delivering a decent
quality and smooth surface street which might be
economically acclaimed and can with remain in any
conceivable condition.

. Again Utilization of non-customary
materials like coal fiery remains and common
filaments together hence may locate another method
for bituminous asphalt development. The coal fiery
remains dumping which is a genuine worry to
everybody in regard of its transfer and ecological
contamination, can discover one route for its reuse in
a sparing path by substituting normal assets of sand
and stone tidy.

2.0 LITERATURE REVIEW

1. Shuler, T. S. (1976) played out a lab
contemplate on six base fiery debris got all through
the territory of Indiana and endeavored to physically
describe the materials. Tests included Unit weight,
Florida Bearing Test, Hveem Centrifuge Kerosene
Equivalent and Oil Ratio Specific Gravity, Dry Sieve
Analysis, and a debasement investigation. Execution
tests are likewise done by Florida Bearing Test on
fine total fiery debris blends preceding blend with
bitumen;

2. R. E. Long and R.W. Floyd (1982)
considered that total deficiencies and expanded

transportation costs have enormously expanded costs
of related development things in ranges of Texas
which isn't honored with regular totals. Some
common totals are not performing up to desires as
reported by stripping, rutting and other visual
indications of asphalt trouble noted all through the
Department.

3. David Q. Hunsucker (1992) led a trial
bituminous surface overlay, which was put in
October 1987 on State Route 3 in Lawrence County,
Kentucky. The trial area used base fiery remains
total, limestone and normal sand total. He presume
that due to the absorptive attributes of base fiery
debris total, about 50% more bitumen is required in
the blend. The expanded black-top substance brings
about a higher unit offer cost for the bituminous solid
material. The mix of base cinder totals with limestone
and characteristic sand total seems to enhance the
general execution of a bituminous surface blend,
particularly as for its slip safe properties.

4. Musselman et al. (1994) played out a two
year exhibition venture has been started where base
fiery debris was utilized as a half substitute total in a
black-top asphalt. The showing venture incorporates
significant testing of conceivable natural impacts and
asphalt execution both in the research facility and at
the exhibit roadway. Information was accumulated
which incorporate scientific information on
groundwater and surface water quality effects,
surface run-off and suction lysimeter tests. Open
acknowledgment of the idea of fiery debris usage in
this form was reachable for this show venture.

5. Khaled Ksaibati and Jason Stephen (1999)
contemplated the conceivable usage of fusing base
cinder in bitumen blends. For the field assessment in
this exploration venture, a test asphalt segment was
built with control base fiery remains and bitumen
blends. Research center testing was finished by
utilizing the Georgia Loaded Wheel Tester (GLWT)
and Thermal Stress Restrained Specimen Tester
(TSRST).

3.0 EXPERIMENTAL WORK

Experimental Design

The embraced degree for DBM test has been
considered as indicated in MORTH (2013) and is
given in Table. All through the exploratory
investigation the total degree given in Table4 was
taken after, and the accompanying tests were
performed. The total degree bend is appeared in
figure.

Gradation of aggregate
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Sieve size Adopted Specified limit
radation Stability vs Bitumen content
(mm) g (as per MORTH, 2013) 12.50
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Materials used in study
In this investigation following materials are taken in
to thought to set up the bituminous blend.

. Stone chips (as coarse total)

. Bottom fiery remains (as fine total)

. Fly fiery remains (as mineral filler)

. VG-30 (as bitumen folio)

. Sisal fiber (as added substances)

. SS-1  emulsion (as fiber covering

operator) Figure  Flyash Figure  Bottomash  Figure  Stone chips

Physical property of coarse aggregate and fine

4.0 ANALYSIS OF RESULTS AND
DISCUSSION

Marshall Stability

It is seen from the assume that utilizing of coal slag
in DBM blend isn't attractive concerning
dependability esteem, when contrasted and ordinary
blend. The most extreme solidness estimation of
11.83 kN was accomplished when 14% of coal cinder
by weight of the blend was blended for getting ready
DBM tests

It was seen from the stream esteem versus bitumen
content diagram appeared in figure 5.2 that with
increment in bitumen substance and Coal fiery
remains content the stream esteem increment. In any
case, with 14% coal fiery remains content by weight
of blend the stream esteem diminish as contrast with
the customary blend.

Flow value vs Bitumen content
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Air void

It is seen from the diagram appeared in figure that
with increment in coal slag the air void increments.
By taking 14% coal cinder by weight of the blend,
the air void is genuinely close to the customary
blend, which implies coal fiery debris can be utilized
with some adjustment to accomplish ideal properties
than regular blend.
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Variety of Air void an incentive with bitumen content
at various coal slag content

Unit weight

From the Unit weight and bitumen content chart
appeared in figure it is watched that with increment
in coal fiery debris content the unit weight of DBM
tests diminishes. Coal slag been a lighter material
reason the reduction of unit weight.

Unit weight vs Bitumen content
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Voids in Mineral Aggregate (VMA)

From the perception of VMA versus bitumen content
diagram in Figure, unmistakably with increment in
bitumen content voids in mineral total diminishing
quickly first and afterward increments relentlessly.

VMA vs bitumenm content
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Voids Filled with Bitumen (VFB)

It is see from the VFB and bitumen content chart
appeared in Figure that VFB increment quickly with
increment in bitumen and coal fiery remains content.

VFB vs Bitumen content
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Impact of Sisal fiber and Coal slag (Bottom cinder
and Fly powder) on DBM blend
From the above Marshall property of DBM blend that
is set up with coal slag, it is watched that, coal cinder
can't convey acceptable outcome when utilized alone.
The soundness and stream esteems are not inside the
detail made for DBM blend. Additionally the
volumetric investigation, for example, air void, unit
weight, VMA and VFB, are lingering behind the
customary blend. Along these lines the Marshall
propeties ponder is finished by utilizing coal slag and
sisal fiber as an added substance. The level of coal
powder is taken as 14% as it indicated preferable
outcome over other coal fiery remains content. The
fiber content differed from 0% to 1% with 0.5%
augmentation, alongside fiber length going from
Smm, 10mm, 15mm, and 20mm.
Marshall properties investigation

Fiber Fiber Optimum | Flow | VA, | VM4, | VEB,
content, | length, | OBC, | stability, | value, =~ % % % | Gmb
% mn | % kN mm

0 | se | 140 | 305 | 240 | 1530 840 | 2B
S SM0 | 420 | 400 | 360 | 1670 | 7900 | 228
025 0 [ 58| B20 | 350 | 360 | 1700 | 7600 | 228
5| 587 | 1280 | 380 | 310 | 1660 | 8000 | 227
W | 5B | 1% | 380 | 400 | 70| 70 | 227

Fiber Fiber Optimum | Flow | VA, | VMA, | VEB,
confent, | length, | OBC, | stability, | value, = % % % | Gmb
% mm | % kN mm

0 | 560 | 1140 315 240 1530 | 8400 | 233
5| 55T | 130 385 290 | 1710 | 7500 | 226
03 10| 560 | 1500 350 | 280 | 1580 | 8200 | 230
15 | 580 | 1130 360 | 430 | 1760 | 7600 | 225
0N | 6l3 | 1200 490 | 400 | 1790 | 800 | 24
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Fiber | Fiber Optimum | Flow | VA, | VM, | VFB, Protection from dampness harm (Tensile Strength
content, | length, | OBC, | stability, | value, | % | % | % | Gmb Ratio (TSR)
% mn | % kN mm The consequences of rigidity proportion (TSR) in
0 | 360 | 140 | 315 | 240 | 1530 | 8400 | 233 regard of two distinct sorts blends, one changed and
50580 | 1220 | 37 | 360 | 1730 | 8000 | 226 other unmodified are displayed in Table 5.2. It was

I
I

075 0 [57 ] B30 [ 310 220 [ 159 [ 8600 [ 230
1
1

15 1 600 250 340 ) 400 | 1790 | 7800 | 225
0|63 130 330|430 | 1835 | TIO00 | 24
Fiber | Fiber Optimum | Flow | VA, | YMA, | VB,
content, | length, | OBC, | stability, | value, % | % | % | Gmb
% mm | % kN mm
0 | 560 140 315 240 | 1530 | 800 | 233

I 0 [ 57 ] 1230 | 340 | 440 [ 1765 | 00 [ 22
150555 ] 1340 | 320 [ 290 [ a0 | s200 [ 228
0156 | 165 | 38 | 240 [ 1620 | 8300 | 228

Static aberrant pliable test

The static aberrant pliable test was completed on four
sorts of tests given underneath.

Sample with fiber

It is likewise watched that the coal -cinder
additionally adds to a peripheral increment in rigidity
contrasted with unmodified ordinary blend, which is
leverage.

!

§ 059 ) 1230 | 410 | 370 | 1760 | 8000 | 2M
l
1

Criss-cross pattern of sisal fiber at tensile failure
crack
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Temperature.

watched that with expansion of both fiber and coal
slag together, protection from dampness prompted
harm was expanded when contrasted with the
customary DBM blend. This may because of the
lesser measure of air voids in altered DBM blend
than unmodified blend, when arranged with emulsion
covered sisal fiber. Thus from the table 5.1, it is
watched that a negligible estimation of protection
from dampness harm is accomplished when the blend
was set up with either fiber or coal fiery debris.

TSR of DBM mixes with and without fiber and
coal ash.

Tensle strengh raio Design requrement
Tpeofmues  DBMWihood ~ DBM Witoutcod
h s Mo B0 asper

DBMWihfer 847N 0% MORTH speefieation)
DBM Wihoutfber -~ 8235% §026%

Held solidness test

Held solidness was assessed for DBM test which
were set up with fiber, coal powder and ordinary total
and given in table 5.3. It was watched that the
specimen containing both emulsion covered fiber and
coal fiery debris has given higher outcome than
customary DBM test. Yet, the example arranged just
with coal fiery debris and traditional total has
demonstrated less protection from dampness and thus
given decreased strength than outline prerequisite.
Held solidness of DBM blends with and without fiber
and coal slag
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Retained stability Design

requirement

Avg stability | Avg. stability
after halfan | after 24 hours ~ Avg retained

Type of mixture  hour in water in water at stability
at 60 °c 60 °c (%)
(kN) (kN) Minimum 75%
DBM with fiber 1478 1321 89.37 (as per MORTH
and Coal ash specification)
DBM with Coal ash 13.88 10.17 73.21
DBM with fiber 1263 10.10 79.94
DBM without fiber 13.56 1045 7703
and Coal ash

Static creep test

Static crawl test is a measure of lasting disfigurement
because of consistent stacking for a drawn out stretch
of time. It was seen from the disfigurement and time
chart appeared in figure 5.33 that the twisting an
incentive for DBM test that is set up with 0.5% fiber
content, 10mm fiber length, 14% coal fiery remains
(9% base cinder and 5% fly slag) by weight of the
blend and ideal cover substance of 5.6% by weight of
the blend diminished when contrasted and other
changed and unmodified DBM blend. It is
additionally observed that with either option of coal
slag or fiber in the blend, the twisting quality
lessening when contrasted with customary blend.

Deformation vs Time

#— Without Coal ash & fiber
®— With Coal ash
é . With fiber

With Coal ash and fiber

Deformation, mm
=

Time, min

Variation of Deformation value at 400C for DBM
sample with respect to time

5.0 CONCLUSIONS

In light of trial think about the accompanying
conclusions were drawn,

1. From the consequences of the Marshall tests it was
watched that the DBM blends arranged with base
fiery debris and fly powder utilized individually in
300-75 micron sizes and passing 75 micron came
about best blends fulfilling the Marshall criteria when

bitumen content, fiber substance and fiber length
were 5.6%, 0.5% and 10mm separately.

2. It is likewise watched that Marshall security and
stream esteems are very satisfactory when the coal
fiery debris content is inside 15%.

3. It is additionally watched that with increment in
fiber substance and fiber length, air-void and stream
reductions and Marshall Quotient builds which thusly
is because of higher soundness esteem.

4. An expansion in fiber substance and fiber length
brought about higher necessity of ideal bitumen
substance and emulsion for covering of the strands.

5. From the backhanded elasticity test it is seen that
the circuitous rigidity of test expanded because of the
expansion of emulsion covered fiber and coal fiery
remains, which gives a brilliant designing property
for DBM test to bear warm splitting.

6. It is likewise watched the utilization of emulsion
covered fiber, coal cinder or both in DBM blend
builds the protection from dampness initiated harms
decided as far as elasticity proportion and held
dependability esteems.

5.1 FUTURE SCOPE

1. As a characteristic fiber, sisal fiber has
demonstrated acceptable outcomes when utilized as a
part of bituminous blends. In this manner to use the
full degree of strands, other characteristic filaments,
for example, jute, coconut fiber and so forth are
likewise taken in to thought and their consequences
for DBM bituminous blend ought to be tried and
contemplated.

2. In this investigation just SS-1 emulsion was
considered as a covering medium for sisal fiber,
thusly the impact of different sorts of emulsion, for
example, fast setting emulsion (RS) and medium
setting (MS) emulsion are considered and resulting
tests ought to be performed for future examination.

3. Moreover the impact of various mineral fillers, for
example, bond and lime can't be disregarded. Lime as
an against stripping operator and concrete as a
balancing out specialist can be utilized as potential
mineral filler for DBM blend, and resulting tests
might be executed as a piece of future degree.
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