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Abstract
The research conducted is Performance on Coal Bottom Ash in Hot Mix Asphalt. The purpose of this research is to Performance on
Coal Bottom Ash applications as aggregates in road bases, sub-bases and pavement. This study focused in three parts objectives in
determining the stability of asphalt mixture that is mixed with a certain percentage of bottom ash using Marshall Method, determining
physical properties of bottom ash when mixed with asphalt and determining the quality improvement of the Marshall cube in terms of
appearance and texture. This study is basically conducted by experimental work and finally resulted in graphical plots. Coal Bottom
Ash is obtained from Tanjung Bin Power Plant and laboratory test for this research is conducted at IKRAM Pavement laboratory.
Coal Bottom Ash content specimen has high stability and has a good surface texture. Further research can be conducted to identify
pavement with coal bottom ash under Tropical weathering and to increase the design life span of pavements. Of waste materials
which are industrial wastes like coal ash policies Coal Bottom Ash span stone used by plants in the country to generate of electricity
coal combustion is the result of coal ash policies are not used and discarded without producing any harm. The result of Marshall Test
and Resilient Modulus was compared between samples. From the experimental results, the use of coal bottom ash meets the
specification as stated in SPJ/JKR/rev2008 even though there is a dlight difference in the parameter value. From the results obtain in
this research , bottom ash can be considered as one of the alternatives to modify HMA properties but further research on the ability

and reaction in mix need to be clearly determined.

Index Terms. Coal Bottom Ash, Hot Mix Asphalt , and Materials
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1. INTRODUCTION

Bottom ash is agglomerated ash particles, formed
pulverized coal furnaces that are too large todreied in the
flue gases and impinge on the furnace walls or tfaibugh
open grates to an ash hopper at the bottom of uheade.
Physically, bottom ash is typically grey to black dolor, is
quite angular, and has a porous surface strucflirese
incombustible byproducts that are collected from bottom
of furnaces can burn coal for the generation oarstethe
production of electric power, or both. The majorif these
coal by-products is produced at coal-fired electuidity
generating stations, although considerable bottsmis also
produced from many smaller industrial or institatb coal-
fired boilers and from coal-burning independent pow
production facilities. The type of by-product which either
bottom ash or boiler slag produced depends on ype of
furnace used to burn the coal.

The most common type of coal-burning furnace indleetric
utility industry is the dry, bottom pulverized cdailer. When
pulverized coal is burned in a dry, bottom boilabout 80
percent of the inbound material or ash is entrainetthe flue
gas and is captured and recovered as fly ash.érhaining 20
percent of the ash is dry bottom ash, a dark ggagnular,
porous, predominantly sand size minus 12.7mm netdrat
is collected in a water-filled hopper at the bottah the
furnace. When a sufficient amount of bottom ashpdrimto

the hopper, it is removed by means of high-presaiater jets
and conveyed by sluiceways either to a disposati morto a
decant basin for dewatering, crushing, and stoiigpifor
disposal or use.

In road based construction, asphalt concrete ismgortant
material to be used for construction of highwaysygments
and parking lots. As for current road users areeasing in
using the highways and roads, maximum maintenahd¢keo
road is necessary. Government has to allocate arbaynt of
money for this maintenance of roads and highwagerd are
no exact methods found in improving the quality rohd
construction in improving and reducing the out goin
currency. In the current highway engineering pcadithere
are no proven long lasting roads, highways and paws that
resist deformation from imposed loads, skid resista can
withstand the weathering forces.

As has been seen often, the roads get easily dahthgeto
heavy loads and impacts. In considering to thestifs, this
study could help to improve the quality and thesrsgth of
asphalt used in pavement construction. So, how mesdmarch
has been done for the benefit of coal ash polidegduce or
replace the normal hydrated lime is used as fithaterial in
concrete hot mix pavement asphalt. Mixture basjcadlthree
main ingredients of bitumen, aggregate and act ilder f
.Bitumen adhesive agent between aggregate. Fiflares to
fill the cavity between the voids, small voids tlexist due to
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discrepancies in the aggregate and bitumen sudhaence
thicken the bitumen.

Hence coal Bottom Ash as a filler policy are expdcto
produce a quality pavement equal to or better thanuse of
hydrated lime as filler .Besides that additiontie tise of this
material is expected that the waste problem irethéronment
can be overcome and the road construction costsbean
reduced

2. LITERATURE REVIEW

Various types of pavement used in the construatibmoad

street pavement are dependent on the load to Ine lode road
and classified according to ability road. Betweisra capable
road from things, from things capable of roads Wwhare

widely used in the road network in the world. Biinous

pavement to be the preferred choice in the consbruof the

road because it has a design life long .Pavemégit duality

plays an important role to ensure quality and léfegof the

pavement still depends on the quality. Multipresdests were
still being carried out to ensure the bituminousgraent is
able to bear the burden of traffic growing.

Traffic load is constantly changing and increasirgnm time
to time require structures that can accommodateyhkeads
or changed and the serviceability of the road sirecand
serviceability high . Durability to endure highffia load also
depends on the strength, stiffness and stabilityepent
.Pavement a strong way is dependent on the mistesad in
the mixture bitumen. Mix according specificatioraterial is
very important to ensure a long life span for a djooad
pavement and it's also important for the comféroad users.

2.1 Material Properties of Coal Bottom Ash
2.1.1 Physical Properties

Coal bottom ash physically has a porous surfadeitexand is
edged particles. Size range of coal bottom asheigihe stone
to sand. Size is coarser than fly ash coal. Coal Awlicies

typically sized coal as sand with 50 to 90 pergassing size
4.75mm (No. 4), to 10 to 60 percent passing 0.43iMm40),

and 0 to 10 percent passing 0.075mm sieve size .@08).

The size range is from 19mm to 38.1mm.Figure 2iQpares
the grain size distribution curves of few bottonth @aamples
(RMRC User Guidelines 2007).
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Figure 2.0: Grain size distribution curves of several bottom
ash samples

Source: RMRC User Guidelines 2007

Typical physical properties of coal bottom ash sihewn in
Table 2.1. Coal bottom ash with a high carbon aargpecific
gravity lower. Coal ash produces policy with a lspecific
gravity has a porous texture, particle nature ‘popchat fell
under the load or compaction.

Table 2.1: Typical physical properties of bottom ash
(Moulton,Seals,dan Anderson,1973)

Property Bottom Ash

Specific Gravity 2.1-2.7

7.07 - 15.72 KkN/m3

Dry Unit Weight (45 - 100 Ib/ft3)
Plasticity None
Absorption 0.8-2.0%

2.1.2 Chemical properties of CBA

The chemical composition of coal bottom ash thigemial

consists of silica, alumina and iron with smallnamber of

calcium, magnesium, sulfate and calcium other. €unt
composition is very low at less than one percert total

silica, alumina and iron (siO2+Al203+Fe203) reacl8&l5

percent.

The salt content or in some cases, the pH of tla¢ lmottom
ash is low, this . This material may pose the ranoding
,when coal bottom ash used subbase or base layers the
potential to cause corrosion on metallic structuresontact
with said yet so, coal bottom ash in this studgduthe road
surface layer, therefore no erosion problems shauodd
considered.

2.1.3 Chemical properties of cement

Portland cements can be characterized by their iclaém
composition although they rarely are for pavement
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applications. However, it is a Portland cementiengical ii. No toxic chemicals were identified in the
properties that determine its physical propertied Aow it compositions as major constituents.

cures. Therefore, a basic understanding of Partlzament iii. The ash sample is not harmful to the environmedt an
chemistry can help to understand the behavior. does not contain infectious microorganisms (SIRIM).
2.3 Mechanical properties of coal bottom ash 2.5 Factors of Degration of Asphalt pavements and

Table 2.2 shows a list of typical mechanical prtipsr of HMA

bottom ash coal through the compression charatitarisf
maximum dry density and optimum moisture, resisanc
characteristics through Los Angeles and sodiumsi@aess,
its shear strength and bearing strength througtidni angle
and the permeability. The maximum dry density valfieoal
bottom ash is usually 10 to 25 percent lower thengranular
material nature. Otherwise optimum moisture contemats
higher than the natural granular materials

Deterioration or loss of pavement performance ithanform
of rutting. Fatigue cracking due to repeated dymaheavy
vehicle loading, moisture damage-related distredeeshe
bituminous layers, surface wear in countries whetglded
tires being used are due to deformations in oneseweral
layers.

Environmental conditions such as temperature aneénan
have a significant effect on the performance of hatip

Table 2.2: Typical characteristics of the mechanical ; ) e
concrete pavements as well. Moisture is the maljjonatic

properties of coal bottom ash (Moulton,Seals,dan

Anderson,1973) condition that adversely affects the quality oftedpconcrete.

Typical characteristics Coal bottom ash The infiltration of moisture into HMA pavementsadse of the
most common causes of degradation in pavementtstesc

Maximum  dry  density| 1210 - 1620 When moisture enters the pavement structure, itficahits
(kg/m3) way between the aggregate and the asphalt cereading to

a loss of cohesion within the pavement.

Optimum moisture content< 20 or in the range 12-14

(%) Moisture may damage asphalt concrete in three waks.
Abrasiveness of Los Angelgs30 -50 moisture may combine with the asphalt resulting iloss of
(%) cohesion of the asphalt film. The water may alsssedfailure
Loss in the sodium sulfatel.5- 10 of the bond at the asphalt aggregate interfacealllyin
(%) degradation of the aggregate may result as thetuneig the
Friction angle 38-42° asphalt concrete freezes. The loss of cohesiorttandailure

of the asphalt bond with the aggregate are defasestripping.

California bearing ratio | 40-70
CBR Factors affecting moisture sensitivity of HMA haween

Permeability coefficient 10-2 -10-3 identified as the type and use of the mix, the attaristics of
the asphalt binder as well as the aggregate andoamental

effects during and after construction, and the abenti-
2. 4 Sustainability of CBA material stripping additives. Many factors are involved irpisture
sensitivity of HMA, so the test method should clgssmulate

CBA is a non-hazardous material which does not earibon the real field condition to reflect these variakj@garren, Jim).

dioxide into the atmosphere. Bottom ash emphasines

reducing carbon dioxide emission. Since bottom iagskhe

waste products of coal fired power plant, this aesle can lead 3. METHODOLOGY

to the awareness of sustainable development obdleety. For the purpose of the study, the test that's beised is for
This is very advisable in sustainable developmémtseduce IKRAM pavement laboratory. This chapter describéswa
carbon dioxide emission and to recycle the wasteriads. the procedures and test methods used according to
At the present time, there is limited informatiom dhe JKR/SPJ/1988 specification. A typical evaluation tise with
influence of parameters using CBA in constructioaterials, Marshall Mix methods includes three basic steps.

especially HMA with bottom ash as the fine aggregat

As the test conducted by SIRIM it shows that CBAreve 3.1 Review Process

related in 3 different factors which is:
i. Physical hazards such as explosiveness, ignitabilit
and flammability are not inherent properties of the
components in the waste sample.

The research process is divided into two phaseg;hwfirst
obtain optimum bitumen content and the second phase
obtain optimum ash content suitable policy and Malistest
specification. Optimum bitumen content obtainednfrohe
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first phase of the study will be used in the sample the
second phase.
3.2 The First Phase of the Review Process

* Provide materials to mix AC 14

» Do Sieve Analysis

e Combined aggregate grading appropriate to
determine and meet the grading limits.

« Determine the specific gravity of aggregate

* Conventional mix design with use 4.0%, 4.5%, 5.0%,
5.5% and 6.0% bitumen content.

* Resilient modulus test performed on each sample.

* Obtain its optimum bitumen content and Marshall
identified

A set of samples using the conventional bitumen
content and features designed

* Analyze data

3.3 The Second Phase of the Review Process

*  Provide materialto mix AC 14

» Do Sieve Analysis

 Combinedaggregatgradingappropriatg¢o determine
andmeet thegradinglimits.

» Determine the theoretical maximum density

e Conventionalmix designwith use coal bottom ash
1.0%, 2%, 3.0%, 4.0%, 5.0% and 6.0% with bitumen
content.

* Resilientmodulustestperformedoneach sample.

e Obtain its optimum bitumen content andMarshall
identified

* A set of sampleausing theconventionalbitumen
contentand featuredesigned

* Analyze data

4. RESULT

This chapter provides all the results and datainoddafrom
the experimental test conducted by IKRAM pavement
Laboratory. All the results are discussed and amaly This
includes the material tests and density, stabdlitg flow test
on the Marshall specimens. To provide a clear datsmn of

the data and results, the values are describebeirform of
tables, graphs and figures. All the tables and lggaghown in
this chapter are shown by using Microsoft Excebpamn.

4.1 Aggregate Gradation Results

In this study, the sieves were made to isolateatigregate by
size sieve aggregate hot mix asphalt needs to lzeciertain
range of sizes and have a ratio indicates certdiable 4.1
shows AC14 grading used in this study.

Table 4.1: Gradation of the aggregate limit for mix AC14

(PWD, 2008)
Sieve Grading Limit Percent Percent
Size Upper | Lower (I?J/(j;ained zz)ssing
20 100 100 100 0
14 90 100 95 5
10 76 86 81 14
5 50 62 56 25
3.35 40 54 47 9
1.18 18 34 26 21
0.425 12 24 18 8
0.15 6 14 10
0.075 4 8 6

4.2 Theoretical Maximum Density

Table 4.2:Result for the Theoretical maximum denday
samples containing different Coal bottom ash pdrcen

Theoretica

maximum Asphalt

density with | Content | SG of | Effective SG
CBA of Mix | Asphalt,| of aggregate

Percentage (%) Gb , Gse
0% 2.594
1% 2.619
2% 2.62¢
3% 5.1 1.03 2.625
4% 2.644
5% 2.62¢
6% 2.62

The theoretical maximum density value shown indabl2 .
This test is using the optimum bitumen content df%b in
each the sample. The specific gravity of asphdlt(8 and the
rate of the density is different as a Percentageoaf bottom
ash. The values of the theoretical maximum density
Marshall will be used in the analysis of the sgedjfavity of
aggregate. From this value voids in the mixture dBn
analysis.
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4.3 Determination of Characteristics of Marshall

Marshall Tests performed on all samples that arggded.
The first phase involves determining the optimurturien
content of the mixture AC14.All sample shows the
relationship between percentage of bitumen withdeesity,

air voids, voids filled with bitumen, stability, div, and
resilient modulus. Bitumen content obtained shallused to
design the control samples and samples containing
modification coal bottom ash

In the second phase shows the relationship betvitben
percentage of basic coal Bottom ash with a derisejoals,

voids filled with bitumen, stability, flow, and réent

modulus. Next, data from tests carried out in thelysis of
Obtain optimum coal bottom ash content

4.3.1 Density

Figure 4.1 shows a graph of density versus theepeéaige of
coal bottom ash. Density indicates the densityhef mixture
increased by decreasing the volume of space, buitaiss
the weight of material

232 - |
1315
231
1.305
23
1.295
2.29 L
1.285
2.28 .
0 1 2 3 4 5 6 7

Density (g2/mm)

Coal Bottom Ash (%)

Figure 4.1: The graph density versus coal bottom ash

Based on the graph, coal bottom ash content atnammim
density is 6%. The graph shows the increasing lbotitbm ash
content, the density is decreasing. This is becdleecoal
bottom ash is a porous particle. Therefore, whexethiwith
bitumen, it will be absorbed by the coal bottom asHl cause
bitumen decreases (Anderson, Usmen, and Moultor6)19
Bitumen is less, not to satisfy the air void in $a@mple and
causes the density of the sample decreases

4.3.2 Voids in Total Mix (VTM)

Figure 4.2below showsa graph othe percentage @ir voids
versuscoalbottomash Air voids aresmallair volumebetween
the coatedaggregaten a bituminousmixture Unit expressed
as a percentagef the bulk volume ofa compactedspecimen
(Che Rosand MohdRoslj, 2008)
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Figure 4.2 The graptvoids in total mixversuscoalbottom
ash

An upwardcurvewhen thebottomashcontent ofcoalis due to
increasing air voids are not filled with coal bottom ash
bitumen. Morebottom has absorbeés much bitumen and

causeair voidscan not be meand therefore improvair void

contentin the mixture. Air voids and density has direct
relevance fothehigherair voids,the lower thedensity

Air voids that are allowedaccording to the specifications
JKR/SPJ/rev2008 i8-5%. This rangeaimsto make room for
the bitumento expand andtrap air in hot weather.The
presence obasic coal bottom asthas increaseair voids
contentandits value has out of specification requirements.

4.3.3 Voids Filled Bitumen (VFB)

The percentage ofoids filled bitumenvolume ofvoid spaces
between theggregatén acompactedspecimercontainingair
voids andthe volume ofbitumenthat is notabsorbed in the
aggregate( Mohd Rosli Che Ros 2008) Figure 4.3below
showsa graph of versus percent voids filled bitumen weitial
bottom ash.
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68.00

66.00

64.00
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Figure 4.3 The graptvoids filled bitumenversuscoalbottom
ash

Curveobtained fronthe graph abovehows that there lower
bitumencontentwhencoal bottomashcontentincreases. This
showsthe lack ofa bindinglayer of bitumen aggregatn
which air voidsin betweerand in theaggregateannot be met
by the bitumen This situationis a result of thereaction
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between thebitumen with the coal bottom ash capacitg
absorb thébitumen causing voids content filled withbitumen
decreases

4.3.4 Flow

Figure 4.4 Showsa graph offlow versuspercentcoal bottom
ash. The flowis the heightdifferencebefore andafter thetest
specimensvith the maximum loadand Mohd Rosli Che Ros
2008)

£.00 ‘ |
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o] 1 2 3 4 5 € 7

Coal Bottom Ash (%o)

Figure 4.4 The grapHlow versuscoalbottomash

From the graphthe flow rate is still within the range of
specifications allowedy JKR/SPJ/rev2008he 2-4%. Based
on the graphthe flow decreasewvith increasingpercent of
coal bottomashin the mixture.This indicates thaa stronger
pavementunder maximumload the presence abal bottom
ashas afiller for angularcoal bottom ash particlesprovide
interlocking natureand repairinghe internal frictionbetween
particles ofcoal bottomashaggregateand aggregataith an
aggregate

4.3.5 Stability

The stability ofthe sampleshowsthe maximum loadhat can
be borne by thesamplebefore failure(Che Ros and Mohd
Rosli, 2008) Figure 4.5below showsa graph othe stability
of thesamplesersugsthe percentage @balbottomash.

Stability (KN)

Coal Bottom Ash (%o)

Figure 4.5 The graptstability versusoalbottomash

The graptshowsan upwardccurve,the higher theoal bottom
ashcontent the higher the stability of thesample Stability is
a measure athe viscosity ofbitumensamplesare controlled
by the internal frictionangle ofaggregatesThe presence of
particles ofcoalbottomashhasstrongangularaggregatéond
network and thusincrease theangle of internal friction
betweenaggregates. Thereforthe stability increasesvith the
increase otoalbottomashcontent

4.3.6 Resilient Modulus
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Figure 4.6 The graphresilient modulus versusalbottom
ash

Figure 4.6showsa graph ofresilient modulusversuscoal
bottom ash The resilient modulus othe sampleshows the
strength othe pavemerdpplicationdevel asthe roadwvearing
course Increasethe strength ofthe samplestability and flow
demonstratehat the lowerthe percentage ofoal bottomash
increasesThe coal bottom asBB% resilientmodulusreduction
occursand suddenlyises from thecoal bottom aski% to 6%.

This is becausé is a problemusethe toolsare not ingood
condition

4.4 Determination of Optimum bitumen content

The mean optimum bitumen content shall be detemnine
averaging five optimum bitumen contents so deteeahias a
fellow

4.4.1 Density
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Figure 4.7: Density vs. Bitumen Content
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Figure 4.7 shows the analysis of the results dgnstrsus
bitumen content at 5.1 % value density is 2.36 g/fimmeans
with highly absorbent aggregates, some difficultp
determining density may occur. In such cases ,bihemen
content at which the increase in density shoesraaddalling
off shall be adopted,

4.4.2 Voids in aggregate filled with bitumen (VFA)

80

75

——
70 -

65 -+

VEA[2:)

60 T

55 7

50 ‘.///

45
4.0 45 5.0 5.5 6.0

Bitumen Content (%)

Figure 4.8: VFA vs. Bitumen Content

Figure 4.8 shows the analysis of the results VFAswg
bitumen content at 5.5 %, value VFA is 76%. Thedgdilled
with asphalt is the percentage of the intergranutad space
between the aggregate particles that is filled vatgphalt.
Therefore, the is calculated by subtracting thevaids from
the VMA and dividing by the VMA and expressing theue
as a percentage

4.4.3 Voids in Mix (VTM)
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Figure 4.9:VTM vs. Bitumen Content

Figure 4.8 shows the analysis of the results VTMsuge
bitumen content at 5.5 %, value VTM is 4 % the [totdume
of the small pockets of air between the coated eggie

particles throughout a compacted paving mixtureressed as

a percent of the bulk volume of the compacted gawiixture.

The percentage of air voids decrease with incrgaasphalt
content.

4.4.4 Stability
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Figure 4.10: Stability vs. Bitumen Content

Figure 4.10 shows the analysis of the results Igtalviersus
bitumen content at 4.5 %, value stability is 25 K¥ability
value generally increases as asphalt content iseseand then
beyond a certain percentage of asphalt in the maxtability
decreases .

4.4.5 Flow
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Figure 4.11:Flow vs. Bitumen Content

Figure 4.11 shows the analysis of the results Fl@nrsus
bitumen content at 4.5 %, value flow is 4mm. Ifvilvalue
increase with increasing asphalt content. Flow kqt@ the
median of the range given in JKR/SPJ is 2.0 - 40 m

4.5 Comparison of the results with the specificatio

(JKR/SPJ)
Table 4.3: Optimum Asphalt Content Value

Property Selected Asphalt Content
(%)
4% VTM 5.5
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Maximum Value of Bulk 5.2
Density
Maximum value of stability 4.5
Maximum Value of VFA 5.5
Average 51

Table 4.3 shows Marshall Test results and cala@natito
obtain the optimum bitumen content. Obtained thénmmm
bitumen content was average 5.1%. Once the opticamtent

is known, the conventional sample set is desigonagsé 5.1%
bitumen. These samples will be made where the cbntr
sample characteristics will Marshall compared vsdmples
containing coal bottom ash.

4.6 NAPA Method

Table 4.4:Comparison of specifications and standards

Table 4.4 show comparisons of specifications byngisi
NAPA  Procedure, optimum asphalt content are
determined by the median air void content of the
specification. Based on the specification that estatin
the project requirement, 4% is the median air void.
1. Optimum asphalt content 5.5%
VTM is 4%.
2. Optimum asphalt content 5.5% asphalt, %
VMA is 16.82%.
3. Optimum asphalt content 5.4% asphalt, %

asphalt

VFA is 75%.

4. Optimum asphalt content 4.5% asphalt,
stability is 25kN.

5. Optimum asphalt content 4.5% asphalt,
flow is 4mm.

4.7 Comparison between the Conventional Samples

Properties ~ Specification Result Status and coal bottom ash Samples Optimal
Once the optimum ash content of coal bottom astbigined
VTM 3.0% - 5.0% 4% Al ted '
0 ’ ’ ceepte the three-sample design and the use of coal badishmare at
VFA 70% - 80% 76% Accepted the optimum content of 1%. Marshall Characteristi€sthe
sample set is then compared with conventional sampl
Stability > 8kN 25 kN Accepted
Flow 2 -4mm 4 mm Accepted
Table 4.7 Marshall features conversational samples and &sngb coal bottom ash optimal
% Coal Bitumer Density VTM VFB Stability Flow Resilient
Bottom (%) (g/mm) (%) (%) (KN) (N/mm) Modulus
Ash (Mpa)
0 5.1 2.31¢ 3.7C 75.62 15.6¢ 3.3i 4741
1 51 2.315 4.64 71.17 20.39 3.15 5498

Based on the Table 4.7, the conventional samplevshbe
voids filled bitumen high and low values of air @sithan
samples with the optimum content of coal bottom wasih
porous particles causes the bitumen having holagtickes
thus could not complete filling of air voids presen the
mixture as part large mixed bituminous coal has nbee
absorbed by the bottom ash, and some used to hied t
aggregate particles

Due to air voids directly proportional to the depsthe higher
air voids because reduces .This density indicaled the
bitumen does not respond well when there is coibboash

in mixture. Spread bitumen to the aggregate graimat
uniform because the bitumen content was reduced.

However, the stability of the samples containingldmottom
ash is higher than conventional. This sample shaotivatithe
presence of coal bottom ash can increase the aitéiation
between aggregate and make a stronger and stalfiliiyv
mixture of diminishing is consistent with the stibiof the
increase samples. Shows a sample of reduced flowtisasy
to deform under load maximum sample this modifaratis
necessary to create a stronger pavement and strong
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4.8 Modulus Resilient

Resilient modulus tests conducted for each sanopévaluate
the effectiveness of pavement performance undet fictfic
.Load moving traffic will be transferred to the gawent and
this causes tension to pavement. Modulus test B th
relationship between applied pressure and thedemssulting
from the pressure.

4.8.1 Modification of the Sample

Figure 4.12 shows the modulus values obtained ftests
conducted on samples containing coal bottom ash fiter
material
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Figure 4.12 Resilient modulus of the sample graph
modification

The graph represents an increase in the modultkeotoal
bottom ash content increase .It means that morkbaitom
ash is used, the stronger the pavement as a higke va
indicates tensile modulus experienced by the pamensea
pavement means lower tension vehement very goodabled
to bear the burden caused traffic. Therefore itlwasaid that
the use of coal bottom ash as a filler to reduosite caused
by the pavement.

4.8.2 Comparison between Resilient Modulus the
Samples of Conventional and Coal Bottom Ash
sample Optimal

Table 4.8:Resilient Modulus of the sample conventional and
coal bottom ash sample Optimal

Coal Bottom Ash Bitumen (%) Resilient Modulus

(%) (Mpa)
0 5.1 3732
1 5.1 5192

Table 4.8 shown a comparison value of the modufuthe
conventional samples and samples containing a foot#bm
ash percentage of the optimal. It can be seerthleatalue of
the modulus of the samples containing optimum tadéiom
ash content is higher than the conventional sampléss
shows that the mixture containing coal bottom aah dnlower
voltage when under load.

4.9 Optimum Asphalt Content Value with Coal
Bottom ash

The Table 4.9 show is the comparison of the resuils the
specification when asphalt content mixed with cbattom
ash.

Table 4.9: Comparison of results with the specification

Figure Properties Specification Result Status
4.2 VTM (%) 3-5 4.64 Accepted
4.3 VFB (%) 70% -80%  71.17 Accepted
4.4 FLOW 2-4 3.15 Accepted
(mm)
45 STABILITY >38 20.39 Accepted
(kN)
4.6 RESILIENT 3000 5498 Accepted
MODULUS
(Mpa)

From the results above the final result may akeuch value
is taken into account. In the calculation, it iswased that the
effective specific gravity of aggregate is 1.76 &hne specific
gravity of asphalt is 1.03.

When calculating the value of bulk specific graviand

theoretical specific gravity for a compacted mietur
percentage of VFB, VTM, Flow, Stability and Regilie
Modulus as accepted requirement with the spedifinat

CONCLUSIONS

The use of coal ash as a base material in roadroetien is

no longer limited to only subgred layer. This stuths given

new dimension to the use of coal bottom ash asller fi
material in the HMA. The optimum content of coattba ash

obtained from this study is 1%. Coal bottom ashncan
replace the use of conventional filler materiabashole. The
use of hydrated lime is still required with coattoon ash.

Based on the results obtained, the sample contathie coal
bottom ash is better in terms of strength, stiffnesnd the
sample flow than conventional samples. Consequelttly
pavement will become stronger and able to redua th
deformation of the pavement if loaded high traff@ad.
However, there are weaknesses in the use of carb@ash
as filler where the air void content increased whiducing
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the density of the mixture. This has due to thentbel
properties of bottom ash coal of high ash contiéicasa great
effect on bonding bitumen and aggregates. Consdguéme
three characteristics of the Marshall air voidsdsdilled with
bitumen and low density compared to the performarfcihe
conventional samples even exceeded the prescribed
specifications.

Although coal bottom ash cannot replace the useydfated
lime as a whole, but believed that if the bitumemtent of
higher is used, it will be able to improve the penfance of
air voids, voids filled with bitumen and densityalBncing
between the coal bottom ash content of the bituooertent is
very important to get a quality pavement. Thus an e
concluded that the use of coal bottom ash can &serehe
strength of the pavement, but some modificationstnie
done to overcome the lack of use. If the coal motash can
be used in large quantities, this means that tlaistevcan be
recycled at a maximum and this will impact the eowment
.Study more carefully and deeply to be done to maeé the
use of coal bottom ash in the HMA.

Recommendations for Future Research

Based on recent research studied and experimesiggthg to
Performance Coal Bottom Ash in Hot Mix Asphalt has
indicated the need of further research and studiesordingly

are proposed future recommendations for researdtstaaies

that can be related to these studies.

i To conduct further research in various proportiohs
CBA content in HMA.

i. Using different types of bitumen, such as PG grade
bitumen to test the effect of using coal bottom ash
the pavement

iii. To conduct further research by using blended CBA in
the form of dust replacing Portland cement.

iv. Conduct research on pavement using proportion of
CBA under tropical weather.

V. Investigate the characteristics of Marshall onuke of
coal bottom ash to binder layer
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