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Abstract A well-designed as phalt mixture is ex pected to serve ef fectively for many y ears under a variety o f
loading and e nvironmental ¢ onditions. B ituminous c oncrete is one of the hi ghest and c ostliest types of flexible
pavement. One of the main problems in the construction of asphalt paving mixture is obtaining a sufficient amount
of filler material and high cost of the use of ordinary Portland cement, hydrated lime, or marble dust as filler material.
Asphalt I nstitution restricted the use of a maximum limit of 2% proportion to improve the a ggregates a dhesion
properties only, which is not sufficient quantity to achieve the grading requirements. To alleviate this problem, it is
important to come across alternative filler material that can be used in more quantity. The study has investigated the
potential use of natural subbase dust (MSD)as alternative filler material, and their characteristic on the effect of hot
asphalt mixture was identified. This research was conducted by using Experimental Research Design. In total, 48

samples were prepared according to ASTM D1559, of which 15 of them used to calculate the OBC and the rest to
find out the effects of adding different percentages of NSD to the asphalt mixture. For this purpose, five different
bitumen contents were used (4%—6% with 0.5% increments). Aggregate mixtures blended without filler and with
NSD filler were investigated to evaluate their Marshall properties on HMA mixtures. Four varying percentages of
NSD ranging from (2% - 8% at 2% increments) were used for Marshall experiments. And for the control mix, 2%

hydrated lime (HL) and 2% ordinary Portland cement used in the mixture besides, 4% Marble Dust was used as a

reference. The aggregates were blended by using Job mix formula to obtain the percentage of material proportion.

As a result for a ggregates b lended wi thout filler G -1 (26%), G-2 (23%) and G -3 (51%) pr oportion were us ed
whereas for ag gregates b lended with NSD filler, G-1 (26%), G-2 (22%), G-3 (46%) and G-4 (6%) was utilized.

Where G -1 is C oarse A ggregate 3/4, G -2 is [ ntermediate Aggr egate 3/8, G -3 isF ine Aggregate,and G-41is
NSD filler. Ba sed o n M arshall t est r esults, t he O BC w as found 5 .1% by t he t otal a sphalt mix. F urthermore,

examining Marshall mixes containing different percentages of filler showed the optimum percentage of NSD was
6%. The Marshall properties of the experiments at 6% NDS filler resulted in high stability, low flow, lower VFB,
low VMA & lower air voids that are consistent with the standard specifications. The investigation of NSD filler has

resulted in good e ffects on t he Marshall properties of the asphalt mixture. Furthermore, the outcome of Marshall
parameters like stability, air voids, and bulk density values was consistent with the standard specifications. Therefore,
NSD filler can potentially be used as an alternative filler material in HMA w ith o ptimum filler c ontent of 6%.

Besides, it is recommended to exercise the use of NSD as filler material in HMA projects in order to ensure the
quality of works, save transportation costs and save time spend to import other filler materials from far away. It is

also recommended combining NSD filler with other materials may produce a better outcome on the effects on the
asphalt mix properties.
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1. Introduction

The c onstructiona ndm aintenance of highway
pavement in E thiopia r equires a large nu mber of g ood
quality materials. The fast growth of continual heavy axel
traffic d emands a b etter q uality of material for p aving
applications. The developmenta ndus e of m odified
asphalt m ix can m eett he needs oft he co mmunities.
Asphalt m odification ¢ an be r ealized primarily t hrough
polymer modification. However, this method is expensive
due to the high cost of raw polymer, skilled personnel, and
special e quipment. I nt he ot her m ethod, a sphalt m ix
modification can be done by replacing common fillers like
lime, cement, and other suitable materials [1].

Highway pa vements are categorized into t wo gr oups
rigid a nd flexible. R igid pavements a re ¢ omposed of a
cement co ncrete s urface co urse, and flexible p avements
are t hose s urfaced w ith bituminous m aterials. As phalt
concrete is a mixture of aggregate, bitumen, and filler in a
different r elative a mountt hats etsu pt he s ubstantial
property o f mix. P avement systems inE thiopia are
exposed to a multitude o f severe e nvironmental f actors,
mainly heavy axle load applied on the road, high traffic,
and e xcessive-high temperature [2]. T he road us ually
exhibits excessive f ailures at an early stage of the
pavement life. A m ajor s tep in the i mprovement of the
existing performance of roads starts with the modification
of mix design. The strength, cost, and stability of asphalt
mixtures are influenced by several features together with a
gradation o f aggregates, t ypes, a nd a mounts of f iller
materials. lan I'shai et al. investigated the major role of
fillers as they p lay a crucial role in t he properties an d
behavior of bituminous paving mixtures. The mechanical
properties of bituminous road pavement depend decisively
upon the properties of filler and bitumen. Modifications of
asphalt pa ving materials that ha ve hi gh-quality a dditives
are quite expensive for the mass production of bituminous
mixtures. A solutiont os olvet hisp roblemi s by
considering the influence of natural mixture i ngredients,
such as filler [3].

Kandhal et al . co nducted various s tudies t hatt he
properties of mineral fillers, especially the material
passing 0.075mm ( No. 2 00) s ieve, have a s ignificant
effect on the performance o f a sphalt paving m ixture in
terms of de formation, fatigue ¢ racking a nd m oisture
susceptibility. M ineral f illers were originally a dded t o
dense-graded HMA paving mixtures to fill the voids in the
aggregate skeleton and to reduce the voids in the mixture
[4]. Asi Ibrahim and Assa’ad Abdullah studied fillers that
are used in the asphalt mixture to affect the mix design,
especially the optimum asphalt content. The term filler is
often used loosely to designate a material with a particle
size d istribution s maller t han N 0. 200 sieve. The filler
theory a ssumes that " the filler serves to fill voids in the
mineral ag gregate an d t hereby cr eate t he d ense m ix."
Filler p articlesar eb eneficial b ecause o fi ncreased
resistance to displacement resulting from the large area of
contact between particles. It was found that fillers increase
the required compactive effects of specimens to the same
volume of air void content. The function of mineral filler
is essentially to stiffen the binder [5].

Various ¢ onventional m aterials s uch as ce ment, 1ime,
granite powder a re normally u sed a s filleri n a sphalt
concrete m ixture i n a nother w orld. C ement, 1 ime, a nd
granite p owder a re e xpensive a nd a re used for other
purposes m ore e ffectively. F rom t he e conomic point of
view, t he r esearcher h as i nvestigated an d evaluated t he
potential use of natural subbase dust as alternative filler
material i n h ot a sphalt ¢ oncrete m ixture a nd ¢ ompared
witht hec onventional f illersa nd withs tandard
specifications [6]. The study also evaluated the effects of
natural s ubbase d ust filler ont he M arshall p roperties.
Based o nt he e xperimental r esults, t he feasibility o f
natural subbase dust as an alternative filler with optimum
proportion was a ssessed by ¢ omparing with t he ¢ ontrol
mixtures and standard specifications.

Fillers have traditionally been used in asphalt mixtures
to fill the voids between the larger aggregate particles [7].
Bahiae ta 1.1 nvestigatedt hei nfluence o fd ifferent
types of f illers ont he properties o fa sphalt ¢ oncrete
mixture as it varies with the particle size, shape, surface
area, s urfacet exture,an do ther physical-chemical
properties [8]. Co nventionally i n E thiopia, f ine s and,
cement, hydrated lime, crushed stone, and marble dust are
used a s filler materiali nt he bituminous m ix. O ne
of't he m ain pr oblems i nt he ¢ onstruction ofa sphalt
paving mixture is obtaining a s ufficient amount o f filler
material and high c ost o fthe use of c ement or m arble
dust as filler material. Since O PC and HL are restricted
by A sphalt I nstitution, t he use o fa maximum limit of
2% proportiont o improvet he a dhesion property of
the a ggregates o nly, w hich is n ot s ufficient quantity t o
achieve t he grading r equirements. O n t he ot her hand,
marble dust is obtained from a waste product of marble
industries far a way and with a long period w aiting f or
obtaining sufficient quantity. I f this dust is not deposited
with care by avoiding moisture absorption, it requires a
long period to get dry.

In t his s tudy, an a ttempt w as m ade t o find e ffective
types of cheap and non-conventional filler on the behavior
of bi tuminous m ixes. F or t his purpose, natural s ubbase
dust wasu sedas an on-conventional f iller. T he
characteristics o f t he m ixtures c ontaining d ifferent t ypes
of filler w ere ev aluated by ex amining f undamental
material properties and by performing various laboratory
tests. Then the results obtained for mixed type containing
non-conventional f illers werec ompared witht he
conventional fillers.

2. Study Area, Materials and Research
Methodology

2.1. Project Location and Topography

The study area that was considered is the Jimma zone,
where all materials are collected for the experiment. [tis
located at southwestern of Ethiopia at 355kms away from
Addis Ababa. Its geographical coordinates are between 7°
13- 8° 56N latitude and 35 °49°-38°38’E 1 ongitude w ith
an estimated area of 19,506.24. Jimma town is found in an
area o f average altitude of about 1780m above mean sea
level. I t1iesi nt hec limatic z one, | ocally k nown a s
Woyna-Dega.
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Figure 1. Map of the study area. (Source:Google Map 2017)

2.3. Materials

2.2. Research Design

This research em ployeda laboratory experimental
research d esign. After organizing a |iterature review o f
different previously published i nvestigations, t he s tudy
evaluated the performance of the natural subbase dust as
filler for asphalt mix design. In particular, the researcher
performed al | materials s uch as as phalt binder, co arse
aggregate, fi ne aggregate, a nd fillers, u nder A ASHTO
(T49, T 53, T228,and T 179, w hile for binder based on
ASTM D854 laboratory procedures. F or the accomplishment
of this research goal, the applicable practice w ork,
research findings, a nd other i nformation o nt he filler
material for the asphalt pavement mixture reviewed.

In this study, the Marshall mix design method used to
design the HMA mixes. The standard Marshall specimens
prepared by applying 75 blows on each face, according to
ASTM: D6926 (ASTM D 6926,20 10) having f ive
different bitumen c ontent b etween 4 % and 6% by total
weight of a ggregate at 0.5% increment. For the c ontrol
mixes, 2% h ydrated lime and 2% or dinary Portland
cement used. Besides, 4% of Marble dust filler, which is
the m ix de sign c onsidered at t he J imma t own hot m ix
asphalt project, and used as a reference. F urther, m ixed
containing 2%, 4%, 6%, and 8% natural subbase dust filler
used for evaluating its respective performance.

The data pr ocessing a nd a nalysis ¢ onsisted o f f our
stages:

1. Characterizing the materials;

* Asphalt binder, Aggregates, Fillers

2. Design the mixtures with NSD filler;

* Marshal Mix Design for the fillers

3. Evaluation of NSD;

+  Suitability Evaluation in HMA concrete mixtures

4. Data analysis

* Results analyzed with M icrosoft Office E xcel
Program.

The Penetration grade 85/100 of asphalt cement used in
this study obtained from the ERCC laboratory, while the
coarse, intermediate, and fine a ggregates c ollected from
the ERCC crusher site located at Unkulu woreda, Jimma
Zone, and it w as part of the ingredients for the laboratory
experiment. Screened natural subbase was obtained from
the Red Cross Quarry site 7.0kms away towards Jimma -
Addis road.

2.4. Tests and Materials Preparation

2.4.1. Mineral Aggregate

Based ont he E thiopian Road A uthority ( ERA)
Standard Specifications, aggregates component accounted
for 92% to 96% of hot mix asphalt (HMA) by weight. The
aggregates locally available were having a specific gravity
of 2. 72 and 2. 59 f or coarse and f ine aggregate us ed,
respectively. ERA and AASHTO specifications applied in
this study for continuous aggregate gradation for the used
in the hot mix asphalt experiment.

2.4.2. Physical Properties of Aggregates
2.4.2.1. Sieve Analysis

The gradation of ac ombinationo f aggregatesi s
one of the critical aspects when studying the behavior of
asphalt mixes. L aboratory ex perimentb asedo nt he
universal specification ASTM D3515 and a gradation test
according to specification (ASTM C136). It is performed
ons amples foreac ht ype ofa ggregatesi nt he
laboratory, and the results are presented in Table 1. The
Job-Mix-Formula f ort heag gregatep articles ize
distribution used for t he p reparation of m ixtures be fore
and after blending.
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Table 1. Composition of Asphalt Paving Mixture Specification ASTM D3515
Mix Designation and Nominal Maximum Size of Aggregate [10]
' _ 2in 1 1/2in lin 3/4 in 1/2 in 3/8in No. 4 (4.75 mm)
Sieve Size (50mm) (37.5mm) (25.0 mm) (12.5mm) (12.5mm) (9.5 mm)
212" 63 mm 0 1 e e e e e
2" 50 mm 90 -- 100 0 1 e e e e
112" 37.5mm | ... 90 --100 O o 1 [

" 26.5 mm 60--80 | ... 90 -- 100 o0 1 e
3/4" 199mm | ... 56--80 | ... 90 --100 00 | e
172" 12.5 mm 35--65 | ... 56--80 | ... 90 --100 100 | ..
3/8' 95mm | ... | . | 56--80 | ... 90 --100 100

No. 4 4.75 mm 17 -- 47 23--53 29 --59 35--65 44 --74 55--85 80 -- 100
No.8 2.36 mm 10-- 36 15--41 19 --45 23 --49 28 --58 32 --67 65 -- 100
No. 16 .18mm | .. .o o e 40 -- 80
No. 30 0.6um | ... | ... | . | . a1 25 -- 65
No. 50 0.3 um 3--15 4--16 5--17 5--19 5--21 7--23 7--40
100 0.15um | ... | e e e e 3--20
0.075 0.075 um 0--5 0--6 1--7 2--8 2--10 2--10 2--10
Bitumen, Weight % of Total Mixture
Range 2--7 3--8 3--9 4--10 4--11 5--12 6--12
Source: Asphalt institution of Hot Mix Asphalt Pavement Manual, Series No.22, 2™ edition
2422.Los Angeles Abrasion Table 2. Aggregate Crushing Value Lab Result
The Los Angeles Abrasion (LAA) test is a standard test Aggregate Crushing Value Test BS 812 Part 110:1990
method used t o s how a ggregate t oughness a nd a brasion Sample No. 1 2
char.acteristics. T he ag gregate's. ab rasion charapteristics Size of aggregates, mm 10-14 10-14
are important because the c onstituent a ggregate in H MA - -
must r esist ¢ rushing, degradation, a nd disintegrationto _eximum load applied, kN 400 400
produce a high-quality hot mix asphalt. Duration of testing, mm 10 10
Weight of sample tested, gm 2656.3 2633.8
Wt. of sample ret. on 2.36 sieve, gm 2201.2 2204.1
Aggregate Crushing Value (%) 17.1 16.3
Average aggregate. crushing value (%) 16.7

Figure 2. Equipment Used for the L.A. Abrasion Test

The LAA test m easures t he de gradation of a c oarse
aggregate sample thatis placedina rotating drum w ith
steel spheres, as shown in Figure 2. As the drum rotates,
the aggregate degrades by abrasion and impact with other
aggregate particles an dt hes teel s pheres ( called t he
"charge"). Once the test completed, the mass of aggregate
calculated t hath adcr usheda partt o smallers izes
expressed as a percentage to the total weight of aggregate.
Therefore, lower L.A. abrasion loss value indicated
aggregate is tougher and more resistant to abrasion.

2.4.2.3. Aggregate Crushing Value (ACV)

Aggregate c rushing value gives a relative measure of
the r esistance ofa n aggregatet o ¢ rushing under a
gradually applied w heel 1oad as a compressive load [9].
The standard aggregate crushing test was done on
aggregates passing on sieve no. 12.5mm and retained on
sieve no. 9.5mm based on the AASHTO test, as shown in
Table 2.

2.4.2.4. Aggregate Impact Value

The standard ag gregate i mpact testp erformed o n
aggregates passing on sieve no. 12.5mm and retained on
sieve n 0. 10 .0mm per A ASHTO test. I f an aggregate
impact value is higher than 30, it has a questionable result.
Also,a ggregates izesl argert han 12mmar en ot
appropriate for the aggregate impact test.

2.4.2.5. Particle Shape and Surface Texture

Rounded particles cr eatel essp article-to-particle
interlock than angular particles and thus providing be tter
workability and easier for compaction. However, in HMA,
less i nterlock is ge nerally a di sadvantage as a r ounded
aggregate will c ontinue to compact, s hove, and rut a fter
construction. Thus, the angular particles are desirable for
HMA despite their poor workability. These particles tend
to impede compaction or break during c ompaction a nd,
therefore, may decrease strength.

Hot mix a sphalt t ends t o bond m ore e ffectively w ith
rough-surfaced particles. Thus, rough-surface particles are
desirable for HMA. T he flat a nd e longated particle t est
used t o determine t he di mensional r atios f or a ggregate
particles of specific sieve sizes.



66 American Journal of Civil Engineering and Architecture

2.4.2.6. Asphalt Binder Selection

High-performance a pplications r equire s mall a mounts
of polymers are sometimes blended into the asphalt binder,
producing a polymer-modified binder. In general asphalts,
can be classified into three general types:

* Asphalt cement

* Asphalt emulsion

* Cutback asphalt

Cutbacks a nd emulsions a re us ed a Imost e ntirely f or
cold mixing and spraying and will not apply for hot mix
asphalt mixture [9]. Because of its chemical complexities,
asphalt s pecifications ha vebe ende velopeda round
physical p roperty tests, such asp enetration, v iscosity,
and d uctility. T heset ests p erformed a ts tandard t est
temperatures, and t he r esults us ed t o determine ift he
material meets the specification criteria.

Asphalt binders are advantageous and valuable material
for c onstructing flexible p avement w orldwide. However,
they have very unusual e ngineering properties that must
be ¢ arefully ¢ ontrolled t o ensure proper performance.
Asphalt pa vement a t hi gh t emperature wi Il be come s oft
that will be prone to shoving and rutting. While an asphalt
pavement at low temperatures is too hard and inclined to
low-temperature cracking. There is an extreme change in
modulus that oc curs in asphalt binders over the range of
temperatures. Specifications f or bitumen bi nders m ust
control t he properties a t1 ow, high, a nd i ntermediate
temperatures when applied in the project site. Furthermore,
test methods used to specify bitumen binders usually must
be performed with ve ry ¢ areful t emperature ¢ ontrol.
Otherwise, the output is not satisfactory.

2.4.2.7. Asphalt Binder Test

Fort his e xperimental research works, bitumen of
Penetration grade 85/100 used and collected from ERCC
Ethiopian Road Construction Corporation laboratory. The
main reason for using this grade was because of its common
type and widely used in most road projects in the project
area, and also based on the temperature and traffic condition.
a) Penetration

The p enetration t est is a n e mpirical measure of't he
hardness of a sphalt at r oom t emperature. T he standard
penetration t est s tarted with ¢ onditioninga s ample o f
asphalt cement to a temperature of 25°C submerged in a
water bath.

b) Flashpoint

The f lashpointo fa sphaltc ementi s thel owest
temperature a t w hich v olatile g ases s eparate f rom a
sample to “flash” in the presence of an open flame. The
asphalt flashpoint is determined to identify the maximum
temperature at which it can be handled and stored without
danger of flashing.

c) Specific Gravity

Specific gravity is the ratio of the weight of any volume
of a m aterial to the weight of an equal volume o f w ater
both at a specified temperature [9]. There are two reasons
needed t o know a bout t he s pecific gravity of a sphalt
cement. On the other hand, asphalt expands when heated
and contracts when cooled. It means the volume of a given
amount of asphalt cement is greater at higher temperatures
than at lower ones. On the other hand, the specific gravity
of asphalt is essential in the determination of the effective

asphalt content and the percentage of air voids in
compacted mix specimens and compacted pavement.
d) Ductility

Sample o f as phalt cement can stretch before it breaks
into two parts; we can call it ductility. [tisused inthe
penetration a nd viscosity ¢ lassification s ystems a nd
measured by an "extension" test in which a briquette o f
asphalt cement is extended or stretched, at a specific rate
and temperature [9].
e) Solubility

The s olubility t est measurest he purity o fa sphalt
cement. A sample was immersed in a solvent to dissolve
the asphalt. Impurities such as salt, free carbon, and non-
organic contaminants do n ot dissolve. T hese i nsoluble
impurities are filtered out of the solution and measured as
a proportion of the original sample [9].
f) Softening Point

The softening point test may be classed as a consistency
test that measures the temperature at which the bituminous
materials reach a g iven consistency as determined by the
test conditions. It is applicable to semi-solid materials and
is useful in characterizing bitumen.

2.4.3. Mineral Fillers

The f illers us ed fort hes tudy w ere s creened a nd
pulverized natural subbase material. The natural subbase
samples collected from the selected quarry site according
to ERA and AASHTO standards. The sample s elections
were de pendent o nt he t ypes o ft ests requireda s per
standards, and for each analysis, quartering and weighting
sampling technique used.

The s ample n atural s ubbase m aterial s creened, p ulverized,
and sieved to obtain the dust part that passes on number
200 s ieve. T hen t he ¢ orresponding M arshall 1 aboratory
tests ¢ onducted a fter blending t he dust f iller w ith t he
aggregates at different m ix pr oportions. B esides, for all
materials s uch a s a sphalt b inder, a ggregate a nd f iller
material laboratory tests were carried out to determine the
physical properties affecting the bituminous mixture
property such as gradation parameters and plasticity index.
The works carried out are shown in Figure 3 below.

Figure 3. Preparation for L ab T est o f Ph ysical P roperty o f Natu ral
Subbase Material (Source: Photos taken during the laboratory works)

2.5. Asphalt Mix Design

The hot mix asphalt produced by blending the asphalt
and a ggregateinpr ecise pr oportions. T he relative
proportions oft he m aterials d eterminet he physical
properties o ft he materials in the f inished p avement.
There a re t hree c ommonly us ed design pr ocedures f or
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determining a suitable proportion of asphalt and aggregate
in a mixture such as the Marshall Method, Hveem Method,
and the Superpave Method.

2.5.1. Marshall Mix Design

The Marshall method was used in this study to design
the paving mixtures developed by Bruce Marshall, who is
Bituminous E ngineer atM ississippi S tate Highway
Department. The Marshall method applies only to hot mix
asphalt using penetration, viscosity, asphalt binder or cement
and containing ag gregate with a m aximum size of 25mm
or less.

The purpose of the Marshal method is to determine the
optimum asphalt content for a particular blend of ag gregate.
And also, it provides information about the properties of
the resulting pavement m ix, i ncluding density a nd v oid
content, which employed during pavement construction.

The M arshall m ethod wusess tandard t ests pecimen
64mm hi gh and 102mm i nternal diameter. A series o f
samples, each containing the same aggregate blended but
varying i n a sphalt ¢ ontent f rom4% t 06% w ithan
increment of 0.5% prepared using a specific procedure to
heat, mix and compact the asphalt aggregate mixtures.

2.5.2. Experimental Work

After e valuating t he p roperties o f used m aterials t hat
are bitumen, a ggregates, and na tural s ubbase d ust, sieve
analysis was performed. Then for each type of aggregates
blending carried out to obtain the binder course gradation
curve, which utilized in the preparation of the asphalt mixture.

After t hat, w ith d ifferent b itumen ¢ ontents, a sphalt
mixes were prepared to obtain optimum bitumen content
by the Marshall test. Then the optimum bitumen c ontent
was used to make asphalt mixes with various percentages
of n atural s ubbase d ust filler. Finally, t he M arshall t est
used t o e valuate t he pr operties of these na tural s ubbase
dust fillersi nt he m ixturesa ndt he corresponding
laboratory test results obtained, tabulated. It analyzed with
Microsoft Office Excel 2007 Program.

2.5.3. Preparation of Mixtures

In determining t he de signa sphaltc ontentf or a
particular blend or gradation of aggregate by the Marshall
method, a series of test specimens prepared for a range of
different asphalt contents. According to ASTM specifications
using mathematical trial method aggregates blended together
to get a proper gradation. The precise trial method depends
on suggesting different trial proportions for each type of
aggregate. The percentage of each type of aggregate was
computed and compared with the specification limits.

Figure 4. Preparation o f Ag gregate f or Sp ecimen of M arshall Test
(Source: Photos taken during the laboratory works)

Figure 4 shows the preparation of aggregates for Marshall
tests.

2.5.4. Marshall Test Method

The M arshall Stability test was used in this s tudy for
both determining the optimum binder content (OBC) and
evaluating t he s pecimens o f n atural s ubbase d ust filler.
This method covers the measurement of the resistance to
plastic flow of cylindrical specimens of bituminous paving
mixture loaded on the lateral surface through the Marshall
apparatus, according to A STM D1559-89 [10]. The
prepared mix p lacedina preheated mold (101.6mm)in
diameter by ( 63.5mm) in h eighta nd e ach faceo f the
specimen compacted with 75 blows.

The samples were then left to lower the temperature at
room temperature within 24 hours. The Marshall stability
and flow tests performed for each sample. The cylindrical
sample was placed ina water path at 60°C for 30 to 40
minutes t hen co mpressed ont hel ateral s urface at a
constant rate o f 50.8mm/minute until the maximum load
(failure) reached. The maximum load resistance value and
the flow values were recorded. There were three samples
for eac h m aterial co mbination s et u p, a nd t he a verage
value from the results recorded. The Density, bulk specific
gravity, de nsity, air voids in total mix, and voids filled
with bitumen percentages are determined for each sample.

2.5.5. Optimum Binder Content

Marshall T est w as u sed t o d etermine t he o ptimum
binder content. Five percentages of bitumen examined to
determine t he be st percentage of bitumenf ort he
aggregates used with 4, 4.5, 5, 5.5, and 6% by weight of
the mix with three samples for each. The optimum binder
content was found equal to 5. 1% by weight of the total
mix, computed based on the mean value of binder content
that ¢ orresponds t o t he m aximum s tability, maximum
density, and median percent of air voids.

2.5.6. Optimum Natural Subbase Dust Content

Several laboratory i nvestigations performed to
determine t he m ixed properties of natural s ubbase dust
filler usingt he M arshall t est p rocedure. All m ixtures
prepared witht hes ame b inder c ontent o of 5.1%.
The best percentage of natural s ubbase d ust that can be
used as filler in the mixture determined by investigating
four percentages o fs creened a nd p ulverized natural
subbase dust filler which composed of 2, 4, 6, and 8% by
weight of the total aggregate with three samples for each
percentage.

The s teps a pplied i n pr eparing natural s ubbase d ust
filler samples are summarized as follows:

a) N atural subbase m aterial was s creened, pulverized,
and then sieved.

b) The gradation of used Natural subbase dust (NSD)
filler ¢ hecked f oru niformity w itht he grains ize
distribution of other conventional fillers.

c) Four percentages of 2% - 8% by weight of the total
aggregate o f NSD witha 2% i ncremental i nvestigated
with three samples for each portion.

d) N SD filler was mixed with other aggregates using
the percentages m entioned a bove and then he atedto a
135°C temperature before blending with the bitumen.
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e) Before blending with aggregates, asphalt was heated
up to 145°C. Pre-heated asphalt was avoided, and ex cess
heated asphalt was disposed of to prevent variability in the
asphalt properties.

f) The required amount of asphalt was then added to the
heated ag gregate and mixed thoroughly for at 1east three
minutes until a homogenous mix obtained.

g) S tandard Marshall molds heated in a n ov en up to
130°C, and then the hot mix placed in the mold and each
face of the specimen was compacted with 75 blows.

h) S amples w ere p repared, compacted, an dt ested
according t o the M arshall method designated in ASTM
D1559-89.

2.5.7. Mixture Characteristics and Behavior

Samples f or paving m ixture w ere p repared inth e
laboratory t o analyze an dt o determine t heir probable
performance in a pavement structure. The analysis focused
on four characteristics of the mixture and their influence
on the be havior of the mixture. T hese are M ix De nsity,
Air Vo id, Vo id in the m ineral ag gregate, an d Asphalt
content.

a) Mix Density

The mixed density of the compacted asphalt is the unit
weightor t he mass of a givenv olume of t he m ix
ingredients. Density i s p articularly i mportant b ecause a
high de nsity of the f inished pa vement is e ssential f or
lasting pavement pe rformance. I n m ixed design t esting
and a nalysis, t he de nsity of the ¢ ompacted s pecimen is
usually expressed in kilograms per cubic meter (kg/m?). It
was calculated by multiplying the bulk specific gravity of the
mix with a density of water [(1,000 kg/m® or 62.43 Ibs. /ft’].

The bulk s pecific g ravity of a m ixture referstothe
specific gravity of a specimen of [9] a compacted mixture,
including t he volume of air voids within the mix.Itis
equal to the mass of a sample in grams, divided by its total
amount in cubic centimeters. The bulk specific gravity of
an as phalt ¢ oncrete m ixture can be d etermined u sing
either 1aboratory compacted samples or cores cut from a
pavement.

The standard procedure for computing the bulk specific
gravity of compacted asphalt concrete involves weighing
the sample in air and water. The following formula used
for calculating bulk specific gravity of a saturated surface-

dry sample:
Grb = [LJ M
B-C

Where;
Gp= Bulk Specific gravity of a compacted sample
A= Sample dry mass air, g
B = Mass of the saturated surface-dry sample in air, g, and,
C = Sample mass in water, g

The s pecimen d ensity an d the m aximum t heoretical
density are determined in the laboratory. Each is used as
standards to determine whether the density of the finished
pavement meets specification requirements or not.
b) Air Voids

The Air v oids ar e s mall p ockets of ai r b etween t he
coated aggregate particles in the final compacted Hot mix
asphalt (HMA). Air void content does not include pockets
ofa irw ithini ndividual a ggregate particles, ora ir

contained in microscopic surface voids or c apillaries on
the s urface oft hea ggregate [9]. Air voidsva luei s
necessary for the hotmix a sphaltto allow fora slight
amount of compaction under traffic, and a slight amount
of a sphalt e xpansion d ue t o t emperature i ncreases. T he
allowable percentage of air voids in laboratory specimens
isb etween 3 % an d 5% fors urface a nd b ase co urses,
depending on the specific design [10].

The density a nd d urability o f a sphalt pavementisa
function of the air void content. Therefore, designing and
maintaining pr oper air void c ontent in H MA and ot her
mix t ypes are im portant f or s everal r easons. [ fair v oid
contents are too high, the pavement may be too permeable
to air and water, resulting in significant moisture damage
and rapid hardening. When air void contents are too low,
the asphalt binder content may be too high, exhibited in a
mixture prone to rutting, bleeding, and shoving.

In determining the air void content is one of the main
purposes of volumetric analysis. Unfortunately, there is no
simple direct way to determine the air void content of an
asphalt concrete specimen. Air void content determined by
comparing the specific gravity (or density) of a compacted
specimen w ith t he m aximum theoretical density o f't he
mixture used to make that specimen [11]. Density and air
void content are directly related. The higher the density is,
the lower the void in the mix will be. Job s pecifications
usually require the pavement compaction to achieve an air
void content of less than 8% and more than 3%. Air void
content is calculated from the mixture bulk and theoretical
maximum specific gravity [12]:

Va = 100{1—{G—mbﬂ 2

Gmm

Where;

V. = Air void content, volume %

G = Bulk specific gravity of the densified mix

Gum = Maximum specific gravity of the loose mixture

¢) Voids in Mineral Aggregate (VMA)

The Voids in Mineral A ggregate is t he i nter-granular
void spaces that exist between the aggregate particles in a
compacted paving mixture. VMA includes air voids and
spaces f illed w ithas phalt. V MAi sa  volumetric
measurement ex pressed as a p ercentage of the total bulk
volume of a compacted mix. VMA represents; the space
that is available to accommodate the e ffective volume of
asphalt a nd t he volume of a ir voids necessaryint he
mixture. The more VM A in the dry a ggregate, the more
spacei s a vailable fort he filmso fa sphalt [14]. T he
durability of the mix increases with the film thickness on
the aggregate p articles. T herefore, specific m inimum
requirements for VMA are recommended and specified as
a function of the aggregate size.

VMA = (V; —Vie ) (3)

Where; [12]

VMA =Voids in the mineral aggregate, % by total mixture

volume

V., = Air void content, % by total mixture volume

Vye = Effective binder content, % by total mixture volume
The m inimum VMA i s necessaryt oach ievea n

adequate asphalt film thickness, w hich results in durable

asphalt pavement—increasing the density of the gradation

of the aggregate to a point where below minimum VMA
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values are obtained leads to thin films of asphalt and a low
durability mix [13]. T o e conomize a sphalt c ontentis to
lower the VMA is counter-productive and detrimental to
pavement quality; hence, not advisable. Table 3 shows the
nominal and minimum specification limits for VMA.

Table 3. Void in Mineral Aggregate (ERA Manual)

Nominal maximum particle size

75| 28 |20 14|10 5
(mm)

Minimum void in mineral

aggregate, (%) 12 | 125 | 14 | 15 | 16 | 18

d) Binder Content

Asphalt binder content can be c alculated inf our
different w ays: t otal b inder content by w eight, e ffective
binder content by weight, total binder content by volume,
and e ffective binder ¢ ontent by v olume. Total a sphalt
content by volume is calculated as the percentage of the
binder by total mix mass [9]:

M_b} )

Pb =100
Ms + Mb

Where;
Pb = Total asphalt binder content, % by mix mass
Mb = Mass of binder in sample
Ms = Mass of aggregate in sample

It can be calculated the total asphalt binder amount by
volumeint erms of a pe rcentage from the t otal m ix
volume using the equation below:

Vo~ po+ 0|
Gb

(5)
Where; [9]
V,, = Total asphalt binder content, % by total mix volume
P, = Total asphalt binder content, % by mix mass
Gup = Bulk specific gravity of the mixture
Gy, =Specific gravity of the asphalt binder.

The absorbed asphalt binder content by volume is also
calculated as a percentage of total mix volume.

Vba = Gmb[[P—bj{Ej—(ﬂﬂ (6)
Gb Gsb Gmm

Where; [9]
Vu. = Absorbed a sphalt ¢ ontent, %
volume
Gup= Bulk specific gravity of the mixture
P,= Total asphalt binder content, % by mix mass
Gyp= Specific gravity of the asphalt binder
P, = Total aggregate content, % by mix mass =100 - P,
Gg,= Average bulk specific gravity for the aggregate blend
Gum= Maximum specific gravity of the mixture

The effective asphalt by volume is found by subtracting

by total m ixture

the absorbed asphalt content from the total asphalt content:

Vbe = (Vb —Vba) (M

Where; [9]

V= Effective asphalt content, % by total mixture volume

V= Total asphalt binder content, % by mixture volume

V., = Absorbed asphalt content, % by total mixture volume
The effective and absorbed asphalt binder contents can

also b e cal culated as a percentage by weight, o nce the

volume percentage has been calculated:

Pba = Pb — Pbe )
Pbe = Pb[\@} (9)
Vb

Where;
Py = Effective asphalt binder content, % by total mass
P, = Asphalt binder content, % by total mass
V. = Effective asphalt binder content, % by total mixture
volume
V,, = Asphalt binder content, % by total mixture volume
P, = Absorbed asphalt binder, % by total mixture mass
e) Voids Filled with Asphalt

The a cceptable r ange o f Voids Filled with As phalt
(VFA) va ries de pending u pon the traffic level f or the
facility. Higher traffic requires a lower VFA because mixture
strength and stability is more of a concern. Smaller traffic
facilities require a higher range of VFA to increase HMA
durability. A VFA that is too high, however, will
generally yield a plastic mix. VFA is the effective binder
content expressed as a percentage of the VMA [9]:

VFA =100/ vMA— V2 (10)
VMA

Where;

VFA = voids filled with asphalt, as a volume %age

VMA =Voids in the mineral aggregate, % by total mixture
volume

V., = Air void content, % by total mixture volume

2.6. Test Procedure

In the M arshall M ethod o f pavement mix design a fter
preparation of a test sample, the next step, each compacted
sample is subjected to the listed below tests and analysis:

1. Bulk Specific gravity determination.

2. Stability and flow test.

3. Density and Void analysis.

a) Marshall Testing Machine:

Itisa compression t esting device designed to a pply
loadst ot est specimenst hrough cylindrical segment
testing he ads (inside r adius of curvature of 5 Imm at a
constant rate of vertical strain of 51mm per minute). Two
perpendicular guideposts a re i ncluded t o a llow t he t wo
segments t o m aintain h orizontal p ositioning a nd f ree
vertical movement during the test. [tis e quipped with a
calibrated proving ring for determining the applied testing
load; a Marshall S tability a pparatusi s used i nt esting
the as phalt c oncrete s ample. Figure 5b elow shows
experimenting on the Marshall test Machine.

Figure 5. Marshall Stability Test (Source: Photo taken during the experiment)
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Figure 6. Samples in Water Bath. (Source: Photo was taken during the
experiment)

b) Water Bath

A water bath is at least 150mm deep and thermostatically
controlledt 0 6 0°C+ 1°C.T het ank s hould have a
perforated f alse b ottom o rb ¢ eq uipped w ithas helf
suspending specimens at least SO0mm. Figure 6 shows the
laboratory apparatus and testing.

3. Results and Discussion

3.1. General

In this study, there were forty-four sets of bituminous
mix used for different types of mineral ingredients as a
filler and investigated using the method o f M arshal M ix

design. T hem ixturesc omposed o fc rusheds tone
aggregates an d n atural s ubbase dust (NSD) fillers w ith
varying contents of asphalt binder by the total mixture and
their effect on Marshal properties assessed thoroughly.

Literature re views s howed d ifferentre search had
already been conducted on thee ffect of fillers on
bituminous mixtures that revealed a type and amount o f
fillers affect the performance of hot mix asphalt (HMA).
The t est results o btained i n t his r esearch a re discussed
under the following subsequent sections.

3.2. Interpretation of Test Data

3.2.1. Aggregate Gradation of Mix Design

The hot mix asphalt (HMA) is graded by the percentage
of different aggregate particle sizes they contain. (Table 5)
illustrated HMA gradations without a natural subbase dust
filler, which is the normal gradation used as a control mix
for thes tudy. Certain termsu sed f or referring the
aggregate fractions and filler are: Course aggregate, G-1 ¥
inches, I ntermediate Aggregate, G -2, 3/8 inch, Fine
Aggregate, G -3,a nd Mi neral F iller, G-4. Bl ending
proportion for the mixture without N SD filler are G-1 =
32%, G-2 =23% and G-3, =45% by weight of the total
mixture.

Figure 7 s hows the gradation of aggregates without NSD
filler, a nd f rom the graph, itc an be c oncluded tha tth e
mixture ne eds ble nding with na tural s ubbase du st ( NSD)
filler material to achieve the grading requirements as per the
lower and upper specification limits.
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Figure 8 shows the gradation of aggregates with natural
subbase dust filler. T he upper a nd 1 ower | imit of t he
gradation indicated, in the job mix of G-4 at 6% of natural
subbase dust, and the aggregates at a proportion of G-1 at
26%, G-2 at 22%, and G-3 at 46% have resulted in good
blending for the Marshall mix design process.

3.3. Aggregate Physical Properties

The p hysical p roperties o ft he aggregates and their
suitability in road construction conducted. The results are
indicated in Table 4. T he specific s urface area for each
aggregate s ize d istribution determined b y multiplying
surface area factors by the percentage passing the various
sieve sizes and adding together. As can be seen from the
results, as the filler content increases, the specific surface
area also increases.

3.4. Asphalt Binder Test Results

Tests ¢ onducted ona s ample i ncluding pe netration,
specific gravity, softening point, flash point, ductility, and
solubility, performed for basic characterization properties
of pe netration g rade a sphalt. T he test results are s hown
below in Table 5, which complied with the requirement of
Ethiopian Road Authority (ERA) Standard Specifications.

Table 6 shows the sp ecific gravity values of di fferent
filler materials used for the control mix and reference of
the experiment works.

3.5. Natural Subbase Dust Filler

The filler used in the current study namely screened and
pulverized na tural subbase m aterial obtained f rom the
natural q varry s ite f ound i nt he s tudy. The physical
properties affecting the bituminous mixture property, such
as g radation p arameters an d Plasticity i ndex, w ere
determined, as shown in Table 7.

3.6. Optimum Bitumen Content

The asphalt mix t ested byt he M arshall m ethod t o
examine the samples withd ifferentp ercentageso f
bitumen content composed of 4.0, 4.5, 5.0, 5.5, and 6.0%.
From the laboratory test results, it was found outa 5.1%
optimum bitumen content.

3.7. Marshall Test Results

The 1 aboratoryt estsr esultf ort he M arshallt est
oft hem ixtures with differentbi nder c ontenta re
presented in Table 7 & Table 8. The binder content and
the m ixture p roperties relationships s ucha s S tability,
VFB, Flow, VMA, V A, and Bulk D ensity are p resented
in Figures ( 15 - 20). S ets o f f orty-four s amples each
weighing 1200 gram prepared using five different bitumen
contents of 4.0%, 4.5%, 5.0%, 5.5%, and 6.0% [14] by the
total m ass o f the s ample t o find t he optimum b itumen
amount.

Table 4. Aggregate Physical Properties

Test Method ; ;
No | Test Description ASTM AASHTO BS Result (ER?;iﬁi?; (;% 02)
1 Los Angeles Abrasion, % AASHTO T 96 14.25 <30
2 Aggregate Crushing Value, ACV, % BS 812 part 104 16.7 <25
3 Durability and Soundness, % ASTM C 128 5.5 <12
4 Coarse Aggregate Specific, Gravity (Bulk)(kg/m®) AASHTO T 85 2.72 N/A
5 Fine Aggregate Specific Gravity (Bulk)(kg/m’) AASHTO T 84 2.59 N/A
6 Coarse Aggregate Specific Gravity (Apparent)(kg/m®) AASHTOT 85 2.86 N/A
7 Fine Aggregate Specific Gravity (Apparent)(kg/m) AASHTO T 84 2.87 N/A
8 Water Absorption, % ASTM C 127 1.71 <2
9 Particle shape, Flakiness, % BS 812, Part 110 249 <45
Table 5. Physical Properties of used Bitumen
No Test Description Unit Test Method Test Result Specification Limit
1 Penetration @25°C 1/10mm ASTM D5-06 90 85100
2 Specific gravity @25°C kg/en’ ASTM D70 1023 1020
3 Ductility @25 °C cm ASTM D113-86 100+ 100+
4 Solubility % ASTM D2042 99.6 Min. 99
5 Softening Point °C ASTM D36 46.4 42 .52
6 Fire Point °C ASTM D92-90 23 Max. 100
7 Flash Point °C ASTM D92-90 562 Min. 232
Table 6. Filler Materials Used for Control Mix and Reference
No. Filler Materials Test Method Specific Gravity
1 Hydrated Lime ASTM D854 2.15
2 OPC Cement ASTM D854 35
3 Marble Dust ASTM D854 2.69
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Table 7. Laboratory Test Result for Natural Subbase Dust Filler
Test Method
No Test Description Result Specification (ERA Manual 2002)
ASTM AASHTO
1 Specific gravity (kg/m’) D 854 or C88 T 100 or 104 2.683 N/A
2 PI, (Plastic Index) D 423 or 424 T890orT90 NP Max 4
NP= Non-Plastic.
Table 8. Summary Marshall Test Result for Mixes with 0% Filler
Specimen Mass (gm) o Stability
3 R = b=t
wlz| o | s 2|2 2|95 2|55 8]+ | 5 |
AC | & < S = ~ = 58| = < . = 25 3 & (mm)
= = 2 2| 2|23 5 | = ° B . 2
B 2 5 = g

4.0 A 1165.0 | 665.3 1170.5 | 505.2 | 2306 | 2.571 2306 | 103 | 17.89 | 424 1080.0 0.93 12.32 4.40
4.0 B 1166.5 | 661.0 | 1167.0 | 506.0 | 2.305 | 2.571 2.305 | 103 | 17.92 | 425 1150.0 0.93 13.12 4.70
4.0 C 1155.5 | 657.0 | 1156.5 | 499.5 | 2313 | 2.571 2313 | 10.0 | 17.64 | 433 1003.0 0.93 11.45 3.40
Average 2.308 | 2.571 2.308 | 10.2 | 17.82 | 42.7 12.30 4.17
4.5 A 1198.5 | 687.5 | 1200.0 | 512.5 | 2339 | 2.525 | 2.339 7.4 17.15 | 56.8 1050.0 1.04 13.40 3.50
4.5 B 1174.0 | 680.0 | 1178.5 | 498.5 | 2.355 | 2.525 | 2.355 6.7 16.58 | 59.6 859.0 1.04 10.96 3.40
4.5 C 1168.0 | 665.0 | 1168.5 | 503.5 | 2.320 | 2.525 | 2.320 8.1 17.82 | 54.5 1021.0 1.04 13.03 4.00
Average 2.338 | 2.525 | 2.338 7.4 17.18 | 56.9 12.46 3.63
5.0 A 1148.0 | 658.0 | 1150.5 | 492.5 | 2.331 2.502 | 2.331 6.8 17.86 | 61.9 890.0 1.04 11.36 3.95
5.0 B 1179.5 | 6854 | 1182.0 | 496.6 | 2375 | 2.502 | 2.375 5.1 16.31 | 68.7 860.0 1.04 10.97 3.60
5.0 C 1188.5 | 689.0 | 1190.0 | 501.0 | 2.372 | 2.502 | 2.372 52 1642 | 68.3 859.0 1.04 10.96 3.50
Average 2.359 | 2.502 | 2359 5.7 16.86 | 66.2 11.10 3.68
5.5 A 1153.0 | 666.0 | 1154.0 | 488.0 | 2.363 | 2.470 | 2.363 43 17.17 | 75.0 652.0 1.09 8.72 3.52
5.5 B 1177.5 | 689.5 | 1180.0 | 490.5 | 2.401 2470 | 2.401 2.8 15.84 | 823 738.0 1.09 9.87 4.30
5.5 C 1191.5 | 700.5 | 1192.0 | 491.5 | 2.424 | 2470 | 2.424 1.9 15.03 | 87.4 654.0 1.09 8.75 4.00
Average 2.396 | 2470 | 2.396 3.0 16.02 | 81.3 9.11 3.94
6.0 A 1188.0 | 691.0 | 1189.0 | 498.0 | 2.386 | 2.464 | 2.386 3.2 16.81 | 81.0 804.0 1.04 10.26 5.20
6.0 B 1179.5 | 687.0 | 1180.0 | 493.0 | 2.392 | 2.464 | 2.392 2.9 16.60 | 82.5 945.0 1.04 12.06 5.90
6.0 C 1191.0 | 692.1 1196.0 | 503.9 | 2364 | 2.464 | 2.364 4.1 17.58 | 76.7 1070.0 1.04 13.65 4.00
Average 2.381 2464 | 2.381 34 16.99 | 80.0 11.99 5.03

Where; Gmb= Bulk specific gravity, Gmm= Theoretical maximum specific gravity, Va= Air Void in the total mix, VMA= Voids in the M ineral

Aggregate, & VFA% = % Voids Filled with Asphalt.

The process of obtaining the stability v alues from the
standard 63.5mm thickness was converted to an equivalent
63.5mm va lue by m eans o fa c onversion factor. T he
conversion w as made ont he basis o fei ther m easured
thickness or measured volume.

Table 8 shows the laboratory test r esults o f m ixtures
without filler material a nd t he ¢ orresponding v alues o f

Marshall properties with different bitumen contents.

Likewise, Table 9 & Table 10 indicated the laboratory
testr esults of m ixtures w ith f iller m aterial a nd t he
corresponding values of Marshall properties with different
bitumen contents. And the summary of the Marshall test
results "without" and "with" filler materials are presented
in Table 11 below.

Table 9. Marshall Properties of Bituminous and Aggregates size with 6% NSD Filler

Marshall Properties of Bituminous Mixtures

Description Aggregate Size
Gl, 3/4mm G2, 3/8mm G3, Fine G4, Filler
Blending proportion, % 26 22 46 6 100
Bulk Specific Gravity of each 2.59 2.62 2.79 2.683
Bulk Specific Gravity of Total Aggregate, Gsb 2.691
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Table 10. Summary Marshall Test Result for Mixes with 6% NSD Filler
Specimen Mass (gm) Bulk Bulk Max. Unit % Stability

e . In ssp | Vol sGoll s, Wt, Air i ” Measured Adjusted Flow
- In Air Water | in Air cc (Sszf];) (Gmm) | Mg/ m’ | Void VMA | VEB div " | Factor kN | (mm)
4.0 A | 11815 | 663.0 | 1184.0 | 521.0 | 2.268 2.569 2.268 11.7 | 19.09 | 38.7 1252.0 1.04 16.50 3.40
4.0 B 1176.0 | 663.5 | 1177.5 | 514.0 | 2.288 2.569 2.288 10.9 | 1838 | 40.7 1417.0 1.04 18.67 4.00
4.0 C 1154.5 | 655.0 | 1157.0 | 502.0 | 2.300 2.569 2.300 10.5 | 1795 | 415 1361.0 1.04 17.93 3.30
Average 2.285 2.569 2.285 11.0 | 18.47 | 40.5 17.70 3.57
4.5 A | 11845 | 668.5 | 1186.0 | 517.5 | 2.289 2.562 2.289 10.6 | 18.77 | 43.5 1220.0 1 15.46 3.60
4.5 B 1180.5 | 667.0 | 1182.5 | 515.5 | 2.290 2.562 2.290 10.6 | 18.73 | 434 890.0 1 11.28 3.85
4.5 C 1188.5 | 669.5 | 1190.0 | 520.5 | 2.283 2.562 2.283 10.9 | 1898 | 42.6 890.0 1 11.28 4.00
Average 2.287 2.562 2.287 10.7 | 18.83 | 43.2 12.67 3.82
5.0 A | 11785 | 668.0 | 1181.0 | 513.0 | 2.297 2.498 2.297 8.0 1891 | 57.7 813.0 1 10.30 4.00
5.0 B 1174.5 | 669.0 | 1179.0 | 510.0 | 2.303 2.498 2.303 7.8 18.70 | 58.3 1029.0 1 13.04 4.00
5.0 C 1195.0 | 682.0 | 1198.0 | 516.0 | 2.316 2.498 2.316 7.3 18.24 | 60.0 1149.0 1 14.56 4.50
Average 2.305 2.498 2.305 7.7 18.62 | 58.6 12.63 4.17
5.5 A | 1189.0 | 682.0 | 1190.5 | 508.5 | 2.338 2.479 2.338 5.7 17.90 | 68.1 881.0 1.04 11.61 4.00
5.5 B 1188.0 | 682.5 | 1198.0 | 515.5 | 2.305 2.479 2.305 7.0 19.06 | 63.3 783.0 1.04 10.32 3.52
5.5 C 1196.5 | 695.0 | 1197.0 | 502.0 | 2.383 2.479 2.383 3.9 16.32 | 76.1 1060.0 1.04 13.97 4.00
Average 2.342 2.479 2.342 5.5 17.76 | 69.0 11.96 3.84
6.0 A | 1183.0 | 673.5 | 1183.5 | 510.0 | 2.320 2.448 2.320 52 18.96 | 72.6 806.0 1.04 10.62 4.80
6.0 B 1192.5 | 687.0 | 1193.5 | 506.5 | 2.354 2.448 2.354 3.8 17.77 | 78.6 795.0 1.04 10.48 4.00
6.0 C 1203.0 | 696.0 | 1204.0 | 508.0 | 2.368 2.448 2.368 32 17.28 | 81.5 610.0 1.04 8.04 5.00
Average 2.347 2.448 2.347 4.1 18.00 | 77.2 9.71 4.60

Note: Compaction = 75 Blows, AC Grade = 85/100, Specific Gravity of AC = 1.010.

Table 11. Summary of Marshall Test Results “with” and “without” filler materials
Unit Wt (Mg/m®) Air Void, (%) VMA (%) VFB (%) Corrected Stability (KN) Flow (mm)
AC content (%)
A B A B A B A B A B A B

4 2.308 2285 10.2 11.0 | 17.82 | 1847 | 427 | 405 12.30 17.7 417 | 3.57
45 2.338 2.287 7.4 10.7 17.18 18.83 56.9 43.2 12.46 12.67 3.63 3.82
5 2.359 2305 5.7 7.7 16.86 | 18.62 | 662 | 58.6 11.10 12.63 3.68 | 4.17
55 2.396 2.342 3.0 5.5 16.02 17.76 81.3 69.0 9.11 11.96 3.94 3.84
6 2.381 2347 3.4 4.1 1699 | 1450 | 80.0 | 77.2 11.99 9.71 5.03 | 4.60

Where A: - Mixture Blended "without" NSD Filler, B: - Mixture Blended "with" NSD Filler.

3.8. Marshall Stability

resulted in high stability by avoiding rutting, flushing, and

Stability is generally a measure of the mass viscosity of
the ag gregate-asphalt cem ent m ixture. I ti saf fected
significantly b y t he a ngle o fi nternal f riction of't he
aggregate and t he viscosity o ft he as phalt cem ent. T he
stability of the specimen is the required maximum
allowable load to produce an unsatisfactory sample when
the load applied at a constant rate of 50mm / min. From
Figure 9 below, it is noticed that the maximum stability of
the asphalt mix is 13.75kN at 5.1% bitumen content.

The addition of natural subbase dust (NSD) filler in the
asphalt mix reduced the de formation may be due to hot
temperatures, especially duringits e arly life, whenitis
most susceptible to rutting. Further, the filler made the hot
mix a sphalt ( HMA) 1 ess s ensitive t 0 m oisture ¢ ontent
effect by improving the a ggregate-bitumen bonding. The
use of filler ingredients in the hot asphalt mix has resulted
in v oid a nd a sphalt ¢ ontent v alues t o d ecrease. So, a
decreasing asphalt content by adding natural subbase filler

bleeding effects.

2 450 Bitumen Vs Unit Weight
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Figure 9. Stability Vs. Bitumen Content
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The aim of the stability test measures the mix resistance
to deformation under | oad. F igure 10 a bove i llustrates
the addition ofna tural subbase filleron the bl end
resulted i n i ncreasing t he s tability. T hisisduetot he
combination of NSD filler and asphalt cement in the mix
acting as a more viscous binder. T herefore, the na tural
subbase filler has stiffened the asphalt film and reinforced
it. T hat m eansa m ixture with NSD f iller had g ood
resistance of deformation t han t hat o f bl ended without
filler.

3.9. Unit Weight (Density)

The compacted asphalt mix' density is the unit weight
of how m ixed a sphalt. M eeting t he m inimum de nsity
per AASTOo rE thiopian R oad Authority ( ERA)
Specificationsi sv eryi mportant fort he pavement
performance w ithin its d esign life. Mix pr operties a re
necessary to be calculated in the weight and volume of the
sample. The ¢ ombination of N SD f iller and asphalt
cement act ed as a more v iscous b inder, i ncreasing t he
Marshall stability. As filler content increased in the mix, it
has f illed t he v oids i ncreasing t he unit we ight too.
However, at  higher ¢ ontent,t he m ixb ecame s tiffer
that ne eds more s ignificant c ompaction e ffortt hen
consequently lower de nse mixture o btained. F rom
Figure 10 below, itis obtained t hat t he maximum unit
weight was 2.347% at 5.1% bitumen content.
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Figure 10. Unit Weight Vs. Bitumen Content

3.10. Voids in Mineral Aggregate (VMA)

The Voids in the Mineral aggregate are defined as the
inter-granular void space between the interstices of
aggregates in a c ompacted paving m ixture t hat i ncludes
the air voids and the effective bitumen content, expressed
as ap ercentage oft he totala mounti n volume.
From Figure 11 below,itis noticedt hatt he V MA
decreased gradually as bitumen content increased.

It is common that as filler content in the mix increases,
thev oidsi nm ineral ag gregate decreasesu pt o
minimum v alue t hen i ncreases a t h igher filler ¢ ontent.
The figure below shows the mixtures blended with natural
subbase dust filler e xhibitedi na similar m anner. I t
indicated t her esulto fV MA w ith d ifferent b itumen
content.
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Figure 11. VMA Vs Bitumen Content

3.11. Voids Filled with Asphalt (VFA)

The amount of t he i nter-granular v oid space be tween
the aggregate particles is called Voids filled with asphalt
(VFA). F rom Figure 12,itc ould be noticed t hatt he
percentage of VFB increases gradually as bitumen content
increases al so, w hich was due t o t he i ncrease o f voids
amount filled with bitumen in the asphalt mix.

The VFA represents the amount of effective bitumen in
the asphalt mix. The result is inversely related to air voids;
hence, as air voids decrease, the VFA increases. But from
the result, it can be concluded that the addition of NSD
filler o n t he bituminous m ixture has ¢ hanged t he t rend
from inverse to reveres resulting in the decrease of both
air void and asphalt content. The figure shows the results
of VFB at different bitumen content.

Voids Filled with Asphalt Vs Bitumen Content
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3.12. Air Voids Content (Va)

The air voids ( Va)isthetotal volume o ft he s mall
pockets o fai rb etweent he co ated aggregate particles
throughout a compacted paving mixture. [t was expressed
asa percentage oft he b ulk volume o fthe compacted
paving m ixture. From Figure 13 be low, the air voi ds
content gr adually decreases with increasing the bi tumen
content, and that is due to the increase of voids percentage
filled with bitumen in the asphalt mix. The figure below
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shows t he r esults of a ir voids ¢ ontent wi th di fferent
bitumen content.

Alr Vioids Vs Bitumen Content
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Figure 13. Air Void Vs. Bitumen Content

3.13. Flow of Bitumen

Flow is the total amount of deformation, which occurs
att he maximum load. From Figure 14 below, the
maximum f low of't he a sphalt m ix obt aineda t 6 .0%
bitumen c ontent. Hi gh flow va lues generally i ndicate a
plastic m ix t hat w ill e xperience permanent deformation
under traffic. In contrast, low flow values may indicate a
mix with higher than normal voids and insufficient asphalt
for d urability. They may experience p remature cr acking
due to mixture brittleness during the life of the pavement.
The figure below shows bitumen flow results with
different bitumen contents.
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Figure 14. Flow Vs. Bitumen

The flow v alue s hows a general t rend o f co nsistent
increase with i ncreasing as phalt ¢ ontent. F or M arshall
designs, 75-blow compaction was used based on the high
traffic volume, a nd t he ¢ orresponding flow valuei s
usually specified to be with the range of 2mm to 4mm.

3.14. Determination of Optimum Asphalt
Content

The e ffective asphalt ¢ ontent he Iped to provide be tter
performance o f't he m ixtures, which c reates t he a sphalt
film around the interstices of the aggregates. If the asphalt
film t hickness a round t he i nterstices of t he a ggregate
thickened e nough, f ew wanted ¢ haracteristics s uch a s
good durability, more fatiguer esistance, a nd higher
resistance to moisture-induced damage could be achieved
from bi tuminous m ixtures. But theres houldbe a
maximum | imit w ere u pon an increase in the d egree of
hotness or coldness as well as axle 1oadings, the asphalt
amount in the mix increased and resulted in bleeding on
the out er surface of pavedroad. On the ot her hand, it
could be stated t hatas t he ad equate as phalt am ount
decreases, t he f iller contenti ncreasesi nt he h ot m ix
asphalt. The scenarios e xplaint hatit was duetot he
number of voids filled w ith m ineral i ngredients a s the
filler amount in the mix increased, resulting in a smaller
amount of the total bitumen. Likewise, as the filler content
increases, t he more a sphalt could be ¢ nwrapped by t he
fine a ggregates r esulted f rom t he hi gher pr oportion of
finer aggregates in the mixture. Table 12 shows the range
for the ERA specifications to compare with the Marshall
mix results with and without filler materials.

In Table 13 illustrated the M arshall p roperties o f the
mixes corresponding to filler content for the control mix
as well as mix modified with natural subbase dust (NSD)
filler. The sources of all materials and aggregate gradation
were the same for all the mixes, and the changesin all
properties obtained were attributed to the type of filler and
their contents only.

3.15. The relationship of Marshall Properties
with Natural Subbase Dust (NSD) Filler
Material

3.15.1. Marshall Stability - NSD Filler Content
Relationship

From Figure 16 below, it is observed that all values of
stability w ith d ifferent f iller c ontent have a chieved t he
specification requirements. As shown below, the stability
of mixes with natural subbase dust (NSD) has increased as
the filler co ntent i ncreases till i t r eaches t he m aximum
stability t hat was 1 3.75kN at 6 % filler c ontent, thenit
started to decline.

3.15.2. Flow - NSD Filler Content Relationship

The flow of mixes with 6% NSD filler has a value of
3.66mm, and itis within the range of the specifications.
Figure 16 s hows the f low valuer esults of HMA a t
different filler content.

Table 12. Comparison between the Marshall Test Results and the ERA

Marshall Mix Stability Flow VFB VMA Va Density OBC
Properties (kN) (mm) (%) (%) (%) (g/em’) (%)
Mix Criteria (ERA Specification) 8 (min.) 2-4 65 -75 10 -16 3-6 - 4-8
Mix “Without” Filler 10.2 3.7 70.5 16.5 5.0 2.317 5.1
Mix “With” 6% NSD Filler 13.90 3.66 68.7 14.5 4.50 2.392 5.1




76 American Journal of Civil Engineering and Architecture

Table 13. Marshall Test Results for Types of Fillers to OBC at Various Filler Content

Filler Type Filler (%) OBC (%) Air Void (%) VMA (%) VFB (%) Corrected Stability (kN) Flow (mm)
HL 2 5.1 6.40 15.90 58.70 10.80 3.01
OPC 2 5.1 5.90 15.80 62.5 11.50 3.20
Marble Dust 4 5.1 4.80 16.50 70.50 10.20 3.70
0 5.1 7.80 17.10 54.30 10.20 2.80
2 5.1 6.40 16.10 60.20 10.70 3.24
Natural subbase dust filler 4 5.1 5.60 14.8 62.30 10.90 3.17
6 5.1 4.50 14.5 68.70 13.90 3.66
8 5.1 3.70 12.6 70.40 10.70 3.61
1 -
16 1 13.90 0
14 - 8 7.80
12 4 1020 10.70 10.90 10.70 _ v
= S 5.6
z 10 -+ > 6 -
z 81 2 3.7
5 6 - 4 -
=
[ 4 2 4
2 A
o - 0 -
0 2 4 6 8 0 2 4 6 8
NSD (%) NSD (%)
Figure 15. Asphalt Mix Stability - Filler Content Relationship Figure 18. Air Voids As phalt M ix Air Voids - Filler C ontent
Relationship
4 3.66 3.61 . . .
35 . 324 317 3.15.4. Air Voids (Va) - NSD Filler Content
;| 280 Relationship
2 25 1 Figure 18 s howst he a ir v oids' va lue of't he m ixes
g 5 decreased gradually as the NSD filler c ontent i ncreases.
T The figure i llustrated t hata t 6 % f iller c ontent, t he a ir
= 1 voids percentage was 4.5%, which is the median value of
05 the specification.
0 - . .
o 5 . . . 3.16. Optimum Filler Content
NSD (%)

Figure 16. Asphalt Mix Flow - Filler Content Relationship

3.15.3. Bulk Density - NSD Filler Content Relationship

The bulk de nsity of HMA m ixes w ithdi fferent
percentages of NSDf illerco ntentach ievest he
specification r equirements. T he value o f bulk density at
6% natural subbase dust (NSD) filler was 2.392g/cm’. The
general t rend of t he ¢ hart i ndicated t he bul k de nsity
increases as the filler content increases, as can be seen in
Figure 17.

2500 -
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2 2450 -
E" 2.400 238 232
3 2.345
3 2350 1 5317 .
E 2300 " H
2250 -
0 2 4 6 8
NSD (%)

Figure 17. Bulk Density of Asphalt Mix - Filler Content Relationship

Based on the results, all values of Marshall stability for
different filler content met the minimum requirements as
per t he Standard S pecifications, which has a m inimum
value o f 10.15kN, and maximum stability value of
13.75kN at 6% natural subbase dust (NSD) filler content.
The a ir voids s howed 4.50% w hen t ested a t 6% filler
content. It means the value is very close to the median air
voids of 4.5%, based in the S pecifications, as shown in
Table 12. On the other hand, all values of bulk density at
different f iller c ontent a re close t o e ach o ther. These
values are pursuant to the r equirements of t he s tandard
specification.

4. Conclusion

The focus of the study was to evaluate the potential use
of screened and pulverized natural subbase as alternative
filler m aterial i n t he ¢ haracteristics o f h ot m ix a sphalt.
Based on the findings of the laboratory investigation, the
following conclusions are drawn:

The property o ft he na tural s ubbase dusta s filler
material showed an excellent potential sign that it could be
used for hot asphalt mix concrete production. The
investigation of na tural subbase dust f iller r esulted i n
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satisfactory ef fects o nt he Marshall p roperties o ft he
asphalt m ixture. Ont he other hand, a ¢ omparison o f
natural s ubbase d ust filler with t he ¢ onventional f illers
indicated t hat ba sed ont he E thiopian Road Authority
(ERA) and AASHTO Standard Specifications satisfied all
the requirements for hot mix asphalt concrete production.
Further, the outcome of Marshall parameters like Stability,
Air v oids, and B ulk density values showed a consistent
result with t he s tandard s pecificationsa t6 % natural
subbase dust filler content. Therefore, the natural subbase
dust f iller ¢ an p otentially b e u sed i n hot m ix a sphalt
concrete production with an o ptimum c ontent o f 6% by
addressing issues like cost, abundance, and accessibility in
the construction project site.
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