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Abstract
To obtain an efficient and economic concrete metedmination of the optimum proportions of binaggeegate
mixtures of coarse and fine aggregates is necesJdmg study was aimed at obtaining the appropriate
percentages of binary aggregate mixtures thatyiéld optimum binary aggregate properties of maximulk
density, minimum specific binary aggregate volunmel aninimum void ratio. Two coarse aggregate types
(Granite Chippings & Gravel) and three fine aggtegapes (River Dredged Sand, Granite Dust & Dotemi
Dust) were selected to give six binary aggregateures - Granite Chippings + River Dredged Sandnie
Chippings + Granite Dust, Granite Chippings + DaltenDust, Gravel + River Dredged Sand, Gravel +r3ea
Dust, and Gravel + Dolomite Dust. Individual aggegtypes were characterized and the binary agg®ga
mixtures were tested for both loosed and roddedeggdge conditions. From the study, the optimum smar
aggregate volume fraction that will give the maximbinary aggregate bulk density was determinecefurh
binary aggregate mixture. Results of the study akkthat at the optimum coarse aggregate voluawidin,
specific binary aggregate volume and void ratioeverinimum for all the binary aggregate mixturesrtker
analysis of the results showed that binary aggesgaktures of Gravel produced a better mixture thanary
aggregate mixtures of Crushed Granite and consdguiely better concrete mix. It is concluded tha obtain
a concrete mix that is both economical and efficiarterms of strength, workability, durability astirinkage,
concrete mixes should be designed at the optimurarpicoarse aggregate volume fraction obtainedim t
study.
Keywords. binary aggregate mixture, bulk density, specifinaoy aggregate volume, void ratio, coarse
aggregate volume fraction

1 Introduction

Concrete is regarded as a two-phase material ceimgriof paste phase and aggregate phase. Paste phas
consists of all cementitious and powder materiatster, all kinds of mineral and chemical admixtuaesl air
voids, while the aggregate phase, considered todah more in volume, consists of coarse and firgreagates
(Tangtermsirikul & Tatong, 2001). Coarse aggredmigsually greater than 4.75 mm (retained on ad\gieve),
while fine aggregate is less than 4.75 mm (pas$iadNo. 4 sieve) (Mehta, 1993).

It is well established that aggregate plays an ntamb role in concrete. Mehta (1993) reported t@ggregate
accounts for 60 to 80 percent of the volume ando785 percent of the weight of concrete and thittoaigh
aggregate is considered an inert filler, it is agssary component that defines the concrete’s tleand elastic
properties andimensional stability.

Aggregate is such important matter in concrete titimum properties and workability of concrete @irectly
changed with the properties of aggregates. Theather mechanical properties of concrete dependsestain
properties of aggregates like source of aggregatespal or light or heavy weight aggregate, sizaggregate,
shape of aggregate, crushing type of aggregategilanity index, surface texture, modulus of elastjcbulk
density, specific gravity, absorption and moisteantent, bulking of aggregates, cleanliness, soesglrof
aggregates, thermal properties and grading of ggtge (Muhit et al., 2013).

Coarse aggregate content is known to strongly eémibe both fresh and hardened concrete’s propeatids
selection of content of aggregate for concrete unéxis an important issue regarding the predicerfbpmance
of concrete (Mohammed et al., 2012). According tmas and Jennings (2008), if the packing of tlygeagate
particles is too dense, then the cement paste tapabthe particles uniformly and the workabiktill be poor.
But to keep the cost of the concrete down, the d@gign should call for as much aggregate (i.eljties
cement) as possible. However, it is possible totdae efficient with the aggregate grading. Theref a
determination of the optimum content of coarse egagte is necessary in order to obtain an effiaeirtas per
specific design requirements.

According to Mohammed et al. (2012), estimationhaf void ratio of concretes can provide tools tpriove the
performance of fresh and hardened concrete by neglibe content of free water and cement and maxngi
the amount of solids (Mohammed et al, 2012). Alsmimum void will require minimum paste and thisllwi
mean less cement and less quantity of water, wivilhfurther mean increase in economy, higher githn
lower shrinkage and greater durability (Shetty, 200

From experiments conducted by Tasdemir and Karihgk®01), it was discovered that compressive streng
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decreases with an increase in the aggregate vdhaci#on up to a value of 0.5, and remains prattficanstant
at higher values. Therefore, determination of theimum specific aggregate volume is necessary iciee
production if the maximum possible compressivergitie is to be achieved.

As reported by Darwin (1995), there is strong emae that aggregate type is a factor that influertbes
properties of concrete. Ezeldin and Aitcin (1994npared concretes with the same mix proportionsagoing
four different coarse aggregate types. They comduihat, in high-strength concretes, higher stitemngiarse
aggregates typically yield higher compressive gfifesy while in normal-strength concrete, coarsereggje
strength has little effect on compressive strength.

Optimization of the composition of the aggregatedeamal in concrete is beneficial with respect tomaemy (low
cement content), strength and durability (Mohamraedl, 2012). To predict the behaviour of concrame
optimize the composition of its constituents regsian understanding of the effects of aggregats gggregate
size, and aggregate content (Kajul and Darwin, 1997

In this study, two types of coarse aggregate anekthypes of fine aggregate were studied for thvpgre of
obtaining the best binary combination of the ddfertypes of coarse and fine aggregates under.stindystudy
is aimed at improving the understanding of the mfleaggregates composition and packing in concaet
involves determination of the appropriate perceesagnd proportions in the mixing of different ashle fine
aggregates and coarse aggregates (binary aggregateres) that will give the maximum bulk density,
minimum specific aggregate volume and the minimurial vatio.

2. Materialsand Methods

In carrying out this study, different coarse antefaggregate types were selected and relevantrtiespef the
aggregates were determined. This was done foruh@ope of characterization of the materials usestsTwere
conducted and the results analysed to determinegtimum coarse aggregate content, the minimumifépec
aggregate volume and the minimum void ratio ofpalésible combinations of binary aggregate mixtafethe
coarse and fine aggregates.

21 Materials

The materials used for the study include two coaggregate types and three fine aggregate typescodrse
aggregates types were Crushed Granite (Granitep@lgp) and Gravel while the fine aggregates inaduBever
Dredged Sand, Granite Dust and Dolomite Dust. Thesterials were selected for the study becausedteethe
most commonly used type of aggregates in concreidugtion (Edward, 2008).

22 Test on Aggregates

Tests were carried out to characterize the aggeegdiests conducted were particle size distributspecific
gravity, bulk density, void ratio and moisture aamittests. The tests were carried out in accordaitbeBS EN
12620:2013. Whereas Particle Size Distribution gfragates affect relative aggregate proportions, itk
density of aggregate influences its void ratio #ml higher the bulk density, the lower the voidardhhat needs
to be filled by the fine aggregate and cement (Edw2008; Shetty, 2005). The specific gravity ofagate is
also important when dealing with both lightweigimdaheavyweight aggregates and the determinatiotteof
moisture content in coarse and fine aggregatespsitant as aggregate will absorb additional moéshased on
its natural moisture content.

Characterization of aggregates ensures that aggeeganform to minimum specification criteria andoa
permits equitable comparison amongst different egates (Alexander & Mindess, 2005). Thus, charaetion
of the aggregates will allow for proper selectidraggregate and application of results obtainethftbis study.

2.3 Test on Binary Aggregate Mixtures

An investigation into the binary aggregate behawigas carried out. The relationship between birzggregate
bulk density and the coarse aggregate volume @aetias analysed. Also, relationship between biaggregate
specific volume and coarse aggregate volume fragtanaximum bulk density; and the void ratio af tinary

aggregate and coarse aggregate volume fractiorasitram density were studied. This was for the psepof

obtaining the coarse aggregate fraction that v ghe desired binary aggregate mixture property.

Tests were conducted on loosed and rodded casesany aggregate mixtures of the fine and coarsgeates
under study. The binary aggregate mixtures test:w) Crushed Granite + River Dredged Sand i)sGed

Granite + Granite Dust iii) Crushed Granite + DoitmrDust iv) Gravel + River Dredged Sand v) Gravel
Granite Dust vi) Gravel + Dolomite Dust.

3. Results and Discussions
31 Characteristics of Aggregates
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3.1.1 Particle Sze Distribution of Aggregates

Figure 1 shows the Particle Size Distribution cerf@ the aggregates. From the curves, it is olesetiat the
coarse aggregates have finess modulus of 2.9 fwhed granite and 5.0 for gravel and that gravsl da
cumulative percentage passing sieve 68®f 40%. Finess modulus & percentage passingu@O8ieve for
River Dredged Sand, Granite Dust and Dolomite Dveste respectively 4.53 & 67%, 6.69 & 35%, and 6845
27.35%. Whereas gravel and all three fine aggregsimples were well graded, Particle Size Distigiputurve
for Crushed Granite indicated a more or less sisigled grade.
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Figure 1: Particle size distribution curves of aggates

3.1.2  Moisture Content of Aggregates

Results of moisture content of the aggregates regepted in Table 1. The highest value of moistorgent was
recorded for granite dust with a moisture conteh#d®. While the lowest value of moisture conterdasw
recorded for dolomite dust with a moisture contr20%.

Tablel: Moisture Content of Aggregates

Coarse Aggregate Fine Aggregate
Aggregate Crushed Gravel River Dredged Granite Dust| Dolomite Dust
Granite Sand
M oisture Content (%) 31.00 40.00 37.00 41.00 30.00

3.1.3  Specific Gravity of Aggregates

Results of specific gravity for aggregates testedresented in Table 2. Dolomite dust gave thedsghpecific
gravity of 2.83 which can be attributed to its ¢ayline nature. River Dredged Sand had the lowekteswith a
specific gravity of 2.59.

Table 2: Specific Gravity of Aggregates

Coarse Aggregate Fine Aggregate
Aggregate Crushed Gravel River Dredged Granite Dust| Dolomite Dust
Granite Sand
Specific Gravity 2.69 2.61 2.59 2.65 2.83

3.1.4 Bulk Density and Void Ratio of Aggregates

Bulk density and void ratio were determined forded and rodded cases of all aggregates and thiésrasel
presented in Table 3. Bulk density results for ¢harse aggregates indicate that for loosed caaeelghad a
higher bulk density value than granite chippingst #r the rodded case, gravel had a lower bullsiigwvalue.
For the fine aggregates, the bulk density of Ribeedged Sand and Dolomite Dust were the same ftr bo
loosed and rodded conditions. This can be attribtethe similarity in the grading of both aggregmatit was
also observed that aggregates with better grading bigher values of bulk densities for both looard rodded
test conditions.

Results of void ratio of the aggregates showed dhgtegates with higher bulk density tend to haweet void
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ratios. This is in line with the findings of Edwaf@008) and Shetty (2005). Also, Void ratio for $eal
aggregates were higher than respective void ratfioeg for rodded aggregates.

Table 3: Bulk Density and Void Ratio of Aggregates

Agaregate Bulk Density Void ratio
Loosed Rodded Loosed Rodded
Granite Chippings 1.34 1.72 0.50 0.36
Gravel 1.38 1.55 0.47 0.41
River Dredged Sand 1.38 1.52 0.47 0.41
Granite Dust 1.31 1.52 0.51 0.41
Dolomite Dust 1.38 1.52 0.51 0.41

3.2 Optimization of Binary Aggregate Mixture

3.21  Optimum Coarse Aggregate Fraction of Binary Aggregate Mixture

The variation of bulk density with coarse aggregatkime fraction was studied for all combinatioriscoarse
and fine aggregates under study. Figures 2a ansh@w the graph of bulk density against coarse eagge
volume fraction for loosed and rodded cases. Tlaplyg were concave downwards with a local maxima& Th
coarse aggregate fraction corresponding to thel Ioexima of the curves represents the optimum eoars
aggregate volume fraction as it occurs at the manirbulk density recorded.

From the results, the binary mixture of Gravel +a@te Dust gave the highest bulk density of 2.40d/at a
coarse aggregate fraction of 0.55 when rodded.tR®rloosed case, the binary mixture of Gravel +eRiv
Dredged Sand gave the highest bulk density withlaevof 2.30g/crhat a coarse aggregate fraction of 0.51. The
maximum bulk densities for the rodded aggregatese viagher than respective values for loosed aggesga
except for the binary mixture of Gravel + River Bged Sand.
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Figure 2a: Graph of Bulk Density against Coarse raggte Volume Fraction for Rodded Binary Aggregate
Mixtures
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Figure 2b: Graph of Bulk Density against Coarse r&ggte Volume Fraction for Loosed Binary Aggregate
Mixtures

3.22  Specific Binary Aggregate Volume

Haven obtained the optimum coarse aggregate frafbiothe different binary aggregate mixtures, specific
aggregate volume was determined and plotted agéiestoarse aggregate fraction. The results aepted in
Figures 3a and 3b. It was observed that the graghe ‘U’- shaped (concave upwards) each havingcal lo
minimum which represents the minimum specific aggte volume.

It was also observed that the specific aggregalienmwe fraction values obtained were minimum at thénoum
coarse aggregate fraction obtained earlier. Thezefbinary aggregate mixtures have maximum dersity
minimum specific aggregate volume. The minimum #me@aggregate volume was highest for the binary
mixture of Granite Chippings + Granite Dust for tbesed case with a specific aggregate volume 58.CFor
the rodded aggregate case, minimum specific aggreagdume was highest for the binary mixture of iGie
Chippings + River Dredged Sand with a specific aggte volume of 0.49.

The binary aggregate mixture of Gravel + River yedi Sand gave the lowest value of minimum specific
binary aggregate volume with a value of 0.46, wiiike binary mixture of Gravel + Granite Dust galve towest
value of minimum specific binary aggregate volumthva value of 0.42. Minimum specific aggregatewoé

for the loose aggregates were higher than resgectilues for the rodded aggregate.
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Figure 3a: Graph of Specific Binary Aggregate Votuagainst Coarse Aggregate Volume Fraction for &dos
Binary Aggregate Mixtures
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Figure 3b: Graph of Specific Binary Aggregate Voluagainst Coarse Aggregate Volume Fraction for Rddd
Binary Aggregate Mixtures

3.2.3  Minimum Binary Aggregate Void Ratio

As for the specific aggregate volume, a graph dfl vatio of binary aggregate mixture was plottecingt
coarse aggregate volume fraction for all binaryraggte mixtures (Figures 4a and 4b). The graphs ais0
‘U’-shaped (i.e. concave upwards) with local maxiomaresponding to the minimum void ratios of thaany
aggregate mixtures. From the graph, it was obsettvatdvoid ratio is minimum at optimum coarse agate
volume fraction.

For the loosed aggregates, minimum void ratio wghest for the binary mixture of Granite Dust + DBwlite
Dust with a value of 0.38 and lowest for the binamixture of Gravel + Granite Dust with a value 02@. The
curves for Gravel + River Dredged Sand and Grav@ranite Dust overlapped, indicating that both bjna
mixtures have the same void ratio for a partical@arse aggregate volume fraction. For the rodded, dhe
minimum void ratio was highest with a value of 0f88 the Crushed Granite + Granite Dust binary aggte
mixture and lowest with a value as low as 0.10 whigas recorded for the Gravel + Granite Dust binary
aggregate mixture.
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Figure 4a: Graph of Void Ratio against Coarse Agagtre Volume Fraction for Loosed Binary Aggregate
Mixtures
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Figure 4b: Graph of Void Ratio against Coarse Aggte Volume Fraction for Rodded Binary Aggregate
Mixtures

Table 4 presents a summary of optimum coarse agtgefgaction that will yield maximum bulk density,
minimum void ratio and minimum specific aggregatdume for the binary aggregate mixtures. Tablesb al
show at a glance which binary aggregate perforntehim terms of having the highest maximum bulksity,
the lowest minimum specific binary aggregate voluand the lowest minimum void ratio. From the resuilt
was observed that binary mixtures of gravel aréebd¢than respective binary mixtures of granite phigs in this
regard.

Table 4: Optimum Coarse Aggregate Fraction for Maxin Bulk Density, Minimum Specific Binary Aggregate
VVolume and Minimum Void Ratio

. . Minimum
Optimum Optimum Specific
Coarse Coarse M aximum Bi Mini
. Aggregate Aggregate Bulk Density A ihary Vv .d'gmgm
'I\B/Ilinxa:L);:ggregate Volume Weight (glem®) \?glruelgqaete oid Ratio (u)
Fraction (n) Fraction (N) 3\
(cm°/g)
Loose | Rodde| Loose | Rodde| Loose | Rodde| Loose | Rodde| Loose | Rodde
d d d d d d d d d d

Crushed Granite +
River Dredged| 0.46 0.56 0.46 0.69 1.95 2.16 0.51 0.46 0.35 0,23
Sand

Crushed Granite +

. 0.57 0.66 0.64 0.72 1.93 2.09 0.56 0.50 0.837 0,28
Granite Dust

Crushed Granite + oo | 665 | 46| 064 1.9 216 061 055 088 026
Dolomite Dust

Gravel + River 6.4

Dredged Sand 0.55 0.56 0.50 0.56 2.09 2.30 0.48 10.20° | 0.09

Gravel + Granite "

Dust 0.55 0.56 0.50 0.56 2.19 2.40 0%44 0.47 | 0.20 | 0.09

Gravel + Dolomite |

Dust 0.53 0.56 0.44 0.50, 2.40 2.31 0.48 0.43 0.33 0.20

*Highest maximum bulk densityl.owest minimum specific binary aggregate voluffiggwest minimum void
ratio

4, Conclusion

Properties of binary aggregate mixtures for optimaombination of its constituent was studied andfthetion
of coarse aggregate required was determined.

From the study, the coarse aggregate fraction mdirigi aggregate mixtures that will give the maximbuoik
density was determined. This represents the optiperoentage or fraction of coarse aggregate irbihary
aggregate mixture.
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From the graph of specific binary aggregate volamgainst coarse aggregate volume fraction and grapbid
ratio against coarse aggregate volume fractioraritbe concluded that void ratio and specific lyireggregate
volume of binary aggregate mixtures are minimumnthat optimum coarse aggregate fraction. This further
validates values of coarse aggregate fractionytletds maximum bulk density as the optimum coaggregate
fraction in binary aggregate mixtures. Therefomaete manufactured at this optimum value willgess less
free water and cement and maximize the amount lafssorhe concrete will also require minimum pastel
this will mean less cement and less quantity ofewatvhich will further mean increase in economyghir
strength, lower shrinkage and greater durability.

The study also revealed that the better the gradfraggregates, the higher their bulk densitiesadéde well
graded aggregates should be used as much as possibinary aggregate mixtures for the manufactifre
concrete so as utilize fully the optimum charastérs of the binary aggregate mixtures.

From the study, binary aggregate mixtures of grawerle found to have higher maximum bulk densitieser
minimum specific binary aggregate volume and lows&nimum void ratio compared to binary aggregate
mixtures of Crushed Granite (Granite chippings)d dmence will produce concrete with better relative
characteristics.

This study is limited to the study of propertiesdy aggregate properties of different binary aggte mixtures
and based on previous studies of how these prepeaffect concrete, optimum binary aggregate ptigsefor
best possible concrete were determined. Howeveheuresearch on the properties of concrete matwfed at
the optimum binary aggregate properties determifiech this study is necessary to explain in deth t
variation in the properties performance of concest®ng different binary aggregate mixtures.
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