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ABSTRACT 

 

 

It isanot possible to predictathe strength and otheraconcrete properties 

solelyabased on the propertiesaand proportions of theamix components. 

Therefore, mixes areadesigned on an empiricalabasis, often with theahelp of 

trial mixes. Theaobjective of the mix design is toaassure thatathe product has 

specifiedaproperties in both the fresh andahardened state. Theamaterial obtained 

immediatelyaupon mixing of the variousaconcrete ingredients isacalled 

freshaconcrete, whileahardened concrete resultsawhen the cement 

hydrationaprocess has advancedasufficiently to give the materialamechanical 

strength. Concreteathat is batchedaand mixed in aaplant and then 

transportedaby truck in its fresh, oraplastic, state to theaconstruction site for 

finalaplacement is called ready-mixedaconcrete. Code-writingaorganizations, 

such as theaAmerican Society for Testingaand Materials, the 

AmericanaConcrete Institute (ACI), and theaAmerican Association ofaState 

Highway and Transportation Officials (AASHTO), haveapublished detailed 

specifications and recommendationsafor measuring,amixing, transporting, 

placing,acuring, and testingaconcrete. A properamix design assuresathat the 

concreteamix is well proportioned 
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CHAPTER – 1 

INTRODUCTION 

 

 

Concrete 

A compositeamaterial thataconsists essentiallyaof a bindingamedium, such as aamixture 

of portlandacement and water,awithin which areaembedded particles orafragments 

ofaaggregate, usually aacombination of fineaand coarse aggregate. Concreteais by far 

theamost versatile and mostawidely usedaconstruction materialaworldwide. It can 

beaengineered to satisfyaa wide rangeaof performanceaspecifications, unlikeaother 

building materials,asuch as natural stoneaor steel, whichagenerally have to beaused. 

Because theatensile strength of concreteais much lower thanaits compressiveastrength, 

it isatypically reinforcedawith steelabars, in whichacase itais knownaas 

reinforcedaconcrete. 

 

Materials 

A compositeamaterial is madeaup of variousaconstituents. Theaproperties and 

characteristicsaof theacomposite areafunctions of theaconstituent materials’aproperties 

as wellaas the variousamix proportions. Beforeadiscussing theaproperties of 

theacomposite, it is necessaryato discussathose of theaindividual constituents asawell as 

theaeffects of theamix proportions andamethods of production. 
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Cement 

There areamany different kindsaof cements. In concrete,athe most commonlyaused is 

portland cement,ahydraulic cementawhich sets andahardens by chemicalareaction with 

wateraand is capableaof doing soaunder water. Cementais the “glue”athat binds 

theaconcrete ingredients togetheraand is instrumentalafor the strengthaof the 

composite.aAlthough cements andaconcrete haveabeen around forathousands of years, 

modernaportland cement wasainvented in 1824aby JosephaAspdin of Leeds,aEngland. 

The nameaderives from itsaresemblance of theanatural buildingastoneaquarried 

inaPortland, England. 

Portlandacement is made upaprimarily of fouramineral componentsa(tri 

calciumasilicate, di calciumasilicate, tri calciumaaluminate, and tetra calcium 

aluminoferrite), eachaof which hasaits own hydrationacharacteristics. By changingathe 

relative proportionsaof these components, cementamanufacturers canacontrol 

theaproperties ofathe product. 

The primaryaproduct of cementahydration is a complexaand poorly crystallineacalcium-

silicatehydroxide gel (or CSH) [1]. Aasecondary productaof hydration isacalcium 

hydroxide, a highlyacrystalline material. Aacategory of siliceousamaterials known 

asapozzolans havealittle or noacementitious value, butain finely dividedaform and 

inathe presenceaof moistureawill react chemicallyawith calciumahydroxide to 

formaadditional CSH. Thisasecondary hydrationaprocess has aagenerally 

beneficialaeffect on theafinal concreteaproperties. Examples ofapozzolans areafly ash, 

groundagranulated blast-furnaceaslag, and microasilica or silicaafume. 

TheaAmerican Society for Testingaand Materials (ASTM)adefines five typesaof 

cement, specifyingafor eachathe mineral compositionaand chemical andaphysical 

characteristicsasuch as fineness. Theamost common cementais Type I. Type III cement 

isaused if morearapid strength developmentais required. Theaother types 

areacharacterized byaeither loweraheat ofahydration orabetter sulfatearesistance 

thanathat of Type Iacement. 
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Aggregate 

Theaaggregate is a granularamaterial, such asasand, gravel, crushedastone or iron-

blastafurnace slag. Itais graded byapassing it throughaa set of sievesawith 

progressivelyasmaller meshasizes. Allamaterial that passesathrough sieve #4 [0.187 

in.a(4.75 mm) openings] isaconventionally referredato as fineaaggregate orasand, while 

allamaterial that isaretained on the #4 sieveais referredato asacoarse aggregate, 

gravel,aor stone. Byacarefully grading theamaterial and selectingaan optimal 

particleasize distribution, aamaximum packingadensity can beaachieved, where 

theasmaller particles fillathe void spacesabetween the largeraparticles. Suchadense 

packingaminimizes the amountaof cement pasteaneeded and generallyaleads to 

improved mechanicalaand durabilityaproperties ofatheaconcrete. 

The aggregateaconstitutes typically 75% ofathe concreteavolume, or more,aand 

thereforeaits properties largelyadetermine the propertiesaof the concrete. Forathe 

concrete toabe of good quality,athe aggregate hasato be strongaand durable andafree of 

silts,aorganic matter, oils,aand sugars. Otherwise,ait should beawashed prior toause, 

because any ofathese impurities mayaslow or preventathe cement fromahydrating or 

reduceathe bond betweenathe cement pasteaand the aggregateaparticles. 

 

Admixtures 

Whileaaggregate, cement,aand water areathe main ingredientsaof concrete, thereaare a 

large numberaof mineral andachemical admixturesathat may be added toathe concrete. 

The fouramost commonaadmixtures will beadiscussed. 

1. Air-entrainingaagents are chemicalsathat are addedato concrete toaimprove 

itsafreeze–thaw resistance.aConcrete typicallyacontains a largeanumber of poresaof 

different sizes, whichamay be partiallyafilled withawater. If the concreteais subjected 

toafreezing temperatures,athis water expandsawhen forming iceacrystals and canaeasily 

fracture theacement matrix, causingadamage that increasesawith each freeze–

thawacycle. If the airavoids created by theaair-entrainingaagent are ofathe right 
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sizeaand average spacing,athey give the freezingawater enough spaceato expand, 

therebyaavoiding the damagingainternalastresses. 

2. Water-reducingaadmixtures, also known asasuper plasticizers, areachemicals that 

lowerathe viscosity ofaconcrete in itsaliquid state, typicallyaby creating 

electrostaticasurface chargesaon the cementaand very fine aggregateaparticles. This 

causes theaparticles to repelaeach other, therebyaincreasing theamix flow ability,awhich 

allowsathe use ofaless water inathe mixadesign andaresults inaincreased strengthaand 

durabilityaof theaconcrete. 

3. Retarding admixturesadelay the settingatime, which mayabe necessary in 

situationsawhere delays in theaplacement of concreteacan be expected.aAccelerators 

shorten theaperiod needed to initiateacement hydration—foraexample, in emergency 

repairasituations that call forathe very rapidadevelopment ofastrength orarigidity. 

4. Colorapigments in powder oraliquid form mayabe added to the concreteamix to 

produce coloredaconcrete. These areausually used with whiteaportland cement to 

attainatheir full coloringapotential. 

 

Reinforcing steels 

Becauseaof concrete’s relativelyalow tensile strength, it is typicallyareinforced with 

steelabars (Fig. 1). Theseabars are produced inastandard sizes. In theaUnited States, the 

identification numberaof a reinforcingabar refers to the nominaladiameter expressed 

inaeighths of anainch. For example, aanumber 6 bar hasaa diameter of 6 /8 = 0.75 inch 

= 0.01905 m. Theaavailable bar sizesarange in generalafrom 2 to 18. Reinforcingasteel 

usually hasanominal yield strengthaof 1071.478 kg/mm.2 (414 MPa). To improveathe 

bond strengthabetween the bars andathe concrete, the barsaare fabricatedawith surface 

deformationsaor ribs. The relativelyahigh cost of steelamandates its sparingause. This 

means thatathe concrete is usuallyaassigned the task of resistingacompressive forces, 

whileathe steel carriesaprimarily the tensileaforces [2]. The alkalinityaof the 

cementapaste generallyaprovides sufficient protectionaof the steel against corrosion. 

However, corrosionaprotection is often breached,afor example, in highwayabridge 

decks withacontinuous pore structureaor traffic-induced cracksathat permit the 

deicingachemicals used in winterato penetrate theaprotective concrete cover.aAdditional 
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protective measuresamay be necessary, such as usingaepoxy coatings on theabars, 

noncorrosive steels, oranon metallic reinforcement (for example,afiber-

reinforcedapolymers). 

Other importantaconcrete terminology canabe defined. A mixtureaof cement and 

waterais called cementapaste. Cement paste plusafine aggregate is calledamortar or 

concreteamatrix. Mortar plus coarseaaggregate constitutes concrete.aConcrete 

reinforced withasteel or otherahigh-strength materialais known as reinforcedaconcrete. 

 

 

Figure 1: Workersaplacing and vibratingaconcrete on a bridgeadeck including epoxy-

coatedareinforcingasteel. (Portland CementaAssociation) [1] 
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PRODUCTION OF CONCRETE 

 

Theaproperties of the endaproduct depend not only onathe various constituentamaterials 

listed aboveabut also onathe way they areaproportioned and mixed, as wellaas on the 

methodsaof placingaand curingathe composite. 

 

Mix design 

It isanot possible to predictathe strength and otheraconcrete properties solelyabased on 

the propertiesaand proportions of theamix components. Therefore, mixes areadesigned 

on an empiricalabasis, often with theahelp of trial mixes. Theaobjective of the mix 

design is toaassure thatathe product has specifiedaproperties in both the fresh 

andahardened state. The most importantamix design variable is theaweight ratio 

between wateraand cement, referred toaas the w/caratio. There isaa 

theoreticalaminimum amountajof wateraneeded for theghcement toacompletely hydrate, 

whichacan be determinedausing theaequations of hydrationachemistry. Any 

excessawater creates poresawhich, together withaany air-filled pores, do notacontribute 

to the materialastrength. The resultais a drastic decreaseain strength as aafunction of 

increasingathe w/caratio. Onhgthe otherahand, too lowaw/c ratiosacause poor 

workabilityaof theaconcrete. Forapractical reasons, the w/c ratioatypically varies 

betweena0.4 and 0.6. The otheraimportant mix designavariables are theacement-to-

aggregate ratio and theafine-to-coarse aggregatearatio. Also, the maximumaaggregate 

size is ofaimportance. And sinceacement is the mostaexpensive bulk ingredient,athe 

mix design willagenerally aim at the leastaamount of cementanecessary to achieve the 

designaobjectives. 

 

 Construction practice 
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Theamaterial obtained immediatelyaupon mixing of the variousaconcrete ingredients 

isacalled freshaconcrete, whileahardened concrete resultsawhen the cement 

hydrationaprocess has advancedasufficiently to give the materialamechanical strength. 

Concreteathat is batchedaand mixed in aaplant and then transportedaby truck in its 

fresh, oraplastic, state to theaconstruction site for finalaplacement is called ready-

mixedaconcrete. If the resultingastructure or highway pavement,afor example,aremains 

inaplace afteraplacement, the concrete isareferred to asacast-in-placeaconcrete, whether 

mixedaon-siteaor off-site. Precastaconcrete refersato anyastructure or componentathat is 

produced at oneasite, typically in a precastingaplant, and then transportedain its 

hardenedastate to its finaladestination. The controlled environmentaof a precasting plant 

generally permitsahigher quality control of the productathan is possible withacast-in-

place concreteaproduced at a constructionasite. 

Code-writingaorganizations, such as theaAmerican Society for Testingaand Materials, 

the AmericanaConcrete Institute (ACI), and theaAmerican Association ofaState 

Highway and Transportation Officials (AASHTO), haveapublished detailed 

specifications and recommendationsafor measuring,amixing, transporting, 

placing,acuring, and testingaconcrete. A properamix design assuresathat the 

concreteamix is well proportioned. Theamixing timeashould be sufficientato assure a 

uniformamixture. When placing theaconcrete, care shouldabe taken to 

avoidasegregation. For example, if droppedatoo far, the heavy or big 

aggregateaparticles can settle andalighter mixacomponents, such as water, tend toarise. 

The concrete is conveyedafrom the mixingatruck to its final destinationain dump 

buckets by cablewaysaor cranes or byapumping throughapipelines. In modern high-

riseabuilding construction, concreteahas been pumped asahigh as a thousandafeet (330 

m). 

During placement, largeaamounts of air are entrappedain the mix, which lowersathe 

strength of the hardenedaconcrete. Much of the air isaremoved by compaction,awhich is 

achievedaby either immersingahigh-frequency vibratorsainto the fresh concreteaor 

attaching them toathe outside faces of theaformwork (Fig. 1). Care mustabe taken to 

avoidaexcessive vibration; otherwiseathe heavy aggregateaparticles settle downaand the 

light mixingawater rises to theasurface. 
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For underwateraconstruction, the concrete is placedain a largeametal tube, called 

aatremie, with a hopperaat the topaand agvalve arrangementaat thesjsubmerged end. 

Foraso-calledashotcrete applications suchaas tunnelalinings andaswimming pools, the 

concreteamixture is blown under high pressureathrough a nozzleadirectly into place 

toaform the desiredasurface [3]. 

Before theaconcrete sets and hardens, itais relatively easy to giveaits exposed 

surfacesathe desiredafinish. Surfaces cast againstaforms can be given variousatextures 

by using formaliners or treatingathe surfaces after formsaare removed. Hardened 

surfacesacan be textured byagrinding, chipping,abush-hammering,aorasandblasting. 

 

Curing 

Onceathe concreteahas beenaplaced andacompacted, it is critical thatanone of the 

mixingawater needed for cementahydration isalost. This is theaobjective ofacuring. For 

example, inahot oradry weather largeaexposed surfaces willalose wateraby evaporation. 

Thisajcan beaavoided by covering such surfacesawith sheets of plasticaor canvas or 

byaperiodically spraying themawith water. In precast concreteaplants, concrete elements 

areaoften steam-cured, because theasimultaneous application of hotasteam and 

pressureaaccelerates the hydrationgprocess, which permitsahigh turnoverarates for the 

formworkainstallations. 

 

 

Quality control 

To assureathat the finished materialahas the specified properties, qualityaassurance and 

quality controlaprocedures need to beaimplemented. From a publicasafety viewpoint, 

strengthais the most importantaproperty. To assure adequateastrength, such as 

determiningathe time of safe formworkaremoval, concrete batchesaare sampled by 

castingatest cylinders at the sameatime and place as theastructure being built. 

Theseacylinders are then testedaby accredited laboratoriesato determineatheir 

strength.aIf the in-situastrength ofaexisting structuresaneeds to beaevaluated, 

concreteacores may beadrilled fromaselected parts ofathe structureaand testedain 
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thealaboratory. There areaalso nondestructive test methodsaavailable to 

determineaevarious properties of hardenedaconcrete. 

 

 

 

PROPERTIESaOF FRESHaCONCRETE 

 

The mostaimportant property ofafresh concrete isaits workabilityaor flowaability, 

becauseathis determinesathe ease withawhich itacan be placed. It is determinedausing a 

slump test, inawhich a standard truncatedametal cone form isafilled with freshaconcrete 

(Fig. 2). The moldais thenalifted vertically, andathe resultingaloss in heightaof the 

concreteacone, or theaslump value, is indicativeaofathe concrete’saworkability. For 

veryaliquid mixes, the flowatest isaperformed, which isasimilar toathe slumpatest, 

except that the meanadiameter of the cakeaformed by the freshaconcretea(or mortar) 

isameasured. 

A shortawhile after casting, theaconcrete stiffens andaloses its plasticity. The timeaof 

setting can beadetermined by repeatedlyadropping a calibratedaneedle into the 

freshaconcrete and measuringathe time whenathe needle noalonger sinksain. 
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Figure 2: Concreteaslump testawith a slump of 1.5 in., typical forapavement work. (Portland Cement 

Association) [1] 

 

 

PROPERTIESaOF HARDENEDaCONCRETE 

 

Byafar, theamost important propertyaof hardenedajconcrete is itsacompressive strength. 

Sinceathis strength continuesato increaseawith continuingacement hydration, itais a 

functionaof age whichais the timeaafter casting.aIn the UnitedaStates, the strength is 

determineda28 days after castingaby loading standardizedatest cylinders up toafailure. 

In Europe, test cubesaare often used. Most commerciallyaproduced concrete 

hasacompressive strengths betweena53.5739 and 107.1478 kg/mm.2 (20 anda40 MPa). 

Ifaloaded inatension, theamaterial fails at aastress much lower thanathat, typicallyajof 

theaorder of 10% ofathe compressiveastrength. Because ofathis lowa(and 

unreliable)atensileastrength, concreteais usually reinforcedawith steelabars. 

During hydrationaand especially ifaallowed to dry afterahardening, the concrete volume 

decreasesaby a small amountabecause of shrinkage. If thisashrinkage is 

restrainedasomehow, it can leadato cracking. Shrinkageadeformations caused by 

dryingacan be reversed onlyapartially upon wetting. Aaconcrete member orajstructure 
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subjectedajto externalaload willajundergo deformationsawhich, upato a point, are 

proportionalato the amountaof appliedaload. Ifathese loads remainain place foraan 

appreciableatime (months orayears), these deformationsawill increase due to a 

materialaproperty called creep. Evenafor regular concreteamixes, creep 

deformationsacan be two or threeatimes as highaas the initialaelastic deformations, 

especiallyaif theajconcrete isaloaded at a veryayoung age. When designingaconcrete 

structures, such creepajand shrinkage deformationsamust beaaccounted for. 

 

Durability 

Durability is theaability of a material (or structure) toamaintain its various 

propertiesathroughout its designaor service life. Someaconcrete structures built by 

theaRomans served for over 2000 years. Aamaterial that loses itsastrength in time, for 

whateverareason, cannot beaconsidered durable. 

There can beanumerous causes for lossaof durability or deteriorationaof concrete 

structures. The mostacommon one is anaexcessive amount of crackingaor pore 

structure. Mostaconcrete structures containanumerous cracks. But as longaas 

thesearemain smalla(of theaorder ofa0.25 mm oraless), theyaare generallyainvisible to 

the nakedaeye, and the concretearemains basically impermeable toasalts and other 

aggressiveaagents, so that itacan continueato protect the reinforcingasteel against 

corrosion. Largeracracks provide easy access forasuch agents to the steel,athereby 

promotingacorrosion. Since the steelacorrosion products occupy aalarger volume than 

soundasteel, they produceainternal pressure duringajexpansion and can spall off the 

protectiveaconcrete cover, thealoss of which may renderathe structure unsafe toaresist 

loads [4]. 

The concreteaitself may deteriorateaor weather, especially ifasubjected to many cycles 

of freezingaand thawing, during which the pressureacreated by the freezing 

wateraprogressively increases theaextent of internalacracking. In addition, carbonain the 

atmosphere canareact chemicallyawith the cement hydrationaproducts. This processais 

known as carbonation. Italowers the pH ofathe concrete matrix toathe point where 

itacan no longer protectathe steel againstacorrosion. 
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Mostatypes of aggregateaused for concrete productionaare inert; that is, theyado not 

react chemicallyawith the cement orahydration products. However, thereaare various 

aggregateatypes, includingathose containingaamorphous silica such asacommon glass, 

which reactachemically with theaalkali in theacement. In the presenceaof moisture, the 

alkali–aggregateareaction productsacan swell and causeaconsiderable damage. The 

deteriorationaof numerous major structuresaand highway pavementsahas been attributed 

toasuch reactions, especiallyaalkali–silica reaction, often afterayears of seemingly 

satisfactoryaservice. Other common causesaof chemical attack areasulfates found 

inasoils, chloridesain seawater, acidajrain, and other industrialipollutants. Generally, 

structuresabuilt withajwell-designedaconcrete mixes,ajhaving lowaporosity or high 

densityaand minimalacracking, arealikely to resistamost causesaof chemical attack, 

althoughafor serviceain particularly aggressiveaenvironments special 

countermeasuresamay have to be taken. 

Under repeatedaload applications, structuresacan experience fatigueafailure, as each 

successive loadacycle increases the degree ofacracking and material deteriorationato the 

point whereathe materialaitself may graduallyalose its strength or the increasedaextent 

of cracking isathe source ofaloss ofadurability. 

 

Thermal andaother properties 

Theaheavy weightaof concrete [its specificagravity is typicallya2.4 g/cm3 (145 lb/ft3)] 

isathe source ofalarge thermalamass. Forathis reason, massive concreteawalls and roof 

andafloor slabs are wellasuited for storing thermalaenergy. Because of this 

heatacapacity of concrete, together with itsareasonably low thermalaconductivity, 

concrete structuresacan moderate extreme temperatureacycles and increase theacomfort 

of occupants. Well designedaconcrete mixes are impermeableato liquids and 

thereforeasuitable for storage tanksawithout the need for impermeableamembranes 

oraliners. 
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SPECIAL CONCRETES AND RECENT DEVELOPMENTS 

 

Concrete isaan engineered material, withaa variety of specialtyaproducts designed 

foraspecific applications. Someaimportant ones are describedabelow. 

 

Lightweight concrete 

Although theaheavy weight or largeamass of typical concreteamembers is often 

anaadvantage, there areasituations where this isanot the case. For example, becauseaof 

the largeastresses caused by theiraown heavy weight, flooraslabs are often madealighter 

by using specialalightweight aggregate. Toafurther reduce weight, specialachemical 

admixtures areaadded, which produce largeaporosity. Such highaporosity (in either the 

matrixaor the aggregate particlesathemselves) improvesathe thermal resistanceaof the 
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concrete as well asasound insulation, especiallyafor higherafrequencies. However, 

becauseaweight density correlatesastrongly with strength,aultra light weightaconcretes 

[1.1 g/cm3 (70 lb/ft3) andaless] are used onlyafor thermal orasound insulationapurposes 

and areaunsuitable for structuralaapplications [5]. 

 

Heavyweight concrete 

When particularlyahigh weight densities areaneeded, such as forashielding in 

nuclearareactor facilities, specialaheavyweight aggregate isaused, including barite, 

limonite,amagnetite, scrap metal, andasteel shot for fineaaggregate. Weight 

densitiesacan be achievedathat are twiceathat of normalaweightaconcrete. 

 

Architectural concrete 

Concreteasurfaces thataremain exposed mayacall for special finishesaor textures 

accordingato the architect’sadesires. Textures areamost readily obtainedaby inserting 

specialaform liners beforeacasting the concrete.aSometimes the negativeaimprint of 

roughlyasawn timber is consideredaattractive andaleft withoutafurther treatment 

 

Figure 3: Glass concrete tile. (C. Meyer) [1] 

Otherasurface textures areaobtained by sandblasting,abush-hammering, and 

similaratreatments. Ordinary portlandacement gives concreteathe typicalagray color. 

Byaadding colorapigments to theamix, a largeavariety of colorsacan be produced, 

especiallyain combination withawhite portlandacement. Concrete mixedawith specialty 
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aggregate,asuch as marble, and groundasmooth is known as terrazzoaconcrete, which 

isavery popular for decorativeasurfaces on floorsaand walls. Recently, 

crushedapostconsumer glass hasabeen used as aggregate for decorative 

applicationsabecause of the estheticapossibilities, provided suitableacounter measures 

against alkali–silicaareaction areataken (Fig. 3). 

 

Fiber-reinforced concrete 

The concreteamatrix can be reinforcedawith short, randomlyadistributed fibers. 

Fibersamay be metallic (primarilyasteel), synthetic (such asajpolypropylene, nylon, 

polyethylene, polyvinyl alcohol, andaalkali-resistant glass), oranatural (such asasisal, 

coconut, andarice husk). Such fibersaare typically usedain addition to 

conventionalasteel reinforcement, butajin some applicationsaas itsajreplacement. For 

example,aprecast glass-fiber reinforcedabuilding façade elements areawidely usedain 

theaUnited States. By beingauniformly distributedaand randomly oriented, theafibers 

give theaconcrete matrix tensileastrength, ductility, and energyaabsorption 

capacitiesathat it otherwiseawould not have. In particular, whenathese fibers 

areaengineered to optimize theafracture energy, so-calledahigh-performance fiber-

reinforcedaconcrete is obtained, which hasaremarkable deformational 

characteristicsaand extraordinary resistanceato blast and impact loads. Inathe concrete 

industry, itais very commonajto add small amounts of polypropyleneafibers to 

reduceathe extent of shrinkageacracking. 

 

Textile-reinforced concrete 

Whereas inafiber-reinforced concreteathe fibers areashort [usuallyano longerathan 2 in. 

(5 cm)] andadiscontinuous, textile-reinforcedaconcrete contains continuousawoven 

oraknitted meshaor textiles. Conceptually,asuch reinforcement actsasimilarly to 

conventionalasteel reinforcingabars or weldedasteel wireajfabrics. But these 

fabricajmaterials are noncorrosiveajand canajhave mechanicalaproperties thataare 

superior to thoseaof steel. The fabricsacan be pre manufactured in a wideavariety of 

ways, therebyalending themselves to new applications, especially for repairingaor 

strengtheningaexisting concreteastructures. 
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Polymer-modifiedaconcrete 

Inapolymer-modifiedaconcrete, also known asalatex-modifiedaconcrete, a polymerais 

addedato improve theamaterial’s strength,ajimperviousness,aor both. In 

applicationsasuch asajhighway bridgeadecks, often a layeraof latex-modified 

concreteais placedaon topaof a regularareinforced concreteadeck for additional 

protectionaof the steel reinforcement. In polymeraconcrete, the hydraulicacement is 

replaced by anaorganic polymer as theabinder. 

 

Roller-compactedaconcrete 

This typeaof concrete isaformulated withavery lowacontents of portlandacement and 

wateraand therefore is of relativelyalow-cost. It is oftenaused forajpavements andadams. 

It can be transportedaby dumpatrucks or loaders, spreadawith bulldozers oragraders, and 

compactedawith vibratoryarollers. Because the cementacontent is so low, the heat 

ofahydration does notacause the kindaof problems encounteredain dams built 

withaconventional concrete. 

 

Ultra-high-strength concrete 

Whereas concretesawith compressiveastrengths of 107.1478 to 214.29561 kg/mm.2 (40 

toa85 MPa) cananow beacategorized asajhigh-strength, a newatechnology has been 

developedathat results inajstrengths of 535.73902 kg/mm.2 (200 MPa) andahigher. The 

keyaingredient of thisaultra-high-strength concrete is a reactiveapowder; therefore, it is 

alsodknown as reactive-powder0concrete. Otheracharacteristics ofathis material are 

lowhwater–cementaratios, carefully selectedghigh-strengthaaggregates, andasmall 

steelafibers. 

 

 

Self-leveling concrete 

The need foragood workability has beenamentioned. The need forahighly skilled 

workersawho can properlyacompact concrete at theaconstruction site 
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promptedaresearchers in Japan to optimizeathe mix design such thatathe fresh concrete 

canaflow into place withoutathe need for furtheravibration. The main challengeawas to 

obtain a low viscosityamix without theathreat of desegregation. This innovationais 

particularly important inaapplications with densedsteel reinforcement, 

whichatraditionally have caused severeadifficulties of producingahigh-quality concrete. 

 

“Green” concrete 

Concreteais byafar the mostajwidely usedabuilding material. Well over 10 billionatons 

are producedaworldwide each year, requiringaenormous natural resources. Also, itahas 

been estimated thatathe production of 1 ton of portlandacement causes the releaseaof 1 

ton ofacarbon dioxide (CO2) intoathe atmosphere, a gasathat is known to contribute to 

globalawarming. Togetherawith the largeaamounts of energy requiredato produce 

portlandacement, the cement and concreteaindustry has a majoraimpact on the 

environmentaworldwide. Efforts areaunderway to reduceathis impact andatransform the 

industry toaconform to the principlesaof sustainable development. The mostasignificant 

step is the replacementaof portland cement by other cementitious or 

pozzolanicamaterials, preferably materialsathat are byproducts ofaindustrial processes, 

such as flyaash (theaby-productaof coal-burningapower plants)aand granulatedablast 

furnace slaga(aaby-product ofathe steelaindustry). To reduce the needafor 

virginaaggregate, recycledaconcrete is the most promisingaapproach, because 

constructionadebris, in particular demolishedaconcrete, constitutes a majoracomponent 

of solid waste thatafills up sparsealandfill capacity. Thesearecent developments are 

muchamore advanced in Europeaand Japan than inathe United States. But thea“green” 

building movement isagaining momentum there asawell, and for the concreteaindustry 

to maintainaits dominantaposition within the constructionaindustry, it is 

undertakingamajor efforts to makeaconcrete a more “green”amaterial [6]. 
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RECYCLED CONCRETE AGGREGATES 

 

Concrete isaglobally the most widely usedamaterial in the constructionaindustry. 

Basically, concrete is a manufacturedaproduct consistingaof cement,aaggregates, water 

andaadmixture. The compositionaof aggregatesaforms a majoraportion of theamixture 

consisting of sand,acrushed stones and gravelawhich are inert granularamaterials. 

Construction aggregatesamake up more than 80 percentaof the total aggregateamarket 

and are usedamainly for buildingaconstructions and pavements. Theaword concrete 

comesafrom the Latin word ‘‘concretus’’ (meaningacompact or condensed), theaperfect 

passiveaparticiple of ‘‘concrescere’’,ajfrom the words ‘‘con’’ (together)aand 

‘‘crescere’’ (toagrow). [7] 
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Figure 4: Stress-Strain Relationship of Ordinary Concrete [2] 

Recycledaaggregates areaaggregates derivedafrom theaprocessing of 

materialsapreviouslyaused in construction. Examplesainclude recycledaconcrete from 

constructionaand demolitionajwaste material (C&D), reclaimedaaggregate from asphalt 

pavementaand scrapatyres. CoarseaRecycled Concrete Aggregate (RCA) isaproduced 

by crushingasound, cleanademolition wasteaof ataleast 95% byaweight of concrete, 

andahaving a total contaminantalevel typically lowerathan 1% of the bulkamass. Other 

materials thatamay beapresent in RCA areagravel, crushedastone, hydraulic-

cementaconcrete or aacombination deemedasuitable forapre-mix concreteaproduction. 

 

Figure 5: Worldwide Estimates of Construction and Demolition Waste [2] 
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CHAPTER - 2 

 

LITERATURE REVIEW 

 

Sowmya.et.al.a(2000) [8], someatests wereaconducted usingathe recycledaaggregates 

toastudy and compare the resultsawith theanaturally availableaaggregates. The tests 

were conductedaon the aggregates whichaweren’t subjectedato any prioratreatment. The 

impactavalue forarecycled aggregate wasaobtained as 35% and that foranatural 

aggregate asa29.9%. Theaabrasion valueafor recycled aggregate wasaobtained as 47.4% 

and that for naturalaaggregate as 29.6%. Water absorption of recycledaaggregate (4.2%) 

was found to beahigher when compared to theanatural aggregate (0.4%). It wasafound 

that compressiveastrength of concrete madeafrom the recycled aggregate isaabout 76% 
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of the strengthaof concrete made from naturalaaggregate for normal strength 

concretea(M20). Flexural strengthaof the recycled aggregateaconcrete is almost 85% 

and 80% ofanatural aggregateaconcrete. 

Amnon.et.al (2002) [9], concreteahaving a 28-day compressiveastrength of 28 MPa 

wasacrushed at ages 1, 3 and 28 days toaserve as a source of aggregate foranew 

concrete, simulatingathe situation prevailingain precast concrete plants. Theaproperties 

of the recycled aggregateaand of the new concrete madeafrom it, with nearly 100% 

ofaaggregate replacement, were tested. The properties of theaconcrete made with 

recycledkaggregates were inferior to those ofaconcrete made with virginkaggregates. 

Effects of crushingsage wereamoderate: concreteajmade with aggregates crushedaat 

agea3 days exhibitedabetter propertiesathan thoseamade withaaggregates of the 

otheracrushing ages. 

Shailendra kumar.et.al. (2004) [10], in this paper, theaauthor found the 

relationshipabetween split tensileastrength and compressive strengthafor RCA concrete 

as well as controlledaconcrete. The recycled concreteaaggregate used was thatapassing 

through IS sieve 40 mm and retainedaon IS sieve 4.75 mm. For controlledaconcrete the 

natural stoneachips of same nominalasize was used in makingaconcrete. If required 

aadose of super plasticizer [Conplast SP 430 (M)] wasaalso added toaordinary tap water 

toaobtain desired degree ofaworkability. In this study, 3 mixesawere prepared i.e. 

replacementaof naturalaaggregates by 0%,a50% and 100%aRCA. Theastrength was 

testedaat 28 days maturityaof castedaconcrete. It was observedathat recycled 

concreteaaggregate has lower value ofaspecific gravity and moderatelyahigh values of 

wateraabsorption, crushing value, impactavalue and abrasionavalue. Furthermore, 

similar to concreteacontaining natural aggregate, tensileastrength of recycled 

aggregateajconcrete containing recycled concrete aggregateamainly depends 

onacompressive strength. 

Chaurpagar.et.al. (2004) [11], the authorainvestigated physical andamechanical 

properties of RCA withaand without steel fibresajand polymerajagainst controlled 

concrete. Specimens (cubes/beams/cylinders)awere preparedaby varying the parameters 

likeawater cement ratioaand volume of polymera(2.5%, 5.0%, and 10% by parts 

weightaof cement) and constanta0.5% steel fibre by volumeaof concrete. Recycled 

Aggregateaand Natural Aggregate showsathat the former has high specificagravity, high 
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absorptionacapacity and low fineness modulus.aResistance to mechanical actions such 

asacrushing strength, impact value andaabrasion value of recycled aggregatesaare 

significantly higherathan that of conventionalaaggregates. There is a marginal increase 

in theacompressive strength due to theaaddition of polymer-steelafiber in recycled 

concrete. There isasignificant increase in splitatensile strength and flexureastrength at 

90 days in polymer steelafiber recycled aggregateaconcrete as compared to 

conventionalaas well as recycled aggregateaconcrete. Area under stressastrain curve is 

higher, shows theahigh toughness properties of concreteathat it indicates that 

polymeraconcrete is more suitable for theaearthquake resisting structures. It isaobserved 

that there is anaimprovement in the ductility withaaddition of 10% polymer &a0.5% 

steel fiber in the concreteaas compared to recycledaaggregate concrete as well as 

conventionalaconcrete. 

Limbachiya.et.al. (2004) [12], the reportaaimed at examining theaperformance of 

Portland Cement Concreteaproduced with naturalaand coarse aggregates. Theastudy 

showed thatabecause of attached cementapaste in RCA, the densityaof these materials 

isaabout 3- 10% lower and water absorptionais about 3-5 times higherathan the 

corresponding naturalaaggregates. The results alsoaindicate that for RCAasamples 

obtained from fouradifferent sources, there wasano significant variationain strength of 

concreteaat a given RCAacontent. 

Natesan.et.al. (2005) [13], an experimentalainvestigation was conducted to study 

theamechanical properties of concreteawhere natural coarse aggregateais partially 

replaced witharecycled coarse aggregate. It wasaconcluded that RCA increasesathe 

mechanical properties ofaconventional concrete and it wasaobserved that a mixaof 75% 

RCA and 25% NaturalaAggregates has good mechanicalaproperties. RCA with 

roughasurface allows better bondingawith cement mix. 

Naik.et.al. (2006) [14], thisapaper throws some light on theaproduction of recycled 

aggregates, their propertiesaand their suitability in theaproduction of concrete. Also, the 

propertiesaand the application of recycledaaggregate concrete are discussedain detail 

along withabringing out the limitations of recycledaaggregate concrete. This 

studyashowed that recycledaaggregates had higher wateraabsorption value thananatural 

aggregates but less densityaand strength. 
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Choudary.et.al. (2006) [15], the author investigatedaworkability and strength 

propertiesaof RCA. The recycled aggregateaconcrete is made by mixinga60% of 

recycled aggregatesawith 40% of crushed stoneachips. The aggregates used 

foraconcrete batching are maintainedaat saturated surface dryacondition. The 

workability ofathe recycled aggregate concreteais slightly lowerathan that of the 

conventionalaconcrete. The compressive strengthaof the recycled aggregateaconcrete is 

slightlyalower than that of the conventionalaconcrete and recycled concreteaaggregate 

or recycled withaconventional concrete canabe used in normal plain andareinforced 

concrete construction. The recycledaand conventional concreteacontaining 60% of 

recycledaaggregate and 40% of crushedanatural stone chipsaoccupies almost an 

intermediateaposition is terms of workability andastrength consideration between 

theaothers types of concrete. So fromaeconomy and performanceapoint of view, this 

typeaof concrete is suitable onlyanext to conventional concrete. 

Osei.et.al. (2013) [16], in thisastudy, the compressive strengthaproperties of 

concreteawere investigated byacompletely replacing NaturalaAggregate (NA) with 

recycledaconcrete aggregate (RCA). Densitiesaof both RCA concrete andaNA concrete 

were withinathe range of normal weightaconcrete. Both RCAaconcrete and NA 

concreteashowed the similaraitrends in the variation ofastrength and density withatime. 

Reduction in the 28-dayacompressive strengthaof concrete due toacomplete replacement 

of naturalaaggregates with recycledaconcrete aggregate rangesafrom 11% to 33%. RCA 

canareplace NA in theaproduction of bothanon-structural and structuralaconcrete. 

Patil.et.al. (2013) [17], thisastudy aimed to evaluateaphysical properties ofaconcrete 

using recycled coarseaaggregate. In this research, concreteawaste from 

demolishedastructure has been collected andacoarse aggregate of differentapercentages 

is used for preparingafresh concrete (0%, 25%, 50%, 75% & 100%). The 

compressiveastrength of recycled coarseaaggregate (RCA) is found to beahigher than 

the compressiveastrength of normal concreteawhen used up to a certainapercentage. 

Recycled aggregateaconcrete is in close proximityato normal concrete in terms ofasplit 

tensileastrength. Theaslump of recycled aggregate concreteais more than the 

normalaconcrete. At the end, it can beasaid that the RCA upato 50 % can be usedafor 

obtaining goodaqualityaconcrete. 
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PROPERTIES OF RECYCLEDaAGGREGATE 

 

The useaof recycledgaggregate obtainedafrom the wasteaconcrete, as aacomponent 

ofathe new concreteamixture, implies aathorough understanding ofaits basic properties, 

consideringathat some ofathem may significantly differafrom the propertiesaof 

aggregates obtainedafrom natural resources. In addition, theiradifferences primarily 

dependaon the quantity andaquality ofacement mortar, whichais attached to the 

grainsaof recycled aggregatea(Figure 6), then, on theaquality of the originalaconcrete 

from which theaaggregate is made by recyclingaand also onarecycling methods. 

Nonetheless, inacases where the recycledaaggregate comes from manyadifferent 

sources, theauneven quality, i.e. variationsain the properties of recycledaaggregate 

areamuch moreapronounced than asais the case withanatural aggregates. 
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Figure 6: Appearanceaof the recycled aggregateagrains [12] 

 

Aggregate grading 

Grading of recycledacoarse aggregate normallyasatisfies the standards foranatural 

aggregate, while inathe case of recycledafine aggregate, compositionacorrections are 

oftenanecessary, because, accordingato many practicalaexperiences, it was foundathat 

there was oftenaa certain amount ofagrains larger thanawhat is required byastandards 

for naturalaaggregate [18,19]. 

It has beenashown that the presenceaof recycled fineaaggregate has a negativeaimpact 

on the physical-mechanicalaproperties of concrete, therefore,aeven though through a 

carefulamix design andaapplication of appropriateaproduction technology theseaeffects 

can beareduced to an acceptablealevel, in practicalaapplication, a fineafraction of 

recycled aggregateais usually left out, in a wayathat it is completelyareplaced by the 

riverasand [20, 21]. 

 

Shapeaand surface textureaof aggregateaparticles 

In terms of morphologicalacharacteristics, recycled aggregateais less favorableathan 

natural aggregate. Theagrains are irregular, mostlyawith angular shape, roughaand with 

crackedasurface and porous. Theseagrainacharacteristics grainsasignificantlyaaffect the 

workability of fresh concrete,aas well as theapermeability of liquidsaand gases in 

theahardened state; theyaalso significantlyadepend on theaproperties of concreteaused 

in recycling foraproduction of aggregate,aespecially itsastrength, porosity, 

exploitationaconditions to whichait was subjected, butaalso on theaways and levels 
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ofarecycling – the type ofaapplied crusher andapossible 

additionalaprocessingaprocedures. 

 

Water absorption 

Water absorptionaof recycled aggregateais a characteristicaby which thisaaggregate 

differsamost from theaaggregate obtainedafrom naturalaresources. According toaall 

available researchain this area, it hasabeen shownathat recycled concreteaaggregate has 

a significantlyahigher absorption levelacompared to naturalaaggregates. The reasonafor 

that is that theaoriginal cementamortar, which isaan integral part of thearecycled 

aggregate, has aasignificantly more porousastructure in comparison toanatural 

aggregate, wherebyaits porosity primarilyadepends on the wateracement ratio ofathe 

original (old) concrete. Thus, theaabsorption of water ofarecycled aggregate isaeven 

bigger, as theaquantity of mortar, whichais attached grains of theaoriginal 

recycledaaggregate, increases. It hasabeen shown in practiceathat the stated amountaof 

cement mortarain recycled aggregatearanges from 25% to 65% (in volumeapercentage), 

and that itadiffers in certain fractions – the smallerathe fraction, the greaterathe amount 

of cementamortar, as well as thealevel of wateraabsorption [19]. Also, theaanalyses 

undertaken in extensivearesearch around the worldaindicate that theastated amount of 

oldacement mortar dependsaon the crushing method inathe recycling process,athereby, 

accordingato some researchers, theamaximum amount of mortaralayer in 

recycledaaggregate is recommendedato less than 44% foraconstructional concrete. 

Additionally,athe researchersafrom the Universityaof Hong Kong recommendathat the 

amountaof recycled aggregateain structural concreteashould range froma20% to 30%, in 

orderato ensure thatathe maximum wateraabsorption of aggregateaused is lessathan 5% 

[22]. 

It is knownathat the aggregates fromadomestic natural resourcesahave negligible 

absorption,aup to 1% asamaximum, while theavalue of the classicallyarecycled coarse 

aggregateatypically rangesawithin the intervalafrom 3.5% to 10%, and forathe fine 

aggregate, withinathe interval from 5.5% toa13% [19, 23]. Accordingato the Japanese 

standardafor the use ofarecycled aggregate as aacomponent of concrete, thereais a limit 

so thataa coarse fraction ofarecycled aggregate whoseaabsorption is not higherathan 
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7%, and fine fractionsawhose absorption goesaup to 13% [24], i.e.a10% can beaused for 

theaproduction ofaconcrete. 

Accordingly, the absorptionacapacity of recycledaaggregates should beatreated as one 

ofathe basic properties, whichais to be taken into accountawhile designing the 

mixtureaof newaconcrete onathe basisaof thisaaggregate. Through theainfluence on the 

water-cementaratio porosity and consistency, increasedawater absorption ofarecycled 

aggregate also influencesaa range of physical-mechanicalaproperties of fresh, asawell as 

hardenedanew concrete. 

 

Bulk density of aggregate 

The bulkadensity of thearecycled aggregate, dueato a higher porosityaof mortar layer, 

has a loweravalue than the bulkadensity of natural aggregates andatheir mutual 

difference decreasesaif recycling isaconducted by an advancedatechnology, which can 

remove a significantaportion of the old cementamortar. Also, the smaller theafraction, 

the greater theaamount of cementamortar in the totalamass of aggregates, so theabulk 

density is accordinglyalower. According toapractical experience, it wasashown that the 

bulkadensity ofarecycled aggregate wasaon the averageaby 10% loweracompared to 

theabulk density of naturalaaggregates [22, 25, and 26]. 

 

Crushing and abrasion resistance 

Mechanical propertiesaof recycled aggregateaare primarily dependent onathe quality of 

the originalacement mortarapresent in the aggregate, andaalso, as in the caseawith 

natural aggregates, dependaon a number of otherafactors - the type of theaoriginal 

aggregate,astructure, shape andasize of grains, aggregateagrading and so on. 

The resistance toacrushing and abrasion of recycledaaggregate is less than 

thearespective resistanceaof natural aggregate, whichais a consequence ofaeasier 

separation andacrushing ofathe mortar layer aroundathe recycled aggregateagrains. In 

addition, recycledaaggregate, in mostacases, meets standardarequirements in terms of 

thearesistance to crushing andaabrasion, whichaare prescribedafor aggregatesajfrom 

naturalaresources. Theirajdifferences mayawidely range - from 0% upato 70%,awhich, 

as alreadyapointed out, primarilyadepends on theaquality, original 
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concreteacompressive strength, as well as theamethods of crushing ofajrecycled 

aggregate [19, 25] 

 

Presence of harmful substances 

Harmfulasubstances, which mayabe present in recycledaaggregate, are a 

consequenceaof harmful substancesapresent in the originalaconcrete, furthermore, of 

exposureaof the original concrete toaaggressive effects of variousachemicals during the 

originalaexploitation, of inadequatealevels of treatmentaduring the recyclingaprocess, of 

possibleamixing of different wasteamaterials etc. These substancesacan be found in 

theafollowing forms:alumps ofaclay, humus,agypsum, various organicasubstances 

(bitumen,awood,apaper,acardboard, plastic, coal, plantamaterials,aand variousacolors), 

steel andaother metals, glass, lightweightaconcrete, brick, etc. 

The presenceaof the stated componentsanegatively affects the characteristicsaof the new 

concrete, andathe studies showathat they canacause aareduction in compressive 

strengthaby up to 15%. 

Accordingato the Japaneseastandard for use of recycledaaggregate in concrete, 

theaamount of harmfulamaterials of density lessathan 1200 kg/m3 is limitedato 2 kg/m3 , 

and plastic,aclay, humus andaother harmful substancesaof density less thana1950 kg/m3 

toa10 kg/m3 . 

In the event ofacontamination of recycledaaggregate by gypsum, 

Rilemarecommendations refer to theause of sulphatearesisting cement, while theatotal 

content of sulphatesashould not be higher than 1% of theadry aggregateamass [24]. 
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PROPERTIESaOF FRESH RECYCLEDaAGGREGATE 

CONCRETE 

 

Entrapped air content 

The applicationaof recycled coarse aggregateahas no effect on theaamount of 

entrappedaair in fresh concrete, furthermore,athe information aboutaincrease of the 

amount ofaentrapped air ofaup to 1% was foundain some research - which canabe 

considered asanegligible. 

 

Bulk density 
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An increaseain a share of recycledaaggregate in total mass of theacomponent aggregate 

reduces the bulkadensity of freshaconcrete, where it was shownathat the bulk density of 

thearecycled aggregateaconcrete was 5% to 10% lowerathan in the comparable natural 

aggregateaconcrete, while concretes madeawith the recycled coarseajaggregate and 

natural fine aggregatesahad densities of 1% up to 5% lowerathan in the 

comparableanatural aggregate concrete. Inageneral, the values ofabulk densities of 

theafresh concrete based on recycledaaggregates range from 2280 kg/m3 toa2360 kg m3 

[27-30]. 

 

Consistency 

The use ofarecycled aggregate affects theaconsistency, in the sense thatadue to a usually 

higher absorption ofarecycled aggregate grains, as well asathe less favorable 

grainashape and texture, the flowaability of the concrete mixtureais reduced, while the 

specifiedaproperty is also significantlyaaffected by the method of preparationaof 

recycled aggregate in theaconcrete mixing process. By usingasaturated, surface 

dryarecycled aggregate, the consistencyaof the comparable concretesadoes not differ 

thatamuch from the recycled and naturaldaggregates, while in the case of the useaof dry 

recycled aggregate andaextra amount of water, the sameaconsistency can be 

achievedaafter the requiredatime period [5 and 9]. 

 

PROPERTIES OF HARDENED CONCRETE 

 

Rheological properties 

Shrinkageaof concrete increases asathe share of recycled aggregate increasesain the 

total weight of the componentaaggregate, considering that thearecycled aggregate, due 

to theapresence of the old mortarain its composition, has a loweraelasticity modulus 

value, and thereforeaprovides a loweraresistance to shrinkage. Accordingato available 

research it isashown that, in comparison to naturalaaggregate concrete, 

shrinkageavalues are 4% up to 70% higher whenausing recycled aggregate. Inaaddition, 

in relation to theacoarse fraction of the recycledaaggregate, fine fraction 

influencesamore an increase inashrinkage. Also, the statedafeature, as well as in 
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theacase of natural aggregateaconcrete, significantly dependsaon: air temperature 

andahumidity, the quantity and typeaof applied cement, quantities of wateraand water 

cement ratio, aggregateagrading, the size of theasamples to beatested, etc. 

The content ofarecycled aggregate significantlyaaffects the creep deformationsaof 

concrete, in the senseathat they increase alongsideawith an increase in the share 

ofarecycled aggregates - given thatathe creep deformation is proportionalato the amount 

of cementamortar in concrete, which isamore present inarecycled aggregate 

concreteathan in the comparableanatural aggregate concrete. Basedaon a significant 

number ofapersonally conducted experimentalatests, it was shown thatathe creep of 

concrete, designedawith a 100% content of the recycledsaggregate in coarse fractionais 

by 25% to 60% larger thanathe creep of the comparableanatural aggregate concreteaand 

in the case ofaconcrete in which the totalaquantity of aggregate is - recycled aggregate, 

theavalue of creep can beaseveral times higher than in the case ofacomparable natural 

aggregates concrete. Therefore, inaaccordance with the creepacharacteristics, for 

theaproduction of structuralarecycled aggregate concrete it isarecommended that the 

recycled fineaaggregate be replaced byanatural sand, that is, thatarecycled coarse 

aggregate in theacorresponding ratio be used, dependingaon its quality, 

structuralarequirements and environmentalaconditions. 

 

 

Hydro-physical properties 

Recycledaaggregate concrete typically hasihigher absorptionithan comparableanatural 

aggregate concrete, intthe sense thataan increase inzshare of recycledzaggregate in 

totalzmass of the componentzaggregate proportionallyzincreases thezconcrete 

absorption. 

Waterapermeability ofarecycled aggregatezconcrete depends onzthe capillary 

porosityzof the cement matrixiof new concretezand capillary porosity of the 

cementimatrix of recycledzaggregate concrete. Ifithe recycled aggregategis obtained 

byzcrushing smalliporosity concrete, permeability levelzof new concretezwill 

primarilyzdepend on thezchoice of aggregatezgrading andzachieved structure oftthe 

new cementzmatrix, consequently, it isipossible tozproduce water prooficoncrete by 

usingirecycled aggregate. 
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Physical-mechanicalzproperties 

Compressiveistrength of recycledzaggregate concretezprimarily depends onzthe 

qualityzof appliediaggregates, so that it isipossible to obtainihigher, identical or 

lowerzstrength comparedito theanatural aggregateiconcrete. Inzfact, a 

considerablefamount of researchhconfirms thatfin the case ofzapplication ofzrecycled 

aggregatezproduced by concretekcrushing, whosezcompressive strengthzwas higher 

thanzthe targeted compressivezstrength of new concrete, recycledzaggregate concrete of 

equalzor greaterzstrength inzrelation tozcomparable naturalzaggregate concretezare 

obtained. Moreover, inzcase that thezcompressive strengthzvalues of thezoriginal 

concrete,zof which recycledzaggregate iszmanufactured, and targetedzcompressive 

strength valuezof new aggregate, werezapproximately equal, it waszfound that 

theistrength values of recycled aggregate concreteiwas 5% to 10% lowerzthan those of 

thezcomparable natural aggregateiconcrete. Inzcase of designingisuch 

recycledaaggregate concrete.the targeted strengthavalue is greater thanathe one of the 

originalaconcrete (which isausually theacase in practicalaapplication), lower 

strengthaclass of recycledaaggregate concreteais inevitablyaobtained than inathe 

comparable naturalaaggregate concrete, while aadecrease ofastrength depends onathe 

level ofaapplication of sucharecycled aggregate. Furthermore, itawas observedathat 

during theaapplication ofaboth - fine andacoarse recycledaaggregate, the 

aboveamentioned decline in the strengthaof recycled aggregateaconcrete of 15% to 

50%, comparedato the comparableaconcrete made entirelyawith naturalaaggregate, 

occurs. The applicationaof solelyarecycled coarseaaggregate andanatural sand leadsato 

the maximum decreaseiof strength of suchiconcrete in relation toathe comparable one, 

in rangeiof5% to 10%, while in theacase ofaapplication ofarecycled aggregateiin the 

amountiup to 30% of coarseafractions (or up to 50% - differencesain research) 

obtainedaconcretes inawhich the decline ofastrength is generallyanegligible, if 

theastrength of originalaconcrete is notadrastically lower thanathe target valueaof new 

concrete. Compressiveastrength values oficoncretes with a mixture of aggregates 

madeiof natural coarse aggregateiand recycled fineiaggregate isaup to 50% lower 

inirelation to theicomparable naturalaaggregate concrete - whichaimplies the exclusion 

of this combination in practicaliapplication. In additionito the above, theivariations 

oficompressive strength of recycledaaggregate concrete depend onauniformity of 
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quality ofarecycled aggregate, so potential problemsain the practicalaapplication 

couldaoccur if concretesawithout proper classification, i.e. withasignificant differences 

inacompressive strength, isadelivered to recycling plants. 

An increase inathe compressive strengthiduring the period upato 28 days of age 

isausually higher in natural aggregateaconcrete in relation toaconcrete madeaentirely 

from the recycledaaggregate, in ages higherathan 28 days the situationais reversed, 

which isaexplained by theareaction of cementafrom previouslyiunhydrated cement 

paste, attached fromagrains of recycledaaggregates. 

Tensileastrength, usually determinediby splitting tensile testithrough the line pressure, 

andimore rarely by flexuralitensile test, does notpsignificantly dependion theitype and 

amount ofiapplied recyclediaggregate (especially ifoonly recycledocoarse aggregate is 

usediin the mixture), but,oits primary functioniis the ratio ofiaggregates and 

cementiamounts – an increase in this ratioireduces tensileistrength. In fact, studiesihave 

shown that the presenceiof only coarseifraction of recycled aggregatesicauses 

aidecrease in tensile strengthiupto theimaximum 10%, whereby theilevel of 

participationiof coarse fractionsiof recycled aggregate of 20% to 50% usuallyiresults in 

about 2% lower tensilexstrength in comparison to theoconcretes madeoentirely with 

naturaliaggregate. Differences inxtensile strength in relation toxnatural aggregate 

concretezare to be expected in the rangeaof 10% to 20% only in cases whenaconcrete is 

prepared entirelyawith recycledaaggregate. Thus, inarelation to the coarseffraction, fine 

fractionaof recycled aggregateahas a slightly higher impact on thisafeature. 

The tensile andacompressive strength ratio in recycledaaggregate concrete isalower than 

the ratio definedafor natural aggregateaconcrete according to Eurocode 2 - which can 

beaconcluded by analysisoof the diagramashown in Figure 7, where the test resultsaof 

several researchersaare summed up. Inathis regard, it isinoted that the values in 

theidiagram refer toidifferent percentages of replacementiof both - coarse and fine 

naturalaaggregate with the recycledaone. 
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Figure 7: Diagram of relationship between tensileastrength and compressiveastrength of recycled 

aggregate concrete [15] 

 

Theafull lineain the diagramashown in Figure 7 represents theaconnection between 

tensileaand compressiveistrength accordingito Eurocode 2, i.e.aaccording toaequations 

1 and 2 for theaclass up toaC50/60, that is for theaclass higher thanaC50/60, 

respectively: 

𝑓𝑐𝑡𝑚 = 0,30. 𝑓𝑐𝑘
2/3

 [MPa]                                                                                        (1) [15] 

𝑓𝑐𝑡𝑚 = 2,12. ln(1 +
𝑓𝑐𝑚

10
) [MPa]                                                                             (2) [15] 

Where: 

𝑓𝑐𝑡𝑚  [МРа] – The meanavalue of axial tensileastrength of concreteacylinder, 

𝑓𝑐𝑘  [МРа] – Characteristicacompressive cylinderastrength of concreteaat 28 days and 

𝑓𝑐𝑚[МРа] – The meanavalue of concrete/cylinderacompressive strength. 

Theadashed line in theadiagram in Figure 4 represents a goodaapproximation of 

theaconnection betweenatensile and compressiveastrengths, as alreadypnoted, by 

variouspexperimental researches, which isaderived by the modificationaof the above 

statedaexpressions intthe form: 

𝑓𝑐𝑡𝑚  = 0, 28. 𝑓𝑐𝑘
2/3

  [MPa]                                                                                          (3) 

[15] 
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Based on theaabove, it can beaseen that tensileaand compressive strengtharatio of 

recycled aggregateaconcrete isaaveragely by 7% lowerathan the ratio idefined for 

natural aggregate concreteaaccording to Eurocodea2, regardlessaof theashare 

ofarecycled aggregate inathe total mass ofaapplied aggregate. 

The elasticityamodulus of recycled aggregateaconcrete is lowerathan the one 

ofacomparable natural aggregateiconcrete, which is aaconsequence of 

significantaamount of oldacement mortar (in grains ofarecycled aggregates), whichahas 

relativelyalow elasticityamodulus. Research suggestsathat the level ofadecrease of 

modulusasignificantly dependsion the typeiof fine fraction in theaaggregate mass. 

Inafact, in concrete with 100% contentaof recycled coarseaaggregate and natural 

fineaaggregate, a decline ofaelasticity modulusain relation toaconcrete madeaentirely 

with naturalaaggregate goesaup to 20%, while in the caseaof concrete produced entirely 

of recycledaaggregates, decline of elasticityimodulus rangesafrom 15% to 45% in 

relation toanatural aggregateaconcrete. Also, it isainteresting to note thataseveral 

studiesahave noted that the differencealevel inaelasticity modulusabetween 

recycledaaggregate concrete andanatural aggregate concreteadepends also on 

theacompressive strengths of observedaconcretes, inathe senseathat foraconcretes with 

middleavalues of strength ofaup to 30 MPa the difference inathe modulusuvalues is 

almostinegligible, while onathe other hand, with theiincrease inastrength above the 

statedavalue, theadifference between theasubjected modulesaincreases. 

 

 

Abrasionaresistance 

The use ofarecycled aggregate concreteiinfluences abrasionaresistance, in a way thataan 

increase in theaquantity of this aggregateareduces resistanceato abrasion, due toahigher 

amountaof cementamatrix, which is moreaeasily abraded thanathe grains of 

naturalaaggregates. 

Adhesion betweenaconcrete andareinforcement does notasignificantly depend on 

theapresence of recycled aggregateiin theamixture, sinceithe adhesionais achieved 

throughajthe new cement matrix. 
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Exploitationaproperties in sense of durability 

Generalaconclusions aboutajthe characteristicsaessential for the durabilityoof concrete 

with recycled aggregateacannot be made due to contradictoryaconclusions in 

theaexisting literature. However, the factsarelated to the existence of twoainterfacial 

transition zones andausually higher permeability ofaconcrete based on 

recycledaaggregate in relation to theacomparable natural aggregate basedaconcrete; 

indicate greateravulnerability to degrading mechanismsaduring exploitation.aHowever, 

as permeability largelyadepends on the size, distributioniand continuity of 

capillaryapores in cement matrix andainterfacial transition zones inaconcrete structure, 

by applying theiabove-describedaspecificities relatedato the composition, designaand 

preparation of these types oficoncrete, it is possibleito produceasatisfactory, even 

highaperformance concretes, in terms ofadurability [20, 25, 31−41]. 

 

 

 

 

 

 

 

 

NEED FORaRECYCLEDaAGGREGATE 

 

Urbanizationagrowth rate inaIndia is veryahigh due toaindustrialization. Growth rate 

ofaIndia is reachingo9% of GDP. Rapid infrastructureidevelopment requires a large 

quantity ofaconstruction materials, landorequirements & theasite. For 

largeaconstruction, concretezis preferred as it has longer life, lowamaintenance cost & 

betteraperformance. For achievingaGDP rate, smaller structures areademolished & new 

towers areaconstructed. Protection of environmentais a basic factorawhich is directly 

connectedawith the survival of the humanarace. Parameters like environmental 

consciousness, protectionaof natural resources, sustainableadevelopment, play an 
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importantirole in modern requirementsaof constructioniworks. Due to modernization, 

demolishedimaterials are dumpedaon land & not used for anyapurpose. Suchasituations 

affect the fertility oflland. As per report ofaHindu online of March 2007, Indiaigenerates 

23.75 million tons demolitionawaste annually. As per reportaof Central Pollution 

ControlaBoard (CPCB) Delhi, in India, 48 millionatons solid waste is produced outaof 

which 14.5 million tonawaste is produced from the constructionawaste sector, out of 

whichaonly 3% wasteajis used foraembankment. 

Out of the totalaconstruction demolition waste, 40% is ofaconcrete, 30% ceramic’s, 

5%aplastics, 10% wood, 5%metal, & 10% otherzmixtures. As reported byaglobal 

insight, growthain global constructionasector predicts an increase inaconstruction 

spending of 4800 billion USadollars in 2013. Theseafigures indicate a 

tremendousagrowth in the constructionasector, almost 1.5 times in 5 Years. 

For productionaof concrete, 70-75% aggregatesaarerequired. Out of this 60-67% isaof 

coarse aggregate & 33-40% is of fineaaggregate. As perarecent research by the 

Fredoniaagroup, it is forecast that theaglobal demand for constructionaaggregates may 

exceed 26 billionatons by 2012. Leadingathis demand isathe maximum user China 25%, 

Europe 12% & USA 10%, India is also in top 10 users. Fromienvironmental point of 

view, foriproduction of natural aggregatesaof 1 ton, emissionsiof 0.0046 million ton of 

carboniexist where as for 1 ton recyclediaggregate producedionly 0.0024 million ton 

carbon isiproduced. Considering the globaliconsumption of 10 billionitons/year of 

aggregate foriconcrete production, the carbonifootprint can be determined for the 

natural aggregate asiwell as for the recyclediaggregate. 

The use of recyclediaggregate generally increasesithe drying shrinkage creep & 

porosityito water & decreases the compression strength of concreteicompared to thataof 

natural aggregateiconcrete. It isnearly 10-30% as per replacementiof aggregate. 

Recycling reducesathe cost (LCC)aby about 34-41% & CO2 emissiona(LCCO2) 

byaabout 23-28% foradumping atapublic / privateadisposal facilities. 

 



[49] 
 

 

Figure 8: Evaluation ofarecycling [15] 

 

Advantages of recyclingzof construction materials 

 Used for constructionzof precast & cast inzsitu gutters & kerb’s.  

 Cost saving: - Therezare no detrimental effectsion concrete & it is expectedithat 

the increase in the cost oficement could be offset byithe lower cost of 

RecyclediConcrete Aggregate (RCA). 

 20% cement replaced bylfly ash is found to controlialkali silica reaction (ASR).  

 Saveienvironment: - There isino excavation of naturaliresources & less 

transportation. Alsoiless land isirequired. 

 Save time: - Thereiis no waiting forimaterial availability. 

 Less emissioniof carbon due toiless crushing. 

 Up to 20% replacementiof natural aggregateiwith RCA or recycledimixed 

aggregates (RMA) without aineed for additional testing for alliconcrete up to 

aicharacteristic strength of 65 MPa, as per Dutchistandard VBT 1995, 

isipermitted. 

 

Limitations or disadvantages of recycling of construction material 

 Lessaquality (e.g. compressiveistrength reduces by 10-30%).  

 Duration of procurement ofamaterials may affect lifeicycle of project.  

 Land, special equipments machineries areirequired (more cost).  
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 Very high wateraabsorption (up to 6%). 

 It hasahigher dryingashrinkage & creep. 
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ARTIFICIAL NEURAL NETWORK 

 

The compressive strength ofaconcrete is a major andaimportant mechanicalaproperty, 

which is generally obtained by measuringaconcrete specimenslafter a standardlcuring of 

28 days. Conventionallmethods of predicting 28-day compressivelstrength of concrete 

are basicallylbased upon statisticalaanalysis by which many linearland nonlinear 

regressionlequations have been constructed tolmodel such a predictionlproblem (Hakim, 

2006) [42]. 

Obviously, obtaining testavalues of the early strengthaconcrete takes time and resultsain 

a delay of time in forecastingathe 28-day strength.aFurthermore,achoosing a 

suitablearegression equation involvesatechnique andajjjexperience andais not a simple 

task. Such traditionalaprediction models have beenadeveloped with a fixedaequation 

form based on aalimited number of data and parameters. If the newidata is quite 

differentifrom theaoriginal data, then theimodel shouldaupdate to include 

itsacoefficients and alsoaits equation form. 

Artificial Neural Networks (ANNs) do not needasuch a specificaequation form. 

Insteadiof that, it needsasufficient input-output data. Also, it canacontinuously re-train 

theanew data, so thatait canaconveniently adaptato the new data. ANN has 

beenainvestigated to dealawith problems involving incompleteaor imprecise 

information (Noorzaei et al., 2007) [43]. 

Several authors haveaused ANNs in structuralaengineering. For example, Yeh (1998) 

[44], Kasperkiewicz et al. (1995) [45], Lai andaSera (1997) [46] and Lee (2003) [47] 

appliedathe NN for predictingaproperties of conventionalaconcreteand high 

performanceaconcretes. 

Bai et al. (2003) [48] developed neural networkamodels that provideaeffective 

predictive capability with respectlto the workability of concreteiincorporating 

metakaolin (MK) andafly ash (FA). Guang and Zong (2000) [49] proposedaa method to 

predict 28-dayacompressiveastrength of concrete by using multilayerafeed forward 

neural networks.aDias and Pooliyadda (2001) [50] used back propagationineural 

networks to predictithe strength and slumpiof ready mixed concrete and high 

strengthaconcrete, in which chemical admixturesaand mineral additives wereaused. 
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ANN are data processingasystems consisting of a largeanumber of simple, 

highlyiinterconnected processingielements (artificial neurons) in anaarchitecture 

inspired by theastructure of the central cortexaof the brain. They have the ability to 

learnafrom experience in order toaimprove their performanceaand to adapt themselves 

to changes in theaenvironment (Hola and Schabowicz, 2005 [51]; Mansour et al., 2004) 

[52]. 

ANNs can provideameaningful answers even when theadata to be processed 

includeaerrors or are incomplete andacan process information extremelyarapidly when 

applied toasolve real world problems. 

 

 

Figure 9: Architecture of a typical multilayer feed forward neural network [50] 

As shown in Figure 9, a typical neuralanetwork has three layers: The inputilayer, the 

hidden layer and the outputalayer. The MFNN model isaone of the most 

commonlyaused ANN models, whose application stretchesato almost every field. 

Eachaneuron in the input layerarepresents the value of one independentavariable. The 

neurons in the hiddenalayer are only for computationapurpose. Each of the 

outputineurons computes one dependentavariable. Signals are received atathe input 

layer, pass throughathe hidden layer, and reach theaoutput layer. 

 

Table 1: Data base with 177 mixes selected from 15 studies on the effect of incorporating RCA. 

No C FA W SP FNA CNA RCA FM WA SSD TM Fc Ref. 
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of 

FNA 

 kg Kg Kg % kg kg Kg  % g/cm3 Mm MPa  

1 500 0 150 0.1 725 1087 0 2.11 1.1 2.62 10 77.2 [53] 

2 400 100 150 0.16 707 1087 0 2.11 1.1 2.62 10 75.04 [53] 

3 637 0 150 2.89 711 936 0 2.16 1.1 2.62 10 77.92 [54] 

4 475 158 150 2.89 681 924 0 2.16 1.1 2.62 10 84.72 [54] 

5 347 283 148 3.76 639 920 0 2.16 1.1 2.62 10 71.52 [54] 

6 702 0 135 5 641 949 0 2.16 1.1 2.62 10 77.44 [54] 

7 512 173 133 5.07 620 932 0 2.16 1.1 2.62 10 81.84 [54] 

8 372 305 130 4.99 608 927 0 2.16 1.1 2.62 10 70.8 [54] 

9 390 0 195 0 768 917 0 2.11 1.1 2.62 20 28.64 [55] 

10 312 78 195 0 615 1143 0 2.11 1.1 2.62 20 31.44 [55] 

11 500 0 150 0.5 758 927 0 2.11 1.1 2.62 20 68.72 [56] 

12 400 100 150 0.8 618 1147 0 2.11 1.1 2.62 20 66.16 [56] 

13 350 150 150 0.7 615 1143 0 2.11 1.1 2.62 20 64.16 [56] 

14 300 200 150 0.7 613 1139 0 2.11 1.1 2.62 20 61.36 [56] 

15 390 0 195 0 768 917 0 2.11 1.1 2.62 20 28.64 [56] 

16 273 117 195 0 626 1133 0 2.11 1.1 2.62 20 31.44 [56] 

17 234 156 195 0 625 1129 0 2.11 1.1 2.62 20 29.52 [56] 

18 350 115 175 1.6 785 735 0 2.64 0.85 2.63 20 38.8 [57] 

19 270 145 160 2.23 870 750 0 2.64 0.85 2.63 20 51.6 [57] 

20 500 0 150 1.5 724 1086 0 2.16 1.1 2.62 10 69.44 [58] 

21 425 75 150 1.5 700 1086 0 2.16 1.1 2.62 10 68.8 [58] 

22 375 125 150 1.85 683 1086 0 2.16 1.1 2.62 10 68.32 [58] 

23 275 225 150 2.1 650 1086 0 2.16 1.1 2.62 10 57.44 [58] 

24 225 275 150 2.6 634 1086 0 2.16 1.1 2.62 10 45.92 [58] 

25 400 0 150 1 710 1157 0 2.16 1.1 2.62 20 48.56 [58] 

26 340 60 160 1.1 690 1157 0 2.16 1.1 2.62 20 44.8 [58] 

27 300 100 160 1.2 660 1157 0 2.16 1.1 2.62 20 39.44 [58] 

28 220 180 160 1.3 634 1157 0 2.16 1.1 2.62 20 35.12 [58] 

29 180 220 160 1.6 621 1157 0 2.16 1.1 2.62 20 29.84 [58] 

30 410 0 205 0 609 1132 0 2.16 1.1 2.62 20 40.64 [58] 

31 348.5 61.5 205 0 589 1132 0 2.16 1.1 2.62 20 39.12 [58] 

32 307.5 102.5 205 0 576 1132 0 2.16 1.1 2.62 20 33.36 [58] 

33 225.5 184.5 205 0 549 1132 0 2.16 1.1 2.62 20 28.48 [58] 

34 184.5 225.5 205 0 536 1132 0 2.16 1.1 2.62 20 19.2 [58] 

35 500 0 150 1.5 724 1086 0 2.16 1.1 2.62 10 66 [58] 

36 425 75 150 1.5 700 1086 0 2.16 1.1 2.62 10 62.32 [58] 

37 375 125 150 1.85 683 1086 0 2.16 1.1 2.62 10 63.28 [58] 

38 375 225 150 2.1 650 1086 0 2.16 1.1 2.62 10 51.2 [58] 

39 225 275 150 2.6 634 1086 0 2.16 1.1 2.62 10 45.68 [58] 

40 400 0 160 1 710 1157 0 2.16 1.1 2.62 20 44.64 [58] 

41 340 60 160 1.1 690 1157 0 2.16 1.1 2.62 20 35.84 [58] 

42 300 100 160 1.2 660 1157 0 2.16 1.1 2.62 20 35.28 [58] 

43 220 180 160 1.3 634 1157 0 2.16 1.1 2.62 20 26.16 [58] 

44 180 220 160 1.6 621 1157 0 2.16 1.1 2.62 20 25.92 [58] 

45 410 0 205 0 609 1132 0 2.16 1.1 2.62 20 34.08 [58] 
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46 348.5 61.5 205 0 589 1132 0 2.16 1.1 2.62 20 30.48 [58] 

47 307.5 102.5 205 0 576 1132 0 2.16 1.1 2.62 20 28.16 [58] 

48 225.5 184.5 205 0 549 1132 0 2.16 1.1 2.62 20 24.32 [58] 

49 184.5 225.5 205 0 536 1132 0 2.16 1.1 2.62 20 20.72 [58] 

50 410 0 225 0 642 1048 0 2.11 1.1 2.62 20 38.88 [59] 

51 410 0 225 0 642 840 204 2.11 1.62 2.61 20 36.24 [59] 

52 410 0 225 0 642 524 506 2.11 2.41 2.58 20 34 [59] 

53 410 0 225 0 642 210 814 2.11 3.22 2.56 20 31.36 [59] 

54 410 0 225 0 642 0 1017 2.11 3.77 2.54 20 29.68 [59] 

55 307.5 102.5 225 0 628 1048 0 2.11 1.1 2.62 20 37.68 [59] 

56 307.5 102.5 225 0 628 840 204 2.11 1.62 2.61 20 35.04 [59] 

57 307.5 102.5 225 0 628 524 506 2.11 2.41 2.58 20 34.24 [59] 

58 307.5 102.5 225 0 628 210 814 2.11 3.22 2.56 20 31.12 [59] 

59 307.5 102.5 225 0 628 0 1017 2.11 3.77 2.54 20 29.36 [59] 

60 410 0 225 0 642 0 1017 2.11 3.77 2.53 20 30.48 [60] 

61 307.5 102.5 225 0 611 1048 0 2.11 1.11 2.62 20 34.88 [60] 

62 307.5 102.5 225 0 611 840 204 2.11 1.64 2.6 20 34.24 [60] 

63 307.5 102.5 225 0 611 524 506 2.11 2.44 2.58 20 33.36 [60] 

64 307.5 102.5 225 0 611 0 1017 2.11 3.77 2.53 20 29.44 [60] 

65 266.5 143.5 225 0 598 1048 0 2.11 1.11 2.62 20 32.56 [60] 

66 267.5 143.6 225 0 598 840 204 2.11 1.64 2.6 20 32.8 [60] 

67 268.5 143.7 225 0 598 524 506 2.11 2.44 2.58 20 29.68 [60] 

68 269.5 143.8 225 0 598 0 1017 2.11 3.77 2.53 20 20.16 [60] 

69 400 0 180 0 708 1108 0 2.11 1.11 2.62 20 53.44 [60] 

70 400 0 180 0 708 886 215 2.11 1.64 2.6 20 49.92 [60] 

71 400 0 180 0 708 554 538 2.11 2.44 2.58 20 45.44 [60] 

72 400 0 180 0 708 0 1075 2.11 3.77 2.53 20 41.68 [60] 

73 300 100 180 0 688 1108 0 2.11 1.11 2.62 20 43.52 [60] 

74 300 100 180 0 688 886 215 2.11 1.64 2.6 20 39.76 [60] 

75 300 100 180 0 688 554 538 2.11 2.44 2.58 20 35.44 [60] 

76 300 100 180 0 688 0 1075 2.11 3.77 2.53 20 31.6 [60] 

77 260 140 180 0 688 1108 0 2.11 1.11 2.62 20 36.72 [60] 

78 260 140 180 0 688 886 215 2.11 1.64 2.6 20 34.88 [60] 

79 260 140 180 0 688 554 538 2.11 2.44 2.58 20 32.32 [60] 

80 260 140 180 0 688 0 1075 2.11 3.77 2.53 20 30.64 [60] 

81 390 0 195 0 678 1107 0 2.11 1.12 2.62 20 46 [61] 

82 390 0 195 0 678 527 539 2.11 2.56 2.57 20 42.24 [61] 

83 390 0 195 0 678 0 1078 2.11 4.01 2.52 20 39.2 [61] 

84 253.5 136.5 195 0 640 1107 0 2.11 1.12 2.62 20 34 [61] 

85 253.5 136.5 195 0 640 527 539 2.11 2.56 2.57 20 34.8 [61] 

86 253.5 136.5 195 0 640 0 1078 2.11 4.01 2.52 20 29.6 [61] 

87 380 0 190 0 687 1120 0 2.11 0.74 2.64 20 44.8 [62] 

88 380 0 190 0 687 0 1025 2.11 6.74 2.4 20 39.84 [62] 

89 380 0 190 0 687 0 1039 2.11 3.03 2.44 20 40.32 [62] 

90 380 0 190 0 687 0 1043 2.11 1.87 2.44 20 42.08 [62] 

91 355 0 195 0 690 1127 0 2.11 1.11 2.62 20 35.04 [62] 

92 355 0 195 0 690 902 205 2.11 1.6 2.6 20 33.52 [62] 

93 355 0 195 0 690 564 543 2.11 2.41 2.57 20 30.56 [62] 
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94 355 0 195 0 690 0 1085 2.11 3.76 2.52 20 29.2 [62] 

95 355 0 195 0 690 902 193 2.11 1.97 2.58 20 32.96 [62] 

96 355 0 195 0 690 564 520 2.11 3.44 2.52 20 29.12 [62] 

97 355 0 195 0 690 0 1038 2.11 5.96 2.42 20 27.44 [62] 

98 355 0 195 0 690 902 199 2.11 2.04 2.6 20 33.28 [62] 

99 355 0 195 0 690 564 534 2.11 3.6 2.55 20 30.24 [62] 

100 355 0 195 0 690 0 1068 2.11 6.23 2.48 20 28.48 [62] 

101 353 0 209 0 666 1093 0 2.11 1.24 2.62 20 36.8 [63] 

102 353 0 206 0 661 864 216 2.11 2.34 2.57 20 34.4 [63] 

103 353 0 207 0 649 531 531 2.11 3.98 2.49 20 30.48 [63] 

104 353 0 209 0 625 0 1026 2.11 6.71 2.36 20 31.28 [63] 

105 353 0 214 0 667 1086 0 2.11 1.24 2.62 20 38.64 [63] 

106 353 0 221 0 667 1080 0 2.11 1.24 2.62 20 32.16 [63] 

107 353 0 217 0 660 861 209 2.11 2.31 2.57 20 35.92 [63] 

108 353 0 230 0 661 853 202 2.11 2.29 2.57 20 34.56 [63] 

109 353 0 229 0 647 527 513 2.11 3.94 2.49 20 35.76 [63] 

110 353 0 247 0 647 524 496 2.11 3.9 2.49 20 31.76 [63] 

111 353 0 241 0 625 0 993 2.11 6.71 2.36 20 37.44 [63] 

112 353 0 271 0 625 0 959 2.11 6.7 2.36 20 34.64 [63] 

113 379 0 190 0 623 1237 0 2.1 1.24 2.62 20 33.2 [64] 

114 379 0 190 0 590 0 1171 2.1 8.2 2.41 20 26.08 [64] 

115 379 0 190 0 590 0 1171 2.1 6.61 2.39 20 30.96 [64] 

116 420 105 184 0.7 668 1002 0 2.11 1.1 2.62 20 56 [65] 

117 420 105 184 0.7 668 0 916 2.11 6.49 2.4 20 39.68 [65] 

118 420 105 184 0.7 668 0 938 2.11 5.55 2.45 20 43.44 [65] 

119 420 105 184 0.7 668 0 922 2.11 5.81 2.41 20 50.72 [65] 

120 420 105 184 0.7 668 0 940 2.11 5.53 2.46 20 56 [65] 

121 420 105 184 0.7 668 0 923 2.11 6.59 2.41 20 58.16 [65] 

122 300 0 205 0 697 1143 0 2.19 1.01 2.6 20 27.6 [66] 

123 300 0 205 0 697 0 1075 2.19 3.36 2.48 20 28 [66] 

124 300 0 205 0 697 0 1027 2.19 6.14 2.36 20 23.36 [66] 

125 300 0 205 0 697 0 1040 2.19 6.44 2.36 20 22.16 [66] 

126 350 0 180 0 706 1158 0 2.19 1.01 2.6 20 38.64 [66] 

127 350 0 180 0 706 0 1089 2.19 3.36 2.48 20 38.08 [66] 

128 350 0 180 0 706 0 1041 2.19 6.14 2.36 20 33.6 [66] 

129 350 0 180 0 706 0 1054 2.19 6.44 2.36 20 34.32 [66] 

130 425 0 185 0 696 1092 0 2.19 1.01 2.6 20 49.28 [66] 

131 425 0 185 0 696 0 1028 2.19 3.36 2.48 20 48 [66] 

132 425 0 185 0 696 0 982 2.19 6.14 2.36 20 42.96 [66] 

133 425 0 185 0 696 0 994 2.19 6.44 2.36 20 42.96 [66] 

134 485 0 165 0 685 1094 0 2.19 1.01 2.6 20 64.4 [66] 

135 485 0 165 0 685 0 1030 2.19 3.36 2.48 20 62.56 [66] 

136 485 0 165 0 685 0 979 2.19 6.14 2.36 20 56.96 [66] 

137 485 0 165 0 685 0 982 2.19 6.44 2.36 20 52.32 [66] 

138 350 0 180 0 675 0 1089 2.19 6.14 2.36 20 39.36 [66] 

139 350 0 180 0 654 0 1041 2.19 6.44 2.36 20 34.88 [66] 

140 425 0 185 0 637 0 1028 2.19 6.14 2.36 20 48.32 [66] 

141 425 0 185 0 618 0 982 2.19 6.44 2.36 20 45.84 [66] 
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142 440 0 155 0 666 1166 0 2.19 0.71 2.66 20 55.68 [66] 

143 440 0 155 0 666 0 1070 2.19 6.38 2.41 20 47.52 [66] 

144 440 0 155 0 666 0 1077 2.19 5.18 2.42 20 55.84 [66] 

145 440 0 155 0 666 0 1083 2.19 5.36 2.44 20 54.24 [66] 

146 440 0 155 0 666 0 1090 2.19 5.3 2.45 20 54.96 [66] 

147 440 0 155 0 666 0 1094 2.19 5.36 2.46 20 49.68 [66] 

148 380 0 190 0 710 1110 0 2.19 0.71 2.66 20 43.52 [66] 

149 380 0 190 0 710 1055 44 2.19 1.27 2.63 20 43.52 [66] 

150 380 0 190 0 710 999 88 2.19 1.85 2.61 20 43.92 [66] 

151 380 0 190 0 710 944 132 2.19 2.44 2.58 20 42 [66] 

152 380 0 190 0 710 1055 43 2.19 1.53 2.63 20 43.36 [66] 

153 380 0 190 0 710 999 86 2.19 2.38 2.61 20 41.84 [66] 

154 380 0 190 0 710 944 129 2.19 3.24 2.61 20 37.52 [66] 

155 370 0 185 0 732 1090 0 2.19 1.01 2.6 20 38.56 [66] 

156 370 0 185 0 732 545 463 2.19 2.31 2.55 20 40.24 [66] 

157 370 0 185 0 732 0 924 2.19 3.85 2.49 20 39.36 [66] 

158 425 0 192 0.19 730 963 0 2.58 1.4 2.61 25 35.52 [67] 

159 428 0 193 0.18 734 969 0 2.58 1.4 2.61 25 34.24 [67] 

160 429 0 193 0.22 736 729 230 2.58 2.24 2.58 25 30.16 [67] 

161 423 0 190 0.18 726 479 453 2.58 3.1 2.54 25 31.44 [67] 

162 427 0 192 0.28 733 242 687 2.58 3.99 2.51 25 28.24 [67] 

163 426 0 192 0.35 731 0 913 2.58 4.9 2.47 25 30.08 [67] 

164 431 0 195 0.1 741 489 457 2.58 3.33 2.53 25 28.08 [67] 

165 433 0 195 0.27 744 0 918 2.58 5.4 2.44 25 29.04 [67] 

166 427 0 192 0.19 734 484 451 2.58 3.28 2.52 25 26.88 [67] 

167 432 0 194 0.23 742 0 912 2.58 5.3 2.43 25 27.52 [67] 

168 430 0 193 0.2 737 0 917 2.58 4.7 2.46 25 25.28 [67] 

169 429 0 193 0.22 737 0 909 2.58 5.1 2.44 25 27.28 [67] 

170 316 0 194 0.11 803 953 0 2.58 1.4 2.61 25 23.44 [67] 

171 320 0 192 0.13 819 0 914 2.58 4.9 2.47 25 21.68 [67] 

172 322 0 193 0.09 823 0 908 2.58 5.4 2.44 25 19.92 [67] 

173 320 0 192 0.1 819 0 899 2.58 5.3 2.43 25 16.4 [67] 

174 645 0 194 0.36 563 973 0 2.58 1.4 2.61 25 46.8 [67] 

175 645 0 193 0.46 563 0 921 2.58 4.9 2.47 25 36.4 [67] 

176 642 0 192 0.51 561 0 905 2.58 5.4 2.44 25 45.68 [67] 

177 642 0 192 0.44 561 0 902 2058 5.3 2.43 25 37.68 [67] 

 

 

 

MODEL 

 

For that IS code 10262-2019 has been used. The first trial of M40 mix design is taken: 

Cement = 412 kg/m3 
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Water = 148 kg/m3 

Fineaaggregate (SSD) = 648 kg/m3 

Coarseaaggregate (SSD) = 1234 kg/m3 

Chemicalaadmixture = 4.12 kg/m3 

Freeawater-cement ratio = 0.36 

The aggregatesashall be used in saturated surfaceadry condition. If otherwise, 

whenacomputing the requirement ofamixing water, allowance shall beamade for the 

free (surface)amoisture contributed byathe fine and coarse aggregates. Onathe other 

hand, if the aggregatesaare dry, the amount ofamixing water shall be increasedaby an 

amount equal to theamoisture likely to be absorbedaby the aggregates. Necessary 

adjustmentsaare also required to beamade in mass of aggregates. Theasurface water and 

percentage wateraabsorption of aggregates shallabe determinedaaccording toaIS 2386. 

 

 

 

 

 

 

FINEST MODULUS 

 

To calculate Finest Modulus of Fine Natural Aggregate (FM of FNA), sieve analysis 

have been carried out of 2 kg sand. 

A sieveaanalysis (or gradation test) is aapractice or procedure usedain civil engineering 

and chemicalaengineering to assess the particleasize distribution (also called gradation) 

of aagranular material by allowingathe material to pass throughaa series of sieves 

ofaprogressively smaller mesh size andaweighing the amount ofamaterial that is 

stoppedaby each sieve as a fractionaof the whole mass. 
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The sizeadistribution is often ofacritical importanceato the wayathe materialaperforms 

inause. A sieve analysis canabe performed on anyatype ofajnon-organic or 

organicagranular materials includingasand, 

crushedarock, clay, granite, feldspar, coal, soil, a widearange of manufactured 

powder, grainaand seeds, down to aaminimum size depending onathe exact method. 

Beingasuch a simpleatechnique of particleasizing, it is probably theamost common. 

 

 

Figure 10: Sieve Analysis 

 

Table 5: Sieve Analysis 

Sieve Weight 

retained (kg) 

% weight 

retained 

Cumulative 

weight retained 

% passing 

4.75 mm 0.015 0.75 0.5 99.8 

2.36 mm 0.034 1.7 2.45 99.5 

1.18 mm 0.642 32.1 34.55 65.45 

600 μm 0.236 11.8 46.33 53.65 

300 μm 0.796 39.8 86.15 13.83 

150 μm 0.196 9.8 95.96 4.04 

 

FM of FNA = 2.66 
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WATER ABSORPTION 

 

 

Figure 11: Water absorbtion for SSD 
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Figure 12: Water absorption for SSD (III) 

 

Figure 13: Oven 

3 samples were oven dried for 5 hours, and then put into water for 24 hours. The surface 

was then cleaned with dry cloth, and the weighing was done. 
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Calculated water absorption is mentioned in the following table: 

Table 6: Water Absorbtion 

 NA 20% RCA 50% RCA 

Water absorption 1.1 1.6 2.3 

SSD (density) 2.63 2.6 2.58 

 

The following stones were collected from a demolished site and crushed be a hammer 

until 20mm of the nominal size was obtained. 

 

Figure 14: Demolished site 

 

 

Figure 15: Stones Collected  
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Figure 16: Hammer 

 

Figure 17: Crushed Stones  

 

After that coarse aggregate was made for three samples. First three cubes has natural 

coarse aggregate of nominal size 20 mm. The second and third cube are made by 

replacing 20% and 50% of coarse aggregate with demolished waste of 20 mm nominal 

size respectively. Finally 9 cubes were formed using 1% superplastisizer/silka plast. 

 

Three samples have been created for testing: 

Table 2: Creation of 3 samples 

 Sample 1 Sample 2 Sample 2 

No. of 

cubes 

3 3 3 

 Natural Aggregate 20% replacement 

by demolished 

waste 

50% replacement 

by demolished 

waste 
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Natural coarse aggregate have been formed. First three cubes have natural coarse 

aggregate of nominal size 20 mm. 

Volume of cubes = 0.030375 m3 

For 3 cubes of Natural Aggregate, the following calculations have been done: 

Cement = 4.5883 kg 

Water = 1.782 kg 

Fine Aggregate =7.15 kg 

Coarse Aggregate = 13.677 kg 

Chemical admixture = 0.0458 kg 

 

Table 3: Creation of samples 

 Natural Aggregate 20% replacement 50% replacement 

Cement (kg/m3) 4.5883 4.5883 4.5883 

Water (kg/m3) 1.782 1.782+0.5* 1.782+0.5* 

Fine Aggregate 

(kg/m3) 

7.15 7.15 7.15 

Coarse Aggregate 

(kg/m3) 

13.677 NCA = 10.9412 

RCA = 2.7354 

NCA = 6.8385 

RCA =6.8385 

Chemical 

admixture (kg/m3) 

0.0458   

* extra water has been added to maintain consistency 

 

Figure 18: Formation of cubes 
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Figure 19: Formation of cubes (II) 

 

 

Figure 20: N = all natural aggregate; R2 = replacement of 20%; R5 = replacement of 50% 

These cubes are then placed for accelerated curing in Accelerated Curing Tank (ACT) 

as per the code guidelines. As per IS 9013 code, cubes have been kept for 24 hours. 

After 24 hours, the cubes have been put in ACT and tested. 
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Figure 21: Accelerated Curing Tank 

For 24 hours, the cubes were casted, and then placed inside the curing tank for 3-4 

hours. Then the cubes are placed for normal curing for around 2 hours. 

 

Figure 22: Cubes under the process of curing 

 

The cubes are then placed under the CTM 
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Figure 23: CTM Testing (I) 

 

Figure 24: CTM testing for R2 cube (I) 

 

Figure 25: CTM testing for R2 cube (II) 
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Figure 26: CTM testing (II) 

 

Figure 27: CTM testing for R5 cube (I) 
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Figure 28: CTM testing (III) 

 

 

Figure 29: CTM testing for R5 cube (II) 

 

Table 4: compressive strength 

NA R2 R5 

416 kN 320 kN 318 kN 

355 329 kN 311 kN 

381.4 318.455 247.36 
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R28 = 8.09+1.64 x Ra 

 st28 for NA (MPa) st28 for R2 (MPa) st28 for R5 (MPa) 

Cube 1 38.41172 30.538 30.758 

Cube 2 33.96 32.07008 31.26 

Cube 3 35.89 31.3019 32.12 

Average 36.088 31.3019 31.3793 
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CONCLUSION AND FUTURE SCOPE 

 

 

 

Now the validation was done using MATLAB tool 

Dataset 

 

 

Figure 30: Result (I) 

 

Figure 31: Result (II) 
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Figure 32: Result (III)  

 

 

Figure 33: Result (IV) 
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Figure 34: Result (V)  

 

 

Figure 35: Result (VI)  

 



[73] 
 

 

Figure 36: Result (VII) 

 

 

Figure 37: Result (VIII)  
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Figure 38: Result (IX)  

 

 

Figure 39: Result (X)  
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Figure 40: Result (XI)  

 

 

Figure 41: Result (XII)  
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Figure 42: Result (XIII)  

 

 

Figure 43: Result (XIV)  
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Figure 44: Result (XV)  

 

Figure 45: Result (XVI)  
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Figure 46: Result (XVII) 

 

Table 5: Results from MATLAB 

Sample NA R2 R5 

 36.283 31.083 27.845 

% change -0.54 0.699 3.88 

 

 

Aanovel ANN model has beenapresented for predicting compressiveastrength 

ofaconcrete made witharecycled concretegaggregates. The heterogeneityaof RCA 

makes it difficultato predict the compressiveastrength of new concrete, whichais an 

obstacle to the incorporationaof this kind of aggregate inaconcrete production. In 

thisacase, 11 inputs variables haveabeen used: the mass of cement (C), flyaash (FA), 

water (W), superplasticizer (SP), fine naturalaaggregate (FNA), coarse naturalaor 

recycled aggregate (CAN, RCA) and theiraproperties, such as: sand finenessamodulus 

of sand (FM of FNA), wateraabsorption capacity (WA), saturatedasurface dry density 

ofathe coarse aggregateamix (SSD), maximum particleasize of coarse aggregate (TM), 

and thearesulting ANN, with 20 hiddenalayers, has shown to be accurateaenough for a 

set ofareal data. 

 

The proposed ANN modelaallows us to predict withaenough accuracy the 

compressiveastrength value ofaa concreteafrom 11 inputaparameters, which will 

allowamanufacturers to saveatime and laboratoryatesting when proposinganew concrete 

dosages from recycledaconcrete aggregates of differentasources and physical–

mechanicalaproperties. 
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We can notice that there is a very low variation in the values of physical experiment and 

the results from MATLAB. So, the above prediction model is acceptable. 
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