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×Three Internal assessmentswill be conductedfor 30 marks and averageof all the

performanceswill beconsidered.

×Assignmentswill carry10marks

×Total IA markswill beawardedfor 40 marks

×Tenquestionswill beaskedin theexamination; Two from eachmodule.

×Five full questionshouldbeansweredselectingonefrom eachmodule.

×CodebooksïIS 456:2000, IS 10262:2019shallbereferredfor thedesign

IA & Exam Pattern



×After studyingthis course,studentswill be ableto:

1. Relatematerialcharacteristicsandtheir influenceon microstructureof concrete.

2. Distinguishconcretebehaviorbasedon its freshandhardenedproperties.

3. Illustrate proportioning of different types of concrete mixes for required fresh and

hardenedpropertiesusingprofessionalcodes.

4. Adoptsuitableconcretingmethodsto placethe concretebasedon requirement.

5. Selecta suitabletype of concretebasedon specificapplication

Course Outcomes



Module ς1

Concrete Ingredients



Å Introduction to Concrete Ingredients

ÅCement 

ÅAggregates 

ïFine Aggregates

ïCoarse Aggregates

ÅWater

ÅAdmixtures

ïChemical Admixtures

ïMineral Admixtures
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ÅConcrete Ingredients

ïCement, Aggregates, Admixtures & water

ÅCement ïBinder

ÅCement can be primary classified as 1) Natural cements and 2) Artificial cements

×Natural Cements ïManufactured by burning & crushing of stones containing clay, CaCO3 &  

MgCO3
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×Artificial Cements ïManufactured by burning a mixture of Calcareous and Argillaceous 

materials
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Characteristics of cement 

×Thecolor of thecementis greywith greenishshade. It givesan indicationof excesslime or

clayandthedegreeof burning.

× It shouldfeel smoothwhentouchedor rubbedin betweenfingers.

× If handis insertedin a bag of cementor in a heapof cement,it shouldfeel cool and not

warm.

× It shouldbefreefrom anyhardlumps.

× It shouldnotcontainanyexcessamountsilica, lime, aluminaandalkalies.
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Properties of cement

Physical Properties:-

1. It gives strength to the masonry.

2. It is an excellent binding material.

3. It is easily workable.

4. It offers greater resistance to moisture.

5. It possesses a good plasticity.

6. A thin paste of cement held in water should feel sticky between the fingers.

Concrete Ingredients



Physical Properties:-

7. When cement thrown in water should sink and should not float on the surface.

8. The particles should have uniformity of fineness and surface area of should not be less than 2250 

cm2/gm.

9. The standard consistency of cement should be checked with Vicat apparatus. If the settlement of 

plunger is between 5 to 7mm from bottom of the mould

10. The initial setting time of ordinary cement is about 30minutes. This initial setting time is the interval 

between the addition of water to cement and the stage when the square needle of Vicat apparatus ceases 

to penetrate.
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Physical Properties:-

11. The final settingtime for ordinary cementis about10hrs. The final settingtime is the difference

betweenthe time at which waterwasaddedto cementandtime requiredfor needlewith annularcollar

of Vicatôsapparatusceasesto makeanimpressionon testblock.

12. Thecementshouldbetestedfor soundnessusingLe-Chatelierapparatus.
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Mechanical properties:-

1. The compressive strength at the end of 3 days should not be less than 11.5 N/mm2 and at the end of 7 

days should not be less than 17 N/mm2. 

2. The tensile strength at the end of 3 days should not be less than 2 N/mm2 and at the end of 7 days 

should not be less than 2.5 N/mm2.
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Chemical properties:-

1. Total loss of ignition should not exceed 4%.

2. Total sulphurcontent should not be more than 2.75%.

3. Weight of magnesia should not exceed 5%.

4. Weight of insoluble residue should not be more than 1.5%.
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Chemical composition of cement

Approximate oxide composition limits of Ordinary Portland cement
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Effect of ingredients on properties of cement

1. Lime - if    = unsoundness  and if     = Strength decreases and helps in fast setting

2. Silica - if    = Strength increases and Setting time will be delayed

3. Alumina - if   = weakens the cement 

4. Calcium sulphate - To alter the setting the time

5. Iron oxide ïColor, hardness & Strength to the cement paste
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Role of oxides on Strength of cement paste

6. Magnesia - if    = hardness & color  and if    = unsoundness

7. Sulphur- if    = unsoundness

8. Alkalies - if   = Formation of AAR & efflorescence
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Harmful constituentsof cement

(1) Alkali oxide k2O andNa2O: if amountof thesealkali oxidesexceedsby 1%, it leadsto

failureof concrete.

(2) Magnesiumoxide MgO: if it exceeds5%, it causescracksin hardenedconcrete.

The identificationof major compoundsof cementis largely basedonBogue’sequationsand

henceit is calledasBogue’scompounds. The four compoundsareusuallyregardedasmajor

compoundsarelistedbelow
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Bogueôs Compounds

Concrete Ingredients

Name of compound Formula Abbreviated formula
Percentage by mass in 

cement

Tricalcium silicate 3CaO.SiO2 C3S Alite 30-50

Dicalcium silicate 2CaO.SiO2 C2S Belite 20-45

Tricalcium 

aluminate
3CaO.Al2O3 C3A Celite 08-12

Tetracalcium 

alminoferrite
4CaO.Al2O3.Fe2O3 C4AF Felite 06-10



Hydration of cement

ÅAnhydrous cementdoes not bind the fine and coarseaggregates. It acquiresadhesive

propertyonly whenit is mixed with water. The chemicalreactionthat takesplacebetween

cementandwateris knownashydration of cement.

ÅWhen anhydrouscementmixed with water, it startsto dissolveand chemicallycombines

with it to form products. Thoseproductsareknownashydrates andthesehydratesareless

solublein water.
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Hydration of cementcan be visualizedin two ways.

(1) Through solution mechanism: In this mechanism,when cement is mixed with water, cement

compoundsdissolve to form super saturatedsolution from which different hydratedproductsget

precipitated.

(2) Solid statemechanism: In this mechanism,waterattackschemicalcompoundsof cementswhich are

in solid stateandconvertingthemto hydratedproductsstartingfrom surfaceto interior compoundswith

time.

Thereis a possibilityof occurrenceof bothstagesin samecourseof reaction. Solutionphaseoccursfirst

only whenthereis largeavailability of waterandthensolidstatemechanismoccursin thenextstage.
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Note: 23% of water by weight of cementis requiredfor chemicalreactionof cementwith water and

another15% of water requiredfor filling up gel pores. Thereforetotal 38% of water is requiredfor

hydrationof cement.

Heat of hydration

Thequantityof heatevolvedin cal/gm of cementaftercompletehydrationof cement.

For 7 daysŸ 89ï90cal/gm

28daysŸ 90ï100cal/gm of heatwill beevolved.
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Structure of CementHydrated Paste

ÅWhen water is mixed with cement, the chemical compounds react with water to form 

hydrated products such as 

ÅC3S + H2O Ÿ hydrated Tri-calcium silicate + Ca(OH)2

ÅC2S + H2O Ÿ hydrated Di-calcium silicate + Ca(OH)2

ÅC3A + H2O Ÿ hydrated Tri-calcium aluminate + Ca(OH)2

Note: whencalciumsilicatesreactwith water,it formsCalciumSilicateHydratesgel calledC-

S-H gel; C3A reactsto form Calcium Aluminate HydratesC-A-H and C4AF reactsto form

HydratedCalciumFerriteC-F-H
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Role of Bogue’s compounds with respect to strength and heat of hydration

Å C3S and C2S (Tri Calcium Silicates and Di Calcium Silicates):-

×2C3S + 6H Ÿ C3S2H3 + 3Ca(OH)2

×2C2S + 4H Ÿ C3S2H3 + Ca (OH) 2

VCa(OH)2 is notdesirablein concretebecauseit impartslow durability to concrete.

VCa (OH)2 readily reactswith sulphatespresentin soil or water to calciumsulphateswhich further reacts

with C3A leadsto deteriorationof concrete. This is knownassulphateattack

VC3S readily reacts with water to produce more heat of hydration & responsible for early strength. C2S 

hydrates are formed slowly, hence it is  responsible for progressive strength 

VThe quantity & density of product formed by C3S is slightly inferior when compared to that of C2S.
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Role of Bogue’s compounds with respect to strength and heat of hydration

C3A (Tri Calcium Aluminates): -

V Thereactionof C3A with wateris very fastandmayleadto animmediatestiffeningof paste,andthis processis

termedasflashset.

V To preventthis flashset,2 to 3 % gypsumis addedat thetime of grindingthecementclinkers.

V It providesearlystrengthto cementup to 3 days,butcausesdeteriorationof concreteat laterstages.

V Thehydratesof C3A donotcontributeto thestrengthof concrete.

V C3A reactswith waterto form C-A-H gels.

V ThecubiccompoundC3A H6 is probablytheonly stablecompoundformedwhich remainsup to 225ºC.
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Role of Bogue’s compounds with respect to strength and heat of hydration

C4AF (Tetra Calcium Alumina Ferrite) : -

V C4AF hydratesrapidly.

V A hydratedcalciumferrite of theform C3FH6 is morestablebut doesnot contributeanythingto thestrengthof

concrete.

V Thehydratesof C4AF showacomparativelymorestablethehydratesof C3A.

V Thehydratesof C4AF showacomparativelyhigherresistanceto sulphateattackthanthehydratesof C3A.
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Types of Cements

Ordinary Portland Cement (OPC):

V This type of cement is manufacturedby mixing limestone and clay in proper proportion at very high

temperatureof about1400-1500ºCin kiln.

V Theresultingmixtureis addedwith smallamountof gypsumto delaythesettingaction.

V Initial settingtime is not lessthan30min andfinal settingtime notmorethan600min or 10hrs.

V Usedfor theconstructionof

Å Roadpavements

Å RCCstructures

Å Watertanks,pipelines,culverts.
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Types of Cements

Rapid Hardening Cement:

V This cementis similar to that of OPCbut with higherpercentageof Tri-calciumsilicate(C3S) andfiner than

OPC.

V Thefinal strengthobtainedfrom thiscementis almostsameasthatof OPC.

V Initial settingtime is not lessthan30min andfinal settingtime notmorethan600min or 10hrs.

V Thiscementis usedwherea rapiddevelopmentof strengthis desired(Bridgeandroadrepairworks)

V The rapid developmentof strengthis accompaniedby higher rateof heatof hydration,so it not suitablefor

massconcreting

V It is about10% costlierthanOPC.
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Types of Cements

Quick Setting Cement:

V ThiscementsetsmuchfasterthanOPC.

V Thiscementis producedby mixing smallpercentageof Aluminium sulphateandby finely grindingthecement.

V Percentageof gypsumto beaddedis alsoreduced.

V Initial settingtime is 5min andfinal settingtime is 30min.

V It is usedfor makingconcretethatis requiredto setearlyasfor layingunderwateror in runningwater.
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Types of Cements

High Alumina Cement:

V It is manufacturedby fusing togethera mixture of limestoneand bauxite in correctproportionat very high

temperatureandresultingproductis grindedfinely.

V Theultimatestrengthis muchhigherthanOPCandcolor of this cementis blackandprovesto becostlierthan

OPC.

V Initial settingtime is not lessthan30min andfinal settingtime notmorethan600min or 10hrs.

V It canbeusedin low temperatures.

V Theyresistchemicalattacks.
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Types of Cements

Low Heat Cement:

V Thiscementis obtainedby increasingtheproportionof C2SanddecreasingC3SandC3A.

V This cementgainsstrengthslowly but ultimatestrengthis sameasthat of OPCandnot suitablefor ordinary

structures.

V Initial settingtime is not lessthan60min andfinal settingtime notmorethan600min or 10hrs.

V Thiscementis usedonly whentheshutteringhasto bekeptfor longperiodandcuringis prolonged.
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Types of Cements

SulphateResistingCement:

V This cementis manufacturedfrom well granulatedslag(80 to 85%) & calciumsulphate(10 to 15%) alongwith 1 to 2% of

OPC.

V It giveslessheatof hydration,resistanceto sulphateattackandstrengthandphysicalpropertiesaresameasthatof OPC.

V Initial settingtime is 2.5 to 4hrsandfinal settingtime is 4.5 to 7hrs.

V Usedin theconstructionof

ÅMarineworks

ÅMassconcreting

ÅUndergroundwaterworksandsewerworks.
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Types of Cements

Portland SlagCement:

V This cementis madeby inter-grinding finely the mixture of clinkers,gypsumand granulatedslag in proper

portions.

V This cementis less reactive than OPC and gains strengthslowly during 28 days and adequatecuring is

required.

V Thiscementis usedfor marineworks.
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Types of Cements

Portland PozzolanaCement:

V Thiscementhassamepropertiesascomparedto thatof OPC.

V Thiscementproduceslessheatof hydrationandmoreresistantto sulphateattack.

V Thiscementcanbeusedin marineworksandmassconcreting.

V Thiscementis manufacturedby inter-grindingof clinkersandPozzolanawith theadditionof gypsum.

V Time requiredto gainthestrengthis little moreandultimatestrengthis morethanthatof OPC.
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Types of Cements

White Cement:

V Thiscementhaspurewhitecolorandit possessamepropertiesasthatof OPC.

V Thegreycolorof thecementis dueto thepresenceof iron oxide.

V Soif thepercentageof iron oxideis keptvery less,thenthecolorof thecementwill bewhite.

V This cementis manufactureby mixing white chalkandclay which is free from lime andoil is usedinsteadof

coalfor burningof thecement.

V This is costlierthanOPCandgenerallyusedfor architecturalanddecorativepurposes.
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Types of Cements

Colored Cement:

V Colored cement is manufacturedby adding suitable mineral pigmentsto ordinary cementat the time of

grinding.

V Thepercentageof thesepigmentsto beaddedvariesfrom 5 to 10%.

V Pigmentsusedin cementshouldbechemicallyinertanddurable.

V Chromiumoxidegivesgreencolor,CobaltgivesbluecolorandIron oxidein differentproportionsgivesbrown,

redor yellow color.

V Thiscementis usedin flooring, exteriorsurfacesanddecorativepurposes.
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Types of Cements

V Air entraining cement:

V This is madeby mixing asmallamountof air entrainingagentwith OPCat thetime of grinding.

V Someof theair entrainingagentsare

1. Alkali saltsof woodresin.

2. Calciumlingo-sulphate

V Theseagentsin powderor in liquid form areaddedto theextentof 0.1 to 0.25% by weightof cement.

V Air entrainingcementwill produceat the time of mixing, a tough, tiny discreteair bubblesin the concrete

whichwill modify thepropertiesof plasticconcretewrt to workability, segregation,bleedingandhardness.
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Manufacturing Process of OPC

V Mixing of raw materials

V Burning

V Grinding
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Manufacturing of cement by Wet process (old technology)
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Manufacturing of cement by Dry process (modern technology)
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Testing of cement 

Field Test

V Open the bag and take a good look at the cement. There should be no visible lumps.

V The color of the cement should be greenish grey

VWhen hand is inserted in cement bag it should feel cool.

V Take a pinch of cement and feel between fingers. It should give a smooth feeling and not a gritty feeling.

V Take a handful of cement and throw it on a bucketful of water, the particles should float on water for some time before they 

sink.
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Testing of cement 

Field Test

V Take about 100gms of cement, add some water and prepare a stiff paste. 

V From stiff paste, pat a cake with sharp edges. 

V Put it on a glass plate and slowly take it under water in a bucket. 

V The shape of the cake should not be disturbed, while taking it down to the bottom of the bucket. 

V After 24 hours the cake should retain its original shape and at the same time it should also set and gain some strength.
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Testing of cement 

Laboratory Test

× Fineness test

× Standard Consistency test

× Initial setting time

× Final setting time

× Soundness of cement

Concrete Ingredients



Testing of cement 

Laboratory Test

× Fineness test

V Weigh correctly 100gms of cement

V Take it on a standard sieve of 90ɛ and breakdown the air set lumps in the sample by means of fingers. 

V Sieve the sample continuously for 15mins and weigh the residue left out on the sieve. 

V This weight should not exceed 10% of the sample for the OPC.
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Testing of cement 

Laboratory Test

× Fineness test

Concrete Ingredients

Å Put a filter paper into the cell then weight 2.84g of

cementsampleinto it.

Å Put another filter paper on it and compresswith the

plunger.

Å Attachthecell on top of theU-tubemanometer.

Å Evacuatethe air in the manometerthroughthe side tube

usingtheaspiratorbulb until theoil reacheslevel 1.

Å Closethesidevalveandmonitor theoil asit startto fall.

Å Usinga stopwatch,measurethe time takenfor the oil to

fall from level 2 to level 3



Testing of cement 

Laboratory Test

× Standard Consistency

Concrete Ingredients

Å Take about 400gm of cement 

Å Make the cement paste with a known quantity of water (let it be 24%)

Å Fill this paste into the Vicat mould

Å Shake the mould to expel the air

Å Bring the mould near to the plunger of Vicat apparatus 

Å Release the plug in order to allow the plunger to penetrate through the paste

Å If the reading is not within 33-35mm from top or 5-7mm from bottom, then 

repeat the procedure with the increase in % of water by 2% of weight of cement 

taken



Testing of cement 

Laboratory Test

× Initial Setting Time
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Å Mix a known % of water to the cement to make a cement paste

simultaneousstartthestopclock

Å Fill thiscementpasteinto theVicat mould

Å Releasetheneedlesothattheneedlefall freely.

Å Stop the stop clock until the needlefails to piercethe testsblock to a

point5Ñ0.5mmfrom thebottomof themould



Testing of cement 

Laboratory Test

× Final Setting Time
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Å Mix a known % of water to the cement to make a cement paste

simultaneousstartthestopclock

Å Fill thiscementpasteinto theVicat mould

Å Releasetheneedlewith anattachmentsothatit falls freely

Å Cementshall be consideredas finally set when the attachmentfails to

makeanimpressionon thetestblock

Note

Falsesetting is therapiddevelopmentof rigidity in freshlymixedPortland

cement paste,mortar, or concreteoccurs after few minutes of mixing

cementwith waterwithout thegenerationof muchheat.

Flash setting is a rapiddevelopmentof rigidity in freshlymixedPortlandï

cementpaste,mortar,or concrete.



Testing of cement 

Laboratory Test

× Soundness Test
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Å The cementpasteis prepared. The % of water used will be equal to % of water

determineby thestandardconsistencytest.

Å Thecylinder is placedon a glassplateandis filled with cementpaste. It is coveredat

top with anotherglassplate.

Å A smallweightis placedon thetop of theglassplate.

Å Thenwholeassemblyis placedin waterfor 24hrsmaintainedat 27 +/- 200C

Å Takeit outandmeasurethedistancebetweenthetwo indicatorsusingmeasuringscale

Å The mould is againimmersedin waterandbroughtto boil in 30min andafter boiling

for 1hr, the mould is removedandafter cooling the distancebetweenthe indicatorsis

measuredagain.



Steps to reduce Carbon footprint in cement manufacturing process

× Increasing energy efficiency by optimizing processes and modernizing factories.

× Substituting fossil fuels with other energy sources.

× Using additives in cement to develop a large range of products according to their application.
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Aggregates

Å Aggregates are defined as inert, granular and inorganic materials that normally consist of stone or stone like 

solids. 

Å Aggregates can be used alone (in road bases and various types of fill) or can be used with cementing materials 

(such as Portland cement or asphalt cement) to form composite materials or concrete.

Å Since aggregates constitutes about 3/4th of the volume of concrete, it contributes significantly to the structural 

performance of concrete especially strength, durability and volume stability. 

Å Aggregates are formed from natural sources by the process of weathering and abrasion or by artificially by 

crushing a large parent rocks.
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Classification of aggregates 

a) In accordance with size:

× Coarse aggregate: if particle size is greater than 4.75mm are regarded as coarse aggregates

× Fine aggregates: if particle size in between 75ɛ & 4.75mm are regarded as fine aggregates
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Classification of aggregates 

b) In accordance with sources:

× Natural aggregates: This kind of aggregates is taken from natural deposits without changing their nature 

during the process of production such as crushing and grinding. 

Some examples in this category are sand, crushed limestone and gravel.

× Manufactured aggregates: This is a kind of man-made materials produced as main product or an industrial 

by-product. 

Some examples are blast furnace slag, lightweight aggregate (e.g. expanded perlite), and heavy weight 

aggregates (e.g. iron ore or crushed steel)
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Classification of aggregates 

c) In accordance with unit weight: 

× Light weight aggregates: the unit weight of aggregatesis lessthan1120kg/m3. (Cinder,blast-furnaceslag,

volcanicpumice).

× Normal aggregates: Theaggregateshaveunit weightof 1520-1680kg/m3.

× Heavy weight aggregate: The unit weight is greaterthan2100kg/m3. The bulk densityof the corresponding

concreteis greaterthan3200kg/m3.
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Grading of aggregates

× Particlesizedistributionof anaggregateis determinedby sieveanalysisis knownasógradingof theaggregateô

× Oneof themostimportantfactorsfor producingworkableconcreteis goodgradingof aggregates.

× Gradingof aggregatesareof 3 types
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Grading of aggregates

× Good graded or well graded: It impliesthata givensampleof aggregatescontainsall standardfractionssuch

therewill beminimumnumberof voids.

× Uniformly gradedor poor graded: It containsaggregateparticlesthatarealmostof thesamesize. Thismeans

thattheparticlespacktogether,leavingrelativelylargevoidsin theconcrete.

× Gap graded: It consistsof aggregateparticlesin whichsomeintermediatesizeparticlesaremissing.
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× Sieve: It is a circular disc consists of wire mesh of square aperture.

× Sieve analysis: This is the name given to the operation of dividing the given sample of aggregates into various 

fractions each consisting of particles of same size. 

× The sieve analysis is conducted to determine the particle size distribution in a sample of aggregates which is 

also called as Gradation.

Concrete Ingredients



× Theaggregatesusedfor makingconcretearenormally of themaximumsize80 mm,

40 mm, 20 mm, 10 mm, 4.75 mm, 2.36 mm, 600 micron, 300 micron and 150

micron.

× Theaggregatefractionsfrom 80 mm to 4.75 mm aretermedascoarseaggregateand

thosefractionsfrom 4.75mm to 75micronaretermedasfine aggregate.

× Sievesare placed one above the other, maximum size is placed at the top and

minimumsizein thebottom. Sievingcanbedoneeithermanuallyor by mechanically

with sieveshaker. Fromthesieveanalysis,theparticlesizedistributionin a sampleis

foundout; from this finenessmoduluscanbedetermined.
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× FinenessModulus: It is a relative index which indicatesthe particlesare either coarseror finer. The sum of cumulative

percentageretainedon thesievesdividedby 100givesfinenessmodulusof givensampleof aggregates.

× For sandthefollowing limits aretakenasguidelines

V FinesandŸ 2.2ï2.6

V MediumsandŸ 2.6ï2.9

V CoarsesandŸ 2.9ï3.2
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Testson Fine aggregates

× SpecificGravity :

× The specific gravity of an aggregateis the ratio of the massof solid in a given volume of sampleto the massof equal

volumewaterat thesametemperature.

× Theyareof two types1) absolutespecificgravityand2) apparentspecificgravity.

× Absolute specific gravity is definedasratio of massor weight excludingvoids in the volumeof materialof solid to the

massof equalvolumeof water.

× Apparent specific gravity is definedasratio of massor weight including voids in the volumeof materialof solid to the

massof equalvolumeof water.

× Averagespecificgravityof therocksvariesfrom 2.6 to 2.8.

× Itôsrequiredfor calculationof thequantityof aggregatefor agivenvolumeof concrete
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Testson Fine aggregates

× SpecificGravity :

× The specific gravity of an aggregateis the ratio of the massof solid in a given volume of sampleto the massof equal

volumewaterat thesametemperature.

× Theyareof two types1) absolutespecificgravityand2) apparentspecificgravity.

× Absolute specific gravity is definedasratio of massor weight excludingvoids in the volumeof materialof solid to the

massof equalvolumeof water.

× Apparent specific gravity is definedasratio of massor weight including voids in the volumeof materialof solid to the

massof equalvolumeof water.

× Averagespecificgravityof therocksvariesfrom 2.6 to 2.8.

× Itôsrequiredfor calculationof thequantityof aggregatefor agivenvolumeof concrete
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Testson Fine aggregates

× SpecificGravity :

Determination of Specificgravity of fine aggregatesby Pycnometermethod

Procedure

Å Find theweightanemptyPycnometerwith stopper. Let it beW1 gms.

Å Takeabout1/3rd thevolumeof Pycnometerfull of sand. Find theweightof Pycnometerwith sandandlet it beW2 gms.

Å Now fill the Pycnometerto its half with water so as to submergethe sandinside. Allow the entrappedair from sandto

escape. Thenfill thePycnometerwith water. Replacethestopperandfind the total weightPycnometerwith its constituents

andlet it beW3 gms.

Å Removethe constituentsfrom the Pycnometerand cleanit. Fill completelywith water and replacethe stopper. Find the

weightwith waterandlet it beW4 gms.
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Testson Fine aggregates

× SpecificGravity :

Determination of Specificgravity of fine aggregatesby Pycnometermethod

Concrete Ingredients
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Testson Fine aggregates

× Bulking of sand

× Bulking canbedefinedasthatpropertyof sandby virtue of which it expandsin volumewhen

it is wet.

× This is because,whenwater is addedto the sand,eachparticlewill be coatedby a film of

waterandkeepsfar apartfrom eachotherdueto surfacetension.

× Bulking increaseswith theincreasein watercontentup to 4% by weightandthendecreases.

× Bulking alsoincreaseswith finenessof particles.
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Testson Fine aggregates

× Bulking of sand

× Procedure

× Takeabout300gmsof dry sandandpourit into a measuringjar. Notedowntheinitial volumeof

sand.

× Transferthe sandinto a non absorbentpanandadd2% (by weight of sand)of water. Mix the

sandthoroughlywith aglassrod sothata uniform color is obtained.

× Thenpourthewet sandinto themeasuringjar andnotedowntherisein volume.

× Again transfer the san into the pan and add another2% of water by weight of sand. Mix

thoroughlyandpourbackinto thejar andnotedownthenewvolume.

× Repeatthis processby increasingthe water contentat the rate of 2% until the volume starts

decreasing.

× Plot a graphof % increasein volumeV/S % of wateradded.
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Testson Fine aggregates

Measurementof moisture content for fine aggregate

× Moisturecontentmeansfreewaterheldon thesurfaceof aggregatewhich includesthe

absorbedwaterandthewaterheldin theinteriorportionof theaggregate.

× Drying method:

× The drying methodis carriedout in a oven and the loss in weight beforeand after

drying will give the moisturecontentof the aggregate. If drying is done at high

temperaturefor long time, the loss in weight will includenot only the surfacewater

butalsosomeabsorbedwater.

× A fairly quick resultcanbeobtainedby heatingtheaggregatein anopenpanandthe

processcanbespeedup by pouringinflammableliquid like acetoneon theaggregate

andigniting it.
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Testson Fine aggregates

Measurementof moisture content for fine aggregate

× Displacementmethod:

× In thelaboratory,themoisturecontentof aggregatecanbedeterminedby meansof Pycnometer.

× Specificgravity of normalaggregateis higher thanthat of waterandthat a given weight of wet aggregatewill occupya

greatervolumethanthesameweightof dry aggregate.

× By knowingthespecificgravityof dry aggregate,specificgravityof wetaggregatecanbecalculated.

× From the differencebetweenspecific gravity of wet and dry aggregates,the moisturecontentof the aggregatecan be

calculated.
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Testson Fine aggregates

Measurementof moisture content for fine aggregate

× Calcium Carbide method:

× A quick and reasonablyaccuratemethodof determiningthe moistureof fine aggregateis to mix with excessamountof

calciumcarbidein astrongair-tight vesselfitted with pressuregas.

× Calcium carbidereactswith surfacemoisturein the aggregateto produceacetylenegas. The pressureof acetylenegas

generateddependsuponthemoisturecontentof theaggregates.

× The pressuregaugeis calibratedby taking a measuredquantityof aggregateof known moisturecontentandthensucha

calibratedpressuregaugecouldbeusedto readthemoisturecontentof aggregatedirectly.

× Themethodis oftenusedto find out themoisturecontentof fine aggregateat thesiteof work. Theequipmentconsistsof a

smallbalance,astandardscoopandcontainerfixed with dial gauge.
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Testson Fine aggregates

Measurementof moisture content for fine aggregate

× Calcium Carbide method:

× The procedureis as follows; weigh 6gms of wet sand and pour it into the

container.

× Take one scoopfull of calcium carbidepowder and put it into the container.

Closethelid of thecontainerandshakeit rigorously.

× Calcium carbidereactswith surfacemoistureand producesacetylenegas, the

pressureof which drivestheindicatorneedleon thepressuregauge.

× The pressuregaugeis so calibrated,that it gives directly the percentageof

moisturepresentin thesample.

× The whole job takesonly lessthan5mins andassuch,this testcanbe doneat

very closeintervalsof time at thesiteof work.
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Testson Fine aggregates

Measurementof moisture content for fine aggregate

× Electrical meter method:

× Recentlyelectricalmetershavebeendevelopedto measureinstantaneousor continuousreadingof themoisturecontentof

theaggregate.

× The principle that the resistancegetschangedwith the changein moisturecontentof the aggregatehasbeenmadeusein

somesophisticatedbatchingplant.

× Electrical metersare usedto find out the moisturecontentandalso to regulatethe quantity of water to be addedto the

continuousmixture.

× The whole job takesonly lessthan5mins andassuch,this testcanbe doneat very closeintervalsof time at the site of

work.

Concrete Ingredients



Testson Fine aggregates

Measurementof moisture content for fine aggregate

× Automatic measurement:

× In modernbatchingplants surfacemoisturein aggregatesis automaticallyrecordedby meansof somekind of sensor

arrangements.

× Thearrangementis madein sucha way that,thequantityof freewatergoingwith aggregateis automaticallyrecordedand

simultaneouslythatmuchquantityof wateris reduced.

× Thissophisticatedmethodresultsin anaccuracyof Ñ0.2 to 0.6%.
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Alternatives to river sand

Å Sandis avital ingredientin makingtwo mostusedconstructionmaterialsviz. CementConcreteandmortar.

Å TraditionallyRiversand,which is formedby naturalweatheringof rocksovermanyyears,is preferredasfine aggregate.

Å The economicdevelopmentfueling thegrowthof infrastructureandhousinggenerateshugedemandfor building materials

like sand.

Å The indiscriminatemining of sandfrom riverbedsis posinga seriousthreatto environmentsuchaserosionof riverbedand

banks,triggeringlandslides,lossof vegetationon thebankof rivers,loweringthegroundwatertableetc.
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Alternatives to river sand

Å Demandfor sandis increasingdayby dayandat thesametime mining threatscannotbeignored.

Å Hence,sandmining from riverbedsis beingrestrictedor bannedby theauthoritieslike

V NationalGreenTribunal,

V StateEnvironmentalImpactAssessmentAuthority and

V PollutionControlBoard
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Someof theAlternatives to River sand

Å ManufactureSand

Å ProcessesQuarrydust

Å ProcessedCrushedrock fines

Å OffshoreSand

Å Processedglass

Å Aluminum sawmill waste

Å Granitefinesslurry

ÅWashedsoil (filteredsand)

Å Fly ash(bottomash/pondash)

Å Slagsand

Å CopperSlagsand

Å ConstructionDemolitionwaste.

Concrete Ingredients



Manufacture Sand

Manufacturedsandis crushedfine aggregateproducedfrom a sourcematerialanddesignedfor usein concreteor for other

specificproducts. Only sourcematerialswith suitablestrength,durabilityandshapecharacteristicsshouldbeused.
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CoarseAggregates

Importance of size,shapeand surfacetexture of aggregateson workability and strength

Sizeof aggregate:

Å Biggerthesizeof particleslesswill bethesurfacearea

Å Lessamountof wateris required

Å Lesscementpasterequiredfor lubricatingthesurfacesof aggregates

Å Sobiggerthesize,giveshigherworkability

Concrete Ingredients



CoarseAggregates

Importance of size,shapeand surfacetexture of aggregateson workability and strength

Shapeof aggregate:

Å Angular,elongatedor flaky aggregatesmaketheconcreteveryharshwhencomparedto roundedor cubicalaggregates.

Å Cubicalaggregateshavelesssurfacearea,lessvoids,thefrictional resistancebetweentheaggregatesis alsoless.

Å Hencetheworkability will bemorein caseof roundedthancomparedto flaky aggregates.

Å Hencethestrengthwill bemoreby usingroundedor cubicalaggregates.
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CoarseAggregates

Importance of size,shapeand surfacetexture of aggregateson workability and strength

Surfacetexture:

Å Surfacetextureis theproperty,themeasureof whichdependsupontherelativedegreeto whichparticlesurfacearepolishedor dull,

smoothor rough.

Å Surfacetexturedependsonhardness,grainsize,porestructureandstructureof therock

Å Total surfaceareaof roughtextureaggregateis morethanthatof surfaceareaof smoothroundedaggregatesof samevolume.

Å Roughtexturedaggregateswill show poor workability and smoothtexturedaggregateswill give betterworkability becauseof

lesserfrictional resistanceof innersurfaceparticle.
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Test for determination of flakinessindex

Å An aggregatehavingleastdimensionlessthan3/5th of meandimensionis termedasflaky.

Å This testis notapplicableto aggregateslessthan6.3mm.

Å This testis conductedby usinga metalthicknessgauge.

Å A sufficient quality of aggregatesis takenie, a minimum of 200 piecesof any fraction to be

tested.

Å Eachfractionis gaugedin termsof thicknesson metalgauge.

Å Thetotal amountof aggregatepiecespassingthrougheachgaugeis weighedaccurately.

Å Flakinessindex is calculatedby taking the ratio of total weight of materialspassingthrough

thevariousthicknessgaugesto thetotal weightof aggregatesampletaken.
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Test for determination of elongationindex

Å The elongationindex of an aggregateis the particle having largestdimension(length) is

greaterthan9/5th of meandimension.

Å Theelongationindex is not applicableto sizeslesserthan6.3mm. This test is conductedby

usingmetallengthgauge.

Å A sufficientquantityof aggregateis takento providea minimumnumberof piecesof 200of

anyfractionto betested.

Å Eachfractionshallbegaugedindividually for thelengthonmetalgauge.

Å The amountretainedby the gaugelength shall be weighedto an accuracyof 0.1% of the

weightof sampletaken.

Å The elongationindex is calculatedin percentageby taking the ratio of total weight of

materialsretainedonvariouslengthgaugesto thetotal weightof aggregatesampletaken.
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Testing of mechanicalproperties of aggregates

Test for determination of aggregatecrushing value

Å The aggregatecrushingvaluegives a relative measureof the resistanceof an aggregateto

crushingundera graduallyappliedcompressiveload.

Å Apparatusrequiredfor this testareasfollows

1. Steelcylinder(dia-15.2cm, height-14cm)

2. Cylindrical measure(dia-11.5cm, height-18cm)

3. Steeltampingrod (dia-1.6cm, height- 40 to 60cm)

4. Balance

5. Compressiontestingmachine
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Procedure

1. Ovendry aggregatepassing12.5mm IS sieveandretainedon10mm IS sieveis selectedfor thetest.

2. Thesampleaggregatesin filled threelayersandeachlayerbeingtamped25 blowsby roundedendof thetampingrod.

3. After tampingthethird layer,thetop surfaceis leveledusingthetampingrod asstraightedge. Thetestsampleweightis takenasW1 gms.

4. Thecylinderof thetestapparatusis placedin positionon thebaseplateandthetestsampleis transferredinto thecylinderin threelayersand

eachlayer is tampedwith 25blows.
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Procedure

5. Thesurfaceof theaggregateis leveledandtheplungerinserted.

6. Thecylinderwith thetestsampleandplungerin positionis placedon CTM.

7. Load is then appliedthroughthe plungerat a uniform rate of 4tones/minuntil the

total loadof 40tonesandthentheloadis released.

9. Aggregatesincluding the crushedportion areremovedfrom the cylinder andsieved

on a 2.36mm IS sieve,the materialwhich passesthis sieveis collectedand takenW2

gms.

Aggregatecrushing value
ἥ

ἥ
ἦ

Accordingto Indianroadcongress& ISI hasspecifiedthataggregatecrushingvalueof

the coarseaggregateusedfor cementconcretepavementsshouldnot exceed30% and

usedfor concreteotherthanwearingsurfaceshouldnotexceed45%.
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To determine the aggregate impact value

The aggregate impact value gives the relative measure of the resistance of an aggregate 

to sudden shock or impact. 

Apparatus required for the experiment are as follows

1. Impact testing machine

2. Cylindrical measure

3. Tamping rod

4. Balance 
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Procedure

1. Ovendry aggregatepassingthrough12.5mm IS sieveandretainedin 10mm IS sieveareselected

for thetest.

2. The cylindrical measureis filled by the sampleaggregatesin three layersand eachlayer being

tampedby 25blowswith roundedendof thetampingrod.

3. After tampingthethird layer,the top surfaceis leveledusingthe tampingrod asstraightedge. The

testsampleweightis takenasW1 gms.

4. Thecupof thetestapparatusis placedin positionon thebaseplateandtestsampleis transferredto

thecupin a singlelayerandbeingtamped25blowsandtop surfaceis leveled.
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Procedure

5. Thehammeris raiseduntil its lower faceis 38cm abovetheuppersurfaceof the aggregatein the

cup,andallowedto fall freely on aggregatefor 15 timesat an interval not morethan2 secondsand

not lessthan1second.

6. Thecrushedaggregateis thenremovedfrom thecupandthewholesampleis sievedon 2.36mm IS

sieve,thematerialwhich passesthis sieveis collectedandtakenW2 gms.

Aggregateimpact value
ἥ

ἥ
ἦ

Note: Accordingto IS specification,theaggregateimpactvalue

< 10%Ÿ exceptionallystrong

10ï20%Ÿ strong

20ï30%Ÿ satisfactoryfor roadsurfacing

> 30%Ÿ weakfor roadsurfacing
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Test for the determination of aggregateabrasionvalue

Apparatusrequiredfor theexperimentareasfollows

1. Los-Angelesmachine

2. Steelballs(dia - 48cm,weight- 390to 445g)

3. Balance

4. Sieves
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Procedure

1. Cleandry aggregate,confirming to any oneof the gradingA to G is usedfor the test. Aggregate

weighing 5kg for grading A, B, C or D and 10kg for grading E and for G may be taken as test

specimenandplacedin thecylinderandis notedasW1 gms.

2. The abrasivechargeis alsochosendependinguponthe aggregateandis placedin the cylinder of

themachine; thecoveris thenfixed dusttight.

3. The machineis rotatedfor 500 revolutionsfor gradingA, B, C andD & for gradingE, F andG it

shallberotatedfor 1000revolutions.

4. After thedesirednumberof revolutions,machineis stoppedandthematerialis dischargedfrom the

machinetakingcareto takeoutentirestonedust.

5. Using 1.7mm IS sievethe material is sievedand the coarsermaterial is retainedon the sieveis

takenasW2 gms.

Percentagewear
ἥ

ἥ
ἦ
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No. Sieve size Weight (in gms) and grading of test samples

Passing on 

mm

Retained on 

mm

A B C D E F G

1 80 63 - - - - 2500 - -

2 63 50 - - - - 2500 - -

3 50 40 - - - - 5000 5000 -

4 40 25 1250 - - - - 5000 5000

5 25 20 1250 - - - - - -

6 20 12.5 1250 2500 - - - - -

7 12.5 10 1250 2500 - - - - -

8 10 6.3 - - 2500 - - - -

9 6.3 4.75 - - 2500 - - - -

10 4.75 2.36 - - - 5000 - - --

Number of spheres to be used 12 11 8 6 12 12 12

Number of revolutions 500 1000

No. Type of surface Maximum abrasion values

1 W.B.M subsurface course 60

2 W.B.M base course with bituminous surfacing 50

3 W.B.M surface course 40

4 Cement concrete surface course 35

5 Bituminous / Asphalt concrete surface course 30



Test to determine SpecificGravity of coarseaggregateby wire basketmethod

1. Takeabout5kg of coarseaggregatesretainedon4.75mm sieve.

2. Washthoroughlyto removedust,dry to constantmassat a temperatureof 105Ñ5ºC.

3. Immersethesamplein waterat 22 to 32ºC for a periodof 24Ñ1/2 hours(30min in practice).

4. Removethe aggregatesfrom water & roll the samein a large pieceof an absorbentcloth until all visible films of water are removed,

althoughthesurfaceof theparticleswill still appearsto bedamp.

5. Now, weigh3kg of this samplein thein thesaturateddry conditionandnotedownthemassasW1gm.

6. Placetheweighedaggregateimmediatelyin thewire basket& dip it water. Weigh this bucketwith aggregates,keepingit in waterwith the

helpof a balance. NotedownthemassasW3 gm.
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Test to determine SpecificGravity of coarseaggregateby wire basketmethod

7.Notedowntheweightof suspendedemptywire basketin waterwithoutaggregatesandnotedownthemassasW2 gm.

8. Dry thesampleto theconstantweightat thetemperatureof 100to 110ºCfor 24Ñ1/2 hours.

9. Cool to roomtemperatureandweighit & notedownthemassasW4 gm.

10. Calculatespecificgravityandrepeattheprocedurefor freshsampleof aggregates.

Weightof ovendry aggregate(C) = W4 gm.

Weightof saturatedsurfacedry aggregate(B) = W3 gm.

Weightof basket& aggregatesin water(A1) = W2 gm.

Weightof emptybasketsubmergedin water(A2) = W1gm.

ActualSpecificgravity=Ἅ/(ἌīἋ)

Apparentspecificgravity=Ἅ/(ἍīἋ)

Waterabsorption= ἦ (ἌīἍ)/Ἅ

WhereA = weightof saturatedaggregatein water= A1ïA2.
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RecycledAggregates

Å World is growingandurbanizingatavery fastrateandsois India.

Å Thiseffectof rapidurbanizationis alsoseenin constructionindustry.

Å However,with urbanizationcomesthemoralresponsibilityof sustainingtheenvironment.

Å Concreteis thefavoritechoiceasa constructionmaterialamongcivil engineersaroundtheglobefor decades.

Å It is preferredfor its betterperformance,longerlife andlow maintenancecost.

Å To achieverapidurbanizationeveryyearsmallerstructuresaredemolishedandnewerandbiggeronesareconstructed.
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RecycledAggregates

Å Thesedemolishedmaterials(majority of which is usuallyconcrete)areoftendumpedon landandis not reusedfor anypurpose.

Å This practiceeffectsthefertility of land.

Å Onesuchmaterialis recycledaggregateconcrete.

Å Aggregateswhichareobtainedfrom demolishedconcretestructuresarereferredasRecycledaggregates.

Å ASTM (AmericanSocietyfor TestingandMaterials)hasclassifiedtheseaggregatesasArtificial aggregates.

Å It haslow strength,loweryoungôsmodulus,low density,high drying shrinkage,higherporosityandhigherabsorptioncapacity.

Å It producesa concreteof low densitythancomparedto conventionalaggregates.

Å It is anaddedadvantageif it is saturated. Becauseit helpsin internalcuring.
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Manufacturing of RecycledAggregates
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Manufacturing of RecycledAggregates

Å Evaluation of Sourceconcrete:

Thefirst stepin productionof RAC is to determinethequality of thesourceconcrete. Propertiesandrecordsof sourceconcretelike strength,

durability andcompositionarelookedinto for decidingthepropersourceconcrete.

Å Crushing of demolishedconcrete:

Thesimpleprocessinvolvescrushingconcreteinto specifiedsizeandquality (usuallyof size20mmï50 mm).

Å Removalof Contaminants:

Contaminantslike reinforcing steel, foundationmaterials,asphaltconcreteshoulders,soil, etc. are removed. It can be achievedby many

methodsincluding screeningor air separation,demolition,usingelectromagnets,etc. Somecontaminantsdependingon the useof RCA can

alsobeprocessedseparately
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Advantagesof RecycledAggregates

Å Reducestheamountof virgin aggregatesto becreated,hencelessevacuationof naturalresources.

Å While beingcrushedinto smallerparticlesa largeamountof carbondioxideis absorbed. This reducestheamountof CO2 is

theatmosphere.

Å Costsavingïfew researchstudieshaveshowna significantreductionin constructioncostsif RAC is used.

Å Conserveslandfill space,reducestheneedfor newlandfills andhencesavingmorecosts.

Å Createsmoreemploymentopportunitiesis recyclingindustry.
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Disadvantagesof RecycledAggregates

Å Downgradingof qualityof concrete.

Å Increasein waterabsorptioncapacityrangingfrom 3% to 9%

Å Decreasein compressivestrengthof concrete(10-30%)

Å Reducesworkability of concrete.

Å Lackof specificationsandguidelines.

Å Less durability of RAC, howeverfew papershave shown an improvementin the durability by mixing it with special

materialslike fly ash
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Applications of RecycledAggregates

Å Canbeusedfor constructinggutters,pavementsetc.

Å Large piecesof crushedaggregatecan be usedfor building revetmentswhich in turn is very useful in controlling soil

erosion.

Å Recycledconcreterubblescanbeusedascoarseaggregatein concrete.
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Blending of Aggregates

Å Sometimesaggregatesavailableatsitesmaynotbeof specifiedor desirablegrading.

Å In suchcasestwo or moreaggregatesfrom differentsourcesmaybecombinedto getthedesiredgrading.

Å Often, mixing of available fine aggregatewith availablecoarseaggregatein appropriatepercentagesmay

producedesirablegrading.

Å But sometimestwo or more fractions of coarseaggregatesis mixed first and then the combinedcoarse

aggregateis mixedwith fine aggregateto obtaindesirablegrading.
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Water

Someof the Qualities of water canusedfor mixing are

Å Theuseof portablewateris generallysafefor mixing of concrete.

Å Any waterwith apH of 6 to 8 which doesnot tastesalineis suitablefor useto mix theconcrete.

Å Seawatercontainslargequantitiesof chloridestendsto causepersistentdampnessandefflorescence.

Å In RCC,seawaterincreasestherisk of corrosionof thereinforcement.

Å Watercontaininglessthan2000ppmof dissolvedsaltscangenerallybeusedsatisfactoryfor makingconcrete.

Å Presenceof zinc,copper,tin, manganeseandleadreducetheconcretestrength.

Å Sodiumphosphate,sodiumborateetc., actsasretarderswhich resultsin lossof strength.

Å Sugarup to 0.05% by weightof wateris harmless.

Å Sugarup to 0.05% by weightof cementretardthesettingtime, reducetheearlystrengthandincreases28daysstrength.

Å Sugarup to 0.2% causesquick settingof cement.
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Useof seawater for mixing concrete

Å Seawaterhasasalinityof about3.5%.

Å About78% is NaCland15% is chloridesandsulphatesof magnesium.

Å Seawateralsocontainssmallquantitiesof sodiumandpotassiumsalts.

Å Thiswill reactwith aggregatesandcementusedfor mixing.

Å Henceseawatershouldnotbeusedfor mixing concrete.

Å It is seenthatuseof seawaterfor mixing concretedoesnot appreciablyreducethe strengthof concretebut it

mayleadto corrosionof reinforcement.

Å Seawaterslightly acceleratestheearlystrengthof concretebut it reduces28daysstrengthof concreteby about

10-15%.
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Admixtures

Å Admixturesarechemicalor mineralsubstancesotherthanfine aggregates,coarseaggregates,cement

andwater,which areaddedin smallamountbeforeor at themixing stageto theconcreteproduct.

Å Theycanalsobeblendedat thetime of grindingof clinker in cementmanufacturingprocess.

Å Addedonly whenpropertiesof freshor hardenedconcreteneedto bemodified.
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Most commonlyusedChemicaladmixtures are

Å Plasticizers

Å Superplasticizers

Å RetardersandRetardingplasticizers

Å AcceleratorsandAcceleratingplasticizers

Å Air-entrainingAdmixtures

Å DampproofingandWaterproofingAdmixtures

Å GasformingAdmixtures

Å Air detrainingAdmixtures

Å Workability Admixtures

Å BondingAdmixtures

Å ColoringAdmixtures
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How ChemicalAdmixtures act?

Reactionof chemicaladmixtures with cementtakesplacein three different stages

1. PhysicoChemical reaction:-

In this stage,C3S & C3A areformedearlywhenwateris addedto thecementandbecauseof adhesivepropertyof

cement,anintermolecularforceof attractionwill becreatedbetweenthecementgrainsasa resultcementfloc will

beformedin thecementpaste.
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How ChemicalAdmixtures act?

Reactionof chemicaladmixtures with cementtakesplacein three different stages

2.Chemicaladsorption and interaction:-

Å Whenchemicaladmixturesareaddedto the cement,it getsadsorbedon cementcompoundsor cementgrains

andon theproductsof hydration(especiallyonC3A), whichstiffensthehydratedcompounds.

Å But sometimesit alsoinitiatesveryearlystiffening.

Å Theyreallycombineandneverslowdownsthesettingbut initiateslong termhydration.
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How ChemicalAdmixtures act?

Reactionof chemicaladmixtures with cementtakesplacein three different stages

3. Deflocculationor Dispersion:-

Å Flocculatedcementcompoundsconsistsof certainamountof waterin it.

Å But due to the attack of admixtures, it deflocculatesor dispersesthe cement grains by creating an

intermolecularrepulsionbetweenthe cementgrainswhich releasesthe water in the cementpasteasa result,

workability of concreteincreases.

Å Theintermolecularrepulsionbetweenthecementgrainsis knownasñZetaPotentialò.
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Plasticizers( Water reducers):-

ÅWorkability is the inherentpropertyof concrete. High degreeof workability is requiredin deepbeams,thin walls, column-

beamjunctionsandin RMCôs.

Å Plasticizerhelpsin providinghighworkability evenin difficult situations.

Å Addition of extrawaterwill only improvethefluidity butnot workability.

Å Addition of plasticizerswill improvetheplasticpropertiesof concrete.

Å It reducesthewater-cementratio for agivenworkability, which increasesstrengthanddurability.

Å Usedto reducethecementcontentandheatof hydrationin massconcreting.
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Superplasticizers:-

Å Thesearechemicallydifferentform normalplasticizers.

Å Reduceswatercontentup to 30% without reducingtheworkability.

Å Usedfor producingself leveling,flowing, self compactingandhighperformanceconcrete.

Å Canreducew/c ratio for agivenworkability.

Å Canreducecementcontentfor givenw/c ratio.

Å Provideshomogenouscohesiveconcretebutno tendencyof segregationandbleeding.
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Superplasticizers:-

Commonlyusedasbasefor superplasticizerare

Å SulphonatedMelanieïFormaldehydecondensates(SMF)

Å SulphonatedNaphthaleneïFormaldehydecondensates(SNF)

Å Modified Ligno sulphonate(MLS)

Å PolyCarboxylatedEther(PCE)
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Retarders:-

Å It is anadmixturewhichslowdownsthehydrationprocessandconcreteremainsplasticfor long time.

Å Useto overcometheacceleratedeffectof high temperatureonsettingin weatherconditions.

Å Calciumsulphatesarethebestretardingadmixtureswhich retardssettingof concrete

Å Sometimescommonsugaris alsousedto delaysettingof concrete.
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Retarding Plasticizers:-

Å Weknowthatplasticizersandsuperplasticizersshowcertainextentof retardation.

Å Retardingplasticizersaremixedin RMCôsfor retainingslumplossin caseof longdistancetransportation.

Å Whenconcreteis beingplacedor transportedunderconditionsof highambienttemperature.

Å In caseof largeconcretepoursd) Concreteconstructioninvolving sliding formwork
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Mode of action

Å It is thoughtthat retardingadmixturesareabsorbedon to the C3A phasein cementforming a film aroundthe

cementgrainsandpresentingor reducingthereactionwith water.

Å After awhile thusfilm breaksdownandnormalhydrationproceeds.

Commonlyusedchemicals

ü Unrefinedlignosulphonatescontainingsugar

ü Hydroxyl carboxylicacidandtheirsalts

ü Carbohydratesincludingsugar

ü Solublezinc

ü Solubleboratesetc.
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Accelerators:-

Å Addedto increasetheearlystrengthdevelopmentin concrete.

Å Allows earlierremovalof formwork

Å Reducerequiredperiodof curing

Å Usedin emergencyrepairworks

Commonlyusedchemicalsare

ü Calciumchlorides

ü Sulphates

ü Aluminates

Å But CaCl2 is not desirablefor concretebecauseit leadsto corrosionof reinforcementin RCC.
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AcceleratingPlasticizers:-

Å Whenacceleratedsuperplasticizersareaddedto theconcrete,it increasesthestrength.

Å Commonlyusedchemicalsare

ü Tri-ethanolaminechlorides

ü Nitratesandfluorosilicates
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Air entraining admixtures

Å Mixing smallquantityof air entrainingagentswill increasesthevoidsor air bubblesin concretewhich improvesthe

plasticandhardenedpropertiesandhaveimprovedresistanceagainstfrost actionandpermeability.

Å Air voidsin concretecanbebroughtinto two groups

ü Entrappedair is dueto insufficientcompactionof concrete

ü Entrainedair is intentionallyaddedanddistributeduniformly.

Å Someof thechemicalair entrainingagentsareNaturalwoodresins,Animal andvegetablefatsandoils
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Mineral admixtures

Mineral admixturesareinorganic,finely grainedmaterialshavingPozzolanicpropertiesaddedto theconcretemix

in orderto improvethepropertiesof concrete.

Sourceof Mineral Admixtures

a) Rawor calcinednaturalminerals

b) Industrialby products
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Classificationof Mineral Admixture

ASIM specificationC618recognizesthefollowing threeclassesof mineraladmixtures.

a) ClassN ð Raw or calcinednatural pozzolanicsuch as diatomaceousearths,clay and shales,tuffs and

volcanicashes.

b) ClassFð Fly ashproducedfrom burninganthraciteor bituminouscoal.

c) ClassC ð Ash normally producedfrom lignite or sub-bituminouscoal which may containanalyticalCaO

higherthan10%.
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Reasonsfor usingmineral admixtures

a) In recentyearsôconsiderableefforts havebeenmadeby the cementindustry world wide to reduceenergy

consumptionin the manufactureof Portlandcement. Therefore,a partial replacementof Portlandcementby

mineraladmixtureswhich canbeof theorderof 50ï60% by weightof total cementitiousmaterial,represents

considerableenergysavings.

b) Theability of cementandconcreteindustriesto consumemithionsof tonsof industrialbyproductscontaining

toxic metalwouldqualify theseindustriesto beclassifiedasenvironmentallyfriendly.
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Reasonsfor usingmineral admixtures

SincenaturalPozzolanaandindustrialby productsaregenerallyavailablesubstantiallylower coststhanPortland

cement,theexploitationof thePozzolanicandcementitiouspropertiesof mineraladmixturesareusedasa partial

replacementof cementcanleadto aconsiderableeconomicbenefit.

Possible technological benefits from the use of mineral admixtures in concrete include entrancementof

impermeabilityandchemicaldurability, improvedresistanceto thermalcrackingandincreasein ultimatestrength.
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Typesof Mineral admixtures

ü Fly Ash

ü GGBS

ü SilicaFume

ü Metakaolin

ü RiceHuskAsh
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Fly ash:-

Å A by-productof coalfired electricgenerationplant,usedfor partially replacingcementup to 60% by mass.

Å It is obtainedby Electrostaticprecipitator.

Å It is producedin largequantityin India.

Å In India,Fly ashis classifiedasClassF becauseit containslesscalcium.

Å It contributesstrengthanddurabilityandenhancesworkability dueto sphericalnature.
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Fly ash:-

Å Therearetwo typesof Fly ash

ü Low lime Fly ashŸ producescementitiouspropertybecauseof lime or cement

ü High lime fly ashŸ Exhibit cementitiouspropertyby itself

Applications:- Building blocks,Fine aggregate,Blending cements,geotechnicalapplicationsetc.
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Effectsof Fly Ash on FreshConcrete:

Reductionof waterdemandfor desiredslump.

With thereductionof unit watercontent,bleedinganddryingshrinkagewill alsobereduced.

Effectsof Fly Ash on HardenedConcrete:

Contributesto thestrengthof concretedueto its pozzolanicreactivity.

Continuedpozzolanicreactivityconcretedevelopsgreaterstrengthat lateragenotat initial stage.

Resultingin decreaseof waterpermeability
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Ground Granulated Blast FurnaceSlag(GGBFS/GGBS):-

It is aby-productof steelproduction

Usedto partially replacecementby 80% by mass.
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Effectson fresh concrete:

It reducestheunit watercontentnecessaryto obtainthesameslump.

Waterusedfor mixing is not immediatelylost, as the surfacehydrationof slag is slightly slower than that of

cement.

It reductionof bleeding.

Effectson hardenedconcrete:

It Reducedheatof hydration.

Refinementof porestructuresgreatlyreducedpermeabilityto the externalagenciesandincreasedresistanceto

chemicalattack.
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SILICA FUME:

It is a product resulting from reduction of high purity quartz with coal in an electric arc furnace in the

manufactureof siliconor ferrosiliconalloy.

Containsat least85% SiO2 contentwith Meanparticlesizebetween0.1 and0.2 micron.

Minimum specificsurfaceareais 15,000m2/kg. Particleshapeis Spherical.
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Effect on fresh concrete:

Freshconcretesticky in natureandhardto handle.

Causeslarge reductionin bleedingand concretewith micro silica could be handledand transportedwithout

segregationto plasticshrinkagecracking.

Effect on hardenedconcrete:

Modulusof elasticityof micro silicaconcreteis less.

It causesimprovementin durabilityof concreteandResistanceagainstfrostdamage.
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Application:

Conservecement

Produceultrahighstrengthconcreteof theorderof 70 to 120Mpa.

Increaseearlystrengthof fly concrete.

Controlalkali-aggregatereaction.

Reducesulfateattack& chlorideassociatedcorrosion.
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RICE HUSK ASH:

Ricehuskashis obtainedby Burningricehuskin acontrolledmanner.

Materialof futureasmineraladditives. It is addedto 10% by weightof cement.

It greatlyenhancestheworkability andimpermeabilityof concrete.

It containsAmorphoussilica (90% SiO2) in very high proportionwhenburnt in controlledmanner,5% carbon,

2% K2O.
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Effects:

It reducessusceptibleto acidattackandimprovesresistanceto chloridepenetrationandreduceslargeporesand

porosityresultingvery low permeabilityandfreelime presentin thecementpaste.

It Decreasesthepermeabilityof thesystemandImprovesoverall

resistanceto CO2 attackImprovescapillarysuctionandacceleratedchloridediffusivity.

It also Enhancesresistanceto corrosionof steelin concrete. Reducingmicro crackingand improving freeze-

thawresistance.

Concrete Ingredients



METAKAOLIN :

Highly reactiveMetakaolinis madeby waterprocessingto removeunreactiveimpuritiesto make100% reactive

pozzolanic Such a product, white or cream in color, purified, thermally activated is called High Reactive

Metakaolin(HRM)
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Effectsof Metakaolin:

High reactiveMetakaolinshowshighpozzolanicreactivityandreductionin Ca(OH)2 evenasearlyasoneday.

Thecementpasteundergoesdistinctdensification.

Densificationincludesanincreasein strengthanddecreasein permeability.

ThehighreactiveMetakaolinis havingthepotentialto competewith silica fume.

Concrete Ingredients



MODULE –2

FRESH CONCRETE



Introduction

The cementconcreteis a mixture of cement,sand,pebblesor crushedstonesand water. When this mixture is

placedandallowedto cure, becomeshardlike astone.
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Introduction

Å The potential strengthand durability of concreteof a given mix proportion is very dependenton the degreeof its

compaction

Å It is vital, therefore,that the consistencyof the mix be suchthat the concretecan be transported,placed,and finished

sufficientlyearlyenoughto attaintheexpectedstrengthanddurability.

Significance

Å Thefirst 48hoursarevery importantfor theperformanceof theconcretestructure.

Å It controlsthelong-termbehavior,influencef'c (ultimatestrength),Ec (elasticmodulus),creep,anddurability.
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Properties of goodconcrete

Å It hashighcompressivestrength.

Å It is freefrom corrosionandlesseffectedby atmosphericagents.

Å It hardenswith age and processof hardeningcontinuesfor a long period of time after concretehas

attainedsufficientstrength.

Å It is provedto bemoreeconomicalthansteel. This is dueto thefact that,theaggregatesconstitutesabout

80ï90% of volumeof concreteandis availableat reasonablerates.
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Å It binds rapidly with steeland as it is weak in tension,the steelreinforcementis placedin cementconcrete

structureatsuitableplacesto takeup tensilestresses. This is termedasReinforcedCementConcrete(RCC).

ÅUnderthefollowing two conditions,it hasa tendencyto shrink:

ü There is an initial shrinkageof cementconcretewhich is mainly due to the loss of water throughforms,

absorptionby surfacesof forms.

ü Theshrinkageof cementconcreteoccursasit hardens. This tendencyof cementconcretecanbeminimizedby

propercuringof concrete.
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ÅIt hasa tendencyto beporousin nature. This is dueto thepresenceof voidswhich areformedduring

andafter its placing. Thetwo precautionsnecessaryto avoidthis tendencyareasfollows:

ü Thereshouldbepropergradingandconsolidationof aggregates.

ü Theminimumwater-cementratio shouldbeadopted.

ÅIt formsahardsurfaceandoffersresistanceto abrasion.
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Factors affecting Strength of concrete

ÅWater-Cement ratio - It is water cement ratio that basically governs the property of strength. Lesser 

the water cement ratio, greater will be strength

Å Type of cementing material –It affects the hydration process and therefore strength of concrete.

Å Amount of cementing material - It is the paste that holds or binds all the ingredients. Thus greater 

amount of cementing material greater will be strength.

Å Type of aggregate - Rough and angular aggregates are preferable as they provide greater bonding
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Air content –The amount of air improves the concrete resistance on freezing and thawing. But in 

excess lead to failure

Admixtures - Chemical admixtures like plasticizers reduce the water cement ratio and increase the 

strength of concrete at same water cement ratio. Mineral admixtures affect the strength at later stage and 

increase the strength by increasing the amount of cementing material.

ÅOnce the mixing was completed the mixture is said to be Fresh concrete which is in plastic state and 

can be moulded in any forms whereas the Hardened concrete is the one which is fully cured
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For fresh concrete to be acceptable, it should:

1. Be easily mixed and transported.

2. Be uniform throughout a given batch and between batches.

3. Be of a consistency so that it can fill completely the forms for which it was designed.

4. Have the ability to be compacted without excessive loss of energy.

5. Not segregate during placing and consolidation.

6. Have good finishing characteristics.
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Workability

ÅThepropertyof concretedeterminestheamountof internalwork requiredto producefull compaction.

Or

Å It is the easewith which the concretecanbe compacted100% andcanbe deposited/ transportedor placedin

requiredposition.

Å In general; easyto mix, easyto handleandeasyto placeis referredasworkability of concrete
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Factorsaffecting workability

1. Water content:

Å Thewatercontentin agivenvolumeof concretewill havesignificantinfluenceonworkability of concrete.

Å Higherthewatercontentpercubicmeterof concrete,higherwill bethefluidity.

Å It shouldbenotedthat from thedesirablepoint of view, increasein watercontentwill be the last resourcefor

improvingtheworkability in caseof uncontrolledconcrete.

Å But for controlledconcretewecannotincreasethewatercontent.

Å If we want to increasethe watercontent,simultaneouslywe haveto increasethe cementin orderto maintain

water-cementratioasconstantandstrengthof theconcreteremainssame.
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Factorsaffecting workability

2. Mix proportion :

Å Aggregateto cementratio is animportantratio influencingworkability.

Å Highertheaggregateto cementratio, leanerwill betheconcretemix.

Å In caseof leanconcretelessquantityof pasteis availablefor lubricatingthesurface.

Å Hencethereis chanceof mobility of aggregates.

Å On theotherhandin caseof rich mix with lower aggregateto cementratio,morepasteis availableto makethe

mix cohesiveandalsogivesbetterworkability.
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Factorsaffecting workability

Sizeof aggregate:

Å Biggerthesizeof particleslesswill bethesurfaceareaandhencelessamountof wateris requiredandalsoless

cementpasterequiredfor lubricatingthesurfacesof aggregates.

Å Sobiggerthesize,giveshigherworkability.
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Factorsaffecting workability

Shapeof aggregate:

Å Angular, elongatedor flaky aggregatesmakethe concretevery harshwhen comparedto roundedor cubical

aggregates.

Å Contributionto betterworkability of roundedaggregatewill comefrom the fact that for a given volume or

weight.

Å It will havea lesssurfaceareaandlesservoids.

Å Not only is thatbeingin roundedin shape,thefrictional resistancebetweentheaggregatesalsoreduced.

Å Hencetheworkability will bemorein caseof roundedthancomparedto flaky aggregates.

Å Hencethestrengthwill bemoreby usingroundedor cubicalaggregates.
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Factorsaffecting workability

Surfacetexture:

Å The influenceof surfacetextureon the workability is dueto the fact that, total surfaceareaof roughtexture

aggregateis morethanthatof surfaceareaof smoothroundedaggregatesof samevolume.

Å Rough textured aggregateswill show poor workability and smooth textured aggregateswill give better

workability becauseof lesserfrictional resistanceof innersurfaceparticle.
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Factorsaffecting workability

Grading of aggregates:

Å This is oneof thefactorwill havemaximuminfluenceon workability.

Å A well gradedaggregatewill give leastamountof voidsfor givenvolumeof aggregates.

Å Whenthevoidsareless,excesspastewill beavailableto givebetterworkability.

Å Betterthegrading,lesserwill bethevoidsandgreaterwill betheworkability.

Useof admixtures:

Å Like plasticizersandsuperplasticizersgreatlyimprovestheworkability of concrete.
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How To improve the workability of concrete

Å increasewater/cementratio

Å increasesizeof aggregate

Å usewell-roundedandsmoothaggregateinsteadof irregularshape

Å increasethemixing time

Å increasethemixing temperature

Å usenon-porousandsaturatedaggregate

Å with additionof air-entrainingmixtures
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Measurementof Workability

Thefollowing testsarecommonlyemployedto measureworkability.

ü SlumpTest

ü CompactingFactorTest

ü Vee-BeeConsistometerTest

ü Flow Test
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ConcreteConsistency

Å Consistencyor fluidity of concreteis an importantcomponentof workability and refersin a way to the wetnessof the

concrete.

Å Wetter the mix the moreworkableit is. If a mix is too wet, segregationmay occurwith resultinghoneycomb,excessive

bleeding,andsandstreakingon theformedsurfaces
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Consistencyof concrete

On theotherhand,if a mix is too dry it maybedifficult to placeandcompact,andsegregationmayoccurbecause

of lackof cohesivenessandplasticityof thepaste.

Fresh Concrete



Fresh Concrete



Slump Test

Å A slumptestis amethodusedto determinetheconsistencyof concrete.

Å Theconsistency, or stiffness,indicateshowmuchwaterhasbeenusedin themix.

Å Thestiffnessof theconcretemix shouldbematchedto therequirementsfor thefinishedproductquality

ü Slumpis ameasurementof concreteôsworkability, or fluidity.

üItôsanindirectmeasurementof concreteconsistencyor stiffness.

Principle

Å The slumptestresult is a measureof the behaviorof a compactedinvertedconeof concreteunderthe actionof gravity. It

measurestheconsistencyor thewetnessof concrete
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Tools and apparatususedfor slump test (equipment):

1. Standardslumpcone(100mm topdiameterx 200mm bottomdiameterx 300mm high)

2. Smallscoop

3. Bullet-nosedrod (600mm longx 16mm diameter)

4. Rule

5. Slumpplate(500mm x 500mm)
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Procedure

Å The baseis placedon a smoothsurfaceand the containeris filled

with concretein threelayers,whoseworkability is to betested.

Å Each layer is temped25 times with a standard16 mm (5/8 in)

diametersteelrod, roundedat theend.

ÅWhenthe mold is completelyfilled with concrete,the top surfaceis

struckoff (leveledwith mold top opening)by meansof screeningand

rolling motionof thetempingrod.

Å The mold must be firmly held against its baseduring the entire

operationsothatit couldnot movedueto thepouringof concreteand

this can be doneby meansof handlesor foot ïrestsbrazedto the

mold.
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Procedure

Å Immediatelyafter filling is completedandtheconcreteis leveled,the

coneis slowly andcarefully lifted vertically,anunsupportedconcrete

will now slump.

Å The decreasein the height of the centerof the slumpedconcreteis

calledslump.

Å The slump is measuredby placing the cone just besidesthe slump

concreteandthetempingrod is placedovertheconesothat it should

alsocomeovertheareaof slumpedconcrete.

Å The decreasein height of concreteto that of mould is noted with

scale. (usuallymeasuredto thenearest5 mm (1/4 in).
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Precautions

Å In order to reducethe influence on slump of the variation in the

surface friction, the inside of the mold and its base should be

moistenedat the beginningof every test,and prior to lifting of the

mold the areaimmediatelyaroundthe baseof the cone should be

cleanedfrom concretewhichmayhavedroppedaccidentally.
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TypesOf Slump

Theslumpedconcretetakesvariousshapes,andaccordingto the

profile of slumpedconcrete,theslumpis

termedas;

Å CollapseSlump

Å ShearSlump

Å TrueSlump
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Typesof slump

CollapseSlump

Å In a collapseslumptheconcretecollapsescompletely.

Å A collapseslumpwill generallymeanthatthemix is too wet or thatit

is a highworkability mix, for whichslumptestis notappropriate.
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Typesof slump

ShearSlump

Å In a shearslumpthe top portion of the concreteshearsoff andslips

sideways. OR If one-half of the coneslidesdown an inclined plane,

theslumpis saidto beashearslump.

Å If a shearor collapseslump is achieved,a fresh sampleshouldbe

takenandthetestis repeated.

Å If the shearslumppersists,asmay the casewith harshmixes,this is

anindicationof lackof cohesionof themix.
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Typesof slump

True Slump

Å In a trueslumptheconcretesimply subsides,keepingmoreor lessto

shape

Å This is theonly slumpwhich is usedin varioustests.

Å Mixes of stiff consistencehavea Zeroslump,sothat in theratherdry

range no variation can be detectedbetween mixes of different

workability.
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Uses

Å Theslumptestis usedto ensureuniformity for differentbatchesof similar concreteunderfield conditionsandto ascertainthe

effectsof plasticizerson their introduction.

Å This testis veryusefulon siteasacheckon theday-to-dayor hour- to-hourvariationin thematerialsbeingfed into themixer.

Å An increasein slumpmaymean,for instance,thatthemoisturecontentof aggregatehasunexpectedlyincreases.

Å Othercausewouldbeachangein thegradingof theaggregate,suchasadeficiencyof sand.

Å Too highor too low aslumpgivesimmediatewarningandenablesthemixer operatorto remedythesituation.

Å Thisapplicationof slumptestaswell asits simplicity, is responsiblefor its widespreaduse.
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CompactionFactor Test

ÅThis testmeasurethedegreeof compaction.

ÅThe test requiremeasurementof the weight of the partially and fully compactedconcreteand the ratio the

partially compactedweight to the fully compactedweight, which is always less than one, is known as

compactedfactor.

ÅFor thenormalrangeof concretethecompactingfactorliesbetween0.8 - 0.92
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CompactionFactor Test

Apparatus

ÅTrowels

ÅHandScoop(15.2 cm long)

ÅRod of steel or other suitablematerial (1.6 cm diameter,61 cm long

roundedatoneend).

ÅBalance.
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Procedure

1) Ensurethe apparatusand associatedequipmentare cleanbeforetestand free from hardened

concreteandsuperfluouswater.

2) Weighthebottomcylinderto nearest10gm, put it backon thestandandcoverit up with a pair

of floats.

3) Gently fill the upperhopperwith the sampledconcreteto the level of the rim with useof a

scoop.

4) Immediatelyopenthetrapdoorof theupperhopperandallow thesampledconcreteto fall into

themiddlehopper.

5) Removethe floats on top of the bottomcylinder andopenthe trap door of the middle hopper

allowing thesampledconcreteto fall into thebottomcylinder.

6) Removethe surplusconcreteabovethe top of the bottomcylinder by holding a float in each

handandmovetowardseachotherto cut off theconcreteacrossthetop of cylinder
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Procedure

1) Wipecleantheoutsideof cylinderof concreteandweighto nearest10gm .

2) Subtractthe weight of empty cylinder from the weight of cylinder plus concreteto

obtaintheweightof partiallycompactedconcrete

3) Removetheconcretefrom thecylinderandrefill with sampledconcretein layers.

4) Compacteach layer thoroughly with the standardCompactingBar to achievefull

compaction.

5) Floatoff thesurplusconcreteto topof cylinderandwipe it clean.

6) Weighthecylinderto nearest10gm andsubtracttheweightof emptycylinderfrom the

weightof cylinderplusconcreteto obtaintheweightof fully compactedconcrete
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Vee-BeTime Test

It is basedon measuringthetime (CalledVEBE time) neededto transfertheshapeof a

concretemix from a frustum coneto a cylinder (theseshapesare standardizedby the

apparatusof this test), by vibrating and compactingthe mix. The more VEBE time

neededthelessworkablethemix is. Thismethodis veryusefulfor stiff mixes.
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Vee-BeTime Test

Apparatus

Å Cylindricalcontainerwith diameter= 240mm,andheight= 200mm

Å Mould: thesamemouldusedin theslumptest.

Å Disc : A transparenthorizontaldiscattachedto a rodwhich slidesvertically

Å VibratingTable: 380*260mm,supportedby four rubbershockabsorbers

Å TampingRod

Å Stopwatch
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Procedure

Å Slump test as describedearlier is performed,placing the slump cone inside the sheet

metalcylindricalpotof theconsistmeter.

Å The glassdisc attachedto theswivel arm is turn andplaceon the top of theconcretein

thepot.

Å Theelectricalvibratoris thenswitchedon andsimultaneouslyastopwatchstarted.

Å The vibration is continuedtill suchtime asthe conicalshapeof the concretedisappears

andtheconcreteassumeacylindrical shape.

Å This can be judge by observing the glass disc from the top disappearanceof

transparency.

Å Immediately when the concretefully assumea cylindrical shape,the stop watch is

switchedoff
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Å The time required for the shapeof concreteto changefrom slump cone shapeto

cylindricalshapein secondis knownasVibe Degree.

Å This method is very suitable for very dry concretewhoseslump value cannotbe

measureby slump test, but the vibration is too vigorous for concretewith slump

greaterthanabout50m.

Å The test fails if Vee-Be Time is lessthan5 seconds.. And the testmustbe repeated

whenno collapseor shearsslumpin concrete
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Flow Test

Theflow tabletestor flow testis a methodto determinetheconsistenceof freshconcrete.

Application

Å When freshconcreteis deliveredto a site by a truck mixer it is sometimesnecessaryto checkits consistencebeforepouring it into

formwork.

Å If the consistenceis not correct,the concretewill not havethe desiredqualitiesonceit hasset,particularlythe desiredstrength. If the

concreteis too pasty, it may result in cavitieswithin the concretewhich leadsto corrosionof the rebar,eventuallyleading to the

formationof cracks(astherebarexpandsasit corrodes)whichwill acceleratethewholeprocess,ratherlike insufficientconcretecover.

Å Cavitieswill alsolower thestresstheconcreteis ableto support.
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Flow Test

Equipment

Å Flow tablewith agrip andahinge,70cmx 70cm.

Å Abramscone,openat thetop andat thebottom- 30 cm high,17 cm top diameter,25 cm

basediameter

Å Waterbucketandbroomfor wettingtheflow table.

Å Tampingrod,60cmheight

Å Scalefor measurement
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Procedure

Å Theflow tableis wetted.

Å The coneis placedon the flow tableand filled with freshconcretein two layers,each

layer25 timestampwith tampingrod.

Å Theconeis lifted, allowing theconcreteto flow.

Å The flow table is then lifted up about 12.5mm and then droppedfor 15 times in 15

seconds,causingtheconcreteflow a little bit further.

Å After this thediameterof theconcreteis measuredin a 6 differentdirectionandtakethe

average.
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Segregation

Segregationis whenthecoarseandfine aggregate,andcementpaste, becomeseparated. Segregationmayhappenwhenthe

concreteis mixed,transported,placedor compacted

Segregationmakestheconcrete

ÅWeaker,

ÅLessdurable,

Åandwill leaveapoorsurfacefinish
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Segregation

Segregationmaybeof threetypes

Å firstly, thecoarseaggregateseparatingoutor settlingdownfrom therestof themixing

Å Secondly,thepasteor matrix separatingawayfrom coarseaggregateand

Å thirdly, waterseparatingout from therestof thematerialbeingamaterialof lowestspecificgravity.
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To Avoid Segregation

Å If placing concretestraight from a truck, pour vertically and never let the concretefall more than one-and-a-half

meters.
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ConcreteBleeding

Å This refersto theappearanceof wateralongwith cementparticleson the

surfaceof thefreshlylaid concrete.

Å This happenswhenthereis excessivequantityof waterin themix or due

to excessivecompaction.

Å Bleedingcausestheformationof poresandrenderstheconcreteweak.

Å Bleedingcanbe avoidedby suitablycontrolling the quantityof water in

theconcreteandusingfiner gradingof aggregates.
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The effects of water gain:

Å The water gain which causes voids and reduces the bond between the cement and aggregates.

Å Water gain below the reinforcement especially at cranked portion reduces the bond between reinforcement and 

concrete.

Å Water while traversing from bottom to top make a channel and if water-cement ratio greater than 0.7 is used, 

channel becomes continuous and responsible for permeability of concrete.
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Water gain can be avoided by

1. Proper mix proportion

2. Proper mixing

3. By using finely divided pozzolanic material

4. By using finer cement or cement with less alkali content

5. By re-vibration of concrete

6. By using air entraining agents
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Processof Manufacture of Concrete

Å It is interestingto note that the ingredientsof good concreteand bad

concretearethesame.

Å If meticulouscareis not exercised,andgoodrulesarenot observed, the

resultantconcreteis goingto beof badquality.

Å With thesamematerialif intensecareis takento exercisecontrolat every

stage,it will resultin goodconcrete.
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Processof Manufacture of Concrete

Thevariousstagesof manufactureof concreteare:

(a) Batching

(b) Mixing

(c) Transporting

(d) Placing

(e) Compacting

(f ) Curing

(g) Finishing
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Batching

Themeasurementof materialsfor makingconcreteis knownasbatching. Therearetwo methodsof batching:

Å Volumebatching

Å Weighbatching
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Batching

Volume Batching:

ÅVolumebatchingis notagoodmethodfor proportioningthematerialbecauseof thedifficulty it offersto measure

granularmaterialin termsof volume.

ÅVolumeof moistsandin a looseconditionweighsmuchlessthanthesamevolumeof dry compactedsand.

ÅTheeffectof bulkingshouldbeconsiderfor moistfine aggregate.

ÅForunimportantconcreteor for anysmall job, concretemaybebatchedby volume.
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Batching

Weigh Batching:

ÅWeighbatchingis thecorrectmethodof measuringthematerials.

ÅUseof weightsystemin batching,facilitates,accuracy,flexibility andsimplicity.

ÅLargeweighbatchingplantshaveautomaticweighingequipment.

ÅOn largework sites,theweighbuckettypeof weighingequipment'sareused.
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Batching

Å Cementis alwaysmeasuredby weight.

Å It is nevermeasuredin volume.

Å Generally, for eachbatchmix, onebagof cementis used.

Å Thevolumeof onebagof cement(50kgs)is takenasthirty five (35) liters.

Measurementof water:

Å whenweighbatchingis adopted,themeasurementof watermustbedoneaccurately.

Å Addition of waterby graduatedbucketin termsof literswill notbeaccuratefor thereasonof spillageof water.

Å It is usualto havewatermeasuredin ahorizontalor verticaltank

Å Thesetanksarefilled upofteneverybatch.
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Mixing

ÅThoroughmixing of thematerialsproductionof uniformconcrete.

ÅThe mixing shouldensurethat is essentialfor the massbecomeshomogeneous, uniform in

colourandconsistency.

ÅTherearetwo methodsadoptedfor mixing concrete:

(i) Handmixing (ii )Machinemixing
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Mixing

Hand mixing

Å Handmixing is practicedfor smallscaleunimportantconcreteworks.

Å As themixing cannotbethoroughandefficient, it is desirableto add10 per

cent more cement to cater for the inferior concreteproducedby this

method.

Å Handmixing shouldbedoneoveran imperviousconcreteor brick floor of

sufficiently largesizeto takeonebagof cement.

Å Spreadout themeasuredquantityof coarseaggregateandfine aggregatein

alternatelayers.
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Mixing

Hand mixing

Å Pourthe cementon the top of it, andmix themdry by shovel,turning

themixtureoverandoveragainuntil uniformity of colouris achieved.

Å Wateris takenin a water-canfitted with a rose-headandsprinkledover

themixtureandsimultaneouslyturnedover.

Å This operation is continued till such time a good uniform,

homogeneousconcreteis obtained.
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Mixing

Machine Mixing

Å Mixing of concreteis almost invariably carried out by machine,for reinforcedconcrete

work andfor mediumor largescalemassconcretework.

Å Machinemixing is not only efficient, but alsoeconomical,whenthequantityof concreteto

beproducedis large.

Å Theycanbeclassifiedasbatch-mixersandcontinuousmixers.

Å Batch mixers produceconcrete,batch by batch with time interval, whereascontinuous

mixersproduceconcretecontinuouslywithout stoppagetill suchtime theplantis working.
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Mixing

Machine Mixing

Å In normalconcretework, it is thebatchmixersthatareused. Batchmixer maybeof pantypeor drumtype.

Å Thedrumtypemaybefurtherclassifiedastilting, non-tilting, reversingor forcedactiontype.

Å As perI.S. 1791ï1985, concretemixersaredesignatedby anumberrepresentingits nominalmixedbatchcapacityin litres.

Thefollowing arethestandardizedsizesof threetypes:

ü a. Tilting: 85T, 100T, 140T, 200T

ü b. Non-Tilting: 200NT, 280NT, 375NT, 500NT, 1000NT

ü c. Reversing: 200R, 280R, 375R, 500R and1000R
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Mixing

How do we mix concrete in a mixer?

Å Firstly about half the quantity of coarse aggregate is placed into the mixer. 

Å Over this about half quantity of fine aggregate is poured.

Å On this mixture, 1 bag of cement is poured and over this remaining half quantity of coarse and fine aggregates is placed. This 

prevents the blowing away of cement in windy weather.

Å Before the loading skip is placed into the drum, about 25% of water is added to the drum in order to avoid the sticking of cement to 

the surface / deposition at the bottom. After loading skip is placed, remaining 75% of water is added. If the mixer is havingan

independent feeding of water, it is desirable that remaining 75% of water is added simultaneously along with the loading skip.

Fresh Concrete



Å Mixing Time:

Å Concretemixers are generallydesignedto run at a speedof 15 to 20 revolutionsper

minute.

Å For proper mixing, it is seenthat about 25 to 30 revolutionsare required in a well

designedmixer.

Å In the site, the normal tendencyis to speedup the outturn of concreteby reducingthe

mixing time. This resultsin poorquality of concrete.

Å On the other hand, if the concreteis mixed for a comparativelylonger time, it is

uneconomicalfrom the point of view of rate of production of concrete and fuel

consumption.

Å Therefore,it is of importanceto mix the concretefor sucha durationwhich will accrue

optimumbenefit.
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Transporting of Concrete:

Å Concretecanbetransportedby a varietyof methodsandequipment's. Theprecautionto betakenwhile transportingconcreteis that

thehomogeneityobtainedat thetime of mixing shouldbemaintainedwhile beingtransportedto thefinal placeof deposition.

ü Mortar Pan 

ü Wheel Barrow, Hand Cart, 

ü Crane, Bucket and Rope way , 

ü Truck Mixer and Dumpers, 

ü Chute, 

ü Skip and Hoist , 

ü TansitMixer, 

ü Pump and Pipe Line, 

ü Helicoptor
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Transporting of Concrete:

Mortar Pan

Å Useof mortarpanfor transportationof concreteis oneof thecommonmethodsadoptedin thiscountry.

Å In thiscase,concreteis carriedin smallquantities.

Å While this methodnullifies thesegregationto someextent,particularlyin thick membersGreaterlossof water,

particularly,in hotweatherconcreting
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Transporting of Concrete:

WheelBarrows

Å Wheel barrowsarenormally usedfor transportingconcreteto be placedat ground

level.

Å This methodis employedfor haulingconcretefor comparativelylongerdistanceas

in thecaseof concreteroadconstruction.

Å If concreteis conveyedby wheelbarrowovera long distance,on roughground,it is

likely thattheconcretegetssegregateddueto vibration
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Transporting of Concrete:

Crane, Bucket and Ropeway

Å A craneandbucketis oneof theright equipmentfor transportingconcrete

abovegroundlevel.

Å Crane can handle concretein high rise constructionprojects and are

becominga familiar sitesin big cities.

Å Cranesare fast and versatileto move concretehorizontally as well as

vertically along the boom and allows the placementof concreteat the

exactpoint.

Å Cranescarry skipsor bucketscontainingconcrete. Skipshavedischarge

doorat thebottom,whereasbucketsaretilted for emptying.

Å For amediumscalejob thebucketcapacitymaybe0.5 m3 .
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Transporting of Concrete:

Truck Mixer and Dumpers

Å For largeconcreteworks particularlyfor concreteto be placedat ground

level, trucksanddumpersor ordinaryopensteel-body tipping lorriescan

beused.

Å As they can travel to any part of the work, they havemuch advantage

overthejubileewagons,which requirerail tracks.

Å Dumpersareof usually2 to 3 cubicmetrecapacity,whereasthecapacity

of truckmaybe4 cubicmetreor more
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Transporting of Concrete:

Belt Conveyors

Å Belt conveyorshavevery limited applicationsin concreteconstruction.

Å The principal objection is the tendencyof the concreteto segregateon

steepinclines,at transferpointsor changeof direction,andat the points

wherethebeltpassesovertherollers.

Å Conveyorscanplacelarge volumesof concretequickly whereaccessis

limited
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Transporting of Concrete:

Chute

Å Chutesaregenerallyprovidedfor transportingconcretefrom groundlevel

to a lower level.

Å The sectionsof chuteshouldbemadeof or lined with metalandall runs

shall haveapproximatelythe sameslope,not flatter than1 vertical to 2

1/2 horizontal.

Å The lay-out is madein sucha way that theconcretewill slideevenlyin a

compactmasswithoutanyseparationor segregation
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Transporting of Concrete:

Transit Mixer

Å Transitmixer is oneof themostpopularequipment'sfor transportingconcrete

overa long distanceparticularlyin ReadyMixed Concreteplant(RMC).

Å In India, today (2000 AD) thereare about35 RMC plantsand a numberof

centralbatchingplantsareworking. Theyaretruck mountedhavinga capacity

of 4 to 7 m3 .

Å In one, mixed concreteis transportedto the site by keepingit agitatedall

alongataspeedvaryingbetween2 to 6 revolutionsperminute.

Å In theothercategory,theconcreteis batchedat thecentralbatchingplantand

mixing is done in the truck mixer either in transit or immediatelyprior to

dischargingtheconcreteat site.

Fresh Concrete



Transporting of Concrete:

Pipelines& coupling

Å Generallyalmostall pumpedconcreteis conveyed125mm pipeline.

Å Generalrule is that the pipe diametershouldbebetween3 to 4 timesthe

largestsizeof aggregate.

Å Concretehasbeenpumpedto aheight400m andto adistanceof 2000m
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PumpableConcrete

Å A concretewhich can be pushedthrougha pipeline is called a pumpable

concrete.

Å It is madein sucha mannerthat its friction at theinnerwall of thepipeline

does not becomevery high and that it does not wedge while flowing

throughthepipeline.

Å Pumpableconcreteemergingfrom a pipeline flows in the form of a plug

which is separatedfrom thepipewall by a thin lubricatinglayerconsisting

of cementpaste.

Å For continuous plug movement, the pressuregeneratedby the flow

resistancemustnot begreaterthanthepumppressurerating.

Fresh Concrete



Placingof Concrete

Å It is not enoughthat the concreteis properly mixed, correctly batchedand transported,but also it hasto be placedin a

sequentialmannerto obtainbetterresults.

Å Placingconcretewithin earthmould(examplefoundationconcretefor wall or acolumn)

Å Placingconcretewithin largeearthmouldor timberplankformwork (example: RoadslabandAirfield slab).

Å Placingconcretein layerswithin timber or steelshutters(example: Massconcretein damconstructionor constructionof

concreteabutmentor pier).

Å Placingconcretewithin usualfrom work. (example: Columns,beamsandfloors).

Å Placingconcreteunderwater.
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Placing concretewithin earth mould (examplefoundation concretefor wall or a

column)

Å Concreteis invariablylaidasfoundationbedbelowthe wallsor columns.

Å Before placing the concrete in the foundation, all the loose earth must be

removedfrom the bed.

Å Any root of trees passingthrough the foundation must be cut and burnt

effectively to prevent its further growth and piercing the concreteat a later

date.

Å Thesurfaceof the earth, if dry, mustbe just madedampsothat the earth does

not absorbwater from concrete.

Å If there is any seepageof water taking place into the foundation trench,

effective method for diverting the flow of water must be adopted before

concreteisplacedin the trenchor pit.
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Placingconcretewithin large earth mould or timber plank formwork :

Å For theconstructionof roadslabs,airfield slabsandgroundfloor slabsin buildings,

concreteis placedin bays.

Å The groundsurfaceon which the concreteis placedmustbe free from looseearth,

poolof waterandotherorganicmatterslike grass,roots,leavesetc.

Å The earthmustbe properlycompactedandmadesufficiently dampto preventthe

absorptionof waterfrom concrete.

Å If this is notdone,bottomportionof concretebecomesweak.

Å Sometimes, in order to prevent the absorptionof moisture from concrete,a

polyethylenefilm is placedbetweenconcreteand ground surfacegives enough

scopefor theconcreteto undergosufficientshrinkage.
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Placing concretein layers within timber or steelshutters:

Å When concreteis laid in great thickness,as in the caseof concreteraft for a high rise

building or in the constructionof concretepier or abutmentor in the constructionof mass

concretedam,concreteis placedin layers.

Å Thethicknessof layersdependsuponthemodeof compaction.

Å In reinforcedconcrete,it is a goodpracticeto placeconcretein layersof about15 to 30 cm

thick andin massconcrete,thethicknessof layermayvary anythingbetween35 to 45 cm.

Å Before placing the concrete,the surfaceof the previouslift is cleanedthoroughly with

waterjet andscrubbingby wire brush.

Å Sometimescementslurry or a very thin layer of rich mortar is placedon the old surface

andthenthefreshconcreteis laid.

Å This is done in order to avoid formation of cold joints. So it is better to leave the top

surfaceasrough, which givesbetterbindingbetweenthetwo layers.
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Placing of concrete within usual from work. (example: Columns, beamsand

floors):

Form work:

Å Form work shall be designedandconstructedso asto remainsufficiently rigid

duringplacingandcompactionof concrete.

Å Thejoints arepluggedto preventthelossof slurry from concrete.

Å Reinforcementshould be cleanedand free from oils. When reinforcementis

placedin congestion,concretemust be placedvery carefully. While casting

columns,droppingof concretefrom greaterheightcausessegregation. In order

to avoid this, concreteis placedwith tremie, dropchuteor by any othermeans

within thereinforcementandties.

Å When the formwork is narrow, a small openingis madeon the sidesof the

formworkandconcreteis placed.
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Stripping Time:

Formwork should not be removeduntil the concretehas

developedstrengthof at least twice the stressto which

concrete may be subjectedat the time of removal of

formwork.
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Placingconcreteunder water:

Å In suchcases,useof bottomdumpbucketor tremiepipeis madeuseof.

Å In the bottomdumpbucketconcreteis takenthroughthe waterin a water-

tight box or bucketandon reachingthefinal placeof depositionthebottom

is madeto openby somemechanismand the whole concreteis dumped

slowly.

Å A tremiepipe is a pipe havinga diameterof about20 cm capableof easy

couplingfor increaseor decreaseof length.

Å A funnelis fitted to thetopendto facilitatepouringof concrete.

Å The bottomend is closedwith a plug or thick polyethylenesheetor such

other material and taken below the water and madeto rest at the point

wheretheconcreteis goingto beplaced.
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Placingconcreteunderwater:

Å Sincetheendis blocked,nowaterwill enterfrom thebottomof thepipe.

Å Theconcretehavinga very high slumpof about15 to 20 cm is pouredinto the

funnel. Whenthewhole lengthof pipe is filled up with theconcrete,the tremie

pipeis lifted upandaslight jerk is givenby awinchandpulleyarrangement.

Å When the pipe is raisedand given a jerk, due to the weight of concrete,the

bottomplug falls andtheconcretegetsdischarged.

Å Particularcaremustbe takenat this stageto seethat theendof the tremiepipe

remainsinside the concrete,so that no water entersinto the pipe from the

bottom.

Å In this way, concretework is progressedwithout stoppingtill theconcretelevel

comesabovethewaterlevel.
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Compactionof Concrete

Å Compactionof concreteis theprocessadoptedfor expellingtheentrappedair from theconcrete.

Å In theprocessof mixing, transportingandplacingof concreteair is likely to getentrappedin theconcrete.

Å In other words, stiff concretemix has high percentageof entrappedair and, thereforewould needhigher

compactingeffortsthanhighworkablemixes.

Å In orderto achievefull compactionandmaximumdensity,with reasonablecompactingeffortsavailableat site,

it is necessaryto useamix with adequateworkability.
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Hand Compaction

Å Handcompactionof concreteis adoptedin caseof unimportantconcretework of small

magnitude.

Å Roddingis donecontinuouslyoverthecompleteareato effectivelypacktheconcreteand

drive awayentrappedair.

Å Light rammingcanbe permittedin unreinforcedfoundationconcreteor in groundfloor

construction.

Å Tampingis oneof the usualmethodsadoptedin compactingroof or floor slab or road

pavementswherethe thicknessof concreteis comparativelylessand the surfaceto be

finishedsmoothandlevel.

Å Tampingconsistsof beatingthetopsurfaceby woodencrossbeam
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Compaction by Vibration :

Å It is pointed out that the compactionby hand, if properly carried out on concretewith sufficient workability, gives

satisfactoryresults,but thestrengthof thehandcompactedconcretewill benecessarilylow becauseof higherwatercement

ratio requiredfor full compaction.

Å Wherehigh strengthis required,it is necessarythatstiff concrete,with low water/cementratiobeused.

Å To compactsuchconcrete,mechanicallyoperatedvibratoryequipment,mustbeused.

Å The vibratedconcretewith low water/cementratio will havemany advantagesover the handcompactedconcretewith

higherwater/cementratio.
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Compactionby Vibration :

ü Internal vibrator (Needlevibrator) :

Å Theinternalvibratoris mostcommonlyused.

Å This is alsocalled,ñNeedleVibratorò,ñImmersionVibratorò.

Å Thisessentiallyconsistsof a powerunit, a flexible shaftandaneedle.

Å Thepowerunit maybeelectricallydrivenor operatedby petrolengine

or air compressor.

Å The vibrationsarecausedby eccentricweightsattachedto the shaftor

themotoror to therotorof a vibratingelement.

Å The frequencyof vibration variesup to 12,000 cyclesof vibration per

minute.

Å Theneedlediametervariesfrom 20 mm to 75 mm andits lengthvaries

from 25cmto 90cm.

Å Thebiggerneedleis usedin theconstructionof massconcretedam.
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Compactionby Vibration :

Å Formwork vibrator (External vibrator) :

Å Formwork vibrators are used for concretingcolumns, thin walls or in the

castingof precastunits.

Å Themachineis clampedon to theexternalwall surfaceof theformwork.

Å Thevibrationis givento theformwork sothattheconcretein thevicinity of the

shuttergetsvibrated.

Å This methodof vibrating concreteis particularly useful and adoptedwhere

reinforcement,lateral ties and spacersinterfere too much with the internal

vibrator.

Å Useof formwork vibratorwill produceagoodfinish to theconcretesurface.
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Compactionby Vibration :

ü Table vibrator :

Å This is the specialcaseof formwork vibrator, where the vibrator is

clampedto the table. or tableis mountedon springswhich arevibrated

transferringthevibrationto thetable.

Å Theyarecommonlyusedfor vibratingconcretecubes.
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Compactionby Vibration :

ü Platform vibrator :

Å Platformvibratoris nothingbuta tablevibrator,but it is largerin size.

Å This is usedin themanufactureof largeprefabricatedconcreteelements

suchaselectricpoles,railway sleepers,prefabricatedroofing elements

etc.

Å Sometimes, the platform vibrator is alsocoupledwith jerking or shock

giving arrangementssuch that a through compactionis given to the

concrete.
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Compaction by Vibration :

ü Surfacevibrator (Screedvibrator) :

Å Surfacevibratorsaresometimesknowsas,ñScreedBoardVibratorsò.

Å A small vibrator placed on the Screedboard gives an effective method of

compactingand Leveling of thin concretemembers,suchas floor slabs,roof

slabsandroadsurface.

Å Mostly, floor slabsandroof slabsareso thin that internalvibrator or any other

typeof vibratorcannotbeeasilyemployed.

Å In suchcases,the surfacevibrator canbe effectively used. In general,surface

vibratorsarenoteffectivebeyondabout15cm.
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Compaction by Vibration :

ü Compaction by Pressureand Jolting:

Å This is oneof theeffectivemethodsof compactingverydry concrete.

Å This methodis often usedfor compactinghollow blocks, cavity blocks and

solidconcreteblocks.

Å Thestiff concreteis vibrated,pressedandalsogivenjolts.

Å With thecombinedactionof the jolts vibrationsandpressure,thestiff concrete

getscompactedto adenseform to givegoodstrengthandvolumestability
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Compaction by Vibration :

ü Compaction by Spinning:

Å Spinningis oneof therecentmethodsof compactionof concrete.

Å Thismethodof compactionis adoptedfor thefabricationof concretepipes.

Å The plastic concretewhen spinnedat a very high speedgetswell compacted

becauseof centrifugalforce.

Fresh Concrete



Compaction by Vibration :

ü Vibratory Roller:

Å Oneof therecentdevelopmentsof compactingvery dry andleanconcreteis the

useof VibratoryRoller.

Å Suchconcreteis knownasRoller CompactedConcrete
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Curing of Concrete

Å Concretederivesits strengthby thehydrationof cementparticles.

Å Thehydrationof cementis nota momentaryactionbutaprocesscontinuingfor long time.

Å Thequantityof theproductof hydrationandconsequentlytheamountof gel formeddependsupontheextentof hydration.

Å Cementrequiresa water/cementratio about0.23 for hydrationanda water/cementratio of 0.15 for filling the voids in the

gelpores.

Å In other words,a water/cementratio of about0.38 would be requiredto hydrateall the particlesof cementand also to

occupythespacein thegelpores.
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Curing of Concrete

Å Curingis theprocessof controllingtherateandextentof moisturelossfrom concreteduringcementhydration

Å Curingcanalsobedescribedaskeepingtheconcretemoist,sothatthehydrationof cementcancontinue.

Å Curingmethodsmaybedividedbroadlyinto four categories:

(a) Watercuring

(b) Membranecuring

(c) Applicationof heat

(d) Miscellaneous
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Purposeof curing:

Å In the field thoughenoughwater is usedfor mixing the concrete,somepart of watergets

evaporatedandthewateravailablefor hydrationprocessbecomesinsufficient.

Å If thehydrationhasto beprogressed,thenextrawateris addedwhich replenishesthelossof

waterdueto evaporation.

ÅHydrationprocessmustcontinueto attainthedesirablepropertiesof concrete.
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Water curing:

ÅThis is the best methodof curing as it satisfiesall the requirementsof curing, namely,

promotionof hydration,eliminationof shrinkageandabsorptionof theheatof hydration.

ÅWatercuringcanbedonein thefollowing ways:

ü Immersion

üPonding

üSprayingor Fogging

üWet covering
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Å Theprecastconcreteitemsarenormally immersedin curing tanksfor a

certainduration.

Å Pavementslabs,roof slabetc. arecoveredunderwaterby makingsmall

ponds.

Å Vertical retainingwall or plasteredsurfacesor concretecolumnsetc. are

curedby sprayingwater.

Å In somecases,wet coveringssuchas wet gunny bags,hessiancloth,

etc., arewrappedto verticalsurfacefor keepingtheconcretewet.

Å For horizontalsurfacessawdust,earthor sandareusedaswet covering

to keep the concretein wet condition for a longer time so that the

concreteis notundulydriedto preventhydration.
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Membrane curing:

It is adopted in the following conditions

ÅWhen there is scarcity of water for curing

ÅWhen the building is located in remote areas

ÅWhen the curing of concrete cannot be properly supervised

ÅWhen the workman does not understand the importance of curing
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Å Curing has to be done to promotehydration of concreteby not allowing the water

presentin theconcreteto getevaporated.

Å This canbedoneby providinga membraneor sealanton thesurfaceof concrete.

Å This idea of sealingis to obtain a continuouscover to the top surfaceof concreteby

meansof imperviousfilm to preventthe escapeof moisturecontentdueto evaporation

and at the sametime it is placed in betweenthe ground and concreteto avoid the

absorptionof moisturefrom theconcrete.

Å For this purposebituminouscompoundslike polyethyleneor polyester,waterproofing

paperandrubbercompoundsareused.

Fresh Concrete



Application of heat

Å Thedevelopmentof strengthis a functionof not only time alsothatof temperature.

Å Whenconcreteis subjectedto higher temperature,it acceleratesthe hydrationprocessresultingin fasterdevelopmentof

strength.

Å Concretecannotbesubjectedto dry heatto acceleratethehydrationprocessasthepresenceof moistureis alsoessential.

Å Hencesubjectingthe concreteto higher temperatureand maintainingthe requiredmoisturecan be achievedby stream

curing.
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Advantagesof faster attainment of strength

ÅConcretemembercanbehandledveryquickly

ÅLessspacewill besufficientduringcasting

ÅA smallcuringtankwill besufficient

ÅThepre-stressingbedcanbereleasedearlyfor furthercasting
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Theexposureof concreteto highertemperatureis doneby following ways:

ÅSteamcuringatordinarypressure

ÅSteamcuringathigherpressure

ÅCuringby infraredradiation

ÅElectricalcuring
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Å Steamcuring at ordinary pressure

ü Thismethodof curingis adoptedfor prefabricatedconcreteelements.

ü Steamcuring@ ordinarypressureis appliedonaprefabricatedelementsstoredin achamber.

ü Thechambershouldbebig enoughto holdadayôsproduction.

ü Thedoorof thechamberis closedandthensteamis applied.

ü Thesteammaybeappliedeithercontinuouslyor intermittently.

ü An acceleratedhydrationtakesplaceat this high temperatureandconcreteproductsattainthe 28daysstrength

of normalconcretein about3days.
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Å Steam curing at high pressure

Å This is similar to the above method but the only difference is that high pressure and temperature is applied on the 

concrete. This process is also called as Autoclaving. 

Following are the advantages of this method

Å High pressure steam cured concrete develops in one day, or less the strength as much as the 28days strength of 

normally cured concrete.
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Å Steam curing at high pressure

Å High pressure steam cured concrete exhibits higher resistance to sulphate attack, freezing and thawing action. It also 

shows less efflorescence.

Å High pressure steam cured concrete exhibits lesser shrinkage and less moisture movement

Å Improvement in durability is more for the concrete made with higher water-cement ratio than for concrete made with 

low water-cement ratio.
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Å Curing by infrared radiation

This method is practiced in very cold climate region. This system is adopted for curing of hallow concrete blocks. 

The normal operative temperature is around 90ºC.
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Å Electric curing

ü Thismethodis appliedto verycoldclimateregions.

ü Concretecanbe curedelectricallyby passingalternativecurrentthroughthe concretebetweenthe electrodes

eitherburreidin concreteor appliedto thesurfaceof concrete.

ü Caremustbetakento preventthemoistureto evaporateswhichmakestheconcretecompletelydry.
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Å AcceleratedCuring

ü By adoptingthismethod,concreteachieveshighearlystrength.

ü Adoptedfor prefabricatedconcreteelements.

ü Formworkcanberemovedwithin 24hrs.

ü It reducesthetime intervalbetweensuccessivecasting

ü Costsavingbenefits.

ü Commonlyusedmethodsaresteamcuring,warmwatercuring,boiling watercuringandautoclavemethod.
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Å Self curing or internal curing

ü The ACI-308 Codestatesthatñinternalcuring refersto the processby which the hydrationof cementoccurs

becauseof theavailabilityof additionalinternalwaterthatis notpartof themixing Water.ò

ü Conventionally, curing concretemeanscreatingconditionssuch that water is not lost from the surfacei.e.,

curingis takento happenófromtheoutsidetoinsideô.

ü In contrast,óinternalcuringôis allowing for curingófromthe insideto outsideôthroughthe internalreservoirs

(in theform of saturatedlightweightfine aggregates,superabsorbentpolymers,or saturatedwoodfibers)

ü óInternalcuringôis oftenalsoreferredasóSelfïcuringô.
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Å Needfor Self–curing

ü When the mineral admixturesreactcompletelyin a blendedcementsystem,their demandfor curing water

(externalor internal)canbemuchgreaterthanthatin aconventionalordinaryPortlandcementconcrete.

ü Whenthis wateris not readilyavailable,dueto de-percolationof thecapillaryporosity,for example,significant

autogenousdeformationand(early-age)crackingmayresult.
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Å Potential Materials for IC

ü LightweightAggregate(naturalandsynthetic,expandedshale),

ü LWS Sand(Waterabsorption=17%)

ü LWA 19mmCoarse(Waterabsorption= 20%)

ü Super-absorbentPolymers(SAP)(60-300mm size)

ü SRA(ShrinkageReducingAdmixture)(propyleneglycol typei.e. polyethylene-glycol)

ü Woodpowder
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Å MiscellaneousMethods:

ü Calciumchlorideis usedeitherasasurfacecoatingor anadmixture.

ü It hasbeenusedsatisfactoryascuringmedium.

ü Both thesemethodsarebasedon thefact thatcalciumchloridebeingasalt,showsaffinity for moisture.

ü Thesaltnotonly absorbsmoisturefrom atmospherebutalsoretainsit at thesurface.

ü This moistureheld at the surfacepreventsthe mixing water from evaporationandtherebykeepsthe concrete

wet for a long time to promotehydration.
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Å MiscellaneousMethods:

ü Formworkpreventsescapingof moisturefrom theconcrete,particularlyin thecaseof beamsandcolumns.

ü Keeping the formwork intact and sealingthe joint with wax or any other sealingcompoundpreventsthe

evaporationof moisturefrom theconcrete.

ü Thisprocedureof promotinghydrationcanbeconsideredasoneof themiscellaneousmethodsof curing.
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Å Finishing

ü Finishingoperationis thelastoperationin makingconcrete.

ü Finishingin realsensedoesnotapplyto all concreteoperations.

ü For a beamconcreting,finishing may not be applicable,whereasfor the concreteroad pavement,airfield

pavementor for theflooring of adomesticbuilding,carefulfinishing is of greatimportance.

ü Particularly, manytypesof prefabricatedconcretepanelsusedasfloor slabor wall unit aremadein sucha way

asto giveveryattractivearchitecturalaffect.
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Å Finishing

ü Formwork Finishes

V Concreteobeystheshapeof formwork.

V By judiciously assemblingthe formwork either in planesurfaceor in undulatedfashionor having,a pleasing

surfacefinish canbegivento concrete.

V A pre-fabricatedwall unit castbetweensteelformwork havingverysmoothsurfaceusingright proportioningof

materialscangivesuchanicesurfacewhichcanneverbeobtainedby thebestmasons.
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Å Finishing

ü Surfacetreatment

V This is oneof thewidely usedmethodsfor surfacefinishing.

V The concretepavementslab is requiredto be planebut rough to exhibit skid resistance,so is the air-field

pavementsandroadslabs.

V Concretehavingbeenbroughtto theplanelevel surface,is rakedlightly or broomedor texturedor scratchedto

makethesurfacerough.
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Å Finishing

ü Applied finish

V Thetermappliedfinish is usedto denotetheapplicationof renderingto theexteriorsof concretestructures.

V Theconcretesurfaceis cleanedandroughenedandkeptwet for sufficiently long time.

V Overthisamortarof proportionof about1:3 is applied.

V This mortar renderingcan be given by any requiredpleasantfinish, suchas cementstippling either fine or

coarse,keying,renderingsetc.
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Å SpecialSurfaceFinishes

ü PatternandTextures

ü ExposedAggregateConcrete

ü ColoredFinishes

ü Rough-form finishes

ü Smoothoff-the-form finish

ü Sand-floatedfinish
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Å Goodand Bad Practices

V Concreteis acomplexconstructionmaterialconsistingof differentingredients,whichhavedifferentfunctions.

V Thepropertiesof concretedependon theparticularmixtureof constituents.

V Thebasicconstituentsusedto makeconcretearecement,lime, water,aggregates,andadmixtures.

V Your concretingwork canbesuccessfulif it involvesagoodplanningandright practices.

V Most of the repair and maintenanceproblemsmay occur in the building due to bad practicesin concrete

construction.
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ÅDo’s

VDo hireanexperiencedConcretecontractorfor successfulconcretingoperation.

VAlso, seethatthemain/generalcontractorhiregoodskilledsub/labourcontractorfor concreting.

VSeethatconcretingis doneunderskilledsupervision. Neverleaveit to labouronsite.

VAlwayswearsuitablePPE(PersonalProtectiveEquipment)beforecastingconcrete.

VStartplacementof concretewith adequatemanpower,properequipmentandtools.

VAlwayschooseright cementfor theparticularjob.

V If you have confusion, ask the technical person.
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ÅDo’s

V Alwayspourtheconcretewhentheweatherconditionsarefavourable.

V Suitablemix designshouldbeusedfor particularspecifications(i.e. M25, M30etc.).

V Chooseright concretemix asperspecifications.

V First mix thedry concreteuniformly i.e. cement,coarseaggregates,fine aggregates(eithermanuallyor in

transitmixture)asperpredeterminedquantity(i.e. batchingof concretematerials).

V A good concrete contractor will always mix the dry concrete first.

V Add water as per predetermined quantity only.

V Always measure the water with measuring container before adding in concrete.

V Mix the wet concrete thoroughly for around 2 minutes to get the consistent concrete.
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ÅDo’s

V Do slump testbefore placing the concrete.

V Concrete must be placed within 15 to 20 minutes of pouring water. If delayed add fresh cement or concern the 

consultant.

V Do the proper compaction to the concrete with avibratoror wooden tamp to remove air from the concrete. 

V If compaction is not well, it will create voids/honeycomb in concrete resulting in leakages from the concrete 

structure, thereby causing corrosion and also reducing the strength. This also affects the life of the structure.

V Pour the concrete throughout in an even thickness.

V Always keep on checking the stability of props/ supports of formwork below.

V See that the covers insert doesnôt get displaced.
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ÅDo’s

V Do proper finishing at joints during concrete construction.

VGive attention towards thebleedingin concrete. Water should not evaporate rapidly.

V Calculate the number of cement bags concreted per hour. If more than 25 to 30 bags are used per 

hour, then mixing time allowed is less and it should not be permitted (For 1 bag mixture machine).

V See that no one walks on the concrete surface till the concrete gets hardened.

V Do propercuringwhen the concrete has hardened initially. 

V Start curing after 6 to 10 hours.
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Å Don'ts

VDonôt use damaged formwork. It affects the concrete resulting in the honeycomb.

VDonôt use unwashed aggregates in concrete; it may result in a weak concrete and substantial cost of 

maintenance.

VDonôt start concreting before casting of a concrete cube. The Strength of the concrete should be as 

per predetermined mix design.

VDonôt go for volumetric batching. Never allow the use of gamellas.

VDonôt use high concrete slump, excessively high air content, or excessive fines.

VDonôt runconcrete mixermore than two minutes resulting in segregation of concrete constituents.

Fresh Concrete



Å Don'ts

VDonôt add more water for ease of placement during the making of concrete.

VDonôt use semi-dry concrete in pouring. There will be chances of honeycomb inside the concrete.

VDonôt drop concrete form greater height as this will causesegregation.

VDonôt allow heaping of concrete at one place during pouring.

VDonôt vibrate the concrete after the initial setting has taken place. (i.e. after 30 minutes)

VDonôt finish the concrete whilebleedingis present on the surface of the concrete.
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Å Don'ts

V Unless must and unavoidable, never do concreting at night. 

V The lighting arrangements are never adequate at all work places and hence some errors can always 

happen somewhere.

VDonôt remove formwork until the concrete has gained sufficient strength.

V When finishing of the concrete is carried out, never throw or sprinkle the water on to the concrete surface.

VDonôt try to finish the dried concrete.

VDonôt do concreting if it is raining heavily

V Never allow child labouron site. You will land in jail for violence of law.
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Å Effect of Heat of hydration in caseof massconcretingworks

V Mass concrete is defined by ACI ñAny volume of concrete with dimensions large enough to require that measures be taken 

to cope with generation of heat from hydration of the cement and attendant volume change to minimize cracking.

V Mass concrete is defined by some agencies as ñany concrete element having a least dimension greater than 3 ft (0.9 m).

Examples:

ü Dam

ü RaftFoundation

ü PileCap.

ü Thick Wall.

ü Thick column.

ü DeepSlap.
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Why is temperature control necessary?

Å Concreteis thermallyverypoorconductor.

Å Heattransfer(heatof hydration)resultsin unequalthermalexpansion

Å Tensilestressat thefreesurfacedueto expansionof coreexceedsthetensilestrength

Å Thensurfacecrackingwill develop

Å Temp. differencebetweeninterior& outersurfaceof morethan200 C causecracks.
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Cracks may cause

Å Cracksgenerateddueto thermalgradientsmaycause

Å lossof structuralintegrity

Å lossin monolithicaction

Å excessiveshrinkage

Å lossin durability

Å aestheticallyobjectionable
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Methods of temperature control

Å Methodsof controllingmassconcretetemperaturesrangefrom relativelysimpleto complex,andfrom inexpensiveto

costly.

Å Dependingon a particularsituation,it maybeadvantageousto useoneor moremethodsoveranother.

Å Low-heatmaterial - GGBFS,Fly ash,Silica fume,largesizeaggregates

Å Precoolingof concreteïUsechilledmix water,Liquid nitrogen

Å Post-coolingof concrete

Å SurfaceinsulationïInsulatingformwork
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