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Course Outline

Module 1:Concrete Ingredients

Module 2:Fresh Concrete

Module 3:Hardened Concrete

Module 4:Concrete Mix Proportioning as per 1S10262: 2019

Module 5:Special Concrete
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X Three Internal assessmentwill be conductedfor 30 marks and averageof all the

performancesvill beconsidered
x Assignmentwill carry 10 marks
x Total IA markswill beawardedor 40 marks
X Tenguestionswill beaskedn theexamination Two from eachmodule
x Five full questionshouldbeansweredelectingonefrom eachmodule

X Codebooksi 1S 456:200Q 1S 102622019shallbereferredfor thedesign
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x After studyingthis course,studentswill be ableto:
1. Relatematerialcharacteristicandtheir influenceon microstructureof concrete
2. Distinguishconcretebehaviorbasedon its freshand hardenedproperties

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

hardenedpropertiesusingprofessionaktodes
4. Adoptsuitableconcretingmethodsto placethe concretebasedon requirement

5. Selecta suitabletype of concretebasedon specificapplication
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Concrete Ingredients



X“A T M E Module Outline

| ] College of Engineering

A Introduction to Concrete Ingredients
A Cement
A Aggregates

I Fine Aggregates

I Coarse Aggregates

A Water

A Admixtures

T Chemical Admixtures

T Mineral Admixtures
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A Concrete Ingredients

I Cement, Aggregates, Admixtures & water

A Cement Binder
A Cement can be primary classified as 1) Natural cements and 2) Artificial cements

x Natural Cements Manufactured by burning & crushing of stones containing clay, G&#C

MgCQO,
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x Artificial Cementsi Manufactured by burning a mixture of Calcareous and Argillaceou:
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Characteristics of cement

X The color of the cements greywith greenishshade It givesanindicationof excesdime or

clay andthedegreeof burning
X It shouldfeel smoothwhentouchedor rubbedin betweerfingers

x |If handis insertedin a bagof cementor in a heapof cement,it shouldfeel cool and not

warm
X It shouldbefreefrom anyhardlumps

X |t shouldnot containany excessamountsilica, lime, aluminaandalkalies



Properties of cement

Physical Properties:

1
2
3
4
5
6

. It gives strength to the masonry.

. It is an excellent binding material.

. It is easily workable.

. It offers greater resistance to moisture.
. It possesses a good plasticity.

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

cm2/gm.

9. The standard consistency of cement should be checkeWivatiapparatus. 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 i
between the addition of water to cement and the stage when the square néedieapparatus cease

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 Vi c apparauseaseso makeanimpressiormontestblock

12. Thecementshouldbetestedfor soundnesssinglLe-Chatelierapparatus



Mechanical properties:-

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

days should not be less than 17 N/mm?2.

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

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. Totalsulphurcontent 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

Ingredients Percentage Range
Lime CaQ) ... ... 62 62 to 67
Silica (S102) ... 22 17 to 25

Alumina (A1203) ... 5 3to 8

Calcium sulphate (CaSO0y) ............... 4 3to 4

[ron oxide (FexO3) ................3 3to4d

Magnesia (MgO)y ... ... 2 lto 3

Sulphur S8y o1 1to 3

Allkcalies (K20, NaxO) ... ... 1 02tol
Total = 100
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Effect of ingredients on properties of cement

1. Lime- if T = unsoundness and if = Strength decreases and helps in fast setting
2. Silica- if T = Strength increases and Setting time will be delayed

3. Alumina- if | = weakens the cement

4. Calcium sulphateTo alter the setting the time

5. Iron oxidel Color, hardness & Strength to the cement paste
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Role of oxides on Strength of cement paste
6. Magnesia Iif l = hardness & color andﬁf = unsoundness
7. Sulphur ifT = unsoundness

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

(1) Alkali oxide k,O andNa,O: If amountof thesealkali oxidesexceeddy 1%, it leadsto

fallure of concrete

(2) Magnesiumoxide MgO:: if it exceed$%, it causesracksin hardeneaoncrete

The identification of major compoundf cementis largely basedon B o g uexjiasonsand
hencelt Is calledasB o g uempounds The four compoundsare usuallyregardedas major

compoundsrelistedbelow
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Bogueds Compounds

: Percentage by mass in
Name of compound Formula Abbreviated formula
cement
S

Alite 30-50

Tricalcium silicate 3Ca0.SiQ C,

Dicalcium silicate 2Ca0.SiqQ C,S Belite 20-45
Tricalcium :
: 3Ca0.AlO, C,A Celite 0812
aluminate
Tetracalcium :
5 4Ca0.ALO, Fe,0, CAF Felite 06-10

alminoferrite
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Hydration of cement

A Anhydrous cementdoes not bind the fine and coarseaggregateslt acquiresadhesive
propertyonly whenit is mixed with water The chemicalreactionthat takesplacebetweer

cementandwateris knownashydration of cement

A When anhydrouscementmixed with water, it startsto dissolveand chemically combines
with it to form products Thoseproductsare known ashydrates andthesehydratesareless

solublein water
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Hydration of cementcanbe visualizedin two ways

(1) Through solution mechanism In this mechanism,when cementis mixed with water, cement
compoundsdissolve to form super saturatedsolution from which different hydrated products get

precipitated

(2) Solid statemechanismin this mechanismyaterattackschemicalcompound®f cementsvhich are
In solid stateandconvertingthemto hydratedproductsstartingfrom surfaceto interior compoundsvith

time.

Thereis a possibility of occurrencef both stagesn samecourseof reaction Solutionphaseoccursfirst

only whenthereis largeavailability of waterandthensolid statemechanisnoccursin the nextstage
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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 wateris requiredfor

hydrationof cement
Heat of hydration
Thequantityof heatevolvedin callgm of cementaftercompletehydrationof cement
For7 daysY 8971 90calgm
28daysY 9071 100calgm of heatwill beevolved
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Structure of CementHydrated Paste

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

hydrated products such as
ACS+HO Y hy drcaldiuedilicate + Ca(OH)
ACS+HO Y hy drrcacium silicabei+ Ca(OH)
ACA+HO Y hyd rcaldiuenadluminate + Ca(OK)

Note whencalciumsilicatesreactwith water,it forms CalciumSilicate Hydratesgel called C-

S-H gel, C3A reactsto form Calcium Aluminate HydratesC-A-H and C4AF reactsto form
HydratedCalciumFerrite C-F-H
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Rol e of Bogue’s compounds with respect to strer

A C.S and GS(Tri Calcium Silicates and Di Calcium Silicates):
x 2C,S + 6 kBHY+ 3Ca(OH)
x 2C,S + 4 BHY+ Ca (OH),
V Ca(OH), is notdesirablan concretedbecausé impartsiow durabilityto concrete

V Ca (OH), readily reactswith sulphategresentin soil or waterto calcium sulphateswvhich further reacts

with C;A leadsto deterioratiorof concreteThis is knownassulphateattack

V C;S readily reacts with water to produce more heat of hydration & responsible for early strgBgth. C

hydrates are formed slowly, hence itis responsible for progressive strength

V The quantity & density of product formed bySCis slightly inferior when compared to that ofSC
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Rol e of Bogue’s compounds with respect to strer
C;A (Tri Calcium Aluminates): -

V' Thereactionof C;A with wateris very fastandmayleadto animmediatestiffening of paste andthis processs

termedasflashset

To preventhis flashset,2 to 3 % gypsumis addecdat thetime of grindingthe cementclinkers

It providesearlystrengthto cementup to 3 days,butcausesleterioratiorof concreteat laterstages
The hydratesof C;A do notcontributeto the strengthof concrete

C;A reactswith waterto form C-A-H gels

< < < < <

ThecubiccompoundC,A H, is probablythe only stablecompoundormedwhich remainsup to 225C.
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Rol e of Bogue’s compounds with respect to strer

C,AF (Tetra Calcium Alumina Ferrite) : -
V C,AF hydrategapidly.
V A hydratedcalciumferrite of the form C;FH, is morestablebut doesnot contributeanythingto the strengthof

concrete
V Thehydrateof C,AF showa comparativelymorestablethe hydratesf C;A.

V' Thehydrateof C,AF showa comparativeljhigherresistanceo sulphateattackthanthe hydratesof C;A.
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Types of Cements

Ordinary Portland Cement (OPC):

V This type of cementis manufacturedby mixing limestone and clay in proper proportion at very high
temperaturef about1400150CCin kiln.

Theresultingmixtureis addedwith smallamountof gypsumto delaythe settingaction

Initial settingtime is notlessthan30min andfinal settingtime not morethan600min or 10hrs
Usedfor the constructiorof

Roadpavements

RCCstructures

Do T D < < <

Watertanks,pipelines,culverts
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Types of Cements

Rapid Hardening Cement:

V' This cements similar to that of OPC but with higher percentagef Tri-calciumsilicate (C;S) andfiner than
OPC

Thefinal strengthobtainedrom this cements almostsameasthatof OPC
Initial settingtime is notlessthan30min andfinal settingtime not morethan600min or 10hrs

This cements usedwherearapiddevelopmenbf strengths desired Bridgeandroadrepairworks)

< < < <

The rapid developmenbf strengthis accompaniedy higherrate of heatof hydration,so it not suitablefor

massconcreting

V It is aboutl( costlierthanOPC



Types of Cements

Quick Setting Cement:

V ThiscementsetsmuchfasterthanOPC

V Thiscements producedoy mixing smallpercentagef Aluminium sulphateandby finely grindingthe cement
V Percentagef gypsumto beaddeds alsoreduced

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

V It is usedfor makingconcretahatis requiredto setearlyasfor laying underwateror in runningwater
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Types of Cements

High Alumina Cement

V It is manufacturedy fusing togethera mixture of limestoneand bauxitein correctproportionat very high

temperatur@andresultingproductis grindedfinely.

V Theultimatestrengthis muchhigherthanOPCandcolor of this cements black andprovesto be costlierthan
OPC

V Initial settingtime is notlessthan30min andfinal settingtime notmorethan600min or 10hrs,

V It canbeusedin low temperatures

V Theyresistchemicalattacks
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Types of Cements

Low Heat Cement

V' This cements obtainedoy increasinghe proportionof C,S anddecreasing,S andC,A.

V This cementgainsstrengthslowly but ultimate strengthis sameasthat of OPC and not suitablefor ordinary

structures
V Initial settingtime is notlessthan60min andfinal settingtime notmorethan600min or 10hrs,

V Thiscements usedonly whenthe shutteringhasto be keptfor long periodandcuringis prolonged
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Types of Cements
Sulphate ResistingCement

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

V It giveslessheatof hydration resistance&o sulphateattackandstrengthandphysicalpropertiesaresameasthatof OPC
V Initial settingtime is 2.5 to 4hrsandfinal settingtime is 4.5 to 7hrs

V Usedin theconstructiorof

Aarineworks

Aviassconcreting

AJndergroundvaterworksandsewerworks
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Types of Cements

Portland SlagCement

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

portions

V This cementis lessreactivethan OPC and gains strengthslowly during 28 days and adequatecuring is

required

V Thiscements usedfor marineworks.
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Types of Cements

Portland PozzolanaCement

V Thiscementhassamepropertiesascomparedo thatof OPC

V Thiscementproducedessheatof hydrationandmoreresistanto sulphateattack

V Thiscementtanbeusedin marineworksandmassconcreting

V Thiscements manufacturedby inter-grindingof clinkersandPozzolanavith the additionof gypsum

V Time requiredto gainthestrengths little moreandultimatestrengths morethanthatof OPC



c\Vig

AJA @6

Q’NEE“\

Concrete Ingredients

atie ] College of Engineering

Types of Cements

White Cement

V Thiscementhaspurewhite colorandit possesamepropertiesasthatof OPC

V Thegreycolorof thecements dueto the presenc®f iron oxide

V Soif thepercentagef iron oxideis keptveryless,thenthe color of thecementwill bewhite.

V This cementis manufactureoy mixing white chalk and clay which is free from lime andoil is usedinsteadof

coalfor burningof thecement

V Thisis costlierthanOPCandgenerallyusedfor architecturahnddecorativepurposes
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Types of Cements
Colored Cement

V Colored cementis manufacturedoy adding suitable mineral pigmentsto ordinary cementat the time of

grinding
V Thepercentagef thesepigmentsto beaddedvariesfrom 5 to 10%.
V Pigmentausedin cementshouldbe chemicallyinertanddurable

V Chromiumoxide givesgreencolor, Cobaltgivesblue colorandlron oxidein differentproportionsgivesbrown,

redor yellow color.

V Thiscements usedin flooring, exteriorsurfacesanddecorativepurposes
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Types of Cements

V Air entraining cement

V Thisis madeby mixing a smallamountof air entrainingagentwith OPCatthetime of grinding

V Someof thealir entrainingagentsare

1. Alkali saltsof woodresin

2. Calciumlingo-sulphate

V Theseagentsn powderor in liquid form areaddedo the extentof 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 the propertiesf plasticconcretenrt to workability, segregationhleedingandhardness
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Manufacturing Process of OPC

V Mixing of raw materials

V Burning

V Grinding

Concrete Ingredients
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IS0 8001:2015

Manufacturing of cement by Wet process (old technology)

Wet process :

| Calcareous Material Lime Stone | | Argillaceous Material Clay |
*
| Crusher | | Wash mill |
I Storage basins (Silos) ] [ Storage basins (Silos) ]
Wet grinding mill
channel _| (Ball mill) . channel
o make slurry
-

| Blending of slurry to correct composition |

[ Storage of corrected slurry ]

Fuel fed from

(::;:'cro‘:;'gr —>»| Corrected slurry fed to rotary kiln (from upper end) |

natural gas.) .l,

[ Slurry converted into clinkers I

¥

—)[ Clinkers are ground in Ball mill ]

Addition of 2 to 39%
of gypsum

| Cement silos ]

l Packing plan(J

FLOW CHART FOR WET PROCESS OF CEMENT MANUFACTURING
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Manufacturing of cement by Dry process (modern technology)

IDry process -

I Calcarcous Materinl Lime Stonc ] [

x

I o 5hin|_;_

Argillaceous Material Clay |
i
| [ Crushing I

| Fine Grinding in Ball mills & Tube mills |

| Fine Grinding in Ball mills & Tube mills |

+

+

| Srorage basin J

Storage basin I

chanmel

Mixing in correct channel

Provproriions

v

Freheating &F SOHF

h-}" e x st Eases I

-

| ﬁ.tur:lgc tank for ras rmix I

Fuel fed from lower end
Coeml, oil or matuwral goas. b

>

Fed to rotary kKiln !

Addition of 2 (o 39
of gypsum

FLAMWY CHART FOR DRY-FPROMOESS (OOF CEMENT

E Clinker= are formmed J

I_.‘I Clinkers are growndd an Ball rnlll_]

T

| Cement silox I

I P.;,n,:l-r.:'rll.: pluﬂ.l {

MANUFACTURIMG
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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

V When 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 bef

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 stre
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Testing of cement

Laboratory Test

x Fineness test

x Standard Consistency test

X |nitial setting time

x Final setting time

x Soundness of cement
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Testing of cement
Laboratory Test

X Fineness test

V Weigh correctly 100gms of cement
VTake it on a standard sieve of 90¢ and breakd
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.



HA I M E Concrete Ingredients

atme ] College of Engineering

T c\Vig
/ @
AJA S ©

[ ak] B UEEF W
IS0 9001:2015 Singe®t

Testing of cement
Laboratory Test
X Fineness test

A Put a filter paperinto the cell then weight 2.84g of

cementsampleinto it.

CONICAL SOCKET A Put anotherfilter paperon it and compresswith the
PERMEABILITY PLUNGER
" _STopCocK CELL plunger
MANOMETER o
—\ » A Attachthecell ontop of the U-tubemanometer
\ n
/ A Evacuatethe air in the manometethroughthe side tube
2 /
ETCHED . . . .
LNES s Blaine =k-t usingtheaspiratorbulb until the oil reachedevel 1.
) CENENT BED A Closethesidevalve andmonitortheoil asit startto fall.
where k is 523.0547 _ _ _
A Using a stopwatch, measureahe time takenfor the oil to
1 desitialiocdical Example: when tis obtained a 29 sec fall from level 2 to level 3
5=523.0547+29
U RUBBER BULB S=2817 cm?/gm
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Testing of cement

Take about 400gm of t
Laboratory Test ake about 400gm of cemen

: Make the cement paste with a known quantity of water (let it be 24%
x Standard Consistency 5 quangdy ( )

Fill this paste into th&icat mould

Shake the mould to expel the air
5 Plunger
’ Bring the mould near to the plunger\dtat apparatus

Release the plug in order to allow the plunger to penetrate through the pas

< Glass plate

o o Do o Do P I»

If the reading is not within 335mm from top or 5mm from bottom, then

A |

&

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

' Mould
taken

Vicat’s apparatus  Gauging towels
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Testing of cement
Laboratory Test A Mix a known % of water to the cementto make a cement paste

X Initial Setting Time _
simultaneoustartthe stopclock

A Fill thiscementpasteinto the Vicat mould

x Stﬁ;vaatch A Releas¢heneedlesothattheneedlefall freely.

A Stop the stop clock until the needlefails to piercethe testsblock to a
Glass plate

‘ ‘ Mould point5 N0.5mm from the bottomof themould

Vicat’s apparatus  Gauging towels
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Testing of cement A Mix a known % of water to the cementto make a cement paste

simultaneoustartthe stopclock
Laboratory Test P

A Fill this cementpasteinto the Vicat mould

x Final Setting Time
J A Releasé¢heneedlewith anattachmensothatit falls freely

%_ A Cementshall be consideredasfinally setwhenthe attachmenfails to

makeanimpressioronthetestblock

% Note
E7

Needlewithannular  Stopwatch Falsesetting is the rapid developmenbf rigidity in freshly mixed Portland

attachment

i\/

Vicat’s apparatus  Gauging towels

cement paste, mortar, or concreteoccurs after few minutes of mixing
Glass plate cementwith waterwithout the generatiorof muchheat

Flash setting is a rapid developmenbf rigidity in freshly mixed Portlandi

Mould
cemempaste mortar,or concrete



Testing of cement

Laboratory Test

x Soundness Test

Split cylinder

\ \ Glass plate
|

Y
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A The cementpasteis prepared The % of water usedwill be equalto % of water
determineby the standarcconsistencyest

A Thecylinderis placedon a glassplateandis filled with cementpaste It is coveredat

top with anotherglassplate

A smallweightis placedon thetop of the glassplate

Thenwhole assemblyis placedin waterfor 24hrs maintainedat 27 +/- 20°C

Takeit outandmeasurdghe distancebetweerthetwo indicatorsusingmeasuringscale

o Do Do Do

The mouldis againimmersedin waterandbroughtto boil in 30min and after boiling
for 1hr, the mould is removedand after cooling the distancebetweenthe indicatorsis

measureagain
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Steps to reduce Carbon footprint in cement manufacturing process

X Increasing energy efficiency by optimizing processes and modernizing factories.

x Substituting fossil fuels with other energy sources.

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

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

solids.

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

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

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

performance of concrete especially strength, durability and volume stability.

A Aggregates are formed from natural sources by the process of weathering and abrasion or by artificiall

crushing a large parent rocks.
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Classification of aggregates

a) In accordance with size:
x Coarse aggregate: if particle size is greater than 4.75mm are regarded as coarse aggregates

Xx Fine aggregates: 1 f particle size In between
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Classification of aggregates

b) In accordance with sources:

x Natural aggregates:This kind of aggregates is taken from natural deposits without changing their natur:

during the process of production such as crushing and grinding.
Some examples in this category are sand, crushed limestone and gravel.

x Manufactured aggregates:This is a kind of marmade materials produced as main product or an industri

by-product.

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

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

c) In accordance with unit weight:

x Light weight aggregates the unit weight of aggregatess lessthan 112kg/m3. (Cinder, blastfurnaceslag,

volcanicpumice)
x Normal aggregates Theaggregatebaveunit weightof 1520 168&kg/m3.

X Heavy weight aggregate The unit weightis greaterthan210&kg/m3. The bulk densityof the corresponding

concretas greaterthan320kg/m3.
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Grading of aggregates

x Particlesizedistributionof anaggregatés determinedy sieveanalysidgs knownaso g r aadthem @ g r e

x Oneof themostimportantfactorsfor producingworkableconcretas goodgradingof aggregates

x Gradingof aggregateareof 3 types
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Grading of aggregates

X

Good graded or well graded: It impliesthata givensampleof aggregatesontainsall standardractionssuch

therewill be minimumnumberof voids

Uniformly gradedor poor graded: It containsaggregatearticlesthatarealmostof the samesize This means

thatthe particlespacktogether]eavingrelativelylargevoidsin theconcrete

Gap graded: It consistf aggregat@articlesin which someintermediatesize particlesaremissing

V
— |

Well Graded Poo—rl-y Graded Gap Graded
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X Sieve analysisThis is the name given to the operation of dividing the given sample of aggregates into

fractions each consisting of particles of same size.

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

also called as Gradation.
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x Theaggregatesisedfor makingconcreteare normally of the maximumsize 80 mm,
40 mm, 20 mm, 10 mm, 4.75 mm, 2.36 mm, 600 micron, 300 micron and 150

micron

x  Theaggregatdractionsfrom 80 mmto 4.75 mm aretermedascoarseaggregatand =

thosefractionsfrom 4.75 mmto 75 micronaretermedasfine aggregate

x Sievesare placed one above the other, maximum size is placed at the top and
minimumsizein the bottom Sievingcanbe doneeithermanuallyor by mechanically

with sieveshaker Fromthe sieveanalysisthe particlesizedistributionin a sampleis

foundout from this finenesanoduluscanbedetermined
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X FinenesdModulus It is a relative index which indicatesthe particlesare either coarseror finer. The sum of cumulative

percentageetainedon the sievesdividedby 100givesfinenesanodulusof givensampleof aggregates

x Forsandthefollowing limits aretakenasguidelines , _
TABLE 5.7 Sample Calculation of Fineness Modulus

V FinesandY 227 2.6 Percentage of Individual
Fraction Retained, Cumulative Percentage Percentage Pass-
Sieve Size by Weight Retained by Weight ing by Weight
V MediumsandY 2.67 2.9 0.5 mm (3/8 in) 0 0 100
4.75 mm (No. 4) 2 2 98
V CoarsesandY 2.97 3.2 2.36 mm (No. 8) B B 85
1.18 mm (No. 16) 25 40 60
0.60 mm (No. 30) 15 95 45
0.30 mm (No. 50) 22 77 23
0.15 mm (No. 100) 20 97 3
Pan 3 100 0
Total 100 > = 286

Fineness Modulus = 286/100 = 2.86
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Testson Fine aggregates

X

X

SpecificGravity :

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

volumewateratthe sametemperature
Theyareof two typesl) absolutespecificgravity and2) apparenspecificgravity.

Absolute specific gravity is definedasratio of massor weight excludingvoidsin the volume of materialof solid to the

massof equalvolumeof watet

Apparent specific gravity is definedasratio of massor weightincluding voids in the volume of materialof solid to the

massof equalvolumeof water
Averagespecificgravity of therocksvariesfrom 2.6 to 2.8.

| trégsiredfor calculationof the quantityof aggregatdor a givenvolumeof concrete
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Concrete Ingredients

Testson Fine aggregates

X

X

SpecificGravity :

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

volumewateratthe sametemperature
Theyareof two typesl) absolutespecificgravity and2) apparenspecificgravity.

Absolute specific gravity is definedasratio of massor weight excludingvoidsin the volume of materialof solid to the

massof equalvolumeof watet

Apparent specific gravity is definedasratio of massor weightincluding voids in the volume of materialof solid to the

massof equalvolumeof water
Averagespecificgravity of therocksvariesfrom 2.6 to 2.8.

| trégsiredfor calculationof the quantityof aggregatdor a givenvolumeof concrete
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Testson Fine aggregates

x SpecificGravity :

Determination of Specificgravity of fine aggregatedy Pychometermethod
Procedure

A FindtheweightanemptyPycnometewith stopperLetit beW1 gms

A Takeabout1/3rd thevolumeof Pycnometefull of sand Find theweightof Pycnometewith sandandlet it be W2 gms

A Now fill the Pycnometeto its half with waterso asto submergethe sandinside Allow the entrappedair from sandto
escapeThenfill the Pycnometewith water Replacethe stopperandfind the total weight Pycnometewvith its constituents
andletit beW3 gms

A Removethe constituentsrom the Pycnometerand cleanit. Fill completelywith water and replacethe stopper Find the

weightwith waterandlet it beW4 gms
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Concrete Ingredients

Testson Fine aggregates

x SpecificGravity :

Determination of Specificgravity of fine aggregatedy Pycnometermethod

Specific Gravity using Pycnometer

. _ . V”""””‘ 7”

W, W, W, W,
Empty Container Container Container
Container +Dry Soil + Dry Soil + +Water

Water

Specific gravity
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Testson Fine aggregates

X

X

Bulking of sand

Bulking canbe definedasthat propertyof sandby virtue of which it expandsn volumewhen
it iswet

This is becauseywhenwateris addedto the sand,eachparticle will be coatedby a film of
waterandkeepdar apartfrom eachotherdueto surfacetension

Bulking increasesvith theincreasan watercontentup to 4% by weightandthendecreases

Bulking alsoincreasesvith finenessof particles
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Testson Fine aggregates

X

X

Bulking of sand
Procedure

Takeabout300gmsof dry sandandpourit into a measuringar. Note downtheinitial volume of

sand

Transferthe sandinto a non absorbenpanandadd 2% (by weight of sand)of water Mix the

sandthoroughlywith a glassrod sothata uniform coloris obtained
Thenpourthewet sandinto the measuringar andnotedowntherisein volume

Again transferthe saninto the pan and add another2% of water by weight of sand Mix

thoroughlyandpourbackinto the jar andnotedownthe newvolume

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

decreasing

Plota graphof % increasan volumeV/S % of wateradded

Per cent increase in volume oven dry,

rodded fine aggregate
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Concrete Ingredients

Testson Fine aggregates
Measurementof moisture contentfor fine aggregate

x Moisturecontentmeandreewaterheldon the surfaceof aggregatevhich includesthe
absorbedvaterandthewaterheldin theinterior portion of theaggregate
x  Drying method:

x The drying methodis carriedout in a ovenandthe lossin weight beforeand after
drying will give the moisture contentof the aggregatelf drying is done at high

temperaturdor long time, the lossin weightwill include not only the surfacewater

butalsosomeabsorbedvatet

x A fairly quick resultcanbe obtainedby heatingthe aggregaten an openpanandthe
processanbe speedup by pouringinflammableliquid like acetoneon the aggregate

andigniting it.
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Testson Fine aggregates

Measurementof moisture contentfor fine aggregate

X

Displacementmethod:
In the laboratorythe moisturecontentof aggregateanbe determinedy meansf Pycnometer

Specific gravity of normalaggregatas higherthanthat of waterandthat a given weight of wet aggregatewill occupya

greatervolumethanthe sameweightof dry aggregate
By knowingthe specificgravity of dry aggregatespecificgravity of wetaggregateanbe calculated

From the differencebetweenspecific gravity of wet and dry aggregatesthe moisture contentof the aggregatecan be

calculated
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Testson Fine aggregates

Measurementof moisture contentfor fine aggregate

X

X

Calcium Carbide method:

A quick andreasonablyaccuratemethodof determiningthe moistureof fine aggregatas to mix with excessamountof

calciumcarbidein a strongair-tight vesseffitted with pressureas

Calcium carbidereactswith surfacemoisturein the aggregatdo produceacetylenegas The pressureof acetylenegas

generatedlependsiponthe moisturecontentof theaggregates

The pressuregaugeis calibratedby taking a measuredjuantity of aggregateof known moisturecontentandthensucha

calibratedpressureyaugecould be usedto readthe moisturecontentof aggregatealirectly.

Themethodis oftenusedto find out the moisturecontentof fine aggregatat the site of work. The equipmentonsistof a

smallbalancea standardscoopandcontainerfixed with dial gauge
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Testson Fine aggregates
Measurementof moisture contentfor fine aggregate

x Calcium Carbide method:

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

container

x  Take one scoopfull of calcium carbidepowderand put it into the container

Closethelid of the containerandshakeit rigorously

x  Calcium carbidereactswith surfacemoistureand producesacetylenegas, the

pressuref which drivestheindicatorneedleonthe pressureggauge

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

moisturepresenin the sample

x  Thewhole job takesonly lessthan 5mins and as such,this testcanbe doneat

very closeintervalsof time at the site of work.
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Testson Fine aggregates

Measurementof moisture contentfor fine aggregate

X

X

Electrical meter method:

Recentlyelectricalmetershavebeendevelopedo measuranstantaneousr continuousreadingof the moisturecontentof

theaggregate

The principle that the resistancegetschangedwith the changein moisturecontentof the aggregatdhasbeenmadeusein

somesophisticatedbatchingplant

Electrical metersare usedto find out the moisturecontentand also to regulatethe quantity of waterto be addedto the

continuougnixture,

The whole job takesonly lessthan 5mins and as such,this testcan be doneat very closeintervalsof time at the site of

work.
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Testson Fine aggregates
Measurementof moisture contentfor fine aggregate

x Automatic measurement

X In modernbatchingplants surfacemoisturein aggregatess automaticallyrecordedby meansof somekind of sensor

arrangements

x Thearrangemenis madein sucha way that, the quantity of free watergoing with aggregates automaticallyrecordedand

simultaneouslyhatmuchquantityof wateris reduced

x  This sophisticateanethodresultsin anaccuracyof N0.2 to 0.6%.
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Alternatives to river sand
A Sandis avital ingredientin makingtwo mostusedconstructiormaterialsviz. CementConcreteandmortar

A TraditionallyRiver sandwhich is formedby naturalweatheringf rocksover manyyears;js preferredasfine aggregate

A The economicdevelopmenftueling the growth of infrastructureand housinggeneratesiugedemandfor building materials

like sand

A Theindiscriminatemining of sandfrom riverbedsis posinga seriousthreatto environmensuchaserosionof riverbedand

banks triggeringlandslides|ossof vegetatioron the bankof rivers,loweringthe groundwatertableetc
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Alternatives to river sand

A Demandfor sandis increasinglay by dayandat the sametime mining threatscannotbeignored
A Hence sandmining from riverbedss beingrestrictedor bannedoy the authoritiedike

V NationalGreenTribunal,

V StateEnvironmentalmpactAssessmeniuthority and

V PollutionControlBoard
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Someof the Alternatives to River sand

A ManufactureSand

A ProcesseQuarrydust

A Processe@rushedockfines
A OffshoreSand

A Processedlass

A Aluminum sawmill waste

A Granitefinesslurry

A Washedsoil (filtered sand)

A Fly ash(bottomash/pondash)
A Slagsand

A CopperSlagsand

A ConstructiorDemolitionwaste

Concrete Ingredients
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Manufacture Sand

Manufacturedsandis crushedfine aggregatgroducedfrom a sourcematerialand designedor usein concreteor for other

specificproducts Only sourcematerialswith suitablestrength durability andshapecharacteristicshouldbe used




ATME

¢ 1 College of Engineering

c\Vig
\ \
(’

------

IS0 9001:2015 c'use‘“

T3 ¥ Horizontal Shaft Impactor (HSI
for sizing & shaping

475 mm % 150 mm
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CoarseAggregates

Importance of size,shapeand surfacetexture of aggregateson workability and strength
Sizeof aggregate

A Biggerthesizeof particleslesswill bethesurfacearea

A Lessamountof wateris required

A Lesscementpasterequiredfor lubricatingthe surface®of aggregates

A Sobiggerthesize,giveshigherworkability
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CoarseAggregates

Importance of size,shapeand surfacetexture of aggregateson workability and strength

Shapeof aggregate

A Angular,elongatedr flaky aggregatemakethe concretevery harshwhencomparedo roundedor cubicalaggregates
A Cubicalaggregatebavelesssurfacearea essvoids, thefrictional resistancéetweerthe aggregatess alsoless

A Hencetheworkability will bemorein caseof roundedthancomparedo flaky aggregates

A Hencethe strengthwill be moreby usingroundedor cubicalaggregates
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CoarseAggregates

Importance of size,shapeand surfacetexture of aggregateson workability and strength
Surfacetexture:

A Surfacetextureis the property,the measuref which dependsipontherelativedegreeto which particlesurfacearepolishedor dull,

smoothor rough
A Surfacetexturedepend®n hardnessgrain size,porestructureandstructureof therock
A Total surfaceareaof roughtextureaggregatés morethanthatof surfaceareaof smoothroundedaggregatesf samevolume

A Roughtexturedaggregatesvill show poor workability and smoothtexturedaggregatesill give better workability becauseof

lesseiffrictional resistancef innersurfaceparticle
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Testfor determination of flakinessindex

A An aggregatédavingleastdimensionlessthan3/5th of meandimensionis termedasflaky.

16 to 12.5
T
12.5 to.

20to 16

g/ J i = g % 8] 8.5 615,

A Thistestis notapplicableto aggregategessthan6.3mm. sl 1° U 1°'8l%;o563 .

\_4 BF ;1.51025 ]

A Thistestis conductedy usinga metalthicknessyauge 70 lg
E::::'??f’??::::::::::::::::::::::::::::_::_::;:’

A A sufficient quality of aggregatess takenie, a minimum of 200 piecesof any fraction to be s smsosis s

tested
A Eachfractionis gaugedn termsof thicknesson metalgauge

A Thetotal amountof aggregateiecespassinghrougheachgauges weighedaccurately

™ 1.6 mm Thick MS Sheet
Rolled Over 8mm ¢ Bar

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

thevariousthicknesgyaugedo thetotal weightof aggregatesampletaken
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Testfor determination of elongationindex Pabglsis WIS 161 ) o5 | 4 | g

% I |
Retained IS sieve | 6.3 | 10 : 12‘5: 16 : 5 |
PR s |

A The elongationindex of an aggregatds the particle having largestdimension(length) is

greaterthan9/5th of meandimension &

A Theelongationindex is not applicableto sizeslesserthan6.3mm. This testis conductedoy

14.7 202 25.6
i e —

132400 1= 40,5+t 1o 58,5 —+t re—— 81,0 —

usingmetallengthgauge B g T "
o | I | s papa 0
A A sufficientquantityof aggregatés takento providea minimumnumberof piecesof 200 of 6;12%1 bl L . —
anyfractionto betested r;m/wm i

Fig. 3.10. Length Gauge.

A Eachfractionshallbe gaugedndividually for thelengthon metalgauge

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

weightof sampletaken

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

materialsretainedon variouslengthgaugedo thetotal weightof aggregatesampletaken
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Testing of mechanicalproperties of aggregates
Testfor determination of aggregatecrushing value

A The aggregatecrushingvalue gives a relative measureof the resistanceof an aggregateo

crushingundera graduallyappliedcompressivdoad i [ |< Plunger
100  — FEORS TN, TN
A Apparatusequiredfor this testareasfollows 15 nt1(1)n > 100‘]1%“1 501« .
s/ 1ston
A
1. Steelcylinder (dia-15.2cm, height14cm) ' Y |
<« Steel cylinder
- | _ 130t ||« 150mm > s
2. Cylindrical measurddia-11.5cm, height18cm) 140 mm
~ 152 mm —> Base plate
3. Steeltampingrod (dia-1.6cm, height 40to 60cm) ! Y[ .

L ' ] < 63mm
4. Balance < 200 to 230 mm M T

Aggregate crushing test apparatus

5. Compressiornestingmachine
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Procedure

1. Ovendry aggregatgassingl2.5mm IS sieveandretainedon 10mm IS sieveis selectedor thetest

2. Thesampleaggregates filled threelayersandeachlayerbeingtamped25 blowsby roundedendof thetampingrod.

3. After tampingthethird layer,thetop surfaces leveledusingthe tampingrod asstraightedge Thetestsampleweightis takenasW1 gms

4. Thecylinderof thetestapparatuss placedin positiononthe baseplateandthetestsamples transferrednto the cylinderin threelayersand

eachlayeris tampedwith 25blows

Aggregate Crushing Value Test Procedure

F o U ST

100 mm Depth
Filled with

Aggregate
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Procedure
5. Thesurfaceof theaggregates leveledandthe plungerinserted

6. Thecylinderwith thetestsampleandplungerin positionis placedon CTM.

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

total load of 40tonesandthentheloadis released

9. Aggregatesncluding the crushedportion are removedfrom the cylinder and sieved
on a 2.36mm IS sieve,the materialwhich passeghis sieveis collectedandtakenW,

gms

Aggregatecrushing value 2— A

Accordingto Indianroadcongressk ISI hasspecifiedthataggregaterushingvalue of

the coarseaggregataisedfor cementconcretepavementshouldnot exceed30% and

usedfor concreteotherthanwearingsurfaceshouldnot exceed5%.
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To determine the aggregate impact value
K. i L i
1 — |
The aggregate impact value gives the relative measure of the resistance of an aggt o | T T
tiing handle
L — |
|
to sudden shock or impact. : L_, S
Apparatus required for the experiment are as follows , I_JI_J
1I:]:} AT Ellia.
. . | =~ Yertical puides
1. Impact testing machine : | e
2 |
2. Cylindrical measure I lmlm”l
50 -« C
IJ‘I i w., =
T |
3. Tamping rod / | -\L:in:uhflﬂﬂ

o |

Impact testing machine
4. Balance
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Procedure

1. Ovendry aggregateassingthrough12.5mm IS sieveandretainedin 10mm IS sieveare selected

for thetest

2. The cylindrical measurés filled by the sampleaggregatesn threelayersand eachlayer being

tampedby 25blowswith roundedendof thetampingrod.

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

testsampleweightis takenasW1 gms

4. Thecupof thetestapparatuss placedin positiononthe baseplateandtestsamples transferredo

thecupin asinglelayerandbeingtamped25 blowsandtop surfaceis leveled
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Procedure

5. The hammeris raiseduntil its lower faceis 38cm abovethe uppersurfaceof the aggregaten the
cup, andallowedto fall freely on aggregatdor 15 timesat aninterval not morethan2 secondsand

notlessthanlsecond

6. The crushedaggregatés thenremovedfrom the cup andthe whole sampleis sievedon 2.36mm IS

sieve,the materialwhich passeshis sieveis collectedandtakenW?2 gms

o

Aggregateimpact value n

;
Note Accordingto IS specificationthe aggregatempactvalue
<10%Y exceptionallystrong

107 20% Y strong

207 30% Y satisfactoryfor roadsurfacing

>30% Y weakfor roadsurfacing
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Testfor the determination of aggregateabrasion value

Apparatugequiredfor the experimentareasfollows

1. Los-Angelesmachine

2. Steelballs (dia- 48cm, weight- 390to 4459) -

3. Balance

4. Sieves Sieel oo =

Radial steel
shelf 89 mm wide

Cross-section of Los Angeles testing machine
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Procedure

1. Cleandry aggregateconfirming to any one of 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

specimerandplacedin thecylinderandis notedasW1 gms

2. The abrasivechargeis alsochosendependinguponthe aggregateandis placedin the cylinder of

themachine the coveris thenfixed dusttight.

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

shallberotatedfor 1000revolutions

4. After thedesirednumberof revolutions,machines stoppedandthe materialis dischargedrom the

machinetaking careto takeout entirestonedust

5. Using 1.7mm IS sievethe materialis sievedand the coarsermaterialis retainedon the sieveis

takenasW2 gms

Percentagewear

J=|J=
—
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Passmg on Retained on A B C D E F G
mm

B o 63 - - - - 2500 - -

63 50 - - - - 2500 - -

50 40 - - - - 5000 5000 -
40 25 1250 - - - - 5000 5000

25 20 1250 - - - - - -

| 6 [ 12.5 1250 2500 - - - - -

125 10 1250 2500 - - - - -

B o 6.3 - - 2500 - - - -

B s 4.75 - - 2500 - - - -

4.75 2.36 - - - 5000 - - -

Number of spheres to be used 12 11 8 6 12 12 12
Number of revolutions 500 1000

- Type of surface Maximum abrasion values

1 W.B.M subsurface course
W.B.M base course with bituminous surfacing 50
W.B.M surface course 40

3
4 Cement concrete surface course 35
Bituminous / Asphalt concrete surface course 30
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Testto determine Specific Gravity of coarseaggregateby wire basketmethod
1. Takeabout5kg of coarseaggregatesetainedon 4.75mm sieve

2. Washthoroughlyto removedust,dry to constanimassat a temperaturef 105\ 5°C.

3. Immersethe samplein waterat 22 to 32°C for a periodof 24N1/2 hours(30min in practice)

4. Removethe aggregatesrom water & roll the samein a large piece of an absorbentloth until all visible films of water are removed,

althoughthe surfaceof the particleswill still appearso bedamp
5. Now, weigh 3kg of this samplein thein the saturatediry conditionandnotedownthe massasW,gm.

6. Placethe weighedaggregatemmediatelyin the wire basket& dip it water Weigh this bucketwith aggregateskeepingit in waterwith the

help of abalance Notedownthe massasW,;gm.
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Testto determine Specific Gravity of coarseaggregateby wire basketmethod

7.Notedowntheweightof suspendedmptywire basketin waterwithoutaggregateandnotedownthe massasW2 gm.
8. Dry thesampleto the constantveightat thetemperaturef 100to 110°C for 24N1/2 hours
9. Coolto roomtemperatur@andweighit & notedownthemassasW4 gm.

10. Calculatespecificgravity andrepeathe procedurdor freshsampleof aggregates
Weightof ovendry aggregat€C) = W4 gm.

Weightof saturategurfacedry aggregatéB) = W3 gm.

Weightof baske®& aggregates water(Al) = W2 gm.

Weightof emptybasketsubmergedn water(A2) = Wigm.

Actual Specificgravity ="A(Al 'A

Apparentspecificgravity =A(A A

Waterabsorptior= 1 (A AlA

WhereA = weightof saturatecaggregaten water=Ali A2.
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RecycledAggregates

A World is growingandurbanizingat a very fastrateandsois India

A Thiseffectof rapidurbanizatioris alsoseenin constructiorindustry

A However,with urbanizatiorcomesthe moralresponsibilityof sustaininghe environment

A Concretds thefavorite choiceasa constructiormaterialamongcivil engineersiroundthe globefor decades

A 1t is preferredior its betterperformancelongerlife andlow maintenanceost

A To achieverapidurbanizatioreveryyearsmallerstructuresaredemolishedandnewerandbiggeronesareconstructed
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RecycledAggregates

A Thesedemolishedmaterials(majority of which is usuallyconcreteareoftendumpedon land andis not reusedor any purpose
A This practiceeffectsthefertility of land W‘-
A Onesuchmaterialis recycledaggregateoncrete % » '

A Aggregatesvhich areobtainedirom demolishecconcretestructuresarereferredasRecycledaggregates

A ASTM (AmericanSocietyfor TestingandMaterials)hasclassifiedtheseaggregateasArtificial aggregates

A It haslow strengthJowery o u mwdukislow density,high drying shrinkage higherporosityandhigherabsorptiorcapacity
A It producesa concreteof low densitythancomparedo conventionahggregates

A It is anaddedadvantagéf it is saturatedBecauset helpsin internalcuring
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Manufacturing of RecycledAggregates

Material to be recycled

Feeder

Vibrating
pan feeder  \iqgnefic separator

Secondary
crusher

Magnetic
separator

Waste stockpiles /\ /\ /\ ,,'6\\\
Fines Interm. Coarse + %%,
Stockpiled products .~ 0/6 mm 6/14 mm 14/20 mm Waste

stockpile
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Manufacturing of RecycledAggregates

A Evaluation of Sourceconcrete

Thefirst stepin productionof RAC is to determinethe quality of the sourceconcrete Propertiesandrecordsof sourceconcretdike strength,

durability andcompositionarelookedinto for decidingthe propersourceconcrete

A Crushing of demolishedconcrete

Thesimpleprocessnvolvescrushingconcretanto specifiedsizeandquality (usuallyof size20 mmi 50 mm).
A Removalof Contaminants:

Contaminantdike reinforcing steel, foundation materials,asphaltconcreteshoulderssoil, etc. are removed It can be achievedby many
methodsincluding screeningor air separationdemolition, using electromagnetsstc. Somecontaminantslependingon the useof RCA can

alsobeprocessedeparately
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Advantagesof RecycledAggregates

A Reducesheamountof virgin aggregates be createdhencedessevacuatiorof naturalresources

A While beingcrushednto smallerparticlesa largeamountof carbondioxideis absorbedThis reduceghe amountof CO2 is

theatmosphere
A Costsavingi few researclstudieshaveshownasignificantreductionin constructiorcostsif RAC is used
A Conservesandfill spacereducegheneedfor newlandfills andhencesavingmorecosts

A Createsnoreemploymenbpportunitieds recyclingindustry
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Disadvantagesf RecycledAggregates

Downgradingof quality of concrete

Increasan waterabsorptiorcapacityrangingfrom 3% to 9%
Decreasen compressivetrengthof concretg10-30%)
Reducesvorkability of concrete

Lack of specificationsaandguidelines

o o o To o TI®

Less durability of RAC, howeverfew papershave shownan improvementin the durability by mixing it with special

materialdike fly ash
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Applications of RecycledAggregates

A Canbeusedfor constructinggutters pavementgtc

A Large piecesof crushedaggregatecan be usedfor building revetmentswhich in turn is very usefulin controlling soil

erosion

A Recycledconcretaubblescanbe usedascoarseaggregatén concrete
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Blending of Aggregates

A Sometimesiggregateavailableat sitesmay not be of specifiedor desirablegrading

A In suchcasegwo or moreaggregatefrom differentsourcesnaybe combinedo getthedesiredgrading

A Often, mixing of availablefine aggregatewith available coarseaggregatein appropriatepercentagesnay
producedesirablegrading

A But sometimestwo or more fractions of coarseaggregatess mixed first and then the combined coarse

aggregates mixedwith fine aggregatéo obtaindesirablegrading



Matenal
% Used 50 ° 50 ° Blend |Target

Passing | Batch | Passing Batch | -

, 100 S 100

No. 4 90 100 S 80 - 100

No. 8 30 , 100 65 - 100

No. 16 | 7 | - . RS | 40 - 80
). 30 , .S 47 20 -65

32 £ 7 - 40

ll\. S‘&\\ C

100

No. 100 24 ' 3 - 20

No. 200 1 ()
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Water

Someof the Qualities of water can usedfor mixing are

Theuseof portablewateris generallysafefor mixing of concrete

Any waterwith a pH of 6 to 8 which doesnottastesalineis suitablefor useto mix the concrete
Seawatercontaindargequantitiesof chloridestendsto causepersistentlampnessindefflorescence

In RCC,seawaterincreasesherisk of corrosionof thereinforcement
Watercontaininglessthan200Qpmof dissolvedsaltscangenerallybe usedsatisfactoryfor makingconcrete
Presencef zinc, coppertin, manganesandleadreducethe concretestrength
Sodiumphosphatesodiumborateetc, actsasretardersvhichresultsin lossof strength

Sugarupto 0.05% by weightof wateris harmless

Sugarupto 0.05% by weightof cementretardthe settingtime, reducethe early strengthandincrease28daysstrength

o To o Po Do Io Do Do o Do

Sugarupto 0.2% causegjuick settingof cement
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Useof seawater for mixing concrete

Seawaterhasa salinity of about3.5%.

About 78% is NaCland15% is chloridesandsulphate®f magnesium
Seawateralsocontainssmallquantitiesof sodiumandpotassiunsalts
Thiswill reactwith aggregateandcementusedfor mixing.

Henceseawatershouldnotbe usedfor mixing concrete

Do To o Po Do I»

It is seenthat useof seawaterfor mixing concretedoesnot appreciablyreducethe strengthof concretebut it

may leadto corrosionof reinforcement

A Seawaterslightly acceleratethe early strengthof concretebut it reduce28daysstrengthof concreteby about
10-15%.
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Admixtures
A Admixturesarechemicalor mineralsubstancestherthanfine aggregates;oarseaggregates;ement

andwater,which areaddedn smallamountbeforeor atthe mixing stageto the concretgproduct
A Theycanalsobeblendedatthetime of grindingof clinkerin cementmanufacturingprocess

A Addedonly whenpropertieof freshor hardenedoncreteneedto be modified



2tme | College of Engineering

Concrete Ingredients

Most commonly usedChemical admixtures are

o To o Po Do o Do Do o Do D»

Plasticizers

Supemlasticizers
RetarderandRetardingplasticizers
AcceleratorsandAcceleratingplasticizers
Air-entrainingAdmixtures
DampproofingandWaterproofingAdmixtures
Gasforming Admixtures

Air detrainingAdmixtures

Workability Admixtures

BondingAdmixtures

ColoringAdmixtures




c\Vig

AJA @6

SO 9001 °l~se\“

N\

" S— P
\ r Pt

A ' ' \ A
0 ‘ %/ ‘

{ \ |V 1

> SEe W > - . ¥ A

Concrete Ingredients

aline l College of Engineering
How Chemical Admixtures act?
Reactionof chemicaladmixtures with cementtakesplacein three different stages

1. PhysicoChemical reaction:-
In this stage C3S & C3A areformedearlywhenwateris addedto the cementandbecaus®f adhesiveropertyof
cementanintermolecularforce of attractionwill be createdbetweerthe cementgrainsasa resultcementfloc will

beformedin thecementpaste
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How Chemical Admixtures act?

Reactionof chemicaladmixtures with cementtakesplacein three different stages

2.Chemical adsorption and interaction:-
A Whenchemicaladmixturesare addedto the cement,it getsadsorbedn cementcompoundr cementgrains
andontheproductsof hydration(especiallyon C3A), which stiffensthe hydratedcompounds

A Butsometimest alsoinitiatesvery earlystiffening.

A Theyreally combineandneverslowdownshe settingbut initiateslong termhydration
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How Chemical Admixtures act?

Reactionof chemicaladmixtures with cementtakesplacein three different stages

3. Deflocculationor Dispersion-

A Flocculateccementcompoundgonsistof certainamountof waterin it.

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

Intermolecularepulsionbetweenthe cementgrainswhich releaseghe waterin the cementpasteasa result,
workability of concretancreases

A Theintermolecularepulsionbetweerthe cemenigrainsis knownasii Z ePtoat e nt i al 0
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Plasticizers( Water reducers)-
A Workability is the inherentpropertyof concrete High degreeof workability is requiredin deepbeamsthin walls, column

beamjunctionsandin RMC 0 s
A Plasticizethelpsin providing high workability evenin difficult situations
A Addition of extrawaterwill only improvethefluidity but notworkability.
A Addition of plasticizerswill improvethe plasticpropertiesof concrete
A It reduceshewatercementratio for a givenworkability, which increasestrengthanddurability.

A Usedto reducethe cementcontentandheatof hydrationin massconcreting
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Superplasticizers -
A Thesearechemicallydifferentform normalplasticizers
A Reducesvatercontentup to 30% without reducingthe workability.
Usedfor producingselfleveling,flowing, self compactingandhigh performanceoncrete

A

A Canreducew/c ratio for a givenworkability.
A Canreducecementcontentfor givenwic ratio.
A

Provideshomogenousohesiveconcretdout no tendencyof segregatiomndbleeding
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Superplasticizers -

Commonlyusedasbasefor superplasticizerare

A Sulphonatedvielaniei Formaldehydeondensate¢§SMF)

A SulphonatedNaphthalené Formaldehydeondensate(SNF)
A Modified Ligno sulphonatéMLS)

A Poly CarboxylatedEther(PCE)



c\Vig

, Concrete Ingredients
20C 1 College of Engineering

Retarders: -

A It is anadmixturewhich slowdownshe hydrationprocessandconcretaemainsplasticfor longtime.
A Useto overcomeheaccelerate@ffectof high temperaturen settingin weatherconditions
A Calciumsulphatesirethe bestretardingadmixturesvhich retardssettingof concrete

A Sometimesommonsugaris alsousedto delaysettingof concrete
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Retarding Plasticizers-

A Weknow thatplasticizersandsuperplasticizershowcertainextentof retardation
A Retardingplasticizersaremixedin R M C @os retainingslumplossin caseof long distanceransportation
A Whenconcretds beingplacedor transportedinderconditionsof high ambienttemperature

A In caseof largeconcretepoursd) Concreteconstructiorinvolving sliding formwork
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Mode of action

A It is thoughtthat retardingadmixturesare absorbedn to the C3A phasein cementforming a film aroundthe

cementgrainsandpresentingr reducingthereactionwith water
A After awhile thusfilm breaksdownandnormalhydrationproceeds
Commonlyusedchemicals
U Unrefinedlignosulphonatesontainingsugar
U Hydroxyl carboxylicacidandtheir salts
U Carbohydratescludingsugar
U Solublezinc

U Solubleboratesetc
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Accelerators -

A Addedto increasehe earlystrengthdevelopmenin concrete
A Allows earlierremovalof formwork

A Reduceequiredperiodof curing

A Usedin emergencyepairworks
Commonlyusedchemicalsare

U Calciumchlorides

U Sulphates

U Aluminates

A But CaCPR is notdesirabl€for concretebecausét leadsto corrosionof reinforcementn RCC,
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Accelerating Plasticizers-

A Whenaccelerateduperplasticizersareaddedo the concretejt increaseshestrength
A Commonlyusedchemicalsare

U Tri-ethanolaminehlorides

U Nitratesandfluorosilicates
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Air entraining admixtures

A Mixing smallquantityof air entrainingagentswill increaseshe voids or air bubblesin concretewhich improvesthe

plasticandhardenedropertiesandhaveimprovedresistanceagainstfrost actionandpermeability
A Air voidsin concretecanbe broughtinto two groups
U Entrappedair is dueto insufficientcompactiorof concrete
U Entrainedair is intentionallyaddedanddistributeduniformly.

A Someof thechemicalair entrainingagentsareNaturalwoodresins Animal andvegetabldats andoils
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Mineral admixtures

Mineral admixturesareinorganic,finely grainedmaterialshavingPozzolanigropertiesaddedto the concretemix

In orderto improvethe propertienf concrete
Sourceof Mineral Admixtures
a) Rawor calcinednaturalminerals

b) Industrialby products
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Classification of Mineral Admixture
ASIM specificationC618recognizeshefollowing threeclasse®f mineraladmixtures

a) ClassN 0 Raw or calcined natural pozzolanicsuch as diatomaceousarths,clay and shales,tuffs and

volcanicashes
b) ClassF o Fly ashproducedrom burninganthraciteor bituminouscoal

c) ClassC d Ash normally producedfrom lignite or subbituminouscoal which may containanalytical CaO

higherthan10%.
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Concrete Ingredients

Reasondor using mineral admixtures

a)

b)

In recenty e a aorssiderableefforts have beenmadeby the cementindustry world wide to reduceenergy
consumptionn the manufactureof Portlandcement Therefore,a partial replacemenbf Portlandcementby
mineraladmixtureswvhich canbe of theorderof 501 60% by weightof total cementitiousnaterial,represent:
considerablenergysavings

The ability of cementandconcretandustriesto consumeamithionsof tonsof industrialbyproductscontaining

toxic metalwould qualify thesendustrieso be classifiedasenvironmentallyfriendly.
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Reasondor using mineral admixtures

SincenaturalPozzolanandindustrialby productsare generallyavailablesubstantialljower coststhan Portland
cementthe exploitationof the Pozzolanicand cementitiougropertiesof mineraladmixturesareusedasa partial

replacementf cementcanleadto a considerabl@conomidoenefit

Possible technological benefits from the use of mineral admixturesin concrete include entrancementof

Impermeabilityandchemicaldurability, improvedresistancéo thermalcrackingandincreasen ultimatestrength
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Typesof Mineral admixtures

0

Fly Ash
GGBS
SilicaFume
Metakaolin

RiceHuskAsh

Concrete Ingredients
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Fly ash-

A A by-productof coalfired electricgeneratiorplant, usedfor partially replacingcementup to 60% by mass
A It is obtainedby Electrostaticprecipitator

A It is producedn largequantityin India.

A In India, Fly ashis classifiedasClassF becausét containdesscalcium

A It contributesstrengthanddurability andenhancesvorkability dueto sphericahature
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Fly ash-

A Therearetwo typesof Fly ash

U Low lime Fly ashY producesementitiougpropertybecausef lime or cement
U Highlime fly ashY Exhibitcementitiouspropertyby itself

Applications:- Building blocks, Fine aggregate Blending cements geotechnicalapplications etc.

Component Bituminous Coal Sub bituminous Coal Lignite Coal
Si02 (%) 20-60 40-60 15-45

Al203 (%) 5-35 20-30 20-25
Fe203 (%) 10-40 4-10 4-15

CaO (%) 1-12 5-30 15-40

LOI (%) 0-15 0-3 0-5
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Effects of Fly Ash on Fresh Concrete
1 Reductionof waterdemandor desiredslump

1 With thereductionof unit watercontent bleedinganddrying shrinkagewill alsobereduced
Effectsof Fly Ash on Hardened Concrete

] Contributedo the strengthof concretedueto its pozzolaniaeactivity

[ Continuedpozzolaniaeactivityconcretadevelopgyreaterstrengthat lateragenot at initial stage

[ Resultingin decreasef waterpermeability
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Ground Granulated Blast Furnace Slag (GGBFS/GGBS):.-

N It is a by-productof steelproduction

N Usedto partially replacecementoy 80% by mass

Typical chemical composition Typical physical properties

Calcium oxide: AD% Colour: off-white
. o Specific 2.9
Silica: 35% gravity:
Alumina: 13% Bulk 1000 - 1100 ka/m" (loose)
density: 1200 - 1300kg/m” (vibrated)
Magnesia: 8%

Fineness: >35[}m2;’kg
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Effects on fresh concrete

[ It reducegheunit watercontentnecessaryo obtainthe sameslump

[0 Waterusedfor mixing is not immediatelylost, asthe surfacehydrationof slagis slightly slowerthanthat of

cement
[ It reductionof bleeding
Effects on hardenedconcrete

[ It Reducedheatof hydration

[ Refinementof porestructuregyreatlyreducedpermeabilityto the externalagenciesandincreasedesistancdo

chemicalattack
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SILICA FUME:

[ It is a productresulting from reduction of high purity quartz with coal in an electric arc furnacein the

manufacturef silicon or ferrosiliconalloy.

] Containsatleast85% SiO2 contentwith Meanparticlesizebetweer.1 and0.2 micron

[ Minimum specificsurfaceareais 15,000m2/kg. Particleshapds Spherical
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Effect on fresh concrete
] Freshconcretesticky in natureandhardto handle

] Causedarge reductionin bleedingand concretewith micro silica could be handledand transportedwithout

segregationo plasticshrinkagecracking
Effect on hardenedconcrete
[J Modulusof elasticityof micro silicaconcretdas less

] It causesmprovementn durability of concreteandResistancagainstrostdamage
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Application:

] Conserveement

[ Produceultra high strengthconcreteof the orderof 70to 120 Mpa.
] Increaseearly strengthof fly concrete

] Controlalkali-aggregateeaction

1 Reducesulfateattack& chlorideassociatedorrosion
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RICE HUSK ASH:
1 Ricehuskashis obtainedoy Burningrice huskin a controlledmanner

1 Materialof futureasmineraladditives It is addedo 10% by weightof cement

] It greatlyenhancesheworkability andimpermeabilityof concrete

1 It containsAmorphoussilica (90% SiO2) in very high proportionwhenburntin controlledmanner5% carbon,

2% K20.
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Effects:

] It reducessusceptibldo acid attackandimprovesresistancéo chloridepenetratiorandreducedargeporesand

porosityresultingvery low permeabilityandfreelime presentn thecementpaste
] It Decreasethe permeabilityof the systemandimprovesoverall
resistancéo CO2 attackimprovescapillarysuctionandaccelerate@hloridediffusivity.

] It also Enhancegesistancdo corrosionof steelin concrete Reducingmicro crackingand improving freeze

thawresistance
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METAKAOLIN :

Highly reactiveMetakaolinis madeby waterprocessingo removeunreactiveimpuritiesto make100% reactive

pozzolanic Such a product, white or creamin color, purified, thermally activatedis called High Reactive

Metakaolin(HRM)
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Effects of Metakaolin:

1 High reactiveMetakaolinshowshigh pozzolaniaeactivityandreductionin Ca(OHR evenasearlyasoneday.
1 Thecementpasteundergoeslistinctdensification

1 Densificationincludesanincreasean strengthanddecrease permeability

1 ThehighreactiveMetakaolinis havingthe potentialto competewith silicafume.
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MODULE -2

FRESH CONCRETE
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Introduction

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

placedandallowedto cure becomesardlike astone
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Introduction

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

A 1t is vital, therefore,that the consistencyof the mix be suchthat the concretecan be transportedplaced,and finished

sufficiently earlyenoughto attainthe expectedtrengthanddurability.
Significance
A Thefirst 48 hoursarevery importantfor the performancef the concretestructure

A 1t controlsthelong-termbehavior,nfluencef'c (ultimatestrength) Ec (elasticmodulus) creep anddurability.



ATME

e College of Engineering

Fresh Concrete

ISO 9001:2015 Singe®t

Properties of concrete

> Density : 2240 - 2400 kg/m’
Compressive strength: 20 - 40 MPa
Flexural strength: 3 - 5 MPa
Tensile strength: 2 - 5 MPa
Modulus of elasticity : 14000 - 410000 MPa
Permeability: 1 X 17 " em/sec

Coefhicient of thermal expansion: [/ 0°°C

Drying shrinkage: 4 - 8 X 107

Drying shrinkage of reinforced concrete: 2-3 X'/ 0’
Poisson's ratio : (.20 - 01.21

Shear strength : 6 - 17 MPa

Specific heat capacity : (.73 klkg K

YO¥ ¥ ¥V ¥ ¥ ¥V ¥ ¥V ¥ ¥
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Properties of goodconcrete
A It hashigh compressivestrength
A 1t is freefrom corrosionandlesseffectedby atmospheri@gents

A 1t hardenswith age and processof hardeningcontinuesfor a long period of time after concretehas
attainedsufficientstrength
A 1t is provedto be moreeconomicathansteel Thisis dueto the fact that, the aggregatesonstitutesabout

8071 90% of volumeof concreteandis availableat reasonableates



Fresh Concrete

20C 1 College of Engineering
A It binds rapidly with steeland asit is weakin tension,the steelreinforcements placedin cementconcrete
structureat suitableplacego takeup tensilestressesT hisis termedasReinforcedCementConcretg RCC).

A Underthefollowing two conditionsjt hasatendencyto shrink

U Thereis aninitial shrinkageof cementconcretewhich is mainly dueto the loss of water throughforms,

absorptiorby surfacef forms.

U Theshrinkageof cementconcreteoccursasit hardensThis tendencyof cementconcretecanbe minimizedby

propercuringof concrete
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A It hasatendencyto be porousin nature This is dueto the presencef voidswhich areformedduring
andafterits placing Thetwo precautionfiecessaryo avoidthis tendencyareasfollows:

U Thereshouldbepropergradingandconsolidatiorof aggregates

U Theminimumwatercementratio shouldbeadopted

A It formsahardsurfaceandoffersresistanceo abrasion
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Factors affecting Strength of concrete

A Water-Cementratio - It is water cement ratio that basically governs the property of straregker

the water cement ratio, greater will be strength
A Type of cementing material— It affects the hydration process and therefore strengtbrafrete

A Amount of cementing material- It is the paste that holds or binds all the ingredients. Ghester

amount of cementing material greater will be strength.

A Type of aggregate- Rough and angular aggregates are preferable as they provide gosalieg
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Air content— The amount of air improves the concrete resistance on freezing and thauting.

excess lead to failure

Admixtures - Chemical admixtures like plasticizers reduce the water cement ratina@edsdhe
strength of concrete at same water cement ratio. Mineral admixtures affstretigihat later stage an

Increase the strength by increasing the amount of cemenateyial

A Once the mixing was completed the mixture is said to be Fresh concrete whiplaiiozstate and

can be moulded in any forms whereas the Hardened concrete is tivaionhées 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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Properties of concrte
| ]
Fresh properties Hardened properties
| |
Compressive Flexural Split Tensile
Workability| | Segregation Bleeding strength strength strength

Slump| |Compaction factor| |Vee-Bee consistometer| [Flow test
fest test test
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Workability
A Thepropertyof concretedetermineshe amountof internalwork requiredto producefull compaction
Or
A It is the easewith which the concretecanbe compactedl00% and canbe deposited transportecr placedin
requiredposition

A In general easyto mix, easyto handleandeasyto placeis referredasworkability of concrete
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Factors affecting workability
1. Water content

A Thewatercontentin a givenvolumeof concretewill havesignificantinfluenceon workability of concrete
A Higherthewatercontentpercubicmeterof concretehigherwill bethefluidity.

A It shouldbe notedthat from the desirablepoint of view, increasdn watercontentwill be the lastresourcefor

iImprovingtheworkability in caseof uncontrolledconcrete
A But for controlledconcretenve cannotincreaseéhewatercontent

A If we wantto increasethe water content,simultaneouslywve haveto increasethe cementin orderto maintain

watercementratio asconstantaindstrengthof the concretaemainssame
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Factors affecting workability
2. Mix proportion:

A Aggregatdo cementratio is animportantratio influencingworkability.
Highertheaggregatéo cementratio, leanemwill betheconcretemix.

In caseof leanconcretdessquantityof pastes availablefor lubricatingthe surface

Hencethereis chanceof mobility of aggregates

o T» Do Do

On the otherhandin caseof rich mix with lower aggregatéo cementratio, morepastes availableto makethe

mix cohesiveandalsogivesbetterworkability.
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Factors affecting workability

Sizeof aggregate
A Biggerthesizeof particleslesswill bethe surfaceareaandhencdessamountof wateris requiredandalsoless

cementpasterequiredfor lubricatingthe surface®f aggregates

A Sobiggerthesize,giveshigherworkability.
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Fresh Concrete

Factors affecting workability

Shapeof aggregate

A Angular, elongatedor flaky aggregatesnakethe concretevery harshwhen comparedo roundedor cubical
aggregates

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

A 1t will havea lesssurfaceareaandlesseoids

A Notonlyis thatbeingin roundedn shapethefrictional resistancéetweertheaggregatealsoreduced

A Hencetheworkability will bemorein caseof roundedthancomparedo flaky aggregates

A Hencethestrengthwill bemoreby usingroundedor cubicalaggregates
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Factors affecting workability

Surfacetexture:
A Theinfluenceof surfacetextureon the workability is dueto the fact that, total surfaceareaof roughtexture

aggregates morethanthatof surfaceareaof smoothroundedaggregatesf samevolume

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

workability becaus®f lesseifrictional resistancef innersurfaceparticle
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Factors affecting workability

Grading of aggregates

A Thisis oneof thefactorwill havemaximuminfluenceon workability.

A A well gradedaggregatevill give leastamountof voidsfor givenvolumeof aggregates
A Whenthevoidsareless,excesgpastewill beavailableto give betterworkability.

A Betterthegrading,lessemwill bethevoidsandgreatemwill betheworkability.

Useof admixtures:

A Like plasticizersandsuperplasticizergyreatlyimprovesthe workability of concrete

c\Vig
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Fresh Concrete

How To improve the workability of concrete
A increasavater/cementatio
A increasesizeof aggregate
usewell-roundedandsmoothaggregaténsteadof irregularshape
increasehe mixing time
increasehe mixing temperature

usenonporousandsaturatecggregate

o Po T T >

with additionof air-entrainingmixtures
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Measurementof Workability

Thefollowing testsarecommonlyemployedio measuravorkability.
U SlumpTest

U Compacting~actorTest

U VeeBeeConsistometefest

U Flow Test
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Concrete Consistency

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

concrete

A Wetterthe mix the moreworkableit is. If a mix is too wet, segregatiormay occurwith resultinghoneycombgexcessive

bleeding,andsandstreakingon theformedsurfaces
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Consistencyof concrete

Ontheotherhand,if amix is too dry it may bedifficult to placeandcompactandsegregatiormay occurbecause

of lack of cohesivenesandplasticity of the paste
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3 Ways to determine Consistency of Fresh Concrete

Slump Test |

-7

Consistency
| Tests
‘ Ball penetration
Flow Test test
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Slump Test

A A slumptestis amethodusedto determinethe consistencyf concrete

A Theconsistencyor stiffness,ndicateshow muchwaterhasbeenusedin the mix.

A Thestiffnessof the concretemix shouldbe matchedo therequirementsor thefinishedproductquality
U Slumpisameasuremerdf c o0 n ¢ rwerkabilibysor fluidity.

U | taoiaedirectmeasuremendf concreteconsistencyr stiffness

Principle

A The slumptestresultis a measureof the behaviorof a compactednvertedconeof concreteunderthe actionof gravity. It

measuresghe consistencyr thewetnesf concrete
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Tools and apparatus usedfor slump test (equipment):.

1. Standardslumpcone(100 mm top diameterx 200 mm bottomdiameterx 300 mm high)

2. Smallscoop

[‘_]0 Dia —
. J T ﬁllrl -iI ’ ll L'.
3. Bullet-nosedrod (600mm long x 16 mm diameter) 0 | e
VA gk
03 : R ¥
Thick/ /| \
4. RUIe 30 ' \ At Least
[ / 1.6 Thick
5. Slumpplate(500mm x 500 mm) W\ 02 Thiek
Ly ) \
061
«———— 20Dia ——
All dimensions in Centimeters
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Procedure

A The baseis placedon a smoothsurfaceand the containeris filled

with concretan threelayers,whoseworkability is to betested

A Each layer is temped 25 times with a standard16 mm (5/8 in)

diametersteelrod, roundedattheend

A Whenthe mold is completelyfilled with concrete the top surfaceis

struckoff (leveledwith mold top opening)by meansof screeningand

rolling motionof thetempingrod.

A The mold must be firmly held againstits baseduring the entire
operationsothatit could not movedueto the pouringof concreteand

this can be doneby meansof handlesor foot i restsbrazedto the

mold.
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Procedure

A Immediatelyafterfilling is completedandthe concretds leveled,the

coneis slowly andcarefullylifted vertically, anunsupporteaoncrete

will nowslump

A The decreasen the height of the centerof the slumpedconcreteis

calledslump

A The slumpis measuredy placing the conejust besidesthe slump
concreteandthe tempingrod is placedoverthe conesothatit should

alsocomeovertheareaof slumpedconcrete

A The decreasdn height of concreteto that of mould is noted with

scale (usuallymeasuredo thenearesb mm (1/4 in).
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Precautions

A In orderto 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

cleanedrom concretevhich may havedroppedaccidentally
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TypesOf Slump

The slumpedconcretetakesvariousshapesandaccordingto the

profile of slumpedconcretetheslumpis , RS '-.‘ =0k
: i slump
termedas ¢ , _1.

A CollapseSlump ==
ollapse

A ShearSlump

Slumps greater than
175 mm - self-leveling
concrete

A TrueSlump

Shear

Mixes having
tendency to
segregate —
repeat test

H/. .

ISO 9001:2015

True slump

Valid slump
measurement
0-175 mm

c\Vig
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Typesof slump
CollapseSlump

A In acollapseslumpthe concretecollapsesompletely

A A collapseslumpwill generallymeanthatthe mix is too wet or thatit

IS a high workability mix, for which slumptestis notappropriate
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Typesof slump
ShearSlump

A In a shearslumpthe top portion of the concreteshearsoff andslips
sideways OR If onehalf of the coneslidesdown an inclined plane,

theslumpis saidto beashearslump

A If a shearor collapseslumpis achieved,a fresh sampleshould be

takenandthetestis repeated

A If the shearslump persistsasmay the casewith harshmixes,this is

anindicationof lack of cohesiorof the mix.

2
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Typesof slump
True Slump

A In atrue slumpthe concretesimply subsideskeepingmoreor lessto
shape

A Thisis theonly slumpwhichis usedin varioustests

A Mixes of stiff consistencéiavea Zeroslump,sothatin theratherdry

range no variation can be detectedbetween mixes of different

workability.

— A J A %@ ©

||||||
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Uses

A Theslumptestis usedto ensureuniformity for different batchesof similar concreteunderfield conditionsandto ascertairthe

effectsof plasticizerson theirintroduction

Thistestis very usefulon siteasa checkon the day-to-dayor hour to-hourvariationin the materialsbeingfed into the mixer.
An increasan slumpmay mean for instancethatthe moisturecontentof aggregatéasunexpectedlyncreases
Othercausewnould beachangdan the gradingof theaggregatesuchasa deficiencyof sand

Too high or too low a slumpgivesimmediatewarningandenablegthe mixer operatorto remedythe situation

o P Do Do o

This applicationof slumptestaswell asits simplicity, is responsibldor its widespreadise
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Degree of Slump (mm) Compacting Use for which concrete
workability P Factor is suitable

Very dry mixes; used in road
Very low o - 25 0.78 making. Roads vibrated by

power operated machines

Low workability mixes; used for
L foundations with light
ow 25 - 50 0. 85 reinforcement. Roads wvibrated

by hand operated Machines

Medium  workability mixes;
manually compacted flat slabs
using crushed aggregates.

Medium 50 - 100 0.92 MNormal reinforced concrete
manually compacted and
heavily reinforced sections with
vibrations

High workability concrete;
for sections with congested
reinforcement. Not normally
suitable for vibration

High 100 - 175 0.95



Fresh Concrete

Slump Test
Stump mm) | 0-20 | 2040 | go- | sm0-300 | a00-m0

Consistency Dry Stiff Plastic Wet Sloppy
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Compaction Factor Test

A Thistestmeasureghe degreeof compaction

A The test require measuremenof 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
compactedactor.

A Forthenormalrangeof concretehe compactingactorlies betweerD.8 - 0.92
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Fresh Concrete

Compaction Factor Test
Apparatus

A Trowels

A HandScoop(15.2 cmlong)

A Rod of steelor other suitable material (1.6 cm diameter,61 cm long

roundecatoneend).

A Balance
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Procedure

1) Ensurethe apparatusand associatecequipmentare cleanbeforetestand free from hardened

concreteandsuperfluousvater.

2) Weighthebottomcylinderto nearestlOgm, putit backon the standandcoverit up with a pair

of floats.

3) Gentlyfill the upperhopperwith the sampledconcreteto the level of the rim with useof a

scoop.

4) Immediatelyopenthetrapdoorof theupperhopperandallow the sampledconcreteto fall into

themiddle hopper.

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

allowing the sampledconcreteo fall into the bottomcylinder.

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

handandmovetowardseachotherto cut off the concreteacrosshetop of cylinder
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Procedure
1) Wipe cleantheoutsideof cylinderof concreteandweighto nearestiOgm.

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

obtaintheweightof partially compacteaoncrete
3) Removetheconcretdrom thecylinderandrefill with sampledconcretan layers.

4) Compacteachlayer thoroughly with the standardCompactingBar to achievefull

compaction
5) Floatoff thesurplusconcreteo top of cylinderandwipe it clean.

6) Weighthecylinderto nearestiOgm andsubtracthe weightof emptycylinderfrom the

weightof cylinderplusconcreteo obtaintheweightof fully compacteatoncrete
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weight of partially compacted concrete
weight of fully compacted concrete

The Compacting Factor (CF) =

Very Low 0 -25 0.78 Roads - Pavements
Low 25 - 50 0.85 Foundations Concrete
Medium 25 - 100 0.92 Reinforced Concrete

Reinforced Concrete

High 100 - 175 9.95 (High Reinforcement)
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Vee-Be Time Test

It is basedon measuringhetime (CalledVEBE time) neededo transferthe shapeof a

concretemix from a frustum coneto a cylinder (theseshapesare standardizedy the

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

neededhelessworkablethe mix is. This methodis very usefulfor stiff mixes
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Vee-Be Time Test

Apparatus

A Cylindrical containemwith diameter= 240mm, andheight= 200mm

A Mould: the samemouldusedin the slumptest

A Disc: A transparenhorizontaldiscattachedo arod which slidesvertically
A Vibrating Table: 380260 mm, supportedy four rubbershockabsorbers

A TampingRod

A Stopwatch
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Procedure

A Slump test as describedearlier is performed,placing the slump coneinside the sheet

metalcylindrical pot of the consistmeter

A The glassdisc attachedo the swivel armis turn andplaceon the top of the concretein

thepot
A Theelectricalvibratoris thenswitchedon andsimultaneousia stopwatchstarted

A Thevibrationis continuedtill suchtime asthe conicalshapeof the concretedisappear:

andtheconcreteassume cylindrical shape

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

transparency

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

switchedoff
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A The time requiredfor the shapeof concreteto changefrom slump cone shapeto }

cylindrical shapdan seconds knownasVibe Degree

A This methodis very suitablefor very dry concretewhose slump value cannotbe
measureby slump test, but the vibration is too vigorous for concretewith slump

greaterthanabout50m.

A Thetestfails if Vee-Be Time is lessthan5 seconds. And the testmustbe repeated

whenno collapseor shearslumpin concrete
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Flow Test

Theflow tabletestor flow testis a methodto determinethe consistencef freshconcrete

Application

A Whenfresh concreteis deliveredto a site by a truck mixer it is sometimesecessaryo checkits consistencéeforepouringit into
formwork

A If the consistencés not correct,the concretewill not havethe desiredqualitiesonceit hasset, particularlythe desiredstrength If the
concreteis too pasty,it may resultin cavitieswithin the concretewhich leadsto corrosionof the rebar, eventuallyleadingto the

formationof cracks(astherebarexpandssit corrodes)whichwill acceleratehewhole processratherlike insufficientconcretecover

A Cauvitieswill alsolowerthestresghe concretds ableto support
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Flow Test

Equipment
A Flow tablewith agrip andahinge,70cmx 70cm.

A Abramscone,openat thetop andat the bottom- 30 cm high, 17 cm top diameter25 cm

basediameter

A Waterbucketandbroomfor wettingtheflow table

A Tampingrod, 60 cm height

A Scalefor measurement
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Procedure
A Theflow tableis wetted

A The coneis placedon the flow table andfilled with freshconcretein two layers,each

layer 25 timestampwith tampingrod.
A Theconeis lifted, allowing the concreteto flow.

A The flow tableis then lifted up about12.5mm and then droppedfor 15 timesin 15

secondscausingheconcretdlow alittle bit further.

A After this the diameterof the concretes measuredn a 6 differentdirectionandtakethe

average
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Flow % =

Diameter of flow (cm) — 25

25

X 100

28
Sinege®

Percent of

Consistency

Plastic

Sloppy
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Segregation
Segregatioms whenthe coarseandfine aggregateandcementpaste becomeseparatedSegregatiomomay happernwhenthe
concretdas mixed,transportedplacedor compacted
Segregatiomakesthe concrete

A Weaker,

A Lessdurable,

A andwill leavea poorsurfacefinish
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Segregation

Segregatiomay be of threetypes

A firstly, the coarseaggregateseparatingut or settlingdown from therestof the mixing
A Secondlythe pasteor matrix separatingawayfrom coarseaggregatend

A thirdly, waterseparatingut from the restof the materialbeinga materialof lowestspecificgravity.
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To Avoid Segregation

A If placing concretestraightfrom a truck, pour vertically and neverlet the concretefall more than oneanda-half

meters
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ConcreteBleeding

A

This refersto the appearancef wateralongwith cementparticleson the

surfaceof thefreshlylaid concrete

to excessiveompaction

BLEED WATER

Bleedingcausesheformationof poresandrenderghe concreteveak

Bleedingcan be avoidedby suitably controlling the quantity of waterin

the concreteandusingfiner gradingof aggregates

T c\Vig
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The effects of water gain:
A The water gain which causes voids and reduces the bond between the cement and aggregates.

A Water gain below the reinforcement especially at cranked portion reduces the bond between reinforcer

concrete.

A Water while traversing from bottom to top make a channel and if \wateent 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 dividegbozzolanianaterial

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

5. Byre-vibrationof concrete

6. By using air entraining agents
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Processof Manufacture of Concrete

A It is interestingto note that the ingredientsof good concreteand bad

concretearethesame

A If meticulouscareis not exercisedand goodrulesare not observedthe Good Concrete

resultantconcretds goingto be of badquality.

A With thesamematerialif intensecareis takento exercisecontrolat every

stagejt will resultin goodconcrete

’Bad Concrete -
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Processof Manufacture of Concrete

Thevariousstagef manufacturef concreteare
(a) Batching

(b) Mixing

(c) Transporting

(d) Placing

(e) Compacting

(f ) Curing

(g) Finishing
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Batching

Themeasuremerdf materialsfor makingconcretas knownasbatching Therearetwo method<f batching

A Volumebatching

A Weighbatching
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Volume Batching:
AVolume batchingis nota goodmethodfor proportioningthe materialbecaus®f the difficulty it offersto measure

granulamaterialin termsof volume

A/olume of moistsandin alooseconditionweighsmuchlessthanthe samevolumeof dry compactedgand

AThe effectof bulking shouldbe consideifor moistfine aggregate

A-orunimportantoncreteor for anysmalljob, concretemaybebatchedoy volume
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Batching

Weigh Batching:

Aneighbatchingis the correctmethodof measuringhe materials

AJseof weightsystemin batching facilitates,accuracyflexibility andsimplicity.

A argeweighbatchingplantshaveautomatioveighingequipment

AOn largework sites theweighbuckettype of weighingequipment'sireused
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Batchlng

A Cements alwaysmeasuredby weight

A It is nevermeasuredh volume

A Generallyfor eachbatchmix, onebagof cements used

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

Measurementof water:

A whenweighbatchingis adoptedthe measuremerdf watermustbe doneaccurately

A Addition of waterby graduateducketin termsof liters will notbeaccuratdor thereasorof spillageof water
A It is usualto havewatermeasuredn a horizontalor verticaltank

A Theseanksarefilled up ofteneverybatch
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Mixing

A Thoroughmixing of the materialsproductionof uniform concrete

A The mixing shouldensurethatis essentiafor the massbecomeshomogeneoysuniform in

colourandconsistency
A Therearetwo methodsadoptedor mixing concrete

(1) Handmixing (ii )Machinemixing
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Fresh Concrete

Hand mixing

A Handmixing is practicedfor smallscaleunimportaniconcretevorks
A Asthemixing cannotbe thoroughandefficient, it is desirableo add10 per
cent more cementto cater for the inferior concrete producedby this

method

A Handmixing shouldbe doneover animperviousconcreteor brick floor of

sufficiently largesizeto takeonebagof cement

A Spreadout the measuredjuantity of coarseaggregatendfine aggregaten

alternatdayers
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Mixing
Hand mixing

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

the mixture overandoveragainuntil uniformity of colouris achieved

A Wateris takenin a watercanfitted with aroseheadandsprinkledover

the mixtureandsimultaneouslyurnedover.

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

homogeneousoncretds obtained
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Machine Mixing

A Mixing of concreteis almostinvariably carried out by machine,for reinforcedconcrete

work andfor mediumor largescalemassconcretework.

A Machinemixing is not only efficient, but alsoeconomicalwhenthe quantityof concreteto

beproduceds large
A Theycanbeclassifiedasbatchmixersandcontinuougmixers

A Batch mixers produce concrete,batch by batch with time interval, whereascontinuous

mixersproduceconcretecontinuouslywithout stoppagéill suchtime the plantis working.
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Machine Mixing

A In normalconcretavork, it is the batchmixersthatareused Batchmixer maybe of pantype or drumtype.

A Thedrumtypemaybefurtherclassifiedastilting, nontilting, reversingor forcedactiontype.

A Asperl.S. 1791 1985 concretanixersaredesignatedy a numberrepresentingts nominalmixed batchcapacityin litres.
Thefollowing arethe standardizedizesof threetypes

U aTilting: 85T, 100T, 140T, 200T

U b. NonTilting: 200NT, 280NT, 375NT, 500NT, 1000NT

U c. Reversing200R, 280R, 375R, 500R and1000R
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Mixing

How do we mix concrete in a mixer?

A Firstly about half the quantity of coarse aggregate is placed into the mixer.
A Over this about half quantity of fine aggregate is poured.

A On this mixture, 1 bag of cement is poured and over this remaining half quantity of coarse and fine aggregates isplaced
prevents the blowing away of cement in windy weather.

A Before the loading skip is placed into the drum, about 25% of water is added to the drum in order to avoid the stick@rtof
the surface / deposition at the bottom. After loading skip is placed, remaining 75% of water is added. If the mixeras havin

independent feeding of water, it is desirable that remaining 75% of water is added simultaneously along with the loading
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Mixing Time:

Concretemixers are generallydesignedto run at a speedof 15 to 20 revolutionsper

minute

For proper mixing, it is seenthat about 25 to 30 revolutionsare requiredin a well

designednixer.

In the site, the normaltendencyis to speedup the outturn of concreteby reducingthe

mixing time. This resultsin poorquality of concrete

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

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

optimumbenefit
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Transporting of Concrete

A Concretecanbetransportedy avariety of methodsandequipment'sThe precautiorto betakenwhile transportingconcretes that

the homogeneityobtainedat thetime of mixing shouldbe maintainedvhile beingtransportedo thefinal placeof deposition
0 Mortar Pan
U Wheel Barrow, Hand Cart,
U Crane, Bucket and Rope way ,
U  Truck Mixer and Dumpers,
u Chute,
U Skip and Hoist,
U TansitMixer,
U Pump and Pipe Line,

U Helicoptor
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Transporting of Concrete

Mortar Pan

A Useof mortarpanfor transportatiorof concretds oneof the commonmethodsadoptedn this country
A In this caseconcretds carriedin smallquantities

A While this methodnullifies the segregatiorio someextent,particularlyin thick membersGreaterlossof water,

particularly,in hotweatherconcreting




EA I M E Fresh Concrete

2line ] College of Engineering

= c\Vig
/ @
A J A \‘,v ©

o\ Y s uE e W
ISO 9001:2015 Singe®t

Transporting of Concrete

Wheel Barrows

A Wheel barrowsare normally usedfor transportingconcreteto be placedat ground

level.

A This methodis employedfor haulingconcretefor comparativeljlongerdistanceas

in the caseof concretearoadconstruction

A If concretes conveyedby wheelbarrowoveralong distancepn roughground,it is

likely thatthe concretegetssegregatedueto vibration
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Transporting of Concrete

Crane, Bucket and Ropeway

A A craneandbucketis oneof theright equipmenfor transportingconcretegs

abovegroundlevel.

———
Nl %A

A Crane can handle concretein high rise constructionprojects and are

becomingafamiliar sitesin big cities

A Cranesare fast and versatileto move concretehorizontally as well as
vertically along the boom and allows the placementof concreteat the

exactpoint.

A Cranescarry skips or bucketscontainingconcrete Skips havedischarge

dooratthebottom,whereaducketsaretilted for emptying

A Foramediumscalejob the bucketcapacitymaybe0.5 m3.
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Transporting of Concrete

Truck Mixer and Dumpers
A For large concreteworks particularlyfor concreteto be placedat ground
level, trucksanddumpersor ordinary opensteetbody tipping lorries can

beused

A As they cantravel to any part of the work, they have much advantage

overthejubileewagonswhich requirerail tracks

A Dumpersareof usually2 to 3 cubic metrecapacity,whereaghe capacity

of truck maybe4 cubicmetreor more
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Transporting of Concrete

Belt Conveyors

A Belt conveyorshavevery limited applicationsn concreteconstruction

A The principal objectionis the tendencyof the concreteto segregateon

steepinclines, at transferpoints or changeof direction,andat the points

wherethebeltpasse®vertherollers.

A Conveyorscan placelarge volumesof concretequickly whereaccesss

limited
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Transporting of Concrete

Chute

A Chutesaregenerallyprovidedfor transportingconcretefrom groundlevel
to alowerlevel.

A The sectionsof chuteshouldbe madeof or lined with metalandall runs
shall have approximatelythe sameslope,not flatter than 1 vertical to 2

1/2 horizontal

A Thelay-outis madein suchaway thatthe concretewill slide evenlyin a

compactimasswithout any separatioror segregation
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Transporting of Concrete
Transit Mixer

A Transitmixer is oneof the mostpopularequipment'dor transportingconcrete

overalong distanceparticularlyin ReadyMixed Concretegplant(RMC).
A In India, today (2000 AD) thereare about35 RMC plantsand a numberof

centralbatchingplantsareworking. Theyaretruck mountedhavinga capacity
of 4to 7m3.

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

alongataspeedvaryingbetweer? to 6 revolutionsperminute

A In the othercategorythe concreteis batchedat the centralbatchingplantand
mixing is donein the truck mixer either in transit or immediately prior to

discharginghe concreteat site

c\Vig
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Transporting of Concrete

Pipelines& coupling

A Generallyalmostall pumpedconcretés conveyedl25mm pipeline

A Generalrule is that the pipe diametershouldbe between3 to 4 timesthe

largestsizeof aggregate

A Concretehasbeenpumpedo a height400m andto a distanceof 2000m
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Pumpable Concrete

A A concretewhich canbe pushedthrougha pipelineis called a pumpable

concrete

A It is madein sucha mannerthatits friction at theinnerwall of the pipeline
does not becomevery high and that it doesnot wedge while flowing

throughthe pipeline

A Pumpableconcreteemergingfrom a pipeline flows in the form of a plug

which is separatedrom the pipe wall by a thin lubricatinglayer consisting

of cementpaste

A For continuous plug movement, the pressuregeneratedby the flow

resistancenustnot be greaterthanthe pumppressureating
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Placing of Concrete

A 1t is not enoughthat the concreteis properly mixed, correctly batchedand transportedput alsoit hasto be placedin a

sequentiamannerto obtainbetterresults
A Placingconcretawithin earthmould (examplefoundationconcretefor wall or a column)
A Placingconcreteawithin largeearthmould or timber plankformwork (example RoadslabandAirfield slab)

A Placingconcretein layerswithin timber or steelshutters(example Massconcretein dam constructionor constructionof

concreteabutmenbr pier).
A Placingconcretewithin usualfrom work. (example Columnsbeamsandfloors).

A Placingconcreteunderwater
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Placing concretewithin earth mould (examplefoundation concretefor wall or a

column)

A
A

Concreteisinvariablylaid asfoundationbed belowthe wallsor columns

Before placingthe concrete in the foundation, all the loose earth must be

removedfrom the bed.

Any root of trees passingthrough the foundation must be cut and burnt
effectively to preventits further growth and piercingthe concreteat a later

date.

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

not absorbwater from concrete

If there is any seepageof water taking place into the foundation trench,
effective method for diverting the flow of water must be adopted before

concreteis placedin the trenchor pit.

c\Vig
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Placing concretewithin large earth mould or timber plank formwork :

A Fortheconstructiorof roadslabs airfield slabsandgroundfloor slabsin buildings,
concretds placedin bays
A The groundsurfaceon which the concreteis placedmustbe free from looseearth, |

pool of waterandotherorganicmatterdike grassyoots,leavesetc

A The earthmustbe properly compactedand madesufficiently dampto preventthe

absorptiorof waterfrom concrete
A If thisis notdone,bottomportionof concretebecomesveak

A Sometimes in order to prevent the absorptionof moisture from concrete,a -
polyethylenefilm is placedbetweenconcreteand ground surfacegives enough” =

scopefor the concreteo undergasufficientshrinkage
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Placing concretein layers within timber or steelshutters:

A When concreteis laid in greatthickness,asin the caseof concreteraft for a high rise
building or in the constructionof concretepier or abutmentor in the constructionof mass

concretedam,concretds placedin layers
A Thethicknessof layersdependsiponthe modeof compaction

A In reinforcedconcreteijt is agoodpracticeto placeconcreten layersof about15to 30 cm

thick andin massconcretethethicknessof layer may vary anythingbetweer35to 45 cm.

A Before placing the concretethe surfaceof the previouslift is cleanedthoroughly with

waterjet andscrubbingby wire brush

A Sometimescementslurry or a very thin layer of rich mortaris placedon the old surface

andthenthefreshconcretdas laid.

A This is donein orderto avoid formation of cold joints. So it is betterto leave the top

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

floors):
Form work:

A Formwork shall be designedand constructedso asto remainsufficiently rigid

during placingandcompactiorof concrete
A Thejoints arepluggedto preventthelossof slurry from concrete

A Reinforcementshould be cleanedand free from oils. When reinforcementis
placedin congestion,concretemust be placedvery carefully While casting
columns,droppingof concretefrom greaterheightcausesegregationin order

to avoidthis, concreteas placedwith tremie drop chuteor by any othermeans

within thereinforcemenandties

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

formwork andconcretas placed
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Stripping Time:

concrete may be subjectedat the time of removal of

formwork
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Placing concreteunder water:

A
A

In suchcasesuseof bottomdumpbucketor tremiepipeis madeuseof.

In the bottomdumpbucketconcretes takenthroughthe waterin a water
tight box or bucketandon reachingthe final placeof depositionthe bottom
Is madeto openby somemechanismand the whole concreteis dumped

slowly.
A tremie pipeis a pipe having a diameterof about20 cm capableof easy
couplingfor increaseor decreasef length

A funnelis fitted to thetop endto facilitate pouringof concrete

The bottomendis closedwith a plug or thick polyethylenesheetor such
other material and taken below the water and madeto rest at the point

wherethe concretds goingto beplaced

c\Vig

Tremie feed
hopper

<
<
O
Hlo= )
=i Tremie smooth bore
= - - .
o pipe with watertight
= guick-action joints
O
O — . B
- o Diameter of pipe is

200 mm to 250 mm

End of tremie
immersed in concrete
until power complete

Under Water Concreung, by Tremie Method.
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Placingconcreteunderwater.

A Sincetheendis blocked,nowaterwill enterfrom the bottomof the pipe

L. Tremie feed

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

hopper
funnel Whenthewhole lengthof pipeis filled up with the concretethetremie
pipeis lifted up andaslightjerk is givenby awinch andpulley arrangement [‘—_‘ogzgg R
A When the pipe is raisedand given a jerk, due to the weight of concrete the gf 233212’23&2??3222’5!"
bottomplug falls andthe concretegetsdischarged E% 5 500 mm 10 250 mm
A Particularcaremustbe takenat this stageto seethatthe endof the tremie pipe :‘?: :
remainsinside the concrete,so that no water entersinto the pipe from the ne
bottom i% ( E%%i%:?@é?:&éfe
A In this way, concretework is progresseavithout stoppingtill the concretdevel E;i:}igb%\
comesabovethewaterlevel AN =N =N N

Under Water Concreting by Tremie Method.
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Compactionof Concrete
A Compactiorof concretds the processadoptedor expellingthe entrappedhir from theconcrete
A In theproces®of mixing, transportingandplacingof concreteair is likely to getentrappedn the concrete

A In other words, stiff concretemix has high percentageof entrappedair and, thereforewould need higher
compactingeffortsthanhighworkablemixes
A In orderto achievefull compactiorandmaximumdensity,with reasonableompactingefforts availableat site,

It is necessaryo usea mix with adequatavorkability.
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Roding

Hand Compaction Raming

Tamping

— » Internal Vibrator

— External Vibrator

—* Table Vibrator

Compaction Compaction by Vibration

—* Platform Vibrator

— Screen Board or Surface Vibrator

—» Vibrating Roller

Combined Pressure and Jolting

Bv Spinning
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Hand Compaction

A

ATME

Fresh Concrete

Hand compactionof concreteis adoptedin caseof unimportantconcretework of small

magnitude

Roddingis donecontinuouslyoverthe completeareato effectively packthe concreteand

drive awayentrappedir.

Light rammingcan be permittedin unreinforcedfoundationconcreteor in groundfloor

construction

Tampingis one of the usualmethodsadoptedin compactingroof or floor slab or road
pavementsvherethe thicknessof concreteis comparativelylessand the surfaceto be

finishedsmoothandlevel.

Tampingconsistof beatingthetop surfaceby woodencrossbeam

c\Vig
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Compaction by Vibration :

A 1t is pointed out that the compactionby hand, if properly carried out on concretewith sufficient workability, gives
satisfactoryresults but the strengthof the handcompacteaoncretewill be necessarilyfow becaus®f higherwatercement

ratio requiredfor full compaction
A Wherehigh strengthis required;t is necessarhatstiff concretewith low water/cementatio be used
A To compactsuchconcretemechanicallyoperatedribratory equipmentmustbeused

A The vibrated concretewith low water/cementatio will have many advantagesver the hand compactedconcretewith

higherwater/cementatio.
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Compactionby Vibration :

0 Internal vibrator (Needlevibrator) :

Theinternalvibratoris mostcommonlyused

Thisis alsocalled,i N e eV | ber dllmmarsmnVi br at or o
This essentiallyconsistf a powerunit, aflexible shaftanda needle

The powerunit may be electricallydriven or operatedoy petrolengine
or air compressor

The vibrationsare causedby eccentricweightsattachedo the shaftor (SRR % W
the motoror to therotor of avibratingelement ol \\: '
The frequencyof vibration variesup to 12,000 cyclesof vibration per .

minute

The needlediametervariesfrom 20 mmto 75 mm andits lengthvaries
from25cmto 90cm.

Thebiggerneedlas usedin the constructiorof massconcretedam

o Po  Po  Po Do T» Po I» C
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Compactionby Vibration :
A Formwork vibrator (External vibrator) :

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

castingof precasunits.
A Themachineis clampedon to the externaiwall surfaceof theformwork.

A Thevibrationis givento the formwork sothatthe concreten thevicinity of the g -

shuttergetsvibrated

A This method of vibrating concreteis particularly useful and adoptedwhere Po N
reinforcement,lateral ties and spacersinterfere too much with the internal

vibrator.

A Useof formwork vibratorwill producea goodfinish to the concretesurface



ATME

e College of Engineering

Fresh Concrete

Compaction by Vibration :
U Table vibrator:

A This is the specialcaseof formwork vibrator, where the vibrator is
clampedto thetable or tableis mountedon springswhich arevibrated

transferringhevibrationto thetable

A Theyarecommonlyusedfor vibratingconcretecubes
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Compactionby Vibration :
U Platform vibrator :
A Platformvibratoris nothingbutatablevibrator,butit is largerin size

A Thisis usedin the manufacturef largeprefabricateconcreteslements
suchaselectricpoles,railway sleepersprefabricatedoofing elements

etc

A Sometimesthe platform vibrator is also coupledwith jerking or shock

giving arrangementsuch that a through compactionis given to the

concrete
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Compaction by Vibration :

U Surfacevibrator (Screedvibrator) :
A Surfacevibratorsaresometimesknowsas,i Sc rBeasdd¥ i br at or s 0

A A small vibrator placed on the Screedboard gives an effective method of
compactingand Leveling of thin concretememberssuchasfloor slabs,roof

slabsandroadsurface

A Mostly, floor slabsandroof slabsare so thin thatinternalvibrator or any other

type of vibratorcannotbe easilyemployed

A In suchcasesthe surfacevibrator can be effectively used In general surface

vibratorsarenot effectivebeyondaboutl5cm.
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Compaction by Vibration :
U Compaction by Pressureand Jolting:
A Thisis oneof the effectivemethodsof compactingvery dry concrete

A This methodis often usedfor compactinghollow blocks, cavity blocks and

solid concreteblocks

A Thestiff concretds vibrated,pressedndalsogivenjolts.

A With the combinedactionof the jolts vibrationsandpressurethe stiff concrete

getscompactedo adensdorm to give goodstrengthandvolumestability
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Compaction by Vibration :

U Compaction by Spinning:

A Spinningis oneof therecentmethodsof compactiorof concrete

A This methodof compactioris adoptedor the fabricationof concretepipes

A The plastic concretewhen spinnedat a very high speedgetswell compacted

becaus®f centrifugalforce
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Compaction by Vibration :
U Vibratory Roller:

A Oneof therecentdevelopmentsf compactingvery dry andleanconcretds the

useof Vibratory Roller.

A Suchconcretds knownasRoller CompactedConcrete
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Curing of Concrete

A Concretalerivesits strengthby the hydrationof cementiparticles

A Thehydrationof cements nota momentaryactionbuta processontinuingfor long time.

A Thequantityof the productof hydrationandconsequentlyhe amountof gel formeddependsiponthe extentof hydration
A

Cementrequiresa water/cementatio about0.23 for hydrationanda water/cementatio of 0.15 for filling the voidsin the

gelpores

A In otherwords, a water/cementatio of about0.38 would be requiredto hydrateall the particlesof cementand also to

occupythespacan thegel pores
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Curing of Concrete

A Curingis theprocesf controllingthe rateandextentof moisturelossfrom concreteduringcementhydration
A Curingcanalsobe describedaskeepingthe concretemoist, sothatthe hydrationof cementcancontinue

A Curingmethodsmaybedivided broadlyinto four categories

(a) Watercuring

(b) Membranecuring

(c) Applicationof heat

(d) Miscellaneous
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Purposeof curing:

A In the field thoughenoughwateris usedfor mixing the concrete somepart of water gets
evaporate@ndthewateravailablefor hydrationprocesecomesnsufficient
A If the hydrationhasto be progressedhenextrawateris addedwhich replenisheshe lossof

waterdueto evaporation

A Hydrationprocessnustcontinueto attainthe desirablepropertief concrete
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Water curing:

A This is the bestmethodof curing as it satisfiesall the requirementsof curing, namely,

promotionof hydration,eliminationof shrinkageandabsorptiorof the heatof hydration
A Watercuringcanbedonein thefollowing ways
U Immersion
U Ponding
U Sprayingor Fogging

U Wetcovering
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A Theprecastoncretetemsarenormallyimmersedn curingtanksfor a

certainduration

A Pavemenslabsroof slabetc arecoveredunderwaterby makingsmall

ponds

A Vertical retainingwall or plasteredsurfacesor concretecolumnsetc are
curedby sprayingwater

A In somecaseswet coveringssuch as wet gunny bags, hessiancloth,

etc, arewrappedo verticalsurfacefor keepingthe concretewet.

A For horizontalsurfacessawdust,earthor sandareusedaswet covering

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

concretas notundulydriedto preventhydration
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Membrane curing:

It is adopted in the following conditions

A When there is scarcity of water for curing

A When the building is located in remote areas

A When the curing of concrete cannot be properly supervised

A When the workman does not understand the importance of curing
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A Curing hasto be doneto promote hydration of concreteby not allowing the water

presenin theconcreteto getevaporated
A This canbedoneby providinga membraner sealanbn the surfaceof concrete

A This ideaof sealingis to obtain a continuouscover to the top surfaceof concreteby
meansof imperviousfilm to preventthe escapeof moisturecontentdueto evaporation
and at the sametime it is placedin betweenthe ground and concreteto avoid the

absorptiorof moisturefrom the concrete

A For this purposebituminouscompounddike polyethyleneor polyesterwater proofing

paperandrubbercompoundsareused
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Application of heat
A Thedevelopmenof strengthis afunctionof not only time alsothatof temperature

A When concreteis subjectedo highertemperatureit accelerateshe hydrationprocessresultingin fasterdevelopmenbf

strength
A Concretecannotbe subjectedo dry heatto acceleratéhe hydrationprocessasthe presencef moistureis alsoessential

A Hencesubjectingthe concreteto higher temperatureand maintainingthe requiredmoisture can be achievedby stream

curing
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Advantagesof faster attainment of strength

A Concretemembercanbe handledvery quickly
A Lessspacewill besufficientduringcasting
A A smallcuringtankwill besufficient

A Theprestressindbedcanbereleasectarlyfor furthercasting
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Theexposureof concretao highertemperaturés doneby following ways

A Steamcuringatordinarypressure

A Steamcuringathigherpressure

A Curingby infraredradiation

A Electricalcuring
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A Steamcuring at ordinary pressure

U Thismethodof curingis adoptedor prefabricatectoncreteslements
U Steamcuring @ ordinarypressures appliedona prefabrlcateablementsstoredln achamber
U Thechambeshouldbebig enoughto holdad a ypi@duction
U Thedoorof thechambels closedandthensteams applied

U Thesteammaybeappliedeithercontinuouslyor intermittently

U An acceleratedhydrationtakesplaceat this high temperatureand concretductsattaithe 28dasstrength

of normalconcretan about3days
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A Steam curing at high pressure

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

concrete. This process is also calledatoclaving.
Following are the advantages of this method

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

normally cured concrete.
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A Steam curing at high pressure

A High pressure steam cured concrete exhibits higher resistance to sulphate attack, freezing and thawing acti

shows less efflorescence.
A High pressure steam cured concrete exhibits lesser shrinkage and less moisture movement

A Improvement in durability is more for the concrete made with higher sgataent ratio than for concrete made wi

low watercement ratio.
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A Curing by infrared radiation

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

The normal operative temperature is around 90°C.
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Electric curing
This methodis appliedto very cold climateregions

Concretecan be curedelectrically by passingalternativecurrentthroughthe concretebetweenthe electrodes

eitherburreidin concreteor appliedto the surfaceof concrete

Caremustbetakento preventhe moistureto evaporatesvhich makesthe concretecompletelydry.
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A AcceleratedCuring

U By adoptingthis method,concreteachievesigh earlystrength
U Adoptedfor prefabricatedoncreteslements

U Formworkcanberemovedwithin 24hrs,

U It reduceghetimeintervalbetweersuccessiveasting

U Costsavingbenefits

0 Commonlyusedmethodsaresteamcuring, warmwatercuring,boiling watercuringandautoclavenethod
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A Selfcuring or internal curing

U The ACI-308 Codestatesthatin 1 n t @mnng raférsto the processby which the hydrationof cementoccurs

becaus®f theavailability of additionalinternalwaterthatis not partof the mixing Watero

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

curingis takento happero f rtleeoutsidetoi ns.i d e 0

U Incontrastd i nt eu miamlgwing for curingo f rtleemsideto o u t sthradightihe internalreservoirs

(in theform of saturatedightweightfine aggregatesuperabsorbemolymers,or saturatedvoodfibers)

U dnternalc u r is aftgnalsoreferredasdé Seclufr i ng o6
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A Needfor Selfcuring

U Whenthe mineral admixturesreactcompletelyin a blendedcementsystem,their demandfor curing water

(externalor internal)canbe muchgreaterthanthatin a conventionabrdinaryPortlandcementconcrete

U Whenthis wateris notreadily available dueto de-percolationof the capillary porosity,for example significant

autogenousleformationand(early-age)crackingmayresult
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A Potential Materials for IC

U LightweightAggregatg naturalandsynthetic.expandedhale),

U LWS Sand(Waterabsorptior=17 %)

U LWA 19mm CoarsgWaterabsorption= 20%)

U SuperabsorbenPolymergSAP)(60-300mm size)

U SRA(ShrinkageReducingAdmixture)(propyleneglycol typei.e. polyethyleneglycol)

0 Woodpowder
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A MiscellaneousMethods:

U Calciumchlorideis usedeitherasa surfacecoatingor anadmixture

U It hasbeenusedsatisfactoryascuringmedium

U Boththesemethodsarebasednthefactthatcalciumchloridebeinga salt,showsaffinity for moisture
U Thesaltnotonly absorbsnoisturefrom atmospheréutalsoretainsit atthesurface

U This moistureheld at the surfacepreventsthe mixing waterfrom evaporationand therebykeepsthe concrete

wetfor alongtime to promotehydration
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A MiscellaneousMethods;

U Formworkpreventsescapingf moisturefrom the concreteparticularlyin the caseof beamsandcolumns

U Keepingthe formwork intact and sealingthe joint with wax or any other sealingcompoundpreventsthe

evaporatiorof moisturefrom theconcrete

U Thisprocedureof promotinghydrationcanbe consideregsoneof the miscellaneousnethodof curing
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A Finishing
U Finishingoperations thelastoperationn makingconcrete
U Finishingin realsensadoesnotapplyto all concreteoperations

U For a beamconcreting,finishing may not be applicable,whereasfor the concreteroad pavementairfield

pavemenor for theflooring of adomestiduilding, carefulfinishingis of greatimportance

U Particularly manytypesof prefabricateadoncretegpanelsusedasfloor slabor wall unit aremadein suchaway

asto give very attractivearchitecturahffect
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A Finishing
U Formwork Finishes
V Concreteobeysthe shapeof formwork

V By judiciously assemblinghe formwork eitherin planesurfaceor in undulatedfashionor having,a pleasing

surfacefinish canbegivento concrete

V A prefabricatedwall unit castbetweersteelformwork havingvery smoothsurfaceusingright proportioningof

materialscangive sucha nice surfacewhich canneverbe obtainedoy the bestmasons
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A Finishing
U Surfacetreatment
V Thisis oneof thewidely usedmethoddor surfacefinishing.

V The concretepavementslab is requiredto be plane but rough to exhibit skid resistanceso is the air-field

pavementandroadslabs

V Concretehavingbeenbroughtto the planelevel surfacejs rakedlightly or broomedor texturedor scratchedo

makethe surfacerough
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A Finishing

U Applied finish

V Thetermappliedfinish is usedto denotethe applicationof renderingo the exteriorsof concretestructures
V Theconcretesurfaces cleanedandroughenedndkeptwet for sufficientlylongtime.

V Overthisamortarof proportionof aboutl:3is applied

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

coarsekeying,rendering®tc
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A SpecialSurfaceFinishes

U PattermandTextures

U EXxposedAggregateConcrete
U ColoredFinishes

U Roughformfinishes

U Smoothoff-the-form finish

U Sandfloatedfinish

Fresh Concrete

c\Vig
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A Goodand Bad Practices

V Concretas acomplexconstructiormaterialconsistingof differentingredientswhich havedifferentfunctions
V Thepropertieof concretadepencdon the particularmixture of constituents

V Thebasicconstituentsisedto makeconcretearecementjime, water,aggregatesandadmixtures

V Your concretingwork canbe successfulf it involvesa goodplanningandright practices

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

construction
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ADo’ s

V Do hire anexperiencedConcretecontractorfor successfutoncretingoperation

V Also, seethatthe main/generatontractorire goodskilled sublabourcontractorfor concreting
V Seethatconcretings doneunderskilled supervisionNeverleaveit to labouron site

V AlwayswearsuitablePPE(PersonaProtectiveEquipment)beforeastingconcrete

V Startplacemenbdbf concretewith adequatenanpowerproperequipmentandtools.

V Always chooseight cementfor the particularjob.

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

V Always pourtheconcretewhentheweatherconditionsarefavourable
Suitablemix designshouldbe usedfor particularspecificationgi.e. M25, M30 etc)).

Chooseaight concretamix asperspecifications

< < <

First mix thedry concreteuniformly i.e. cementcoarseaggregatedjne aggregategeithermanuallyor in

transitmixture) asperpredeterminedjuantity(i.e. batchingof concretematerials)
A good concrete contractor will always mix the dry concrete first
Add water as per predetermined quantity only

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

< < < <

Mix the wet concrete thoroughly for around 2 minutes to get the consistent concrete
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A Do’ s
V Do slump tesbefore placing the concrete.

V Concretemust be placed within 15 to 20 minutes of pouring water. If delayed add fresh cement or conc

consultant.
V Do the proper compaction to the concrete withlbaatoror 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 conc

structure, thereby causing corrosion and also reducing the strength. This also affects the life of the strL
V Pourthe concrete throughout in an even thickness.
V Always keep on checking the stability of props/ supports of formwork below.

V Seet hat the covers insert doesnod6t get displacec
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Do’ s
Do proper finishing at joints during concrete construction.
Give attention towards thieleedingin concrete. Water should not evaporate rapidly.

Calculatethe number of cement bags concreted per hour. If more than 25 to 30 bags are usec

hour, then mixing time allowed is less and it should not be permitted (For 1 bag mixture mach
Seethat no one walks on the concrete surface till the concrete gets hardened.
Do propercuringwhen the concrete has hardened initially.

Startcuring after 6 to 10 hours



] College of Engineering

A
Vv
Vv

Fresh Concrete

Don'ts
D o nusda damaged formwork. It affects the concrete resulting in the honeycomb.

D o nusd unwashed aggregates in concrete; it may result in a weak concrete and substantial

maintenance.

D o nséatt concreting before casting of a concrete cube. The Strength of the concrete should

per predetermined mix design.
D o ngo for volumetric batching. Never allow the usegamellas
D o nuSd high concrete slump, excessively high air content, or excessive fines.

D o nroéntconcrete mixemore than two minutes resulting in segregation of concrete constituer
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A Don'ts

V D o nadld more water for ease of placement during the making of concrete.

V D o nusd semdry concrete in pouring. There will be chances of honeycomb inside the concre
V D o ndoop concrete form greater height as this will caeggegation.

V D o naflow heaping of concrete at one place during pouring.

V D o nvibtate the concrete after the initial setting has taken place. (i.e. after 30 minutes)

V D o nfinish the concrete whilbleedingis present on the surface of the concrete
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2 College of Engineering
A Don'ts
V Unlessmust and unavoidable, never do concreting at night.

V Thelighting arrangements are never adequate at all work places and hence some errors can alwe

happen somewnhere.

D o nrénmove formwork until the concrete has gained sufficient strength.

Whenfinishing of the concrete is carried out, never throw or sprinkle the water on to the concrete
D o nti@ to finish the dried concrete.

D 0 ndd toncreting if it is raining heavily

< < < < <

Neverallow childlabouron site. You will land in jail for violence of law
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A Effect of Heat of hydration in caseof massconcreting works

V Mass concrete is defined by ACI AAny volume of con:

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

V Mass concrete iIs defined by some agencies asft(@am.y

Examples

Dam

Raft Foundation
Pile Cap

Thick Wall.
Thick column
DeepSlap

Gu-R an-E e -
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Main Chemical Cement Reactions with Water

A

C3S+Water

C3A+Gypsum+Water

C4AF+Gypsum+Water
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HOH generated from cement main ingredients

Reaction Enthalpy of hydration
kJ/kg pure clinker material
2C,S+6H —» 3CH+C,S,H, 520
2C,S+4H — CH+C,S,H, 260
C,A+6H — C,AH, 910
C,A+CH+18H —» C,AH,, 1160
C,A+3CSH,+26H — C,AS,H,, 1670
C,A+CSH,+10H - C,ASH,, 1140

C,AF+2CH+4H — 2C, (A,F)H; 420
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% of HOH generated from cement main ingredients
62%

Heat of
Hydration
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Fresh Concrete

Why is temperature control necessary?
A Concretds thermallyvery poorconductor

Heattransfer(heatof hydration)resultsin unequakhermalexpansion

tlow ol heal

Tensilestressatthe free surfacedueto expansiorof coreexceedshetensilestrength OUTER SURFACE (Low temp.)

A
A
A Thensurfacecrackingwill develop
A

Temp differencebetweerinterior & outersurfaceof morethan2® C causecracks

" CORE -

" (High temp.)
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Cracks may cause

Fresh Concrete

A Cracksgeneratediueto thermalgradientamay cause

A

A
A
A
A

lossof structuralintegrity
lossin monolithicaction
excessiveshrinkage
lossin durability

aestheticallyobjectionable
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Methods of temperature control

A Methodsof controllingmassconcreteemperaturesangefrom relatively simpleto complex,andfrom inexpensiveo

costly
Dependingon a particularsituation,it may be advantageout® useoneor moremethodsoveranother
Low-heatmaterial - GGBFS,Fly ash,Silicafume,largesizeaggregates
Precoolingof concretd Usechilled mix water,Liquid nitrogen

Postcoolingof concrete

o o Do o I»

Surfacensulationi Insulatingformwork



