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1 1 Brick 3
2 Cement 4
3 Concrete 3
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2 4 Arches 3

5 CavityWall 2
6 Stairs 3

Total 8
3 7 FireResistiveConstruction 2

8 Plastering 2
9 Dampprevention 2

Total 6
4 10 Typesofdoorsandwindows 3

11 Paintinganddecoration 2
12 Glazing 2
13 RepairofBuilding 2
14 Stone 1
15 Timber 4
16 Foundation 2

Total 16
Totallecturehours 40
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Referencebooks
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3 BuildingConstruction,P.C.Varghese,PHI,Pvt.Ltd.
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1.BRICK

Constituentsofgoodbrickearth:

Bricksarethemostcommonlyusedconstructionmaterial.Bricksarepreparedby
mouldingclayinrectangularblocksofuniform sizeandthendryingandburning
theseblocks.Inordertogetagoodqualitybrick,thebrickearthshouldcontainthe
followingconstituents.

o Silica
o Alumina
o Lime
o Ironoxide
o Magnesia

Silica

o Brickearthshouldcontainabout50to%ofsilica.
o Itisresponsibleforpreventingcracking,shrinkingandwarpingofrawbricks.
o Italsoaffectsthedurabilityofbricks.
o Ifpresentinexcess,thenitdestroysthecohesionbetweenparticlesandthe

brickbecomesbrittle.

Alumina

o Goodbrickearthshouldcontainabout20%to30%ofalumina.
o Itisresponsibleforplasticitycharacteristicofearth,whichisimportantin

mouldingoperation.
o Ifpresentinexcess,thentherawbrickshrinkandwarpduringdrying.

Lime

o Thepercentageoflimeshouldbeintherangeof5%to10%inagoodbrickearth.
o Itpreventsshrinkageofbricksondrying.
o Itcausessilicainclaytomeltonburningandthushelpstobindit.
o Excessoflimecausesthebricktomeltandbrickloosesitsshape.

Ironoxide

o Agoodbrickearthshouldcontainabout5%to7%ofironoxide.
o Itgivesredcolourtothebricks.
o Itimprovesimpermeabilityanddurability.
o Itgivesstrengthandhardness.
o Ifpresentinexcess,thenthecolourofbrickbecomesdarkblueorblakish.
o Ifthequantityofironoxideiscomparativelyless,thebrickbecomes
yellowishincolour.
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Magnesia

o Goodbrickearthshouldcontainlessasmallquantityofmagnesiaabout1%)
o Magnesium inbrickearthimpartsyellowtinttothebrick.
o Itisresponsibleforreducingshrinkage
o Excessofmagnesialeadstothedecayofbricks.

HarmfulIngredientsinBrick:

Belowmentionedaresomeoftheingredientswhichareundesiredinbrickearth.

Lime

o Asmallquantityoflimeisrequiredinbrickearth.Butifpresentinexcess,it
causesthebricktomeltandhencebrickloosesitsshape.

o Iflimeispresentintheform oflumps,thenitisconvertedintoquicklimeafter
burning.Thisquicklimeslakesandexpandsinpresenceofmoisture,causing
splittingofbricksintopieces.

Ironpyrites

o Thepresenceofironpyritesinbrickearthcausesthebricktoget
crystallizedanddisintegratedduringburning,becauseoftheoxidationof
theironpyrits.

o Pyritesdiscolourisethebricks.

Alkalis

o Theseareexistinthebrickearthintheform ofsodaandpotash.Itactsasa
fluxinthekilnduringburninganditcausesbrickstofuse,twistandwarp.
Becauseofthis,bricksaremeltedandtheyloosetheirshape.

o Thealkalisremaininginbrickswillabsorbmoisturefrom theatmosphere,
whenbricksareusedinmasonry.Withthepassageoftime,themoisturegets
evaporated leaving grey orwhite deposits on the wallsurface (known
asefflorescence). This white patch affects the appearance of the
buildingstructure.

Pebbles

o Pebblesinbrickearthcreateproblem duringmixingoperationofearth.It
preventsuniform andthroughmixingofclay,whichresultsinweakand
porousbricks

o Brickscontainingpebbleswillnotbreakintoshapesasperrequirements.

VegetationandOrganicMatter

o Thepresenceofvegetation and organicmatterin brickearth assistsin
burning.Butifsuchmatterisnotcompletelyburnt,thebricksbecomeporous.
Thisisduetothefactthatthegasseswillbeevolvedduringtheburningofthe
carbonaceousmatteranditwillresultintheformationofsmallpores.
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EfflorescenceinBrickStonein
Brick

Manufacturingofbricks

Intheprocessofmanufacturingbricks,thefollowingdistinctoperationsareinvolved.

 Preparationofclay

 Moulding

 Drying

 Burning

Eachoftheaboveoperationofthemanufacturingbrickswillnowbestudiedatlength.

Preparationofclay

Theclayforbrickispreparedinthefollowingorder.

 Unsoiling

 Digging

 Cleaning

 Weathering

 Blending

 Tempering

Unsoiling:Thetoplayerofthesoil,about200mm indepth,istakenoutandthrown

away.Theclayintopsoilisfullofimpuritiesandhenceitistoberejectedforthe

purposeofpreparingbricks.

Digging:Theclayisthendugoutfrom theground.Itisspreadonthelevelledground,

justalittledeeperthanthegenerallevel.Theheightofheapsofclayisabout600mm

to1200mm.

Cleaning:Theclayasobtainedintheprocessofdiggingshouldbecleanedofstones,

pebbles,vegetablematters.Iftheseparticlesareinexcess,theclayistobewashed

andscreened.Suchaprocessnaturallywillprovetobetroublesomeandexpensive.
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Weathering:Theclayisthenexposedtoatmosphereforsofteningandmellowing.

Theperiodvariesfrom fewweekstofullseason.

Blending:Theclayismadelooseandanyingredienttobeaddedtoit,isspreadout

atitstop.Theblendingindicatesintimateorharmoniousmixing.Itiscarriedoutby

takingasmallamountofclayeverytimeandturningitupanddowninvertical

direction.Theblendingmakesclayfitforthenextstageoftempering.

Tempering:Intheprocessoftempering,theclayisbroughttoaproperdegreeof

hardnessanditismadefitforthenextoperationofmoulding.Kneadedorpressed

underthefeetofmanorcattle.Thetemperingshouldbedoneexhaustivelytoobtain

homogeneousmassofclayofuniform character.Formanufacturinggoodbrickson

alargescale,temperingisdoneinpugmill.Atypicalpugmillcapableoftempering

sufficientearthforadailyoutputofabout15000to20000bricks.

Apugmillconsistsofaconicalirontubwithcoveratitstop.Itisfixedonatimber

basewhichismadebyfixingtwowoodenplanksatrightangletoeachother.The

bottom oftubiscoveredexceptfortheholetotakeoutpuggedearth.Thediameter

ofpugmillatbottom isabout800mm andthatattopisabout1m.Theprovisionis

madeintopcovertoplaceclayinsidepugmill.Averticalshaftwithhorizontalarms

isprovidedatcenterofirontub.Thesmallwedge-shapedknivesofsteelarefixedat

arms.Thelongarmsarefixedatverticalshafttoattachapairofbullocks.Theramp

isprovidedtocollectthepuggedclay.Theheightofpugmillisabout2m.Itsdepth

belowgroundis600m to800mm lessentheriseofthebarrowrunandtothrowout

thetemperedclayconveniently.Inthebeginning,theholeforpuggedclayisclosed

andclaywithwaterisplacedinpugmillfrom thetop.Whenverticalshaftisrotated

byapairofbullock,theclayisthoroughlymixedupbytheactionofhorizontalarms

andknivesandhomogeneousmassisformed.

Therotationofverticalshaftcanalsobeachievedbyusingsteam,dieselorelectrical

power.Whenclayhasbeensufficientlypugged,theholeatthebottom ofthetub,is

openedoutandpuggedearthistakenoutfrom therampbybarrowi.e.asmallcart

withwheelsfornextoperationofmoulding.Thepugmillisthenkeptmovingand

feedingofclayfrom topandtakingoutofpuggedclayfrom bottom aredone

simultaneously.Iftemperingisproperlycarriedout,thegoodbrickearthcanthenbe

rolledwithoutbreakinginsmallthreadsof3mm diameter.
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FigofaPugmill

Moulding:

The clay which is prepared as above is then sentforthe textoperation of

moulding.Followingaretwotypesofmoulding:

i. HandMoulding

ii. MachineMoulding

Handmoulding:

Inhandmoulding,thebricksaremouldedbyhandi.e.;manually.Itisadoptedwhere

manpowerischeapandisreadilyavailableforthemanufacturingprocessofbricks

onasmallscale.Themouldsarerectangularboxeswhichareopenattop and

bottom.They may be of wood orsteel.Itshould be beprepared from well-

seasonedwood.Thelongersidesarekeptslightlyprojectingtoserveashandles.The

stripsofbrassorsteelaresometimesfixedontheedgesofwoodenmouldsto

makethem moredurable.Itispreparedfrom thecombinationofsteelplateand

channel.Itmayevenbepreparedfrom steelanglesandplates.Thethicknessofsteel

mouldis6mm.Theyisusedformanufacturingbricksonalargescale.Thesteel

mouldsaremoredurablethanwoodenoneandturnoutbricksofuniform size.The

bricksshrinkduringdryingandburning.Hencethemouldsarethereforemadelarger

thanburntbricks(8-12%).

The bricks prepared by hand moulding are of two types:Ground mouldedand
Tablemoulded

Groundmouldedbricks:Thegroundisfirstmadelevelandfinesandissprinkledover

it.Themouldisdippedinwaterandplacedovertheground.Thelumpoftempered

clayistakenandisdashedisthemould.Theclayispressedinthemouldinsucha

waythatitfillsallthecornersofmould.Thesurplusclayisremovedbywoodenstrike

orframedwithwire.Astrikeisapieceofwoodormetalwithasharpedge.Itistobe

dippedinwatereverytime.Themouldisthenliftedupandrawbrickidsleftonthe

ground.Themouldisdippedinwateranditisplacedjustnearthepreviousbrickto

prepare another brick.The process is repeated till

thegroundiscoveredwithrawbricks.Thelowerfacesofgroundmouldedbricksarerough
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anditisnotpossibletoplacefrogonsuchbricks.Afrogismarkofdepthabout

10mm to 20mm which is placed on raw brick during moulding.Itserves two

purposes.

1.Itindicatesthetradenameofthemanufacturer

2.Inbrickwork,thebricksarelaidwithfroguppermost.Itthusaffordsakeyfor

mortarwhenthenextbrickisplacedoverit.

Thegroundmouldedbricksofbetterqualityandwithfrogsontheirsurfacearemade

byusingapairofpalletboardsandawoodenblock.A palletisapieceofthin

wood.Theblockisbiggerthanthemouldandithasprojectionofabout6mm height

onitssurface.Thedimensionsofprojectioncorrespondtointernaldimensionsof

mould.Thedesignofimpressionorfrogismadeonthisblock.Thewoodenblockis

alsoknownasthemouldingblockorstockboard.

Themouldisplacedtofitintheprojectionofwoodenblockandclayisthendashed

insidethemould.Apalletisplacedonthetopandthewholethingisthenturnupside

down.Themouldistakenoutandplacedovertherawbrickanditisconveyedtothe

dryingsheds.Thebricksareplacedtostandontheirlongersidesindryingshedsand

palletboardsarebroughtbackforusingthem again.Asthebricksarelaidonedge,

theyoccupylessspaceandtheydryquickerandbetter.

TableMouldedBricks:

i)Theprocessofmouldingofbricksisjustsimilarasabove.Butinthiscase,the

mouldstandsnearatablesize2m x1m.Thebricksaremouldedonthetable

andsendforfurtherprocessofdrying.

ii)Howeverthe efficiency ofthe mouldergradually decreases because of

standingatsomeplaceforalongerduration.Thecostofbrickisalsoincreases

whentablemouldingisadopted.

MachineMoulding:

Thistypeofmouldingiscarriedoutbytwoprocesses:

i) Plasticclaymachine

ii) Dryclaymachine

PlasticClayMoulding

i)Suchmachineconsistsofarectangularopeninghavinglengthandwidthisequal

toanordinarybricks.Thepuggedclayisplacedinthemachineanditcomesout

throughtherectangularopening.

ii)Thesearecutintostripsbythewirefixedattheframe.Thearrangementismade

insuchawaythatthestripsthicknessisequaltothatofthebricksareobtained.So

itisalsocalledasWIRECUTBRICKS.
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DryClayMachinemoulding:

Inthesemachines,thestrongclayisfinallyconvertedintopoweredform.Asmall

quantityofwateristhenaddedtoform astiffplasticpaste.

ii)Suchpasteisplacedinmouldandpressedbymachinetoform dryandwell-

shapedbricks.Theydonotrequiretheprocessofdrying.

Drying

Thedampbricks,ifbrunt,arelikelytobecrackedanddistorted.Hencethemoulded

bricksaredriedbeforetheyaretakenforthenextoperationofburning.Forthe

dryingthebricksarelaidlongitudinallyinthestacksofwidthequaltotwobricks,A

stackconsistsoftenoreighttiers.Thebricksarelaidalongandacrossthestockin

alternatelayers.Allthebricksareplacedonedges.Thebricksareallowedtodry

untilthebricksarebecomeleatherhardofmoisturecontentabout2%.

Burning

Bricksareburnedathightemperaturetogainthestrength,durability,densityandred
colorappearance.Allthewaterisremovedatthetemperatureof650degreesbut
theyareburntatantemperatureofabout1100degreesbecausethefusingofsand
andlimetakesplaceatthistemperatureandchemicalbondingtakesbetweenthese
materialsafterthetemperatureiscooleddownresultinginthehardanddensemass.

Bricksarenotburntabovethistemperaturebecauseitwillresultinthemeltingofthe
bricksandwillresultinadistortedshapeandaveryhardmasswhencooledwhich
willnotbe workable while brickwork.Brickscan be burntusing the following
methods:

(a)ClampBurning
(b)KilnBurning

ClampBurning:

Clampisatemporarystructuregenerallyconstructedoverthegroundwithaheight
ofabout4to6m.Itisemployedwhenthedemandofthebricksislowerscaleand
whenitisnotamonsoonseason.Thisisgenerallytrapezoidalinplanwhoseshorter
edgeamongtheparallelsidesisbelow thegroundandthenthesurfaceraising
constantlyatabout15degreestoreachtheotherparalleledgeovertheground.A
verticalbrickandmudwallisconstructedattheloweredgetosupportthestackof
thebrick.Firstlayeroffuelislaidasthebottom mostlayerwiththecoal,woodand
otherlocallyavailablemateriallikecowdungandhusk.Anotherlayerofabout4to5
rowsofbricksislaidandthenagainafuellayerislaidoverit.Thethicknessofthe
fuellayergoesonwiththeheightoftheclamp.
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Afterthesealternatelayersofthebricksandfuelthetopsurfaceiscoveredwiththe
mudsoastopreservetheheat.Fireisignitedatthebottom,oncefireisstarteditis
keptunderfirebyitselfforoneortwomonthsandsametimeperiodisneededfor
thecoolingofthebricks.

DisadvantagesofClampburning:

1. Bricksatthebottom areover-burntwhileatthetopareunder-burnt.

2. Bricksloosetheirshape,andreasonmaybetheirdescendingdownwardonce
thefuellayerisburnt.

3. Thismethodcannotemployforthemanufacturingoflargenumberofbricks
anditiscostlyintermsoffuelbecauselargeamountofheatiswasted.

4. Itcannotbeemployedinmonsoonseason.

KilnBurning:

Kilnisalargeovenusedfortheburningofbricks.Generallycoalandotherlocallyavailable
materialslikewood,cowdungetccanbeusedasfuel.Theyareoftwotypes:

 IntermittentKilns.

 ContinuousKilns.

Figofatypicalkiln
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IntermittentKilns:thesearealsotheperiodickindofkilns,becauseinsuchkilnsonly
oneprocesscantakeplaceatonetime.Variousmajorprocesseswhichtakesplace
inthekilnsare:Loading,unloading,Cooling,andBurningofbricks.

Therearetwokindofintermittentkilns:

(i) Up-draughtIntermittentKilns
(ii) DowndraughtIntermittentKilns

Downdraughtkilnsaremoreefficientbecausetheheatisutilizedmorebymoving
thehotgasesinthelargerareaofthekiln.Inupdraughtkilnsthehotgasesare
releasedaftertheyriseuptochimneyentrance.

ContinuousKilns:

Thesekilnsarecalledcontinuousbecausealltheprocessesofloading,unloading,
cooling,heating,pre-heatingtakeplacesimultaneously.Theyareusedwhenthe
bricksaredemandedinlargerscaleandinshorttime.Bricksburningarecompleted
inoneday,soitisafastmethodofburning.Therearetwowell-knowncontinuous
kilns:

Bull'sTrenchKiln:Bull'strenchkilnconsistsofarectangular,circularorovalplan
shape.Theyareconstructedbelow thegroundlevelbyexcavatingatrenchofthe
requiredwidthforthegivencapacityofbrickmanufacturing.ThisTrenchisdivided
generallyin12chamberssothat2numbersofcyclesofbrickburningcantakeplace
atthesametimeforthelargerproductionofthebricks.Oritmayhappenthatone
cycleiscarriedoutatonetimeinallthe12chambersbyusingasingleprocessin
the2-3chambersatthesametime.Thestructureisunder-groundsotheheatis
conservedtoalargeextentsoitismoreefficient.Oncefireisstarteditconstantly
travelsfrom onechambertotheotherchamber,whileotheroperationslikeloading,
unloading,cooling,burningandpreheatingtakingplacesimultaneously.

Suchkilnsaregenerallyconstructedtohaveamanufacturingcapacityofabout
20,000bricksperday.Thedrawbackofthiskilnisthatthereisnotapermanentroof,
soitisnoteasytomanufacturethebricksinthemonsoonseasons.

Hoffman'sKiln:ThemaindifferencebetweentheBull'strenchkilnandtheHoffman
kilnsare:

1.Hoffman'skilnisanoverthegroundstructurewhileBull'sTrenchKilnisan
undergroundstructure.

2. Hoffman'skilnhaveapermanentroofwhileBull'strenchKilndonot
havesoitformercanbeusedin12monthsayeartomanufacturebricksbut
laterisstoppedinthemonsoonseason.

Hoffman'skilnisgenerallycircularinplan,andisconstructedovertheground.The

wholestructureisdividedintothe12chambersandtheentireprocessestakesplace

simultaneouslylikeinBull'strenchKiln.
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ClassificationofBricksaspercommonpractice:

Bricks,whichareusedinconstructionworks,areburntbricks.Theyareclassified
intofourcategoriesonthebasisofitsmanufacturingandpreparation,asgiven
below.

1.Firstclassbricks
2.Secondclassbricks
3.Thirdclassbricks
4.Fourthclassbricks

FirstClassBricks:

Thesebricksaretablemouldedandofstandardshapeandtheyareburntinkilns.
Thesurfaceandedgesofthebricksaresharp,square,smoothandstraight.They
complywithallthequalitiesofgoodbricks.Thesebricksareusedforsuperiorwork
ofpermanentnature.

SecondClassBricks:

Thesebricksaregroundmouldedandtheyareburntinkilns.Thesurfaceofthese
bricksissomewhatroughandshapeisalsoslightlyirregular.Thesebricksmayhave
haircracksand theiredgesmaynotbe sharp and uniform.These bricksare
commonlyusedatplaceswherebrickworkistobeprovidedwithacoatofplaster.

ThirdClassBricks:

Thesebricksaregroundmouldedandtheyareburntinclamps.Thesebricksarenot
hardandtheyhaveroughsurfaceswithirregularanddistortededges.Thesebricks
givedullsoundwhenstrucktogether.Theyareusedforunimportantandtemporary
structuresandatplaceswhererainfallisnotheavy.

FourthClassBricks:

Theseareoverburntbrickswithirregularshapeanddarkcolour.Thesebricksare
usedasaggregateforconcreteinfoundations,floors,roadsetc,becauseofthefact
thattheoverburntbrickshaveacompactstructureandhencetheyaresometimes
foundtobestrongerthaneventhefirstclassbricks.

ClassificationofBricksasperconstituentmaterials

Therearevarioustypesofbricksusedinmasonry.

 CommonBurntClayBricks
 SandLimeBricks(Calcium SilicateBricks)
 EngineeringBricks
 ConcreteBricks
 FlyashClayBricks
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CommonBurntClayBricks

Commonburntclaybricksareformedbypressinginmoulds.Thenthesebricksare

driedandfiredinakiln.Commonburntclaybricksareusedingeneralworkwithno

specialattractiveappearances.Whenthesebricksareusedinwalls,theyrequire

plasteringorrendering.

SandLimeBricks

Sandlimebricksaremadebymixingsand,flyashandlimefollowedbyachemical

processduringwetmixing.Themixisthenmouldedunderpressureformingthe

brick.Thesebrickscanofferadvantagesoverclaybrickssuchas:theircolour

appearanceisgreyinsteadoftheregularreddishcolour.Theirshapeisuniform and

presents a smootherfinish thatdoesn’trequire plastering.These bricks offer

excellentstrengthasaload-bearingmember.

EngineeringBricks

Engineeringbricksarebricksmanufacturedatextremelyhightemperatures,forming

a dense and strong brick,allowing the brick to limit strength and water

absorption.Engineering bricks offerexcellentload bearing capacitydamp-proof

characteristicsandchemicalresistingproperties.

ConcreteBricks

Concretebricksaremadefrom solidconcrete.Concretebricksareusuallyplacedin

facades,fences,andprovideanexcellentaestheticpresence.Thesebrickscanbe

manufacturedtoprovidedifferentcoloursaspigmentedduringitsproduction.

FlyAshClayBricks

Flyashclaybricksaremanufacturedwithclayandflyash,atabout1,000degreesC.

Somestudieshaveshownthatthesebrickstendtofailpoorproducepop-outs,when

brickscomeintocontactwithmoistureandwater,causingthebrickstoexpand.

TestsonBricks

Toknow thequalityofbricksfollowing7testscanbeperformed.Inthesetests

someareperformedinlaboratoryandtherestareonfield.
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 Compressivestrengthtest

 WaterAbsorptiontest

 Efflorescencetest

 Hardnesstest

 Size,ShapeandColourtest

 Soundnesstest

 Structuretest

Compressivestrengthtest:Thistestisdonetoknow thecompressivestrengthof

brick.Itisalsocalledcrushingstrengthofbrick.Generally5specimensofbricksare

takentolaboratoryfortestingandtestedonebyone.Inthistestabrickspecimenis

putoncrushingmachineandappliedpressuretillitbreaks.Theultimatepressureat

whichbrickiscrushedistakenintoaccount.Allfivebrickspecimensaretestedone

byoneandaverageresultistakenasbrick’scompressive/crushingstrength.

WaterAbsorptiontest:Inthistestbricksareweighedindryconditionandletthem

immersedinfreshwaterfor24hours.After24hoursofimmersionthosearetaken

outfrom waterandwipeoutwithcloth.Thenbrickisweighedinwetcondition.The

differencebetweenweightsisthewaterabsorbedbybrick.Thepercentageofwater

absorptionisthencalculated.Thelesswaterabsorbedbybrickthegreateritsquality.

Goodqualitybrickdoesn’tabsorbmorethan20%waterofitsownweight.

Efflorescencetest:Thepresenceofalkaliesinbricksisharmfulandtheyform agrey

orwhitelayeronbricksurfacebyabsorbingmoisture.Tofindoutthepresenceof

alkalisinbricksthistestisperformed.Inthistestabrickisimmersedinfreshwater

for24hoursandthenit’stakenoutfrom waterandallowedtodryinshade.Ifthe

whitishlayerisnotvisibleonsurfaceitproofsthatabsenceofalkalisinbrick.Ifthe

whitishlayervisibleabout10% ofbricksurfacethenthepresenceofalkalisisin

acceptablerange.Ifthatisabout50%ofsurfacethenitismoderate.Ifthealkalies’

presenceisover50%thenthebrickisseverelyaffectedbyalkalies.

Hardnesstest:Inthistestascratchismadeonbricksurfacewithahardthing.If

thatdoesn’tleftanyimpressiononbrickthenthatisgoodqualitybrick.

Size,shapeandcolourtest:Inthistestrandomlycollected20bricksarestaked

alonglengthwise,widthwiseandheightwiseandthenthosearemeasuredtoknow

thevariationofsizesasperstandard.Bricksarecloselyviewedtocheckifitsedges

aresharpandstraight
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anduniform inshape.Agoodqualitybrickshouldhavebrightanduniform colour

throughout.

Soundnesstest:Inthistesttwobricksareheldbybothhandsandstruckwithone

another.Ifthebricksgiveclearmetallicringingsoundanddon’tbreakthenthoseare

goodqualitybricks.

Structuretest:Inthistestabrickisbrokenorabrokenbrickiscollectedandclosely

observed.Ifthereareanyflows,cracksorholespresentonthatbrokenfacethen

thatisn’tgoodqualitybrick.
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2.CEMENT

Cementisabinder,asubstancethatsetsandhardensandcanbindothermaterials

together.Cements used in construction can be characterized as being either

hydraulicornon-hydraulic,dependingupontheabilityofthecementtobeusedinthe

presenceofwater.Non-hydrauliccementwillnotsetinwetconditionsorunderwater,

ratheritsetsasitdriesandreactswithcarbondioxideintheair.Itcanbeattacked

bysomeaggressivechemicalsaftersetting.Hydrauliccementismadebyreplacing

someofthecementinamixwithactivatedaluminium silicates,pozzolanas,suchas

flyash.Thechemicalreactionresultsinhydratesthatarenotverywater-solubleand

soarequitedurableinwaterandsafefrom chemicalattack.Thisallowssettingin

wetcondition orunderwaterand furtherprotects the hardened materialfrom

chemicalattack(e.g.,Portlandcement).

Use

 CementmortarforMasonrywork,plasterandpointingetc.

 Concrete for laying floors,roofs and constructing

lintels,beams,weather-shed,stairs,pillarsetc.

 Construction for important engineering structures

suchasbridge,culverts,dams,tunnels,lighthouse,clocks,etc.

 Constructionofwater,wells,tenniscourts,septictanks,lampposts,telephone

cabinsetc.

 Makingjointforjoints,pipes,etc.

 Manufacturingofprecastpipes,gardenseats,artisticallydesignedwens,

flowerposts,etc.

 Preparationoffoundation,watertightfloors,footpaths,etc.

TypesofCements

Manytypesofcementsareavailableinmarketswithdifferentcompositionsandfor

useindifferentenvironmentalconditionsandspecializedapplications.Alistofsome

commonlyusedcementisdescribedinthissection:
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OrdinaryPortlandcement

OrdinaryPortlandcementisthemostcommontypeofcementingeneralusearound

theworld.Thiscementismadebyheatinglimestone(calcium carbonate)withsmall

quantitiesofothermaterials(suchasclay)to1450°Cinakiln,inaprocessknownas

calcination,wherebyamoleculeofcarbondioxideisliberatedfrom thecalcium

carbonatetoform calcium oxide,orquicklime,whichisthenblendedwiththeother

materialsthathavebeenincludedinthemix.Theresultinghardsubstance,called

'clinker',isthengroundwithasmallamountofgypsumintoapowdertomake

'OrdinaryPortlandCement'(oftenreferredtoasOPC).Portlandcementisabasic

ingredientofconcrete,mortarandmostnon-specialtygrout.Themostcommonuse

forPortlandcementisintheproductionofconcrete.Concreteisacomposite

materialconsisting of aggregate(graveland sand),cement,and water.As a

constructionmaterial,concretecanbecastinalmostanyshapedesired,andonce

hardened,canbecomeastructural(loadbearing)element.Portlandcementmaybe

greyorwhite.

 Thistypeofcementuseinconstructionwhenthereisnoexposureto

sulphatesinthesoilorgroundwater.

 LimesaturationFactorislimitedbetweeni.e.0.66to1.02.

 Freelime-causetheCementtobeunsound.

 Percentageof(AL2O3/Fe2O3)isnotlessthan0.66.

 Insolubleresiduenotmorethan1.5%.

 PercentageofSO3limitedby2.5%whenC3A<7%andnotmorethan3%when

C3A>7%.

 Lossofignition-4%(max)

 PercentageofMg0-5%(max.)

 Fineness-notlessthan2250cm2/g.

RapidhardeningPortlandcement

 ItisfirmerthanOrdinaryPortlandCement

 ItcontainsmoreC3SarelessC2SthantheordinaryPortlandcement.

 Its3daysstrengthissameas7daysstrengthofordinaryPortlandcement.

LowheatPortlandcement

 HeatgeneratedinordinaryPortlandcementattheendof3days80cal/gm.

Whileinlowheatcementitisabout50cal/gm ofcement.

 IthaslowpercentageofC3AandrelativelymoreC2SandlessC3SthanO.P.

Cement.

 Reduceanddelaytheheatofhydration.Britishstandard(BS.1370:1974)

limittheheatofhydrationofthiscement.

SulphateresistingPortlandcement

 Maximum C3Acontentby3.5%andminimum finenessby2500cm'/g.
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 Firmerthanordinarypotlandcement.

 Sulphateformsthesulpha-aluminateswhichhaveexpensivepropertiesand

socausesdisintegrationofconcrete.

SulphateresistingPortlandcement

 Forthiscement,thesilageasobtainedfrom blastfurnaceisused

 Theclinkersofcementaregroundwithabout60to65percentofslag.

 Itsstrengthinearlydaysislessandhenceitrequiredlongercuringperiod.It

provestobeeconomicalasslag,whichisaWasteproduct,isusedin

itsmanufactures.

Pozzolaniccement

 AsperIndianstandard,theproportionsofPozzolanamaybe10to25%byweight.

e.2.Burntclay,shale,Flyash.

 ThisCementhashigherresistancetochemicalagenciesandtoseawater

becauseofabsenceoflime.

 Itevolveslessheatandinitialstrengthislessbutfinalstrengthis28days

onwardequaltoordinaryPortlandcement.

 Itpossesseslessresistancetotheerosionandweatheringaction.

 Itimpartshigherdegreeofwatertightnessanditischeap.

WhitePortlandcement

 GreycolourofO.P.cementisduetopresenceofIronOxide.HenceinWhite

CementFe,,O,islimitedto1%.Sodium AluminaFerrite(Crinoline)NavAlF6is

addedtoactasfluxintheabsenceofIron-Oxide.•:

 Itisquickdrying,possesseshighstrengthandhassuperioraestheticvalues

anditalsocostleethanordinaryCementbecauseofspecificrequirements

imposedupontherawmaterialsandthemanufacturingprocess.

 WhiteCementareusedinSwimmingpools,forpaintinggardenfurniture,

mouldingsculpturesandstatuesetc.

ColouredPortland

 The Cementofdesired colourmay be obtained by mixing mineral

pigmentswithordinaryCement.

 Theamountofcolouringmaterialmayvaryfrom 5to10percent.Ifthis

percentageexceeds10percent,thestrengthofcementsisaffected.

 TheironOxideindifferentproportionsgivesbrown,redoryellow colour.

ThecolouredCementarewidelyusedforfinishingoffloors,window sill

slabs,stairtreadsetc.

Expansivecement
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 Thistypeofcementisproducedbyaddinganexpandingmedium like

sulphoaluminateandastabilisingagenttotheordinarycement.

 Theexpandingcementisusedfortheconstructionofwaterretaining

structuresandforrepairingthedamagedconcretesurfaces.

Highaluminacement

 Thiscementisproducedbygrillingclinkersformedbycalciningbauxite

andlime.Itcanstandhightemperlures.

 Ifevolvesgreatheatduringsetting.Itisthereforenotaffectedbyfrost.

CompositionofCementclinker

The various constituents combine in burning and form cementclinker.The

compounds formedin the burning process have the properties ofsetting and

hardeninginthepresenceofwater.TheyareknownasBoguecompoundsafterthe

name ofBogue who identified them.These compounds are as follows:Alite

(Tricalcium silicate or C3S), Belite (Dicalcium silicate or C2S), Celite

(TricalciumalluminateorC3A)andFelite(TetracalciumaluminoferriteorC4AF).

Tricalcium silicate

Itissupposedtobethebestcementingmaterialandiswellburntcement.Itisabout

25-50% (normallyabout40percent)ofcement.Itrenderstheclinkereasierto

grind,increasesresistancetofreezingandthawing,hydratesrapidlygeneratinghigh

heatanddevelopsanearlyhardnessandstrength.However,raisingofC3Scontent

beyondthespecifiedlimitsincreasestheheatofhydrationandsolubilityofcementin

water.ThehydrolysisofC3Sismainlyresponsiblefor7daystrengthandhardness.

TherateofhydrolysisofC3Sandthecharacterofgeldevelopedarethemaincauses

ofthehardnessandearlystrengthofcementpaste.Theheatofhydrationis500J/g.

Dicalcium silicate

Itconstitutesabout25-40% (normallyabout32percent)ofcement.Ithydrates

andhardensslowlyandtakeslongtimetoaddtothestrength(afterayearormore).

Itimpartsresistancetochemicalattack.RisingofC2Scontentrendersclinkerharder

togrind,reducesearlystrength,decreasesresistancetofreezingandthawingatearly

agesanddecreasesheatofhydration.ThehydrolysisofC2Sproceedsslowly.At

earlyages,lessthanamonth,C2Shaslittleinfluenceonstrengthandhardness.

Whileafteroneyear,itscontributiontothestrengthandhardnessisproportionately

almostequaltoC3S.Theheatofhydrationis260J/g.

Tricalciumalluminate

Itisabout5-11% (normallyabout10.5percent)ofcement.Itrapidlyreactswith

waterandisresponsibleforflashsetoffinelygroundedclinker.Therapidityofaction

isregulatedbytheadditionof2-3% ofgypsum atthetimeofgrindingcement.

Tricalciumaluminateisresponsiblefortheinitialset,highheatofhydrationandhas

greatertendencytovolumechangescausing cracking.Raising theC3A content

reducesthesettingtime,weakens
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resistancetosulphateattackandlowerstheultimatestrength,heatofhydrationand

contractionduringairhardening.Theheatofhydrationof865J/g.

Tetracalciumaluminoferrite

Itconstitutesabout8–14%(normallyabout9percent)ofcement.Itisresponsible

forflash setbutgenerateslessheat.Ithaspoorestcementing value.Raising

theC4AFcontentreducesthestrengthslightly.Theheatofhydrationis420J/g.

HydrationofCement

Intheanhydrousstate,fourmaintypesofmineralsarenormallypresent:alite,belite,

celiteand felite.Also presentaresmallamountsofclinkersulfate(sulfatesof

sodium,potassium andcalcium)andgypsum,whichwasaddedwhentheclinker

wasgrounduptoproducethefamiliargreypowder.

Whenwaterisadded,thereactionswhichoccuraremostlyexothermic,thatis,the

reactionsgenerateheat.Wecangetanindicationoftherateatwhichtheminerals

arereactingbymonitoringtherateatwhichheatisevolvedusingatechniquecalled

conductioncalorimetry.Almostimmediatelyonaddingwatersomeoftheclinker

sulphatesandgypsum dissolveproducinganalkaline,sulfate-rich,solution.Soon

aftermixing,the(C3A)phase(themostreactiveofthefourmainclinkerminerals)

reactswiththewatertoform analuminate-richgel(StageIontheheatevolution

curveabove).Thegelreactswithsulfateinsolutiontoform smallrod-likecrystalsof

ettringite.(C3A)reactioniswithwaterisstronglyexothermicbutdoesnotlastlong,

typicallyonlyafewminutes,andisfollowedbyaperiodofafewhoursofrelatively

lowheatevolution.Thisiscalledthedormant,orinductionperiod(StageII).Thefirst

partofthedormantperiod,uptoperhapshalf-waythrough,correspondstowhen

concretecanbeplaced.Asthedormantperiodprogresses,thepastebecomestoo

stifftobeworkable.Attheendofthedormantperiod,thealiteandbeliteinthe

cementstarttoreact,withtheformationofcalcium silicatehydrateandcalcium

hydroxide.Thiscorrespondstothemainperiodofhydration(StageIII),duringwhich

timeconcretestrengthsincrease.Theindividualgrainsreactfrom thesurface

inwards,and the anhydrous particles become smaller.(C3A) hydration also

continues,asfreshcrystalsbecomeaccessibletowater.Theperiodofmaximum

heatevolutionoccurstypicallybetweenabout10and20hoursaftermixingandthen

graduallytailsoff.InamixcontainingOPC only,mostofthestrengthgainhas

occurred within abouta month.WhereOPC hasbeen partly-replaced byother

materials,suchasflyash,strengthgrowthmayoccurmoreslowlyandcontinuefor

severalmonthsorevenayear.Ferritereactionalsostartsquicklyaswaterisadded,

butthenslowsdown,probablybecausealayerofironhydroxidegelforms,coating

theferriteandactingasabarrier,preventingfurtherreaction.

ProductsofHydration
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DuringHydrationprocessseveralhydratedcompoundsareformedmostimportant

ofwhichare,Calcium silicatehydrate,calcium hydroxideandcalcium aluminium

hydrateswhichisimportantforstrengthgain.

Calcium silicatehydrate:

Thisisnotonlythemostabundantreactionproduct,occupyingabout50% ofthe

pastevolume,butitisalsoresponsibleformostoftheengineeringpropertiesof

cementpaste.Itisoftenabbreviated,usingcementchemists'notation,to"C-S-H,"

thedashesindicatingthatnostrictratioofSiO2toCaOisinferred.C-S-H formsa

continuouslayerthatbindstogethertheoriginalcementparticlesintoacohesive

wholewhichresultsinitsstrongbondingcapacity.TheSi/Caratioissomewhat

variablebuttypicallyapproximately0.45-0.50inhydratedPortlandcementbutupto

perhapsabout0.6ifslagorflyashormicrosilicaispresent,dependingonthe

proportions.

Calcium hydroxide:

TheotherproductsofhydrationofC3SandC2Sarecalcium hydroxide.Incontrastto

theC-S-H,thecalcium hydroxideisacompoundwithdistinctivehexagonalprism

morphology.Itconstitutes20to25percentofthevolumeofsolidsinthehydrated

paste.Thelackofdurabilityofconcreteisonaccountofthepresenceofcalcium

hydroxide.Thecalcium hydroxidealsoreactswithsulphatespresentinsoilsorwater

toform calcium sulphatewhichfurtherreactswithC3Aandcausedeteriorationof

concrete.Thisisknownassulphateattack.ToreducethequantityofCa(OH)2in

concreteandtoovercomeitsbadeffectsbyconvertingitintocementitiousproduct

isanadvancementinconcretetechnology.Theuseofblendingmaterialssuchasfly

ash,silicafumeandsuchotherpozzolanicmaterialsarethestepstoovercomebad

effectofCa(OH)2inconcrete.However,Ca(OH)2isalkalineinnatureduetowhichit

resistscorrosioninsteel.

Calcium aluminium hydrates:

TheseareformedduetohydrationofC3Acompounds.Thehydratedaluminatesdo

notcontributeanythingtothestrengthofconcrete.Ontheotherhand,theirpresence

isharmfultothedurabilityofconcreteparticularlywheretheconcreteislikelytobe

attacked bysulphates.As it hydrates very fast itmay contribute a little to

theearlystrength.

Varioustestsoncement:

Basicallytwotypesoftestsareundertakenforassessingthequalityofcement.

Theseareeitherfieldtestorlabtests.Thecurrentsectiondescribesthesetestsin

details.

Fieldtest:

Therearefourfieldtestsmaybecarriedouttoascertainroughlythequalityof

cement.Therearefourtypesoffieldteststoaccessthecolour,physicalproperty,

andstrengthofthecementasdescribedbelow.
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 Thecolourofcementshouldbeuniform.

 Itshouldbetypicalcementcolouri.e.greycolourwithalightgreenishshade.

Physicalproperties

 Cementshouldfeelsmoothwhentouchedbetweenfingers.

 Ifhandisinsertedinabagorheapofcement,itshouldfeelcool.

Presenceoflumps

 Cementshouldbefreefromlumps.

 Foramoisturecontentofabout5to8%,thisincreaseofvolumemaybemuch

as20to40%,dependinguponthegradingofsand.

Strength

 Athickpasteofcementwithwaterismadeonapieceofthickglassanditis

keptunderwaterfor24hours.Itshouldsetandnotcrack.

Laboratorytests:

Sixlaboratorytestsareconductedmainlyforassessingthequalityofcement.

Theseare:fineness,compressivestrength,consistency,settingtime,soundness

andtensilestrength.

Fineness

 Thistestiscarriedouttocheckpropergrindingofcement.

 Thefinenessofcementparticlesmaybedeterminedeitherbysievetestor

permeabilityapparatustest.

 Insievetest,thecementweighing100gm istakenanditiscontinuously

passedfor15minutesthroughstandardBISsieveno.9.Theresidueisthen

weighedandthisweightshouldnotbemorethan10%oforiginalweight.

 In permeability apparatus test,specific area of cement particles is

calculated.Thistestisbetterthansievetest.Thespecificsurfaceactsasa

measureofthefrequencyofparticlesofaveragesize.

Compressivestrength

 Thistestiscarriedouttodeterminethecompressivestrengthofcement.

 Themortarofcementandsandispreparedinratio1:3.

 Waterisaddedtomortarinwatercementratio0.4.

 Themortarisplacedinmoulds.Thetestspecimensareintheform ofcubes

andthemouldsareofmetals.For70.6mm and76mm cubes,thecement

requiredis185gm and235gmrespectively.

 Thenthemortariscompactedinvibratingmachinefor2minutesandthe

mouldsareplacedinadampcabinfor24hours.

 Thespecimensareremovedfrom themouldsandtheyaresubmergedin

cleanwaterforcuring.

 Thecubesarethentestedincompressiontestingmachineattheendof

3daysand7days.Thuscompressivestrengthwasfoundout.

Consistency
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 Thepurposeofthistestistodeterminethepercentageofwaterrequiredfor

preparingcementpastesforothertests.

 Take300gm ofcementandadd30percentbyweightor90gm ofwatertoit.

 Mixwaterandcementthoroughly.

 FillthemouldofVicatapparatusandthegaugingtimeshouldbe3.75to4.25

minutes.

 Vicatapparatusconsistsofaneedleisattachedamovablerodwithan

indicatorattachedtoit.

 Therearethreeattachments:squareneedle,plungerandneedlewithannularcollar.

 Theplungerisattachedtothemovablerod.theplungerisgentlyloweredon

thepasteinthemould.

 Thesettlementofplungerisnoted.Ifthepenetrationisbetween5mm to7

mm from thebottom ofmould,thewateraddediscorrect.Ifnotprocessis

repeated with differentpercentages ofwatertillthe desired penetration

isobtained.

Settingtime

 Thistestisusedtodetectthedeteriorationofcementduetostorage.Thetest

isperformedtofindoutinitialsettingtimeandfinalsettingtime.

 CementmixedwithwaterandcementpasteisfilledintheVicatmould.

 Squareneedleisattachedtomovingrodofvicatapparatus.

 Theneedleisquicklyreleasedanditisallowedtopenetratethecement

paste.In the beginningthe needle penetrates completely.The procedure is

repeated at regular intervals till the needle does not penetrate

completely.(upto5mm frombottom)

 Initialsettingtime=<30minforordinaryPortlandcementand60minforlow

heatcement.

 ThecementpasteispreparedasaboveanditisfilledintheVicatmould.

 TheneedlewithannularcollarisattachedtothemovingrodoftheVicatapparatus.

 The needle isgentlyreleased.The time atwhich the needle makesan

impressionontestblockandthecollarfailstodosoisnoted.

 Finalsettingtimeisthedifferencebetweenthetimeatwhichwaterwas

addedtocementandtimeasrecordedinpreviousstep,anditis=<10hours.

Soundness

 Thepurposeofthistestistodetectthepresenceofuncombinedlimeinthecement.

 Thecementpasteisprepared.

 Themouldisplacedanditisfilledbycementpaste.

 Itiscoveredattopbyanotherglassplate.Asmallweightisplacedattopand

thewholeassemblyissubmergedinwaterfor24hours.

 Thedistancebetweenthepointsofindicatorisnoted.Themouldisagain

placedinwaterandheatisappliedinsuchawaythatboilingpointofwateris

reachedinabout30minutes.Theboilingofwateriscontinuedforonehour.

 Themouldisremovedfrom wateranditisallowedtocooldown.
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 The distance between the points of indicatoris again measured.The

differencebetweenthetworeadingsindicatestheexpansionofcementandit

shouldnotexceed10mm.

Tensilestrength

 Thistestwasformerlyusedtohaveanindirectindicationofcompressive

strengthofcement.

 Themortarofsandandcementisprepared.

 Thewaterisaddedtothemortar.

 Themortarisplacedinbriquettemoulds.Themouldisfilledwithmortarand

thenasmallheapofmortarisformedatitstop.Itisbeatendownbya

standard spatula tillwaterappears on the surface.Same procedure is

repeatedfortheotherfaceofbriquette.

 Thebriquettesarekeptinadampfor24hoursandcarefullyremovedfrom

themoulds.

 Thebriquettesaretestedinatestingmachineattheendof3and7daysand

averageisfoundout.
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3.CONCRETE

Concreteisacompositematerialcomposedmainlyofwater,aggregate,andcement.

Often,additivesand reinforcementsareincluded in themixtureto achievethe

desiredphysicalpropertiesofthefinishedmaterial.Whentheseingredientsare

mixedtogether,theyform afluidmassthatiseasilymoldedintoshape.Overtime,

thecementformsahardmatrixwhichbindstherestoftheingredientstogetherinto

adurablestone-likematerialwithmanyuses.

Theaim istomixthesematerialsinmeasuredamountstomakeconcretethatis

easyto:Transport,place,compact,finishandwhichwillset,andharden,togivea

stronganddurableproduct.Theamountofeachmaterial(iecement,waterand

aggregates)affectsthepropertiesofhardenedconcrete.

Productionofconcrete

Agoodqualityconcreteisessentiallyahomogeneousmixtureofcement,coarseand

fineaggregatesandwaterwhichconsolidatesintoahardmassduetochemical

actionbetweenthecementandwater.Eachofthefourconstituentshasaspecific

function.Thecoarseraggregateactsasafiller.Thefineaggregatefillsupthevoids

betweenthepasteandthecoarseaggregate.Thecementinconjunctionwithwater

actsasabinder.Themobilityofthemixtureisaidedbythecementpaste,finesand

nowadays,increasingly by the use of admixtures.The stages of concrete

productionare:Batchingormeasurementofmaterials,Mixing,Transporting,Placing,

Compacting,CuringandFinishing.

Batching

Itistheprocessofmeasuringconcretemixingredientseitherbyvolumeorbymass

andintroducingthem intothemixture.Traditionallybatchingisdonebyvolumebut

mostspecificationsrequirethatbatchingbedonebymassratherthanvolume.The

proportionsofvariousingredientsaredeterminedbypropermixdesign.

Aconcretemixisdesignedtoproduceconcretethatcanbeeasilyplacedat

thelowestcost.Theconcretemustbeworkableandcohesivewhenplastic,thenset

andhardentogivestronganddurableconcrete.Themixdesignmustconsiderthe

environmentthattheconcretewillbein;ieexposuretoseawater,trucks,cars,

forklifts,foottrafficorextremesofhotandcold.Proportioningconcreteisamixture

ofcement,water,coarseandfineaggregatesandadmixtures.Theproportionsof

eachmaterialinthemixtureaffectsthepropertiesofthefinal
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hardenedconcrete.Theseproportionsarebestmeasuredbyweight.Measurement

byvolumeisnotasaccurate,butissuitableforminorprojects.

Cementcontentasthecementcontentincreases,so doesstrengthand

durability.Thereforetoincreasethestrength,increasethecementcontentofamix.

WaterContentaddingmorewatertoamixgivesaweakerhardenedconcrete.Always

useaslittlewateraspossible,onlyenoughtomakethemixworkable.Waterto

cementratioasthewatertocementratioincreases,thestrengthanddurabilityof

hardenedconcretedecreases.Toincreasethestrengthanddurabilityofconcrete,

decreasethewater-cementratio.Aggregatestoomuchfineaggregategivesasticky

mix.Toomuchcoarseaggregategivesaharshorboneymix.Mixingconcretemust

bemixedsothecement,water,aggregatesandadmixturesblendintoanevenmix.

Concreteisnormallymixedbymachine.Machinemixingcanbedoneon-siteorbea

pre-mixedconcretecompany.Pre-mixedconcreteisbatched(proportioned)atthe

planttothejobrequirements.Truckmixingthematerialsarenormallyaddedtothe

trucksatbatchingplantsandmixedforrequiredtimeandspeedattheplant.The

trucksdrum continuestorotatetoagitatetheconcreteasitisdeliveredtothesite.

Site mixing when site mixing begin byloading a measured amountofcoarse

aggregate into the mixerdrum.Add the sand before the cement,both in

measuredamounts.

Mixing

Themixingoperationconsistsofrotationorstirring,theobjectivebeingtocoatthe

surfacetheallaggregateparticleswithcementpaste,andtoblindalltheingredients

oftheconcreteintoauniform mass;thisuniformitymustnotbedisturbedbythe

processofdischargingfrom themixer.Themixingmaydonebymanuallyorby

mechanicalmeanslike,Batchmixer,Tiltingdrum mixer,Nontiltingdrum mixer,Pan

typemixer,Dualdrum mixerorContinuousmixers.

Therearenogeneralrulesontheorderoffeedingtheingredientsintothe

mixerasthisdependonthepropertiesofthemixerandmix.Usuallyasmallquantity

ofwaterisfedfirst,followedbyallthesolidsmaterials.Ifpossiblegreaterpartofthe

watershouldalsobefedduringthesametime,theremainderbeingaddedafterthe

solids.However,whenusingverydrymixesindrum mixersitisnecessarytofeed

thecoarseaggregatejustafterthesmallinitialwaterfeedinordertoensurethatthe

aggregatesurfaceissufficientlywetted.
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Compaction

Theoperationofplacingandcompactionareinterdependentandarecarriedout

simultaneously.They are most important for the purpose of ensuring the

requirementsofstrength,impermeabilityanddurabilityofhardenedconcreteinthe

actualstructure.Asforasplacingisconcerned,themainobjectiveistodepositthe

concreteascloseaspossibletoitsfinalpositionsothatsegregationisavoidedand

theconcretecanbefullycompacted.Theaim ofgoodconcreteplacingcanbe

statedquitesimply.

Itistogettheconcreteintopositionataspeed,andinacondition,thatallowittobe

compactedproperly.Toachieveproperplacingfollowingrulesshouldbekeptin

mind:Theconcreteshouldbeplacedinuniform layers,notinlargeheapsorsloping

layers.Thethicknessofthelayershouldbecompatiblewiththemethodofvibration

sothatentrappedaircanberemovedfrom thebottom ofeachlayer.Therateof

placingandofcompactionshouldbeequal.Ifyouproceedtooslowly,themixcould

stiffensothatitisnolongersufficientlyworkable.Onnoaccountshouldwaterever

beaddedtoconcretethatissetting.Ontheotherhand,ifyougotooquickly,you

mightraceaheadofthecompactinggang,makingitimpossibleforthem todotheir

jobproperly.Eachlayershouldbefullycompactedbeforeplacingthenextone,and

eachsubsequentlayershouldbeplacedwhilsttheunderlyinglayerisstillplasticso

thatmonolithicconstructionisachieved.Collisionbetweenconcreteandformwork

orreinforcementshouldbeavoided.Fordeepsections,alongdownpipeensures

accuracyoflocationofconcreteandminimum segregation.Youmustbeabletosee

thattheplacingisproceedingcorrectly,solightingshouldbeavailableforlarge,deep

sections,andthinwallsandcolumns.Oncetheconcretehasbeenplaced,itisready

tobecompacted.Thepurposeofcompactionistogetridoftheairvoidsthatare

trappedinlooseconcrete.

Itisimportanttocompacttheconcretefullybecause:Airvoidsreducethe

strength ofthe concrete.Forevery1% ofentrapped air,the strength fallsby

somewherebetween5and7%.Thismeansthatconcretecontainingamere5%air

voidsduetoincompletecompactioncanloseasmuchasonethirdofitsstrength.Air

voidsincreaseconcrete'spermeability.Thatinturnreducesitsdurability.Ifthe

concreteisnotdenseandimpermeable,itwillnotbewatertight.Itwillbelessableto

withstandaggressiveiquidsanditsexposedsurfaceswillweatherbadly.Moisture

andairaremorelikelytopenetratetothereinforcementcausingittorust.Airvoids
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impaircontactbetween the mix and reinforcement(and,indeed,any other

embeddedmetals).Therequiredbondwillnotbeachievedandthereinforcedmemberwill
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notbeasstrongasitshouldbe.Airvoidsproduceblemishesonstrucksurfaces.For

instance,blowholesandhoneycombingmightoccur.Therearetwomethodsfor

compactionwhichincludes:vibrationbyvibratorsorbytampingusingtampingrods.

Curing

Curingistheprocessofmakingtheconcretesurfaceswetforacertaintimeperiod

afterplacingtheconcretesoastopromotethehardeningofcement.Thisprocess

consistsofcontrollingthetemperatureandthemovementofmoisturefrom andinto

theconcrete.

Curingofconcreteisdoneforthefollowingpurposes.Curingistheprocessof

controlling therateofmoisturelossfrom concreteto ensureanuninterrupted

hydrationofPortlandcementafterconcretehasbeenplacedandfinishedinitsfinal

position.Curingalsohelpsmaintainanadequatetemperatureofconcreteinitsearly

stages,asthisdirectlyaffectstherateofhydrationofcementandeventuallythe

strengthgainofconcreteormortars.

Curingofconcretemustbedoneassoonaspossibleafterplacementandfinishing

andmustcontinueforareasonableperiodoftime,fortheconcretetoachieveits

desired strength and durability.Uniform temperature should be maintained

throughouttheconcretedepthtoavoidthermalshrinkagecracks.

Materialpropertiesaredirectlyrelatedtomicro-structure.Curingassiststhe

cementhydrationreactiontoprogresssteadilyanddevelopscalcium silicatehydrate

gel,whichbindsaggregatesleadingtoarocksolidmass,makesconcretedenser,

decreasestheporosityandenhancesthephysicalandmechanicalpropertiesof

concrete.

Someotherpurposesofcuringcanbesummedupas:curingprotectstheconcrete

surfacesfrom sunandwind,theprocessofcuringincreasethestrengthofthe

structure,thepresenceofwaterisessentialtocausethechemicalactionwhich

accompaniesthesettingofconcrete.Generallythereisadequatequantityofwater

atthetimeofmixingtocausethehardeningofconcrete,butitisnecessarytoretain

wateruntiltheconcreteisfullyhardened.

Ifcuringisefficient,thestrengthofconcretegraduallyincreaseswithage.

Thisincreaseinstrengthissuddenandrapidinearlystagesanditcontinuesslowly

foran indefinite period.By propercuring,the durability and impermeability of

concreteareincreasedandshrinkageisreduced.Theresistanceofconcreteto
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abrasionisconsiderablyincreasedbypropercuring.
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Curingperiod:

ForordinaryPortlandcement,thecuringperiodisabout7daysto14days.Ifrapid

hardeningcementisusedthecuringperiodcanbeconsiderablyreduced.

Disadvantagesofimpropercuring:

Followingarethedisadvantagesofimpropercuringofconcrete:

Thechancesofingressofchloridesandatmosphericchemicalsareveryhigh.The

compressiveandflexuralstrengthsarelowered.Thecracksaredevelopeddueto

plasticshrinkage,dryingshrinkageandthermaleffects.Thedurabilitydecreasesdue

tohigherpermeability.Thefrostandweatheringresistancesaredecreased.Therate

ofcarbonationincreases.Thesurfacesarecoatedwithsandanddustanditleadsto

lowertheabrasionresistance.Thedisadvantagesaremoreprominentinthoseparts

ofsurfaceswhicharedirectlyexposedorwhichhavelargesurfacescomparedto

depthsuchasroads,canal,bridges,coolingtowers,chimneysetc.

Factorsaffectingevaporationofwaterfrom concrete:

Theevaporationofwaterdependsuponthefollowing4factors:Airtemperature,

Freshconcretetemperature,RelativehumidityandWindvelocity.

From the above mentioned factors itcan be concluded environmentdirectly

influencestheprocessofevaporation,henceonlythefreshconcretetemperature

canbemonitoredorsupervisedbytheconcretetechnologists.Theevaporationof

waterinthefirstfew hourscanleaveverylow amountofwaterintheconcrete

hydration,thisleadstovariousshrinkagecracks.Undernormalconditiontheaverage

lossofwatervariesfrom 2.5to10Nperm2perhour.Themajorlossoccursinthe

top50mm layeroveraperiodof3hours,thelosscouldbeabout5%ofthetotal

volumeofthatlayer.

Methodsofcuring:

Whileselectinganymodeofcuringthefollowingtwofactorsareconsidered:

 Thelossofwatershouldbeprevented.

 Thetemperatureshouldbekeptminimum fordissipationofheatofhydration.

Methodsofcuringcanbecategorisedintothefollowingcategories:
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Watercuring-preventingthemoisturelossfrom theconcretesurfacebycontinuously

wettingtheexposedsurfaceofconcrete.

Membranecuring-minimizingmoisturelossfrom concretesurfacebycoveringitwithan

impermeablemembrane.

Steam curing-keepingthesurfacemoistandraisingthetemperatureofconcreteto

acceleratetherateofstrengthgain.

Watercuringisofthefollowingtypes:

Ponding:mostinexpensive and common method of curing flatslabs,roofs,

pavementsetc.Adikearoundtheedgeoftheslab,iserectedandwaterisfilledto

createashallowpond.Caremustbetakentoensurethatthewaterintheponddoes

notdryup,asitmayleadtoanalternatedryingandwettingcondition.

Sprinkling:foggingandmistcuring-usingafinesprayorfogormoistofwatertothe

concretecanbeefficientmethodofsupplyingwatertoconcreteduringhotweather,

whichhelpstoreducethetemperatureofconcrete.

Wetcoverings:waterabsorbentfabricsmaybeusedtomaintainwateronconcrete

surfaces.Theymustbecontinuouslykeptmoistsoastopreventthefabricsfrom

absorbingwaterfrom thebodyofconcrete,duetocapillaryaction.

Impermeablemembranecuringisoffollowingtypes:-

Formwork:leavingtheform workinplaceduringtheearlyageofconcreteisan

efficientmethodofcuring.

Plasticsheeting:plasticsheetsform aneffectivebarriertocontrolthemoisture

losses from the surface ofconcrete,provided theyare secured properlyand

protectedfrom damage.Theefficiencyofthissystem canbeenhancedbyflooding

theconcretesurfacewithwater,undertheplasticsheet.

Membranecuringcompounds:Curingcompoundsarewax,acrylicandwaterbased

liquids are spread overthe freshlyfinished concrete to form an impermeable

membranethatminimisesthelossofmoisturefrom theconcretesurfaces.These

arecosteffectivemethodsofcuringwherestandardcuringproceduresaredifficult

toadopt.Whenappliedtocureconcretethetimeoftheapplicationiscriticalfor

maximum effectiveness.Tooearlyapplicationdilutesthemembrane,whereastoo

lateapplicationresultsinbeingabsorbedintotheconcrete.They
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mustbeappliedwhenthefreewateronthesurfacehasevaporated.Forconcrete

withloww/cratio,thisisnotasuitableprocess.

Steam curing:Steam curingistheprocessofacceleratingtheearlyhardeningof

concreteandmortarsbyexposingittosteam andhumidity.Thesetypesofcuring

systemsareadoptedforrailwaysleepers,concreteblocks,pipes,manholecovers,

polesetc.Precastironiscuredbythismethodunderpressure.Curinginhotandcold

weatherrequiresadditionalattention.

Hotweather:Duringhotweather,concretemustbeprotectedfrom excessivedrying

andfrom directwindandsun.Curingmaterialswhichreflectsunlighttoreduce

concretetemperaturemustbeused.

Coldweather:Someproblemsassociatedwithtemperaturebelow400Care:

 Freezingofconcretebeforestrengthisdeveloped.

 Slowdevelopmentofconcretestrength.

 Thermalstressesinducedbythecoolingofwarm concretetocoolerambient

temperatures

Chemicalcuring:Inthismethodwaterissprinkledoverthesurface,afteradding

certainamountofsomehygroscopicmaterial(e.g.sodium chlorideorcalcium

chloride).Thehygroscopicmaterialsabsorbmoisturefrom theatmosphereandthus

keepthesurfacedamp.

Alternating currentcuring:Concretecanbecured bypassing alternating current

throughfreshlylaidconcrete.

Watercementratioandcompressivestrength

Acementofaveragecompositionrequiresabout25%ofwaterbymassforchemical

reaction.Inaddition,anamountofwaterisneededtofillthegelpores.Nearly100

yearsago,DuffAbramsdiscoveredthedirectrelationshipbetweenwater-to-cement

ratioandstrength,i.e.,lesserthewaterusedhigherthestrengthoftheconcrete,since

toomuchwaterleaveslotsofporesinthecementpast.AccordingtoAbram’slaw,the

strengthoffullycompactedconcreteatagivenageandnormaltemperatureis

inverselyproportionaltothewater–cementratio.Herethewater-cementratioisthe

relativeweightofwatertothecementinthemixture.Formostapplications,water-to-

cementratioshouldbebetween0.4and0.5lowerforlowerpermeabilityandhigher

strength.Inconcrete,thetradeoff,ofcourse,iswithworkability,sinceverylowwater

contentresultinverystiffmixturesthataredifficulttoplace.Thewater-to-cement
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ratioisafactorselectedbythecivilengineer.
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Workability

Workabilityisoneofthephysicalparametersofconcretewhichaffectsthestrength

anddurabilityaswellasthecostoflaborandappearanceofthefinishedproduct.

Concrete is said to be workable when itis easily placed and compacted

homogeneouslyi.ewithoutbleedingorSegregation.Unworkableconcreteneeds

moreworkorefforttobecompactedinplace,alsohoneycombs&/orpocketsmay

alsobevisibleinfinishedconcrete.DefinitionofWorkability“Thepropertyoffresh

concretewhichisindicatedbytheamountofusefulinternalworkrequiredtofully

compacttheconcretewithoutbleedingorsegregationinthefinishedproduct.”

Factorsaffectingworkability:

 Watercontentintheconcretemix

 Amountofcement&itsProperties

 AggregateGrading(SizeDistribution)

 NatureofAggregateParticles(Shape,SurfaceTexture,Porosityetc.)

 Temperatureoftheconcretemix

 Humidityoftheenvironment

 Modeofcompaction

 Methodofplacementofconcrete

 Methodoftransmissionofconcrete

Howtoimprovetheworkabilityofconcrete

 Increasewater/cementratio

 Increasesizeofaggregate

 Usewell-roundedandsmoothaggregateinsteadofirregularshape

 Increasethemixingtime

 Increasethemixingtemperature

 Usenon-porousandsaturatedaggregate

 Withadditionofair-entrainingmixtures
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Workabilitytests:

Thereare4typesoftestsforworkability.Theyareslumptest,compactingfactortest,

flowtest,andveebeetest

Slumptest

Theslumptestresultisaslumpofthebehaviorofacompactedinvertedconeof

concreteundertheactionofgravity.Itmeasurestheconsistencyorthewetnessof

concrete.Metalmould,intheshapeofthefrustum ofacone,openatbothends,and

providedwiththehandle,topinternaldiameter4in(102mm),andbottom internal

diameter8in(203mm)withaheightof1ft(305mm).A2ft(610mm)longbullet

nosed metalrod,(16 mm)in diameter.ApparatusRequired:Compacting Factor

apparatus,Trowels,Graduatedcylinder,BalanceandTampingrodandironbucket

ThetestiscarriedoutusingamouldknownasaslumpconeorAbramscone.

Theconeisplacedonahardnon-absorbentsurface.Thisconeisfilledwithfresh

concreteinthreestages,eachtimeitistampedusingarodofstandarddimensions.

Attheendofthethirdstage,concreteisstruckoffflushtothetopofthemould.The

mouldiscarefullyliftedverticallyupwards,soasnottodisturbtheconcretecone.

Concretesubsides.Thissubsidenceistermedasslump,andismeasuredintothe

nearest5mm iftheslumpis<100mm andmeasuredtothenearest10mm ifthe

slumpis>100mm.

Theslumpedconcretetakesvariousshapes,andaccordingtotheprofileof

slumpedconcrete,theslumpistermedastrueslump,shearslumporcollapseslump.

Ifashearorcollapseslumpisachieved,afreshsampleshouldbetakenandthetest

repeated.Acollapseslumpisanindicationoftoowetamix.Onlyatrueslumpisof

anyuseinthetest.Acollapseslumpwillgenerallymeanthatthemixistoowetor

thatitisahighworkabilitymix,forwhichslumptestisnotappropriate.Verydry

mixes;havingslump0–25mm areusedinroadmaking,low workabilitymixes;

havingslump10–40mm areusedforfoundationswithlightreinforcement,medium

workabilitymixes;50-90fornormalreinforcedconcreteplacedwithvibration,high

workabilityconcrete;>100mm.
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Thistestisusuallyusedinlaboratoryanddeterminestheworkabilityoffresh

concretewhensizeisabout40mm maximum.Thetestiscarriedoutasper

specificationofIS:1199-1959.

Compactingfactortest:

Stepsforperformingtheexperiment:

 keeptheapparatusonthegroundandapplygreaseontheinnersurfaceof

thecylinders.

 Measurethemassasw1kgbyweighingthecylinderaccuratelyandfixthe

cylinderonthebaseinsuchawaythatthecentralpointsofhoppersand

cylinderlieononeverticallineandcoverthecylinderwithaplate.

 Foreach5kgofaggregatemixesaretobepreparedwithwater-cementratio

byweightwith2.5kgsandand1.25kgofcementandthenaddrequired

amount of water thoroughly until and unless concrete appears to

behomogeneous.
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 With the help ofhand scoop withoutcompacting fillthe freshlymixed

concreteinupperhopperpartgentlyandcarefullyandwithintwominutes

releasethetrapdoorsothattheconcretemayfallintothelowerhoppersuch

thatitbringtheconcreteintostandardcompaction.

 Falltheconcretetointothecylinderbybringingtheconcreteintostandard

Compactionimmediatelyaftertheconcretehascometorestandopenthe

trapdooroflowerhopperandthenremovetheexcessconcreteabovethetop

ofthecylinderbyapairoftrowels,oneineachhandwillbladeshorizontal

slidethem from theoppositeedgesofthemouldinwardtothecenterwitha

sawingmotion.

 Clean the cylinderfrom allsides properly.Find the mass ofpartially

compactedconcretethusfilledinthecylinderandsayitW2kg.Afterthisrefill

thecylinderwiththesamesampleofconcreteinapproximately50mm layers,

byvibrating eachlayerheavilyso asto expelalltheairand obtainfull

compactionoftheConcrete.

 Struck offlevelthe concrete and weigh and cylinderfilled with fully

compactedconcrete.LetthemassbeW3kg.

 Calculatecompactionfactorbyusingtheformula:C.F=W2–W1/W3–W1

FlowTableTest:

Theflowtabletestorflowtestisamethodtodeterminetheconsistenceoffreshconcrete.

Flowtablewithagripandahinge,70centimetres(28in)square.Abramscone,open

atthetopandatthebottom -30centimetres(12in)high,17centimetres(6.7in)top

diameter,25centimetres(9.8in)basediameter.Waterbucketandbroom forwetting

the flow table.Tamping rod, 60 centimetres (24 in) longConducting the

testTheflowtableiswetted.Theconeisplacedinthecenteroftheflowtableandfilled

withfreshconcreteintwoequallayerslayers.Eachlayeristamped10timeswith

tampingrod.Wait30secondsbeforeliftingtheconeTheconeislifted,allowingthe

concretetoflow.Theflowtableisthenliftedup40mm andthendropped15times,

causingtheconcretetoflowAfterthisthediameteroftheconcreteismeasured.

Vee-BeeTest:

Thistestisusefulforconcretehavinglowandverylowworkability.Inthistestthe

concreteismouldedintoaconeinacylindercontainerandtheentiresetupis

mountedonavibratingtable.Whenvibratorstarts,concreteplacedonthecone
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startstooccupythecylindrical
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containerbythewayofgetting remoulded.Remoulding iscompletewhen the

concrete surface becomes horizontal.The time required for completion of

remouldingsincestartofvibratorismeasuredanddenotedasvee-beeseconds.

Thisprovidesameasureforworkability.Lesseristhevee-beesecondsmoreisthe

workability



4
0

*Under
revision

4.ARCHES

Archesarestructuralmembersusedinabuildingtobridgeacrosstheopeningof

doors,windows,orcupboardsetc.to supporttheweightofthesuperimposed

masonrybyarchaction.

Archaction;-Itconsistofsmallwedgeshapedunitsjointtogetherbymortar.

ButarchesmadeofsteelandRccarebuiltinsingleunitwithouttheuseofwedge

shapedunitsandareusedforbridgeconstructions.

Terms;-

Intrados:-theinnercurveof

archesSoffit-Innersurfaceof

archExtrados-Externalcurveof

arch

Voussoirs-wedgeshapedunitformingcoursesofanarch

Skewback-inclinedsurfaceofabutment.itispreparedtoreceivethearch

Springer-firstvoussoirsatspringingleveloneithersideofarchwhichisadjacent

toskewback

Crown-highestpointofextrados

Key-wedgeshapedunitatcrownofarch.Itismadeprominentbymakingitoflarger

sectionnadprojectedaboveandbelowtheoutlineofarch.

Abutment-theendsupportofarch

Piers-intermediatesupportofanarcade.

Springingpoint-pointfrom whichcurveofarchsprings

Springingline-imaginaryhorizontallinejoining2springingpoints

Span-clearhorizontaldistancebetweensupports

Rise-clearverticaldistancebetweenhighestpointonintradosandspringingline

Centre-geometricalcentreofarchcurve

Ring-circularcourseformingonarch



4
1

*Under
revision

Depthorheight-perpendiculardistancebetweenintradosandextrados

Spandril-irregulartriangularshapeformedbetweenextradosandhorizontalline

drawntangenttocrown

Haunch-thelowerhalfportionofarchbetweencrownandskewback

Arched-rowofarchessupportingawallaboveandsupportedbypiers

Thicknessofsoffit-horizontaldistancemeasuredperpendiculartothefrontand

backfaceofanarch

Impost-projectingcourseatupperpartofapierandabutmenttostressthespringingline.

Thearchmaybedefinedasamechanicalarrangementsofwedgeshaped

blocksofstoneorbrickswhichmutuallysupporteachotherandentirearchis

supportedatendsbypiersorabutments.Thewedgeshapedunitsaresoarranged

togetheralongacurvelinethattheybalancetheirownweightbymutualpressure

andexertaverticalpressureonlywhichcanbesustainedbysupportbelow.

Stabilityconsideration

 Stabilityofarchesdependsonfrictionbetweensurfacesofvoussoirsand

cohesionofmortar.

 Stabilityofarchesisendangeredby

(i) Crushingofarchmaterial

(ii) Slidingofvoussoirs

(iii) Rotation/overturningaboutanedge

(iv) Differentialsettlementofsupports

Tomaintainthestabilityorequilibrium ofarches,pointstobenoted

(I) Crushingofarch;-

Topreventcrushingofarchmaterialwhichoccurswhenthrustatsomepoint

ofarchcreatesthesafecrushingstrengthofmaterial,pointsconsideredare:-

(a)Sizeofvoussoirsshouldbeadequatetoresistanticipatedthrust.

(b)Forsmallspans,thicknessatarchringiskeptuniform from crowntospringing.
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Thicknessofring=
1

12

*

span Or

thickness=20cm forspanupto1.5m

=30cm forspanbetween1.5m to4m

=40cm forspanbetween4m to7.5m

(c)Forlargespans(>7cm),thicknessofarchringmaybeincreasedatspringingby

about20%tothicknessatcrown.

(d)Onlyfirstclassblocksshouldbeusedandforlargespansarchesmaybe

strengthenedbysteelreinforcedsothatsafecrushingstrengthisnotexceeded.

(II) Slidingofvoussoirs:-Topreventslidingofoneoverafter-:

(a)Allbedjointsshouldbeperpendiculartothelineoftheleastresistance,

normallytheyaremadenormaltothecurveofarch,wheretheyarenearly

perpendiculartothelineofleastresistance.

(b)Depthofthevoussoirsshouldbeadequatetoresistthetendencyofjoints

toopenandslideupononeafterother.

(III) Rotationaboutwedge-:Topreventthis

(a)Lineofresistance/thrustatanysectionshouldbewithinmiddlethirdof

archheight.

(b)Thicknessofarchanditscurvearesodesignedthattimeofthrustatleast

fallwithinthesectionandcrosseseachjointawayfromedge.

(IV) Tosafeguardagainstdifferentialsettlement:-

(a)Abutmentsshouldbesufficientlystrongtoresistthethrustofarchdueto

self-weightandsuperimposedloads.

Forabutmentsofamplesize–segmentarchisstrongest

Forsmallersizeofsupports-semi-circular/pointedarchis

usedSemi-circulararchisstrongestandexertsnothruston

abutmentsandpiers.

(b)Whatevermaybetheshapeofarch,itshouldbesymmetricaltoavoid

differentialsettlementofsupport.
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Typesofarches

(I)Classificationaccordingtono.ofcentres-:Outlineofintrados/soffitmaybe

formedbyasinglearc/combinationofarcsofvariousradiiandcentresandso

namedasonecentre,twocentred,3centredarcs

*Onecentredarch-Theyhaveonlyonecentre.Thetypesaresemi-circle,

segmentalarch(lessthanasemi-circle),horseshoearch(morethanasemi-circle),

Stiltedarch(semi-circularwith2verticalsportionsatspringing’s),bullseyearch

(completecirculararch)

*Twocentredarch-Theyare

(a)Bluntarch-Bothcentresarewithinthearchitself.

(b)Gothic/Equilateral/pointedarch-Radiiofarchesareequaltospanand

centresareonspringingpoints.

(c)Acute/laneetarch-boththecentreslieonthespringinglinebutoutsidethe

springingpoints.

*Threecentredarch-

(a)Ellipticalarch-Itistheform ofsemiellipse,Twocentresareusedfor

makinguptheendsandthethirdisusedtodrawthecentralposition.

(b)3centreddroparch-procedurehereisreversed.Endsofthearchformedby

arc,centralportionisdrawnbytheother2centres.

*Fourcentredarch-Twoarchareonthespringinglineandtwo

areBelowthespringingline.

*fivecentredarch-Itlookslikesemi-ellipticalarch.Itsprocedureisasfollowing

(i)firstdrawthespringinglineanddivideinto5parts.

(ii)WithcentresasAandBdrawarchesofradiusequaltospanintersectingat

pointC5.JoinC5with2and3.andproduceindefinitely.

(iii)WithcentresasC1andC2andradius3divisions(i/e1-4)drawarchesintersecting

at4.

(iv)JoinOC1andOC2intersectinglinesC5-2andC5-3andC3andC4.



4
4

*Under
revision

(v)pointsC1,C2,C3,C4,C5arethecentreofthearch.

CLASSIFICATIONACCORDINGTOSHAPEFORMEDBYSOFFIT/INTRADOS-:

(I)FLATARCH(straight/square/camberarch)-:

Theextradosishorizontalandintradosisgivenaslightrise/camberofabout

10to15mm/metrewidthofspansoastoallowforslightsettlementofit.Theangle

ofskewbackwithhorizontalisusually60degree.Thedepthofthearchisgenerally

kept3or4coursesofbrick.

Theyarelimitedtospanupto1.5m unlessstrengthenedbysteelreinforcement.

(II)French/Dutcharch-:Similarindesignwithflatarchbutdiffersinmethod

ofconstruction.Thisisnotsosoundinconstructionandsousedforsmallinside

openingornarrowspansonly.

(III)Semi-circulararch-:Theshapeofthearchsoffitisasemi-circle.The

centreofthearchliesonthespringingline.

(IV)Segmentalarch-:Thecentreliesbelowthespringingline.Thebedjointof

voussoirsradiatefrom thecentreofarch.Depthmaybe20cm,30cm ormultipleof

halfbrick.Commonlyusedforarch.

(VI)Relievingarch-:Generallyconstructedoverawoodenlinteloroveraflat

arch.Itrelievestheloadoflintelorflatarch.Theendsshouldbekeptinsidethesolid

wall.Thesedayslintelsrestricttheuseofrelievingarch.

(VII)Pointedarch/Gatchic–Itisformedintersectionofcurvesatcrown.Ther

are5formsofthesetypesofrches.i/edrop,equilateral,tudor,larcetandvenetin.

(VIII)Venetinarch-:Thisoneform ofpointedarchwhichhasadeperdepthat

crownotherthanarchspringingline.Ithas4centresonspringingline.

(IX)Floreutinearch-:Similartovenetianarchexceptthattheintradosconsist

ofasemicircularcurve.Ithasthreecentresofspringingline.

(X)Semi-circulararch-:Itisformedbymorethanonecentreusually3or5

centres.(XI)Horseshoearch-:Ithasahorseshoelike.
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(XII)Stiltedarch-:(a)2cuspedarch-:Thisarchwith2cupshascentresat

differentlevel.Thisarchcanbemadeinvariousformsandusedfordecorative

purposes.Thisisnotstructurallyefficient.

(c)Corbelarch-:Itshapejustifiesitsnameitdoesnothavearchaction.Here

eachcourseiscantileveredoutoverthecoursebelowuntilthetwosides

meet.Thisistheoldestform ofarchandnotusedinmodernbuildings.

CLASSIFICATION ACCORDING TO MATERIALS AND

WORKMANSHIPINVOLVEDINCONSTRUCTION

StoneArch-

RubbleArch-

*Theyaremadeofroughlydressedstonesarrangedandfittedintoadefinite

archshapebycement.

*Allthestonesusedmaynotbeofsamesizeandsojointsarethicker.

*Theyarerelativelyweakandsousedforinteriortypesofworks.

*Theiruseislimitedtospanof1m.

*Uptoathicknessof40cm stonesarelaidinoneringforfulldepth.

*forgreaterthicknessthan40cm tworingsalternativecoursesof

harderandstretcher.

AshlerArch-

*Herestrongareproperlycutanddressedtotruewedgeshape(i.evoussoirs)

*Uptoadepthof60cm,voussiorsaremadeoffullthicknessofarchandare

setintime(cementmortar)

*Toknowntheno.andsizeofvoussoirsandthekeystoveofarch,afullsize

archisfirstsetoutonplatform levelandthensizesofstonesaremarkedon

platform afterleavingagapforjoints.Templatesaremadeforvoussoirsandkey

stoneofrequiredshape,finallystonesareoutanddressedtowedgeshapesof

templatesandarchislaid.

*Theyhavegoodappearanceandusedforsuperiorwork.
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*Theyhavelaidasheadingandstretcheralternatively.Whenthicknessis

large,onlythestoneismadeoffullthicknessofarchring.

BrickArch

RoughBrickArch-

*Madewithordinarybricks,whicharenetwedgesshapedandsojointsare

wideratextradosthantheintrados.

*Generallytheyareconstructedwithhalfbrickrings.

*Theyarecheap,poorinstrengthandappearance(suitableforconsealedwork)

RoughCutBrickArch-

*Ordinarybricksareroughlycutwithabricklayingaretoform wedgeshaped

voussoirs.Sojointsarenotappealingtoeyes.

*Theyareconsiderednotappealingtoeyesandsounsuitableforexposedwork

*Usedwherefacingbrickworkisfinishedwithplastercoat.

GaugedBrickArches

GAUGEDBRICK-

*Brickspreparedtoexactsizeandshapeofvoussoirsbycuttinganddressing.

*Jointsareveryfine,thinandradially.

*Hardbrickscannotbeusedduetodifficultyincuttingtotruewedgeshape.

*Sospecialbrickscalledrubberbricksarewhichcanbecutanddressed

easilytorequiredshape.

*Theyarecutbysawandfinishedbyrubbingwithstone.

*Togetthinandfinejoint,limepurelyisusedtobindvoussoirs.
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PURPOSEMADEBRICKWORK-

*Superiortypearchworktogetfineandthickness.

*puttylimeisusedforbindingblocks.

ConcreteArchery

PrecastConcreteBlockArchery-

*Forsmallbuildingopening,precastconcreteblocksareusedincement

mortarforarchconstruction.

*Concreteblocksforvoussoirs,keyblocks,skewbacksofrequireddimension

isprepared from concretemixand cured for2-weeks.Theyarewithoutsteel

reinforcement.TheyaresuccessfulinIndiaforimportantbuildingandbridges.

MonolithicConcreteArches-

*Theyareconstructedfrom castin-situconcretewith/without

reinforcementdependingonspanandforcefrequentlyusedforroofingofbuilding,

culvertandbridges.

*Theconstructionforsmallspansandordinaryloadscan bemade

withplaneconcrete.ForlargespanRCCarchesareused.

*Forroofingarches,riseof5cm forevery30cm ofspanisallowedwhen

limeconcreteisusedinarchwork.

*Normallyarchthicknessgreaterthan15cm uptospanof3m andbeyond

this4cm shouldbeaddedforeachadditional30cm more.

*Properframeworkandcenteringisprovidedtosupportfreshconcrete

duringconstruction.Entireworkshouldbekeptforatleasttwoweeks.
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THRUSTLINE

METHODOFANALYSISOFMASONRYARCHES

StaticApproach-

Thelinecontainingallthepointswherethestressresultedateverysectionof

thearchiscalledthrustline.

*Thearchissafewhenlineofthrustisfoundtototalinsidethethicknessof

themasonry.Aclassicanalysismethodusingthisresultinvolvestheuseoffunicular

polygon.Thisisagraphicmethodtoconstructthelineofthrustforarches.Ifthe

archissubjectedonlytoverticalloads,thenthehorizontalcomponentofthrustis

constantthroughoutthewholearch.Nevertheless,thevalueofthiscomponentand

itspositionatthestart/endoftheelementareunknown.Thusthemethodmustbe

iterative.

Maximum Thrust-

Themaximum thrustcaseisthrustline,orzoneofthrust,whichtakes

theintradosoncenearthecrownandtheextradosneareachspringing.Thispattern

istheresponsethearchmakestoabutmentswhichsqueezetogether.

LinearArch/TheoreticalArch/LineOfThrust

Whenarchissubjectedtogivensystem ofloading,thearchshapewhich

followstheshapeoftheBM diagram forabeam ofsomespanasthatoftheacrh

andsubjectedtosomeloadingasthatinthearchisknownaslineararch.

*Thelineofthrustofaportablearchisfunicularpolygon.

Eddy’sTheorem-

Inanarch,BM atanypoint=horizontalthrust*verticaldistance

betweenlineofthrustandcentrelineofarch

(BM atanysection ofan arch is proportionalto the ordinate/intercept

betweenthegivenarchandthelineararch.)



4
9

*Under
revision

5.CAVITYWALL

Acavitywallorhollowwallistheonewhichconsistsoftwoseparatewallscalled

leaderorskinswithacavityorgapinbetweenthem.

Thetwoleavesofacavitywallmaybeofequalthicknessifitisanonloadbearing.

The internalleafmay be thickerthan theexternalleafto meetthe

structuralrequirements.

Cavitywallsareoftenconstructedforgivingbetterthermalinsulationtothe

building.Italsopreventsthedampnesstoenterandactassoundinsulation.

Theinnerandouterskinsshouldnotbelessthan10cm each(halfbrick).

ADVANTAGES:-

Thereisnodirectcontactbetweentheinnerandouterleavesofthewall(exceptat

wallties).Hencemoister(dampness)cannottravelinsidethebuilding.

The cavitybetweenthetwoleavesisfullofairwhichisbadconductorofheat.

hencetransmissionofheatfrom externalfacetotheinsidetheroom isvery

muchreduced.

Cavitywallhaveabout25%greaterinsulatingvaluethanthesolid

walls.Cavitywallsalsooffergoodinsulationagainstsound.

Thenuisanceofefflorescenceisalsoverymuch

reduced.Theyarecheapandeconomical.

Loadsandfoundationarereducedbecauseoffissionsolid.

GENERALFEATURESOFCAVITYWALLS:-

Incaseofbrickcavitywall,eachishalfbrickthick.suchwalliscapableoftaking

loadoftwostoryedofthedomestictype,ifheavierloadsaretobesupported,the

thicknessofinnerleafcanbeincreased.
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Thecavitywallshould neitherbelessthen 40mm moreformorethan 100mm

inwidth.

Theinnerandouterskinsareadequatelytied togetherbymeansofthespecial

walls ties placed in suitable arrangement,atthe rate ofatleastties toa

squaremeterofwallarea.

Theties are staggered.tiesmustbe placed at300mm verticalintervals atall

anglesanddoorsandwindowsjambstoincreasestability.

Sincethe cavity separates the two leaves ofthe wall,topreventmoisture to

enter,itisessentialtoprovideaverticaldampproofcourseatwindowanddoor

reveals.

Thedampproofcourseshouldbeflexible.

PORPOSEFORPROVIDINGACAVITYWALL:-

1.PREVENTATIONOFDAMPNESS:-Whencavitywallconstructionisadoptedthereis

considerabledecreaseinthepreventionofdampnessfrom outsidetoinsideof

thebuilding.

2.HEATINSULATION:-Theairinthecavityactsasanon-conductorofheatandhence

theuniform temperatureismaintainedinsidethebuilding.

3.SOUNDINSULATION:-Theconsiderableportionofexternalnoiseisnotallowedto

enterinsidethebuildingbyadoptingcavitywallconstruction.

4.LOAD ON FOUNDATION:-Due to less solid thickness ofwallthe loads on

foundationareconsiderablyreduced.

5.EFFLORESCENCE:-Theconstructionofcavitywallresultsinthereductionof

nuisanceofefflorescencetoagreatextent.

6.ECONOMICAL:-Inadditiontoabovementionedadvantages,itisfoundthatthe

constructioncostofacavitywallis20% lessthantheconstructioncostofa

correspondingsolidwall.

CONSTRUCTIONDETAILSOFCAVITYWALL:-

Acavitywallisconstructedoftwoleavesthatisinnerandouterwithahollowspace

inbetweenthem.

Thewidthofcavityvariesfrom 50mm to100mm anditstandsvertically.Theouter

isgenerallyof½brickthicknessandtheinnerwallmaybeof½of1brickthickness.



5
1

*Under
revision

Thetwoportionsofthewallareconnectedbymeansofmetaltiesorspecially

preparedbondedbricks.Themetaltiesaregenerallyofwroughtironormildsteel

andtheyarecoatedwithtarorgalvanizedsoastohaveprotectionagainstrust.

Wherecorrosionisheavy,themetaltiesofcopperorbronzemaybeadopted.The

metaltiesareplacedatahorizontaldistanceof900mm andaverticaldistanceof

450mm.Thearrangementoftiesiskeptstaggered.

Theouterwallisgenerallyconstructedinstretcherbond,butitmaybeconstructed

intheflemishbondorenglishgarden-wallbondorflemishgarden-wallbondbyusing

batsforheaders.

Asfaraspossible,thereshouldbenointimatecontactbetweentwoleavesofthecavity
wall.

Constructionatbase:-

Thecavitymaybestartedfrom thetopoffoundationconcrete&thehollowspace,up

toalevelofabout100mm to300mm belowthedamp-proofingcourseatplinthlevel,

maybefilledwithplaincementconcreteofproportion1:2:4.

But,as the cavitybelow damp-proofcourse does notserve anypurpose ,the

brickworkuptoalevelof100mm to300mm below thedamp-proofingcourseat

plinthlevelmaybeconstructedsolidly.

Theincreasedthicknessofwallwillalsobehelpfulinsupportingtheloadtobe

carriedbythewall.

Constructionatopening:-

Intheplan,thecavityisdiscontinuedattheopeningsuchasdoors,windows,etc.

Thejambsofopeningsfordoorsand windowsareconstructed solid eitherin

brickworkorwithlayersofslatesortiles.

Ifmetalwindowsareprovided,speciallypreparedmetalframescanbeusedforthis
purpose.

AninclinedflexibleD.P.Cisprovidedtoactasabridgeoverthecavity.theD.P.C

shouldbeextendlengthwisebeyondtheframeforadistanceofabout150mm on

eitherside.

Constructionattop:-

Itisnecessarytotakeadequatestepsattoptopreventtheentryofdampnesstothe

insideportionofthewall.

Thecavitymaybeconstructeduptothecopingoftheparapetwalloralternativelyit

maybeclosedatthebottom oftheparapetwallbyadampproofingcourse.
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Incaseofapitchedroof,thetopsoftwoportionsareconnectedbysolidbrickwork

tosupporttherooftrussanddamp-proofingcourseisinsertedimmediatelybelow

thissolidportion.

Ventilation:-

Itisnecessarytoprovideenoughventilationtothehollowspaceofthecavitywall.

Thisisachievedbyprovidingopeningsattopatbottom ofthewallsothatafree

currentofairisestablished.Theopeningsaretobefittedwithgratingssothatentry

ofratsandothervarmintstothehollowspaceisprevented.Sometimes,theairbricks

areusedforthispurpose.

Shapeandslopeofties:-

Themetaltieswhichareusedtoconnecttheouterandinnerportionsshouldbeso

shapedandplacedthatwaterfrom outerportiondoesnotpassalonginnerportions.

Theyshouldthusbeslopedawayfrom theinnerportion.

Droppingofmortar,batsetc.:-

Duringconstructionofacavitywall,itshouldbeseenthatmortar,bats,etc.,donot

fallinthehollowspace.Thepresenceofsuchmaterialinthehollowspaceseriously

affectstheworkingofacavitywall.Forthispurpose,awoodenstripofwidthslightly

lessthanthatofthehollowspace,issupportedontiesanditisraisedasthework

proceeds.Also,somebricksatthebottom areleftoutandbats,etc.Fallinginthe

cavityareremovedfrom theseholes.Whentheworkiscompleted,thisbottom

portion issealed byfilling itwith bricks.Italso be seen thatthe verminsor

mosquitoesdonotfindaccessinthecavity.

Design:-

Theoutsideportionofacavitywallshouldbetreatedonlyasaprotectingskinand

notasamemberofaloadbearingwall.Theinsideportionshouldhavesufficient

thicknesstocarrysafelytheloadcomingonit.
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6.STAIRS

Themeansofcommunicationbetweenvariousfloorsisofferedbyvarious

structuressuchasstairs,lifts,ramps,ladders,escalators.

STAIR:Astairisaseriesofstepsarrangedinamannerastoconnectdifferent

floorsofabuilding.Stairsaredesignedtoprovideaneasyandquickaccessto

differentfloors.

 Astaircaseisanenclosurewhichcontainsthecompletestairway.

 Inaresidentialhousestairsmaybeprovidedneartheentrance.

 Inapublicbuilding,stairsmustbefrom mainentranceand

locatedcentrally.STAIRCASE:Room ofabuildingwherestairislocated.

STAIRWAY:Spaceoccupiedbythestair.

TECHNICALTERMS

1.BALUSTER:Verticalmemberwhichisfixedbetweenstairwayandhorizontalto

providesupporttohandrail.

2.BALUSTRADE:Combinedframeworkofbalusterandhandrail.

3.STRING:Inclinedmemberofastairwhichsupportsendsofsteps.Theyareof

twotypes,(i)cut/openstring,(ii)closed/housedstring.

 Inopenstring,upperedgeiscutawaytoreceivetheendsofsteps.

 Inclosedstring,theendsofstepsarelayedbetweenstraightandparallel

edgesofthestring.

4.FLIGHT:Unbrokenseriesofstepsbetweenthelandings.

5.GOING:horizontaldistancebetweenfacesoftwoconsecutiverisers.

6.HANDRAIL:inclinedrailoverthestring.Generallyitismoulded.Itservesasa

guardrail.Itisprovidedataconvenientheightsoastogivegrasptohand

duringascentanddescent.

7.HEADROOM:verticaldistancebetweennosingsofoneflightandthebottom of

flightimmediatelyaboveiscalledheadroom.

8.LANDING:horizontalplatform between two flights ofa stair.A landing

facilitateschangeofdirectionandprovidesanopportunitytotakerest.

9.NEWELPOST:verticalmemberplacedatendsofflightstoconnectendsof

stringandhandrail.

10.NOSING:projectionpartoftreadbeyondfaceofriser.

11.LINEOFNOSING:imaginarylineparalleltostringsandtangentialtonosings.

Theunderfaceofhandrailshouldcoincidewithlineofnosing.

12.PITCH:angleofinclinationofstairwithfloor.

Angleofinclinationoflineofnosingwithhorizontal.

13.RISE:verticaldistancebetweentwosuccessivetreads.

14.RISER:verticalmemberofthestep,whichisconnectedtotreads.
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15.RUN:lengthofastairinahorizontalplanewhichincludeslengthoflanding.

16.SCOTIA:anadditionalfinishprovidedtonosingtoimprovetheelevationofthe

stepwhichalsoprovidesstrengthtonosing.

17.SOFFIT:undersurfaceofastair.Generallyitiscoveredwithceilingorfinished

withplaster.

18.STEP:combinationoftradeandriser.Differenttypesare.

 Commodesteps:ithascurvedriserandtread

 Dancingstep:theydon’tradiatefrom acommoncentre

 Flier:ordinarystepofrectangularshapeinplan

 Roundendedstep:similartobullnosestepexceptthatitsendsare

sem-icircularinplan

 Splayedstep:ithaseitheroneend/bothendssplayedinplan

 Winder:thisisataperingstepandisusedtochangethedirectionof

aflight.Thewindersradiatefrom acommoncentre.

 Tread:horizontalupperportionofastep.

 Waist:thicknessofstructuralslabinRCCstair

 Carriage:aroughtimbersupportingstepsofwoodenstairs

REQUIREMENTOFGOODSTAIRCASE

 Stairsshouldbesolocatedthatitiseasilyaccessiblefrom thedifferentrooms

ofabuilding.

 Itshouldhaveadequatelightandproperventilation.

 Itshouldhavesufficientstairwidthtoaccommodateno.ofpersonsinpeak

hour/emergency.

Generallyforinteriorstairs,clearwidthmaybe

 atleast50cm inone/twofamilydwellings

 atleast90cm inhotels,motels,apartmentandindustrialbuilding

 atleast1.1m forothertypeslikehospitals,templesetc.

 No.ofstepsinaflightshouldberestrictedtoamaximum of12,minimumof3.

 Ampleheadroom shouldbeprovidedfortallpeopletogivefeelingof

spaciousness.Itshouldbeminimum of2.15m.

 Risersandtreadssizesshouldbeprovidedfrom common

pointview.Tread=2.5cm –32.5cm (wide),

excludingnosing.

Tread<25cm,shouldhaveanosingofabout2.5cm

Comfortableheightofriser=17.5cm-18.5cm.

 Riser*tread=(400-410).426

 Riser+tread=(42.5-43.5)40-45

 2(riser)+tread=60-64cm 60

Takerise=14cm,going=30cm.foreach2cm substractedfrom going,

add1cm torise.
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 Stairwidthdependsonpurposeandimportanceofbuilding.

 No.ofstairwaysrequiredshouldbecontrolledbymaximum floorarea

contributorytostairway.

(No.ofpersonsusingstairs/floor/55cm

stairwidth)shouldbe15forhospitaland

nursinghome.

Shouldbe30forinstitutionalandresidential

buildingShouldbe45forstoragebuilding

Shouldbe60formercantile,educational,industrialbuilding,theatres,

restaurants.Shouldbe80forchurchconcerthall,museum

Shouldbe320forstadium andamutementstructures.

 Minimum widthoflanding=widthofstair

 Maximum andminimum pitchshouldbe400and250.

 Windershouldbeprovidedatlowerendofflightwhenitisessential.Useof

windershouldbeavoided.

 LiveloadtobeconsidersnstairshavebeenstipulatedbyIS875-1964

 Stairsand landingsshould be designed forlive load of3000kg/m.s2 in

buildingwheretherearenopossibilitiesofovercrowdinginpublicbuildingand

warehouseswhereovercrowdingislikelyliveloadmaybetakenas500kg

 Railingshouldbedesignforhorizontalforceof55andverticalforceof70

appliedattopofrail

TYPESOFSTAIRS

1.Straightstair:
 Herethereisnochangeinthedirectionofanyflightbetweentwo

successivefloors.
 Itcanbestraightrunwithasingleflightbetweenfloorsoraseriesof

flightswithoutchangeindirection

Parallel

stairsAngle

stairs

Scissors

stair

 Straightstaircanhaveachangeindirectionatanyintermediatelanding.
 Inparallelstair,thereiscompletereversalofdirectionoccurs.
 Inanglestair,successiveflightsareatanangletoeachother.
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 Scissorstairsarecomprisedofapairofstraightrunsinopposite
directionandareplacedonoppositesidesofafireresistivewall.
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2.Turningstairs:

 Quarterturnstair:
 Providedwhereflightdirectionistobechangedby900

 Changeindirectioncanbeaffectedbyeitherintroducinga
quarterspacelandingorbyprovidingwindersatjunctions.

 Halfturnstair:

 Theychangetheirdirectionthrough1800.Theycanbedog
leggedandopennewel.

 Indogleggedstair,flightsareinoppositedirectionandno
spaceisprovidedbetweentheflights.

 Inopennewelstair,thereisawell/openingbetweenflightsand
maybeusedtoaccommodatelift.

 Opennewelstairsareusedatplaceswheresufficient
spaceisavailable.

 Threequarterturnstair:
 Theychangeinthedirectionthrough2700ordirectionis

changedwithitsupperflightcrossingthebottomone.
 Inthistypeanopenwellisformed.

3.Circularstair:
 Whenviewedfrom above,appeartofollowacirclewithasingle
centreofcurvatureandlargeradius.
 Generallytheyareprovidedattherearofabuildingtotheaccessfor
servingatvariousfloors.
 Allthestepsradiatefrom anewelpostintheform ofwinders.
 Madeupofstone,castiron/RCC.

4.Spiralstairs:
 Similartopreviousoneexceptthattheradiusofcurvatureissmall
andthestairmaybesupportedbyacentrepost.
 Overalldiameterrangefrom1-2.5m

5.Curvedstair:
 Whenviewfrom aboveappeartofollowacurvewith2ormore
centreofcurvature,suchasellipse.

6.Geometricstair:
 Theyhavenonewelpostareofanygeometricshape.
 Thechangeindirectionisachievedthroughwinders.
 Theyneedsmoreskillsforitsconstructionandareweakerthan
opennewelstairs
 Heretheopenwellbetweenforwardandbackwardflightsiscurved.

7.Bifurcatedstair:
 Soarrangedthatthereisawideatthestartandsubdividedinto
narrowflightsatmidlanding.
 Thetwonarrowflightsstartfrom eithersideofmidlanding.
 Theyaresuitableformodernpublicbuildings.
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CLASSIFICATIONOFSTAIRSBASEDONMATERIALSOFCONSTRUCTION

Generalmaterialsusedinconstructionofstairsare

o Wooden
o Stone
o Brick
o Metals/steel
o Planeconcrete
o RCC

 Woodenstair
o Astheyarelightinweight,mostlyusedforresidentialbuilding.
o Themainobjectiontothisstairisthatitiseasilyattackedby

fireandthus,infire,theoccupantsofupperfloorcan’tescape.
o Ifitismadefrom goodtimberlikeTeak,andthicknessisabout

45mm,itbecomessufficientlyfireproofandallowsenoughtime
foroccupantsonupperfloortoescape.

Factorstobeconsideredhereare,

 Thestringsupportingendsofwoodenstepsmay
beacutstring/closedstring.

 Scotiablocksmaybeprovidedtogiveadditional
finishtowoodensteps.

 Smalltriangularwoodenblockscalledglueblocks
maybeprovidedatinnerangleformedbetweena
tradeandriser,toprovideadditionalstrength.

 Ametalstripmaybeprovidedonnosingofwooden
steptoincreaseitsresistanceagainstwearandtear.

 Thelandingmaybeformedbyprovidingwooden
beamsofsuitablesizes.

 Sometimesrisersareomitted.tradesarehousedin
stringsandsoffitiscoveredwithwooden
battens/metalsheets.

 Thetimberusedshouldbefreefrom fungaldecay,insect
attack,oranydefect.Edgesmaybefinishedsmoothand
excesslighttimbershouldnotbeused.

 MetalStair

o Theyarenotfrequently/commonlyusedstairs.
o Theexternalfireescapestairsaregenerallymadeofmetal.
o CommonmetalsareCI,bronze,andmildsteel.
o Widelyusedinfactories,workshop,and

godowns.Mainfeaturesare,

 Stringersareusuallyofchannelsection
 Treadandriserofastepmaybeofoneunitor

maynotbe
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 RCCStair



Treadandrisersaresupportedonangles,
whichareconnectedtostringers.

 Risersmaybetotallyomitted.
 SpiralsstairsofCIconsistsofCInewelfixedin

centeraroundwhichtheCIstepsarefixed.
 Formetalstairsmetalbalusterswithpipe

handrailareused.

o Commonlyusedinalltypeofconstruction.
o Theyresistbetterfireandwearthananyother

materialandcanbemouldedtodesiredshape.
o Thestepcanbeprovidedwithsuitablefinishing

materialsuchasmarble,terrazzo,tilesetc.
o Theycanbeeasilymaintained,strong,durableand

pleasinginappearance.
o Theycanbedesignedforgreaterwidthsandlayerspans.
o Thestepsmaycastinsitu/precast.
o Itispossibletoprecastaflightandplaceitin

positionbyequipments.

Thematerialscanbeusedtogether/combinationwitheachother

toform COMPOSITESTAIRS.



6
0

*Under
revision

7.FIRE-RESISTINGCONSTRUCTION

Afullyfireresistantbuildingisfullyprotectedagainstanyfirewhichoccuriniscontents.

CausesofFire:Thecausesofvarioustypesoffirehazardsaredescribedindetails:

 Electricalhazards:Damaged wiring,Damaged plugs,Damp orwetwires,

Overloadedmotors,Brokenswitches,outletsorsockets,Problemswithlighting

fixtures,Faultyheatingelements,Overloadedcircuits,Liquidsnearcomputers,

Computerswithoutsurgeprotectors.

 Housekeepinghazards:Pilesofscrap,wastematerials,andtrash;Sawdust,

metalorplasticpowderthatcanform anexplosivemixturewithair;Obstructed

aisles,Blockedemergencyexits,Materialcoveringupfireextinguishers,exit

signs,andalarms;Blockedsprinklerheads.

 Frictionhazards:Hotbearings,Misalignedorbrokenmachineparts,choking

orjammingmaterials,Pooradjustmentofmovingparts,Inadequatelubrication.

 processoroperation-related hazards:Cutting and welding operations,

whichuseopenflamesandproducesparks;Moltenmetal,whichcanignite

combustiblesorfallintocracksandstartafirethatmightnoteruptuntilafterthe

work is done;Processes thatheatmaterials to high temperatures;Drying

operationswherematerialsin dryerscan overheat;Grinding operationsthat

producesparksanddust;Processesinwhichflammablevaporsarereleased

 Storagehazards:Materialsstackedtoohighblockingsprinklerheads(need18

-inchesclearancefrom head);Flammableorcombustiblematerialsstoredtoo

closetoheatsources;Flammablematerialsnotstoredinspecialcontainersand

cabinetsInadequateventilationinstorageareas;Materialsthatmightreactwith

oneanotherstoredtogether;Materialsstoredindamagedcontainers;Materials

storedinunlabeledcontainers;Containersnottightlysealed

 Smokinghazards:Ignoring"NoSmoking"signs;Smokingaroundflammableor

combustiblematerials;Throwingmatchesandcigarettesorcigarsontablesor

workbenches;Tossingbuttsonthefloororgrasswithoutproperlyextinguishingthemin
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anashtrayorashcan;Tossinglightedbuttsormatchesoutwindowsordoors;

Smokinginbed;Leavingacigarette/cigarunattended;Smokinginareaswhere

thereisanaccumulationofsawdust,plasticormetalpowdersthatmaybecome

explosive.

FireLoad:ItistheamountofheatliberatedinKJ/m2offloorareaofanycomponent

bythecombustionofthecontentofandanycombustiblepartofbuildingitself.The

classificationoffireloadasperBIS:1641-1960areasfollows:

1.Lowfireload:notexceeding1.15×106KJ/m2

2.ModeratefireLoad:1.15×106KJ/m2to2.30×

1063.HighfireLoad:2.23×106KJ/m2to4.60×106

LimitingFireLoad:

1.ProvidingfireFightingEquipment

2.Usingfireresistantmaterialsforconstruction

3.Providingsuitablemeansofescape

4.Protectionofopenings

Characteristicsoffireresistingmaterials:

 Thecompositionofthematerialshouldbesuchthatitdoesnotbecome

disintegratedundertheeffectofgreatheat.

 Theexpansionofthematerialduetoheatshouldnotbesuchthatitleadsto

instabilityofthestructure.

 Thecontractionofthematerialduetothesuddencoolingwithwaterafterit

hasnotbeenheatedtoahightemperatureshouldnotberapid.

Fireresistingpropertiesofcommonbuildingmaterials:

Fireresistingpropertiesofcommonbuildingmaterialssuchasstone,brick,glass,

steelandconcretearedescribedbelow:

a.Stone:stoneisabadconductorofheatanditisalsoanon-combustiblematerial;

however,itsuffersappreciableundereffectoffire.Moreover,thestoneisalso

liabletodisintegrateintosmallpieceswhenheatedandsuddenlycooled.

b.Brick:Bricksarenotseriouslyaffecteduntilveryhightemperaturesaround1200
oCto1300oCarereached.Thisisduetothefactthatabrickispoorconductor

ofheat.
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c.Cast-iron:Thematerialfilesintopieceswhenheatedandsuddenlycooled.

Therefore,whenthismaterialinconstruction.Itiscoveredeitherbybrickworkof

one-brickthicknessoranyotherfireresistingmaterialsuchasconstruction.

d.Timber:Generally,thestructuralelementsmadeoftimberigniteandgetrapidly

destroyedincaseoffire.Toincreasethetimbermorefireresisting,thesurfaces

oftimbers are coated with chemicals such as ammonium phosphate and

sulphate,boraxandboricacid,zincchloride.

e.Glass:Thematerialsarepoorconductorofheatanditsexpansionduetoheatis

small.Thecracksareformedinthismaterialwhenheatedandsuddenlycooled.

f. Wrought-iron:Thismaterialisrarelyusedasstructuralaspresent.Itbehaves

moreorlessinthesamewaymildsteel.

g.Aluminium:Verygoodconductorofheat,itpossesspoorfireresistingproperties.

h.AsbestosCement:thisisnon-combustiblebuildingmaterialwithlowcoefficient

of expansion. It therefore possesses high fire resisting property than

othermaterial.

FireProtectionSystem:Thesystem whichprotectsalargeareafrom fireby

usingcomponentssuchaspipes,pumpsets,controlpanel,sprinklersornozzlesetc,,

isknownasfireprotectionsystem.

1.Automaticsprinklersystem:Mostreliableautomaticmeansoffirefighting.It

involvesautomaticsprinklersattachedtoapipingsystem containingwaterunder

pressure and connected to a watersupply so thatwateris discharged

immediatelysprinkleropenedbyfire.

2. Carbondioxidesystem:Itextinguishesfirebydilutingflammablemixtureofair

andflammablegasorvapourtoproportionsbelowtheirflammablelimits.

3.DryChemicalsystem:Thissystem includesasupplyofdrychemical,anexcellent

gassuchascompressednitrogendetectiondevices,releasemechanism,fixed

pipingandnozzlesfordischargingthedrychemicalintohazardarea.

4.Foam System:Inthissystem,themechanicalfoam isformedbypassingfoam

producingliquidandwaterthroughadequatedevice.Thefoam isasaggregateof

airfilledbubbles.Itislighterthanflammableliquidsandoils.Theprincipal

components ofthis system include proportioning apparatus,concentrated

storagetank,watersupply,foam makerorsprayfoam-heads,heatdetecting

devices,automaticandmanualactuationdevicesandanalarmsystem.
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5.HolonSystem:Thisindicatesaspecificfamilyofchemicalswhichareproduced

byreplacingoneormorehydrogenatomswithhalogenatoms.Thisiscontained

incylindersunderpressureinliquidstateanditisreleasedthroughnozzleson

pipingdistributionarrangement.Anactuatorisprovidedacylindercontrolvalue

anditisoperatedeitherbyelectricorpneumaticsignalwhenfireoccurs.

6.Hydrantsystem:inthissystem,thehydrantsarelocatedatsuitablepointsand

theycanbeoperatedatsuitablepointsandtheycanbeoperatedmanually

orautomatically.

7.WaterSpraySystem:Thewaterspraysystem usedforfireextinguishdepends

uponthetypeofsprayandcanbesprayedintwocategories:

 Multi-firesystem:waterissprayedinhighvelocities

 ProtectiveSystem:Finewatersprayoflowdischargevelocity

VarioustypesofFire-resistingconstruction:

Thetypeandageofconstructionarecrucialfactorstoconsiderwhenassessingthe

adequacyofexistingescaperoutes.Toensurethesafetyofpeopleitmaybe

necessarytoprotectescaperoutesfrom fire.Inolderpremisesitispossiblethat

typeofconstructionandmaterialsusedmaynotperform tocurrentfirestandards

andrefurbishmentsmayhaveledto:

 Cavitiesandvoidsbeingcreated,allowingthepotentialfortheunseenspread
offire.

 Doorsandhardwarebeingwornbyageandmovementbeinglesslikelyto

limitthespreadoffireandsmoke.

 Damagedorinsufficientcavitybarriersinmodularbuildingconstruction(e.g.

CLASPorSCOLAtypeconstruction).

 Breachesin fire compartmentwalls,floorsand ceilingscreated bythe

installationofnewservices,(e.g.computerservices).

Whereanescaperouterequirestheprovisionoffireresistingconstruction(e.g.

deadendcorridorsorprotectedstairways)thefollowingshouldbeensured:

 Doors(includingaccesshatchestocupboards,ductsandverticalshafts

linkingfloors),walls,floorsandceilingsprotectingescaperoutesshouldbe

capableofresistingthepassageofflameandsmokeforlongenoughfor

peopletoescapefrom thebuilding(normally30min).

 Wherefalseceilingsareprovided,fireresistanceshouldextenduptothe

floorslab above (formeansofescape purposes30min fire resistance



6
4

*Under
revision

isrequired).
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 Cavitybarriers,firestoppinganddampersinductsareappropriatelyinstalled

asrequired.

General

Thematerialsfrom whichyourpremisesareconstructedmaydeterminethespeed

withwhichafiremayspread,affectingtheescaperoutesthatpeoplewilluse.Afire

startinginabuildingconstructedmainlyfrom readilycombustiblematerialwill

spreadfasterthanonewheremodernfire-resistingconstructionmaterialshave

beenused.Wherenon-combustiblematerialsareusedandtheinternalpartitions

aremadefrom fire-resistingmaterials,thefirewillbecontainedforalongerperiod,

allowingmoretimefortheoccupantstoescape.

BecauseoftherequirementsoftheBuildingRegulationsyouwillprobablyalready

havesomewallsandfloorsthatarefire-resistingandlimitationsonthesurface

finishestocertainwallsandceilings.

Youwillneedtoconsiderwhetherthestandardoffireresistanceandsurface

finishingintheescaperoutesissatisfactory,hasbeenaffectedbywearandtearor

alterationsandwhetheranyimprovementsarenecessary.

Thefollowingparagraphsgivebasicinformationonhowfire-resistingconstruction

canprovideupto30minutesprotectiontoescaperoutes.Thisisthestandard

recommended formostsituations.Ifyou arestillunsureoftheleveloffire-

resistancethatisnecessaryafterreadingthisinformation,youshouldconsultafire

safetyexpert.

Fireresistingconstruction

Thefireresistanceofawallorfloorisdependentonthequalityofconstructionand

materialsused.Commonexamplesoftypesofconstructionthatprovide30-minute

fireresistancetoescaperoutesifconstructedtotheabovestandardsare:

 Internalframedconstructionwall,non-loadbearing,consistingof72mm x

37mm timberstuds at600mm centres and faced with 12.5mm of

plasterboardwithalljointstapedandfilled.

 Internalframed construction,non load-bearing,consisting ofchannel

sectionsteelstudsat600mm centresfacedwith12.5mm ofplasterboard

withalljointstapedandfilled;
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 Masonrycavitywallconsistingofsolidbricksofclay,brickearth,shale,

concreteorcalcium silicate,withaminimum thicknessof90mm oneachleaf.

Figure1:Fire-resistingconstruction

Thereareothermethodsandproductsavailablethatwillachievetherequired

standard offire resistance and may be more appropriate forthe existing

constructioninyourpremises. Ifthereisanydoubtabouthow yourbuildingis

constructed,thenaskforfurtheradvicefrom acompetentperson.

Fire-resistingfloors

Thefireresistanceoffloorswilldependontheexistingfloorconstructionaswellas

thetypeofceilingfinishbeneath.Ifyouneedtoupgradethefireresistanceofyour

flooritmaynotbedesirabletoapplyadditionalfireresistancetotheundersideof

anexistingornateceiling.Inolderbuildingstheremaybearequirementtoprovide

fireresistancebetweenbeamsandjoists.

Atypicalexampleofa30-minutefire-resistingtimberflooristongueandgroove

softwoodofnotlessthan15mm finishedthicknesson37mm timberjoists,witha

ceilingbelow ofonelayerofplasterboardtoathicknessof12.5mm withjoints

tapedandfilledandbackedbysupportingtimber.
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Thereareother,equallyvalid,methodsandproductsavailableforupgradingfloors.

Ifyouareinanydoubtyoushouldasktheadviceofacompetentpersonandensure

thattheproductisinstalledinaccordancewithinstructionsfrom themanufacturer

orsupplier.

Fireresistingglazing

Themostcommontypeoffire-resistingglazingis6mm Georgianwiredglazing,

whichiseasilyidentifiable.Clearfire-resistingglazingisavailableandcanquickly

beidentifiedbyamarketchedintotheglass,usuallyinthecorneroftheglazed

panel,toconfirm itsfire-resistingstandard.

Althoughthisisnotcompulsory,themarkingofglassissupportedbytheGlassand

Glazing Federation,you should check whetherthe glazing would be marked

accordinglybeforepurchase.

Theglazingshouldhavebeeninstalledinaccordancewiththemanufacturer’s

instructions and to the appropriate standard,to ensure thatits fire-resisting

propertiesaremaintained.

Theperformanceofglazedsystemsintermsoffireresistanceandexternalfire

exposureshould,whereverpossible,beconfirmedbytestevidence.Alternatively,

wherethereisalackoftestinformation,askforanassessmentoftheproposed

constructionfrom suitablyqualifiedpeople.

Fireseparationofvoids

A commonproblem encounteredwithfireseparationisfire-resistingpartitions,

whichdonotextendabovefalseceilingstotrueceilingheight.Thismayresultin

unseenfirespreadandalossofvitalprotectiontotheescaperoutes.Itisimportant

thereforetocarefullycheckallsuchpartitionshavebeeninstalledcorrectly.

CLASPandSCOLAtypeconstruction

CLASP(Consortium ofLocalAuthoritiesSpecialProgramme)andSCOLA(Second

Consortium ofLocalAuthorities)aretotalorsystematicmethodsofconstruction

thatweredevelopedtoprovideconsistentbuildingquality,whilereducingtheneed

fortraditionalskilledlabour.Theyconsistofametalframeuponwhichstructural

panelsarefixed.Thisresultsinhiddenvoidsthroughwhichfiremayspread.
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Itisimportantthatcavitybarriersthatrestrictthespreadoffireareinstalled

appropriately,especiallytowallsandfloorsthatneedtobefireresisting.Ifyouare

inanydoubtastowhetheranyremedialworkwillberequired,thenaskforadvice

from acompetentperson.

Breachingfireseparation

Toensureeffectiveprotectionagainstfire,wallsandfloorsprovidingfireseparation

mustform acompletebarrier,withanequivalentleveloffireresistanceprovidedto

anyopeningssuchasdoors,ventilationducts,pipepassagesorrefusechutes.

Thepassingofservicessuchasheatingpipesorelectricalcablesthroughfire-

resistingpartitionsleavesgapsthroughwhichfireandsmokemayspread.This

should be rectified bysuitable fire stopping and there are manyproprietary

productsavailabletosuitparticulartypesofconstruction.Competentcontractors

shouldinstallsuchproducts.

Décorandsurfacefinishesofwalls,ceilingsandescaperoutes

Thematerialsusedtolinewallsandceilingscancontributesignificantlytothe

spreadofflameacrosstheirsurface.Mostmaterialsthatareusedassurface

liningswillfallintooneofthreeclassesofsurfacespreadofflame.Thefollowing

arecommonexamplesofacceptablematerialsforvarioussituations:

Class0:Materialssuitableforcirculationspacesandescaperoutes

 Suchmaterialsincludebrickwork,blockwork,concrete,ceramictiles,plaster

finishes(includingrenderingonwoodormetallathes),wood-woolcement

slabsandmineralfibretilesorsheetswithcementorresinbinding.

Note:Additionalfinishes to these surfaces may be detrimentalto the fire

performanceofthesurfaceandifthereisanydoubtaboutthisthenconsultthe

manufacturerofthefinish.

Class1:Materialssuitableforuseinallroomsbutnotonescaperoutes

 Such materials include allthe Class 0 materials referred to above.

Additionally,timber,hardboard,block-board,particle board,heavy flock

wallpapersand thermosetting plasticswillbesuitableifflame-retardant
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treatedtoachieveaClass1standard.
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Class3:Materialssuitableforuseinroomsoflessthan30m2

 SuchmaterialsincludeallthosereferredtoinClass1,includingthosethat

havenotbeenflame-retardanttreatedandcertaindensetimberorplywood

andstandardglass-reinforcedpolyesters.

Strongroom construction:

Thistypeofconstructionisadoptedtoprotectimportantdocuments,wealth,

currencynotesfrom fireandthieves.Followingsareimportantfeaturesofastrong

room construction.

1.Thewalls,floorsandceilingsofstrongroom areconstructedwithminimum

thicknessof30mm.

2. Grillsaretobeplacedinsuchawaythatnogapisleft.

3.Specialprecautionsaretobeexercisingdoors,windows,andventilatorsofstrongroom.
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8.PLASTERING

Applyingmortarcoatsonthesurfacesofwalls,columns,ceilingetc.togetsmooth

finishistermedasplastering.Mortarusedforplasteringmaybelimemortar,cement

mortarorlime-cementmortar.Limemortarusedshallhavefatlimetosandratioof

1:3or1:4.Ifhydrauliclimeisusedmixproportion(lime:sand)is1:2.Cement

mortarof1:4or1:6mixisverycommonlyusedforplastering,richermixbeingused

forouterwalls.Tocombinethecosteffectivenessoflimemortarandgoodqualityof

cementmortarmanyuselime-cementmortarofproportion(cement:lime:sand)of

1:1:6or1:1:8or1:2:8.

Theobjectivesofplasteringare:

1.Toconcealdefectiveworkmanship

2.Togivesmoothsurfacetoavoidcatchingofdust

3.Togivegoodappearancetostructure

4.Toprotectthewallfrom rainwaterandotheratmosphericagencies

5.Toprotectsurfacesagainstvermit.

Requirementofgoodplasterare:

 Itshouldadheretothebackgroundeasily.

 Itshouldbehardanddurable.

 Itshouldpreventpenetrationbymoisture.

 Itshouldbecheapandeconomical.

 Itshouldpossessgoodworkability.

 Itshouldefficientlycheckentryorpenetrationofmoisturefromsurface.

Materialsforplastering:

Limemortarisusuallyappliedin3coatswhilecementmortarisappliedintwoor

threecoatsforthestoneandbrickmasonry.Forconcretesurfacescementmortar

maybeappliedintwoorthreecoats.Forconcretebuildingblocksmanytimesonly

onecoatofcementmortarisapplied.Thefirstcoatprovidesmeansofgettinglevel

surface.Thefinalcoatprovidessmoothsurface.Ifthreecoatsareusedsecondcoat

isknownasfloatingcoat.Theaveragethicknessoffirstcoatis10to15mm.Middle

coatthicknessis6–8mm.Thefinalcoatisjust2to3mm
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thick.Ifsinglecoatisuseditsthicknessiskeptbetween6to12mm.Suchcoatsare

usedonconcretesurfacesnotexposedtorain.Themortarusedforplasteringwork

canbeclassifiedintothreecategories:

 Limemortar:itconsistsofequalvolumeoflimeandsandthesetwomaterials

arecarefullygroundinmortarmill.Flatlimeisrecommendedforplasteringwork.

 Cementmortar:thecementmortarconsistsofonepartofcementtofourpartof

clean,coarseandangularriversand.Thematerialsarethoroughlymixedindry

conditionbeforewaterisaddedtothem.Themixingofmaterialsisdoneona

watertightplatform.

 Waterproofmortar:Thismortariswaterproofanditispreparedbymixingone

partofcementandtwopartsofsandandpulverisedalum attherateof120N

perm3sand.

MethodofPlastering:

Theplasteringcouldbedoneonthesurfaceseitherinone,twoandthreecoats.The

plasteringsfortwocoatsareasfollows:

 Themortarjointsarerackedouttoadepthof20mm andsurfaceiscleanedand

wellwatered.Ifitisfoundthatthesurfacetobeplasteredisveryroughand

uneven,aprimarycoatisappliedtofillupthehollowsbeforethefirstcoatof

plasterisputonthesurface.

 Thefirstcoatofplasterisnow appliedonthesurface.Theusualthicknessof

firstcoatforbrickmasonryis9mm to10mm.Inordertomaintainuniform

thickness,thescreedsareformedonthewallsurfacebyfixingdots.

 Thecementmortarisplacedbetweensuccessivescreedsandsurfaceisproperly

finished.Thesecondcoatisappliedaftersixhoursandthicknessofsecondcoat

is3mm to2mm.Thecompletedworkisallowedtorestfor24hoursandthen,

thesurfaceiskeptwellwateredforrestofweek.

Forplasteringinthreecoatsaresimilartotwocoats.Thethicknessoffirstcoat

(renderingcoat)9to10mm,secondcoat(renderingcoat)9to10mm,andthirdcoat

(settingcoat)thicknessaround3mm.
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Thetechniquesforplasteringvarioussurfaces:

 InternalPlasteringonsurfacesofBrickandConcrete:

Initially,theSurfacewhereplasteringistobedonewillbecleaned.Levelpegson

wallswillbefixedwithreferencetotheofflinestobrickwallssetoutinfloors.

(Usingcentreplumbbobandnylonthread).Allthebrickwallswillbewateredbefore

pastingmortaronwalls.Firstcoatmortarfilling(1:4CementandSand)upto15mm

willbeappliedonsurfaceswhererequiredmortarthicknessexceed25mm.Walls

andcolumnswillbeplastered1:4CementandSandtoachievesemiroughfinished

surface.Verticaljointofstructuralcolumns

/walls&brickwallswillbetreatedbyfixing200mm widthchickenmeshwithwire

nails/concrete nailsbycentering the mesh to the verticalwalljoint.Allthe

embeddedservicelinesandprovisions(Conduits,Boxesandetc.)willbecompleted

onbrickwallsandcheckwiththeMEPdrawings.Jointsbetweenwallsandbeams

willbeformeduptoamaximum of20mm andwillbesealedusing30minutesfire

ratedflexiblefiller.(Materialdescriptionswillbesubmittedfortheapprovalofthe

Engineer)Internalplasteringonsurfacesofconcretecolumns,beams&wallswhich

arealignedwithsurfacesofbrickwallswillbeplasteredandotherconcretesurfaces

willbe finished with cementbase easyplaster.(Materialdescriptions willbe

submittedfortheapprovaloftheEngineer).

 ExternalWallPlastering:

Alignmentandfixinglevelpegsonexternalwallsurfaceswillbedoneusingthe

surveyinginstrument/centreplumbbobs.Projectionsonthewallsurfaceswillbe

chippedoffandcleanedaftercompletingthelevelpegsonwalls.Firstcoatmortar

filling(1:4CementandSand)upto15mm willbeappliedonsurfaceswhererequired

mortarthicknessexceed25mm.Cementpasteonconcretesurfaceswillbeapplied

toimprovethebondingofplastertotheconcretesurfaces.Maximum widthof

20mm horizontalgroovesbetweenwallsandbeamswillbeformedbycuttingusing

grinderswithdiamondwheelsafterplasteringthewallsurface.Thisgroovewillbe

filledwithapprovedweathersealant.Externalwallplasterwillbefinishedwithrough

surface.1:10slopeattheexternalsideofthewindow sillwillbeformedwhile

plasteringthewindowreveals.
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 SoffitPlastering/SoffitFinishingwithCementBasedEasyPlaster

Theslabsoffitsandbeams'sidesandsoffitswhicharetobesmoothsurfaced

painted finished willbesmoothen with easyplaster(Materialliteraturewillbe

submitted separately)and placeswhere concrete surfacesare uneven,willbe

roughen&leveledwithcementandsandmortarplasterbeforeapplyingeasyplaster

tomakesurfacesmooth.

 ImprovingJointsofBrickWall&StructuralConcrete

 200mmwideChickenMeshwillbefixedatthejoint.

 Concretesurfaceswillbewashedandcleaned.

 Concretesurfacewhicharetobeplasteredwillberoughenorputspotcementslurry.

Differentplasteringtechniques:

 Therearenumerousplasteringtechniquesusedtoplasterceilingsandwalls.Itall

dependsontherequirementsoftheclientaswellasthenatureoftheareathat

needsplastering.Let’stakealookatsomegeneralplasteringtechniques:

DryLiningPlastering

 Overtheyears,traditionalMelbournehomesmadeuseofwetplasteringto

ensureasmoothfinishtoceilingsandwalls.Duringthelast3to4decades,dry

plasteringordryliningplasteringtechniquesarebeingusedinstead.Thismethod

isfavouredduetotheeaseofusingaplasterboard.Afterall,plasterboardsare

solidandavailableinsheetform instandardsizesofaround2.4x1.2meters.

PlasterersMelbournefounditabreezetohandleandputplasteron.Whatis

more,dryliningisacompletedryprocedurewhichallowplastererstoquicklyfix

anymishaps.Paintcaneasilybeappliedtoanysurfacetoensureawarm and

welcomingfinish.

 Thebiggestreasonwhymostbuildersorplastererspreferusingdryliningisdue

tothespeedofapplyingitandtheloadbeingreducedonstructuresofanykind.

Asplasterboardwallsarelightweight,theyofferbetterflexibilitywhenitcomesto

planninginteriororexteriorspacesonthedrawingboard.Inaddition,dryliningis

aplasteringtechniquethatsavesyoumoneyandtime.Yetanotherreasonwhyit

isthemostpreferredplasteringmethodasfaraconstructionworkintimber

framesareconcerned.
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WetPlastering

 Known to be the mostcommon ofallplastering techniques used is wet

plastering.ItenablesexperiencesplasterersMelbournetoobtainacleanand

smoothfinishbycoveringanysurfaceinneedofplasteringwithmortar,then

smootheningitusingtrowels.Driedwetplasteredsurfacescanbepaintedor

paperedaccordingtoindividualpreferences.Likemostplasteringtechniques,it

requiresskilledplasterersandenoughdryingtime.Wetplasteringisproneto

shrinkage,cracks,andoftentimesinneedofre-plasteringinordertocover

anycracks.

DefectsinPlastering

Thefollowingdefectsmayariseinplasterwork.

1.Blisteringofplasteredsurface:Thisistheformationofsmallpatchesof

plasterswellingoutbeyondtheplasteredsurface,arisingoutoflateslaking

oflimeparticlesintheplater

2.Cracking:Crackingconsistsofformationofcracksorfissuresinthe

plasterworkresultingfrom thefollowingreasons.

i. Imperfectpreparationofbackground

ii. Structuraldefectsinbuilding

iii. Discontinuityofsurface

iv. Movementsinthebackgroundduetoitsthermalexpansionorrapiddrying

v. Movementsintheplastersurfaceitself,eitherduetoexpansionorshrinkage.

vi. Excessiveshrinkageduetoapplicationofthichcoat

vii. Faultyworkmanship.

3.Efforescene:Itisthewhitishcrystallinesubstancewhichappearsonthe

surfaceduetopresenceofsaltsinplastermakingmaterialsaswellas

buildingmaterialslikebricks,sand,cementetcandevenwater.Thisgivesa

verybadappearance.Itaffectstheadhesionofpaintwithwallsurface.

Efforescenecanberemovedtosomeextentbydrybushingandwashingthe

surfacerepeatedly.

4.Flaking:Itistheformationofveryloosemassofpasteredsurface,dueto

poorbondbetweensucessivecoats.

5.Peeling:Itisthecompletedislocationofsomeportionofplasteredsurface,

resultingintheformationofapatch.Thisalsoresultsfrom imperfectbond.
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6.Popping:Itistheformationofconicalholeintheplasteredsurfacedueto

presenceofsomeparticleswhichexpandonsetting

7.RustStains:Thesearesometimesformedwhenplasterisappliedonmetallaths

8.Unevensurface:Thisisobtainedpurelyduetopoorworkmanship.

Remediesforminimizingdefectsplasteringwork:

 Thebrickworkandplasteringshouldbecarriedoutinthebestworkmanshipmanner.

 Thebondofbrickworkshouldbemaintainedproperly.

 Theefflorescenceisremoved byrubbing brusheson damaged surfaces.A

solutionofonepartofHClorH2SO4,andfivepartsofcleanwaterispreparedand

itisappliedwiththehelpofbrushesonaffectedarea.Thesurfaceiswashedand

cleanedwithwater.

 Thebricksofsuperiornatureshouldonlybeusedforthebrickwork.

 Thewaterfreefrom saltsshouldbeusedforbrickworkandplasteringwork

 Thesurfacetobeplasteredshouldbewellwateredsothatitmaynotabsorb

waterfrom plaster.

 Thedamp-proofcoursesshouldbeprovidedatconvenientplacesinbuildings.

 Theoverallconstructionshouldbesuchthatthepenetrationofmoistureisprevented.

 Thefreshplasteredsurfaceshouldbeprotectedfrom surplusquantityofwater

suchasrainandexcessiveheatsuchassun.
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9.DAMPPREVENTION

Damppreventionisachiefrequirementtoensuresafetyofbuildingagainstdampness.

Oneofthebasicrequirementsinallthebuildingsisthatstructureshouldbedryas
faraspossible.

Ifthisisnotsatisfieditislikelythatbuildingmaybecomeinhabitableandunsafe
from structuralpointofview.

Inordertoprevententryofdampintoabuildingthecoursesknownasdamp
proofingcoursesareprovidedatvariouslevelsofentryofdampintoabuilding.

Presentlyallbuildingsaregivendpctreatment

Sodpcprevententryofmoisturefrom wallsfloorsandbasementsofa

buildingsThetreatmentgiventoroofsofbuildingsforsomecauseis

calledwaterproofing.CauseOfDampness

Responsiblecausesareoneormoreofthefollowings

1. Faultydesignofstructure

2. Faultyconstruction/poorworkmanship

3. Useofpoorqualityofmaterialinconstruction

Thesecausesgiverisetoaneasyaccesstomoisturetothebuildingfrom different
points,suchasrainpenetrationthroughwalls,roofsandfloorsetc.Themoisture
enteringintothebuildingsfrom foundationandroofstravelsindifferentdirections
furtherundertheeffectofcapillaryactionandgravityrespectively.Theentryofwater
anditsmovementindifferentpartsofthebuildingsarepositivelyduetooneormore
ofthecauseslistedabove

(1) RisingOfMoistureFrom TheGround

Thesubsoilorgroundonwhichthebuildingisconstructedmaybemadeof
soilswhicheasilygiveanaccesstowatertocreatedampnessinbuilding.Generally
thefoundationdampnessiscausedwhenthebuildingstructuresareconstructedon
low lyingwaterloggedareaswhereasubsoilofclayorpeatiscommonlyfound
through which dampnesswilleasilyrise undercapillaryaction unlessproperly
treated.

Thisdampnessfurtherfindsitswaytothefloors,wallsetc.throughtheplinth.
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(2) ActionOfRainWater

Wheneverthefacesofwallsarenotsuitablyprotectedfrom theexposerto
heavyshowerofrains,theybecomethesourcesofdampnessin a structure.
Similarlythepoormortarjointsinwallsandcrackedroofsalsoallowdampnessto
enterthebuildingstructure.Sometimesduetofaultyeavecoursesandeavegutters,
therainwatermaypercolatethroughtheroofcoverings

(3) RainPenetrationFrom TopOfTheWall

Allparapetwallsandcompoundwallsofthebuildingswhichhavenotbeen
protectedfrom rainpenetrationbyusingdam proofcoursesorbysuchmeasureson
theirexposedtopsaresubjectedtodampness.Thisdampnessinthebuildingsisof
seriousnatureandmayresultsinunhealthylivingconditionoreveninstructurally
unsafeconditions.

(4) CodensationDueToAtmosphericMisture

Wheneverthewarm airintheatmosphereiscooleditgivesrisetoprocessof
condensation.Onaccountofcondensationthemoistureisdepositedonthewhole
areaofwalls,floors,andceilings.Howeverthesourcesofdampnessisprevalent
onlyincertainplacesinIndia,whereverycoldclimateexist.

(5) MiscellaneousSoursesOrCauses

The various othersources responsible fordampness in buildings are
mentionedbellow:-

(a) PoorDrainageOfSite

Thestructureiflocatedonlow lyingsitecauseswaterloggedconditions
whereimpervioussoilispresentunderneaththefoundation.

Sosuchstructureswhicharenotwelldrainedcausedampnessinbuildingsthrough
thefoundations.

(b) ImperfectOrientation

Wheneverthe orientation ofthe buildings is notproperorgeographical
conditionsaresuchthatthewallsofbuildingsgetlessofdirectsunraysandmoreof
heavyshowersofrains,thensuchwallsbecomepronetodampness.

(c) ConstructionalDampness

Ifmore waterhas been introduced during construction ordue to poor
workmanship,thewallsareobservedtoremainindampconditionforsufficienttime.
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(d) DampnessDueToDefectiveConstruction

Dampnessinbuildingsisalsocausedduetopoorworkmanshipor
methods ofconstruction vizinadequate roofslopes,defective rain waterpipe
connection,defectivejointsinroofsinproperconnectionofwallsetc.

EffectOfDampness

Thevariouseffects(indirectlydefects),causedduetodampnessinbuildingsare
mentionedbelow

Alleffectsmainlyresultinpoorfunctionalperformance,uglyappearanceand
structuralweaknessofthebuildings.

(a) Adampbuildingcreatesunhealthylivingandworkingconditionsforoccupants.

(b) Presenceofdampconditionscausesefflorescenceonbuildingsurface,which
ultimatelymayresultinthedis-integrationofbricks,stones,tilesetc.andhencein
thereductionofstrength.

(c) Itmaycausebleachingandflakingofthepaintwhichresultsintheformation
ofcolouredpatchesonthewallsurfacesandceilings.

(d) Itmayresultincorrosionofmetalsusedintheconstructionofbuildings.

(e) Thematerialusedasfloorcoverings,suchastiles,aredamagedbecausethey
loseadhesionwiththefloorbase.

(f) Timber,whenincontactwithdampconditions,getsdeterioratedduetothe
effectsofwarping,buckilngandrollingoftimber.

(g) Allelectricalfittingsgetdeteriorated,causingleakageofelectriccurrentwith
thepotentialdangerofashortcircuit.

(h) Dampnesspromotesthegrowthoftermitesandhencecreatesunhygienic
conditionsinbuildings.

(i) Dampness when accompanied bythe warmth and darkness,breeds the
germs of tuberculosis,neuralgia,acute and chronic rheumatism etc.which
sometimesresultinfataldiseases.
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TechniquesAndMethodsOfDampPrevention

Thefollowingprecautionsshouldbetakentopreventthedampnessinbuildings,
beforeapplyingthevarioustechniquesandmethodsdescribedlater:

(I) Thesiteshouldbelocatedonahighgroundandwelldrainedsoiltosafeguard
againstfoundationdampness.Itshouldbeensuredthatthewaterlevelisatleast
3m.belowthesurfaceofgroundorlowestpointeveninthewetseason.Forbetter
drainagethegroundsurfacesurroundingthbuildingshouldalsoslopeaway.

(II) Alltheexposedwallsshouldbeofsufficientthicknesstosafeguardagainst
rainpenetration.Ifwallsareofbrickstheyshouldbeatleast30cmthickness

(III) Bricksofsuperiorqualitywhicharefreefrom defectssuchascracks,flaws,
lumpoflimestonesshouldbeused.Theyshouldnotabsorbwatermorethan1/8of
theirownweightwhensoakedinwaterfor24hours.

(IV) Goodqualitycementmortarsshouldbeusedtoproduceadefinitepattern
andperfectbondinbuildingunitsthroughouttheconstructionwork.Thisisessential
topreventtheformationcavitiesandoccurrenceofdifferentialsettlement.

(V) Cornicesandstringcoursesshouldbeprovided.Windowsills,copingofplinth
andstringcoursesshouldbesloppedontopandthroatedontheundesirableto
throwtherainwaterawayfromwalls.

(VI) Alltheexposedsurfacesshouldbecoveredwithwaterproofingcementplaster

(VII) Hollow wallsaremorereliablethansolidwallsinpreventingdampnessand
hencethecavitywallconstructionshouldbeadoptedwhereverpossible.

Preventionofdampness

Useofdampproofingcoursesormembranes-

Thesearethelayersormembranesofwaterrepellentmaterialsuchas
bituminousfelts,masticasphalts,plasticsheets,cementconcrete,mortar,metal
sheetswhichareinterposedinthebuildingstructureatalllocationwhereverwater
entryisanticipated.Thesedampproofcoursesofsuitablematerialsshouldbe
providedatappropriatelocationfortheireffectiveuse.BasicallyD.P.Cisprovidedto
preventthewaterrisingfrom thesubsoilandgettingintothedifferentpartofthe
buildings.ThebestlocationforD.P.Cincase ofbuildingswithoutbasementliesat
theplinthlevelorincaseofstructurewithoutplinth shouldbelaidatleast15cm
above the ground.These damp proofcourses maybe provide horizontallyor
verticallyinfloors,wallsetc.incaseofbasementlayingofD.P.Cisknownastanking.

Whileprovidingdamp-proofcoursesinbuildings,thefollowinggeneralprinciplesshouldbe
observedinpractice.
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 TheDPCshouldcoverthefullthicknessofthewallsexcludingrendering,in

ordertoactasaneffectivebarriertomoistureunderallconditions.

 ThemortarbeduponwhichtheDPCislaidshouldbelevel,evenandfreefrom

anyprojections.

 TheDPCcourseshouldbeplacedincorrectrelationwithotherDPCcourses

soastoprovideacompletecourseshouldbeplacedincorrectrelationwithother

DPCcoursessoastoprovideacompleteandcontinuousbarrriertothepassageof

moisturefrom below,toporsides.Therefore,thejunctionsandcorners,formedby

walls,orwallsandfloors,shouldbelaidcontinuous.

 WhereaverticalDPC istobelaidcontinuouswithahorizontalDPC(i.e.,

formingangleprojection),afillet75mm inradidiusshouldbeprovided.theDPC

shouldnotbeexposedonthewallsurface,otherwiseitislikelytobedamagedby

carpainters,tilelayers,etc.

(2)Waterproof(ordampproof)surfacetreatment

Thesurfacetreatmentconsistsinfillingoftheporesofthematerialexposed
tomoisturebyprovidingathinfilm ofwaterrepellentmaterialoverthesurface.
Thesesurfacetreatmentscanbeeitherexternalorinternal,theexternaltreatmentis
effectiveinpreventingdampnesswhereasinternaloneonlyreducesittoacertain
extent.

Manysurfacetreatmentslikepointing,plastering.Painting,distempering,are
giventotheexposedsurfacesandalsototheinternalsurfaces.Mostcommonly
usedtreatments,toprotectthewallsagainstdampness,islimecementplasterof
mix(onecement:onelime:sixsand)proportions.Athinfilm ofwaterproofingcan
bematerials,generallyemployedaswaterproofingagentinsurfacetreatmentsare:
sodium orpotassium silicates,aluminium orzincsulphates,barium hydroxideand
magnesium sulphateinalternateapplications,softsoapandalum alsoinalternate
applications,limeandlinseedoil,coaltar,bitumen,waxesandfats,resins,andgum,
etc.

Someoftheabvementionedmaterials,likethewaxesandfats,areunsuitable
inthetropicsastheymeltwithriseintemperature,resinsandgumsandalsonot
lastingmaterialsarecoaltarandbitumendisfiguretheoriginalsurface.

(3)Integraldamp-proofingtreatment

Theintegraltreatmentconsistsaddingcertaincompoundstotheconcreteor
mortarduringtheprocessofmixing,whichwhenusedinconstructionactasbarriers
tomoisturepenetrationunderdifferentprinciples.Compoundslikechalk,talc,fuller’s
earth,etc.havemechanicalactionprinciple,i.e.,theyfilltheporespresentinthe
concreteormortarandmakethem denserandwaterproof.Thecompounds,like
alkaline,silicates,aluminium sulphates,calcium chlorides,etc.work on chemical
actionprinciplei.e.,theyreactchemicallyandfillintheporestoactaswater
resistant. Similarly , some compounds like soaps,
petroleumoils,fattyacidcompoundssuchasstearatesofcalcium,sodiumammonium
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etc.workonrepulsionprinciplei.e.,theyareusedasadmixturesinconcretetoreact
withitandbecomewaterrepellent.

Thesyntheticcompoundpreparedunderthisprinciplesareavailablein
commercialforms,likePudlo,Sika,Novoid,Ironite,Dampro,PermoRainers,etc.

(4)cavitywalls

 Acavitywallconsistoftwoparallelwalls/leaves/skinsofmasonry,separated

byacontinuousairspace/cavity.

 Theyconsistsofthreeparts.

 Outwall/leaf(exteriorwallpart10cmthick)

 Cavity/airspace(5cm-8cm)

 Innerwall/leaf(minimum 10cmthick)

 Thetwoleavesformingacavityinbetweenmaybeofequalthicknessormay

notbe.Theinnerwallthicknessmaymoretotakelargerpropertiesofimposedloads

transmittedbyfloorandroof.

 Provisionofcontinuouscavityinthewallefficientlypreventsthetransmission

ofdampnessfrom outertoinnerwall.

 Under climatic conditions of India (hot-dry/hot-humid), cavity type

constructionismostdesirableasitoffersmanyadvantagessuchasbetterlivingand

comfort conditions, economic construction and preservation of buildings

againstdampness.

1. Asthereisnocontactbetweenouterandinnerwallsofacavitywallexceptat

wallties,whichareofimperviousmaterial,sopossibilityofmoisturepenetrationis

reducedtoaminimum.

2. Ithasbeenverifiedacavitywallof10cm thickinternalandexternalwallswith

5cm cavity/airspaceinbetweenisbetterormorereliablethansolidwallof20cm

thicknessw.r.tdampprevention.

3. Thecavitywalloffersgoodinsulationagainstsound.

4. Itreducesthenuisanceofefflorescence.

5. Itoffersotheradvantageslike,

 Economy

 Bettercomfort
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 Hygienicconditionsinbuildings.



(5)Shotconcrete(gunting)

Thisconsistsinforminganimperviouslayerofrichcementmortar(1:3)for
waterproofingovertheexposedconcretesurfaceoroverthepipes,cisterns,etc.for
resistingwaterpressure.Guniteisamixtureofcementandsandonwellgradedfine
aggregate,theusualproportionbeing1:3or1:4.Amachineknownascementgun,
havinganozzleforsprayingthemixtureandadrum ofcompressedairforforcing
themixtureunderdesiredpressure,isusedforthispurpose,Anysurfacewhichisto
betreatedisfirstthoroughlycleanedofanydirt,greeseorlooseparticlesandthen
fullywetted.Themixofcementandsandisthenshotunderapressureof2-
3kg/sq.cm byholdingthenozzleofcementgunatadistanceof75-99cm from wall
surface.Thenecessaryqualityofwaterisaddedbymeansofregulatingvalvesoon
afterthemixturecomesoutfrom cementgun.Somixofdesiredconsistencyand
thicknesscanbesprayed,togetanimperviouslayer,theimpervioussurfaceshould
bewateredforabout10days.

Bythistechniqueimperviouslayerofhigh compressivestrength can be
obtained(28daysstrength)andsoitisusefulmethodforreconditioning/repairing
oldconcreteworks,bricksandmasonryworks,whichhavedeteriorated.

(6)Pressuregrouts(cementation)

Cementationistheprocessofforcingthecementgrout(mixofcement,sand,
water) under pressure into cracks, voids, fitters present in structural
components/ground.Allthecomponentsofastructureingeneralandfoundation,
which are liable to moisture penetration are consolidated and so made water
resistantbythisprocess.

Hereheelsaredrilledatselectedpointsinstructureandcementgroutof
sufficientlythinconsistencyisforcedunderpressuretoensurecompletepenetration
ontocracks.Thismakesstructurewatertightandrestoresstabilityandstrength.

Whenstructureisrestingonhardbutloosetexturedgrounditsstrengthcan
be increased,bythisprocess.Thistechnique isused forrepairing structures,
consolidatorgroundtoimprovebearingcapacityformingwatercutoffstoprevent
seepage.



7
6

*Under
revision

10.DOORSANDWINDOWS

TYPESOFWINDOWS

Dependinguponthemanneroffixing,materialsusedforconstruction,natureofthe

operationalmovementsofshutters,etc.,thecommonvarietiesofwindowsusedinthe

buildingcanbegroupedasfollows:

1.Casementwindows

2.Slidingwindows

3.Metalwindows

4.Cornerwindows

5.Gablewindowsbaywindows

6.Lanternorlanternlights

7.Skylights

CASEMENTWINDOWS:

Thesearethewindows,theshuttersofwhichopenlikedoors.The

constructionofacasementwindowissimilartothedoorconstruction.

SLIDINGWINDOWS:

Thesewindowsaresimilartotheslidingdoorsandtheshuttersmovesontheroller

bearings,eitherhorizontallyorvertically.Suchwindowsareprovidedintrains,buses,

bankcounter,shopsetc.
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METALWINDOWS:

Thesearenowadayswidelyused,especiallyforpublicbuilding.Themetalusedin

constructionmaybemildsteel,bronze,orotheralloys.Themetalframemaybefixed

directtothewalloritmaybefixedonawoodenframe.
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CORNERWINDOWS:

Thesewindowsareprovidedatthecornerofaroom .Theyareplacedatthecornerof

theroom andthustheyhavetwofacesintwoperpendiculardirection.Duetosuch

situation,thereisentryoflightandairfrom twodirectionandinmanycases,the

elevationofbuildingisalsoimproved.

GABLEWINDOWS:

Thesearethewindowswhichareprovidedinthegableendsofaroof.

BAYWINDOWS:

Thesewindowsprojectoutsidetheexternalwallofaroom.Theymaybesquare,

splayed,circular,polygonalorofanyshape.Theprojectionofbaywindowsmaystart

from floorlevelorsilllevel.Thesewindowsadmitmorelights,increaseopeningarea,

provideventilationandimprovetheappearanceofbuilding.



7
9

*Under
revision

LANTERNS:

Thesearethewindowswhicharefixedonflatroofstoprovidelighttotheinnerportion

ofbuildingwherelightcomingfrom externalwindowsareinsufficient.Theymaybe

squareorrectangularorcurved.

SKYLIGHTS:

thesearethewindowswhichareprovidedontheslopingsurfaceofapitchedroof.The

commonrafteraresuitablytrimmedandtheskylightiserectedonacurbframe.As

skylightaremainlymeantforlight,theyareusuallyprovidedwiththefixedglasspanel.
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TYPESOFDOORS

Adoorisamovingstructureusedtoblockoff,andallowaccessto,anentrancetoor

withinanenclosedspace,suchasabuildingorvehicle.Similarexteriorstructuresare

calledgate.

Typicallydoorshaveaninteriorsidethatfacestheinsideofaspaceandanexterior

sidethatfacestheoutsideofthatspace.Whileinsomecasestheinteriorsideofadoor

maymatchitsexteriorside,inothercasestherearesharpcontrastsbetweenthetwo

sides,suchasinthecaseofthevehicledoor.Doorsnormallyconsistofapanelthat

swingsonhingesorthatslidesorspinsinsideofaspace.

Paneldoors:

Paneldoors,alsocalledstileandraildoors,arebuiltwithframeandpanel
construction.

EN12519isdescribingthetermswhichareofficiallyusedinEuropeanMember
States.Themainpartsarelistedbelow:

 Stiles-Verticalboardsthatrunthefullheightofadoorandcomposeitsright
andleftedges.Thehingesaremountedtothefixedside(knownasthe
"hangingstile"),andthehandle,lock,bolt,and/orlatcharemountedonthe
swingingside(knownasthe"latchstile").
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 Rails-Horizontalboardsatthetop,bottom,andoptionallyinthemiddleofa
doorthatjointhetwostilesandsplitthedoorintotwoormorerowsofpanels.
The"toprail"and"bottom rail"arenamedfortheirpositions.Thebottom railis
alsoknownas"kickrail".Amiddlerailattheheightoftheboltisknownasthe
"lockrail",othermiddlerailsarecommonlyknownas"crossrails".

 Mullions-Smalleroptionalverticalboardsthatrunbetweentworails,andsplit
thedoorintotwoormorecolumnsofpanels,theterm isusedsometimesfor
verticalsindoors,butmoreoften(UKandAustralia)itreferstoverticals
inwindows.

 Muntin-Optionalverticalmembersthatdividethedoorintosmallerpanels.
 Panels-Large,widerboardsusedtofillthespacebetweenthestiles,rails,and

mullions.Thepanelstypicallyfitintogroovesintheotherpieces,andhelpto
keepthedoorrigid.Panelsmaybeflat,orinraisedpaneldesigns.Canbeglued
inorstayasafloatingpanel.

 LightorLite-apieceofglassusedinplaceofapanel,essentiallygivingthe
doorawindow.
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Plankandbattendoors:

Plankandbattendoorsareanolderdesignconsistingprimarilyofverticalslats:

 Planks-Verticalboardsthatextendthefullheightofthedoor,andareplaced
sidebysidefillingthedoor'swidth.

 Battens-Smallerslatsthatextendhorizontallyacrossthedoorwhichtheplanks
areaffixedto.Thebattensholdtheplankstogether.Sometimesalongdiagonal
slatortwoarealsoimplementedtopreventthedoorfrom skewing.Onsome
doors,especiallyantiqueones,thebattensarereplacedwithironbarsthatare
oftenbuiltintothehingesasextensionsofthedoor-sideplates.

Ledgedandbraceddoors:

Thistypeconsistsofverticaltongueandgroovedboardsheld
togetherwithbattensanddiagonalbraces.
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Frameandfilleddoors:
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Thistypeconsistsofasolidtimberframe,filledononeface,facewithTongueand
Groovedboards.Quiteoftenusedexternallywiththeboardsontheweatherface.

Flushdoors:

Aflushdoorconsistsofaframeworkofrailsandstylesanditiscoveredwith
plywood.Therearetwovarietiesofflushdoors

1.framedflushdoor:

Itconsistsofstyles,rails,horizontalribs,verticalribs,andplywood.Asshowninfig.

2.laminatedflushdoor

Itconsistsofstyles,rails,laminatedcoreandplywoodasshowninfig.
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LouveredDoors:

Inthistypeofdoors,theshuttersareprovidedwithlouvers,eitherfullyorpartly.The

louversarearrangedatsuchaninclinationthathorizontalvisionisobstructed.The

louversmaybemovableorfixedasshowninfig.
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CollapsibleSteelDoors:

Itconsistsofamildsteelframe.Acollapsiblesteeldoorworkswithouthingesanditis

usedforcompoundgates,residentialbuilding,schools,sheds,godowns,workshop,

publicbuilding,etc.

RevolvingDoors:

Itessentiallyconsistsofacentrallyplacedmullioninacircularopeningrevolving

shutterswhichare4innumberareradiallyattachedtopivotasshowninfig.
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11.PAINTING

Paintisaliquidsurfacecoating.Ondryingitformsathinfilm onthepaintedsurface.

Paintsareclassifiedasoilpaints,waterpaints,cementpaints,bituminouspaintsand

specialpaintssuchasfireproofpaints,luminouspaints,chlorinatedrubberpaints

(forprotectingobjectsagainstacidfumes),etc.Thepaintingsarethecoatingoffluid

materials

Thefunctionsofthepaintsare:

 Toprotectthecoatedsurfaceagainstpossiblestressesmechanicalorchemical;

deterioration—physicalorenvironmental;

 Decoratethestructurebygivingsmoothandcolourfulfinish;checkpenetration

ofwaterthroughR.C.C;

 checktheformationofbacteriaandfungus,whichareunhygienicandgiveugly

looktothewalls;

 checkthecorrosionofthemetalstructures;

 Checkthedecayofwoodworkandtovarnishthesurfacetodisplayitto
betteradvantage

DefectsinPainting:

 Apaintedbuildingwithfullcoloureffectsgivescompletesatisfaction.Butthe

appearanceofdefectsbecomesareadysourceofcomplaint.Unfortunately

paintingdefectsarebynomeansuncommon.Theymayarisefrom avarietyof

causesbuttheprincipalreasonsbehindthem areincorrectchoiceofpaintin

relationtobackingmaterials,applicationofpainttoadampsurfaceoroneto

whichmoisturemayhaveaccessand;poorworkmanship.

Effectsofbackground:

 Thefactorsaffectingdurabilityaredampness,cleanliness,movements,chemical

reactions,etc.Thetraditionalconstructioninbrick,cement,etc.involvestheuse

ofwetprocedures.Ifpaintisappliedonaninsufficientlydrybackgroundthe

moistureistrappedandintheprocessofsubsequentdryingtheadhesionofthe

paintbreaksdown.Emulsionpaintsaresomewhatbetterinthisrespect.
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 Thepaintingprocessescanbedelayedforproperresultsformovementscaused

byshrinkageandspecialpaintsshouldbeusedforthermalmovements.

 Chemicalreactionbetweenbackingmaterialandpaintfilm maypushthepaint

offthebackingmaterialandleadtosofteningordecolourisethepaint.This

effectgenerallyoccursonlyifmoistureispresentandisnoticeableinoilpaints

overmaterialscontainingcementorlime.Thebreakdownofbondisbecauseof

thecrystallizationofsaltsbelowthepaintfilm andthediscolourationisusually

duetoactionoffreelimeonthepigments.

Effectsofweather:

Thepaintfilm issubjectedtochemicalattackofatmosphere,sunlightandheat,all

deterioratingit.Specialchemicalresistantpaintsshouldbeappliedinindustrial

areas.Alkaliresistantpaintsweatherwellincoastalareas.Blueandgreencolours

tendtofadewhenexposedtobrightlight.Inadditionthefierceheatofsunmay

breakdownthepaintfilm becauseofthedisintegrationofthematerialitselfandalso

because ofthe thermalmovement.The mostcommon defects noticed after

paintingsareasfollow:

Blisteringandpeelingareswellingofthepaintfilm andcanbedefinedas

localizedlossofadhesionbetweenoneormorecoatingsorbetweenprimerand

parentsurface.Whenswellingisbecauseofoilorgreaseonthesurfaceitisknown

asblisteringandincaseofmoistureitiscalledpeeling.Itoccursinnonporous

coatingssuchasoilbasedpaintsandenamels.Aspecialheat-resistingtypeofpaint

shouldbeusedforhotsurfacessuchasradiators.Itisbroughtaboutbymoistair,

oilyorgreasysurface,orimprisonedgasesbetweenthepaintedsurfaceandthe

paintfilm,whichexpandundertheinfluenceofheat.Emulsionpaintsprovidea

porouscoatingandallowthemoisturetopassthrough.

Checkingisamildform ofcracking.Ifhaircracksproducedenclosesmallareaitis

knownascrazing.Incasetheenclosedareaislargethedefectsiscalledcrocodiling.

Itiscausedwhenthepaintfilm lacksintensilestrengthandoccurswhenpaintis

appliedduringverycoldweatherorbecauseofinsufficientdryingofundercoat.

Whencracksareverysmallanddonotenlargewithtime,thetopcoatingisflattened

withemerypaperandafreshcoatofpaintisapplied.

Cracking:Thecracksextendthroughouttheentirepaintsystem extendingright

down to
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theoriginalsurface.Cracksintheplasterormasonrydonotletthepainttoremainintact.
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Paintapplied on glossysurface.Prematureapplication oftop coatbeforethe

previouscoathascompletelydried.Paintingimproperlyseasonedwood.

Flaking:Itisdetachmentofpaintfilm from thesurface.Themoisturepenetrates

throughthecracksonthecoatingsandthebondbetweensurfaceandpaintfilm is

lost.Thecuringmethodsare:Useofplasticemulsionpaints,Surfaceshouldbe

rubbedwithemerypaperbeforeapplyingafreshcoatandAlldirtordustonsurface

shouldberemovedpriortopainting.

Chalking:Paintfilm becomespowderduetoinsufficientoilinprimer.

Alligatoring:Onelayerofpaintfilmsslidingovertheotherone,whenahardpaintis

appliedoverasoftoneorviceversa.

Wrinkling:orcrawlingappearswhenthepaintfilm isquitethickortheoilinthe

paintismorethanrequired.Thelowerportionofthepaintdoesnotdrydueto

greaterthicknessofthepaintfilm whichshrinksduetodryingincourseoftime.

Runningandsagging:Paintsappliedoversmoothandglossysurfacedonotstick

andflowbackortowardstheunpaintedarea.Thisisknownasrunningandsagging.

Thesurfaceto-bepaintedshould,therefore,berubbedwithanemerypaperbefore

painting.

Bloom:isidentifiedasdullpatchesonthefinished,polishedorpaintedsurfacedue

todefectinthequalityofpaintorpoorventilation.

Flashing:ischaracterizedbytheappearanceofcertainglossypatchesonthe

paintedsurface.Thereasonsattributedtothisdefectareweatheringactions,useof

cheappaint,andpoorworkmanship.

Grinning:itisduetotheimperfectopacityofthepaintfilm evenafterthefinalcoat.

Thebackgroundanditsdefectscanbeclearlyvisibleinsuchacase.

FailureofPainting:Themaincausesoffailureofpaintingare:

 Badworkmanship  Conditionsforpainting

 Moisture  Saltandalkalies

 Unsuitablesurfaces  Wrongchoiceofpaint
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Paintingofvarioussurfaces:

A.Newplasteredsurface:

Theproceduresforpaininganewplasteredsurfaceare:

1.Surfacepreparation:Paintcannottakecareofconstructiondefects.Before

applyingthepaint,itisensuredthatthesurfaceisfreefrom dust,dirt,loose

matter,grease etc.and is rubbed with an emery paper,to provide a

mechanicalkeybetweensurfaceandpaintforsatisfactoryadhesion.

2.SequenceofPainting:Theprimer(firstcoat)isappliedwithbrushorsprayon

the prepared surface.Itshould be thinned with waterorthinnerin the

recommendedmannerandproportionbeforeapplication.Afterdryingitis

rubbedwithemerypaper.Dentsandcracks,ifany,arefilledwithputtyusinga

knifeapplicator.Puttyshouldnotbeappliedthick.Iftherequiredthicknessis

large,itshouldbeappliedintwocoats.Aftertheputtyhasdried,thewhole

surfaceisrubbeddownwellinordertosmoothentheputtyandprovidea

mechanicalkeytothefinishedcoats.Twoorthreefinishcoatsareapplied.

Eachcoatisallowedtodrybeforetheapplicationofnextcoat.

B.Oldplasteredsurface

Theproceduredependsonthestateoftheexistingcoating.Ifanyofthedefects

discussedbelow isverymuchpronounceditiscompletelyremovedandthe

surfaceispaintedasanewsurface.

C.Paintingofnewwoodwork

Paintingofwoodworkshouldbedonewithgreatcare.Normally3–4coatsare

sufficientforwoodwork.

 Surfacepreparation:Thewoodshouldbewellseasoned,dried,cleanedandthe

surfacemadesmoothwithanemerypaper.Nails,ifany,shouldbedrivendown

thesurfacebyatleast3mm.

 Knotting:Knotsinthewoodcreatelotofproblems.Theseexcreteresinwhich

causesdefectssuchascracking,peelingandbrowndiscolouration.Knottingis

donesothatresincannotexudefrom theknots.Anyofthefollowingmethods

maybeusedsuitably.
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Ordinaryknotting:Thisisalsoknownassizeknotting.Theknotistreatedwith

acoatofhotredleadgroundwithastronggluesizeinwater.Thenacoatofred

leadgroundinboiledlinseedoilisapplied.

Limeknotting:Theknotiscoveredwithhotlimefor24hoursafterwhichitis

scrappedoff.Thereafter,theprocessdescribedinordinaryknottingisfollowed.

Patentknotting:Twocoatsofvarnishorshelacareapplied.

 Primingcoat:Themainfunctionofprimingcoatorprimeristoform thebasefor

subsequentones.Afterknottingprimingcoatisappliedovertheentiresurfaceto

fillallthepores.Asecondprimingcoatisappliedafterfirsthasdried.Ingeneral

theingredientsaresameasthoseofthesubsequentcoatsbutwithadifference

inproportion.

 Stopping:Aftertheprimingcoatputtyisappliedtofilltheporesofthesurface.

Thenit isrubbedsmooth.Colouringpigmentisalsoaddedtoittomatchthe

shadeofthefinishedcoat.Ondrying,theselectedpaintisappliedwithbrushes

tobringsmoothnessanduniformityincolour.Afterpaintingthesurfaceinone

direction,thebrushisworkedintheperpendiculardirectiontoeliminatebrush

marks.Thisisknownascrossing.Allthesuccessivecoatsareappliedafter

dryingandslightrubbingofpreviouscoatsforproperbond.

D.Paintingofoldwoodwork:

Theoldpaintisremovedwithasharpglasspiece,sandpaper,paintremoverorwith

ablow lamp.Anysmokyorgreasysubstanceshouldbewashedwithlimeand

subsequentlyrubbedwithpumicestone.Thesurfaceisthenwashedwithsoapand

wateranddriedcompletely.Thentwocoatsofpaintsareappliedinawaysimilarto

thatdescribedinpaintingnewsurfaces.

E.Paintingmetalsurfaces:

 New ironwork:Thesurfaceshouldbefreefrom scales,rustandgrease.Scales

andrustarecleanedbyhardwirebrush.Greaseisremovedbyusingpetroleum or

byhotalkalinesolutionofNa2CO3orNaOH,benzene,andlimewater.Apriming

coatofredleadwithbarytesandrawlinseedoilisthenappliedovertheprepared

surface.Afterdryingoftheprimingcoat,oneormoreundercoatswithdesired

paintareapplied.Thesecondcoatisgivenonlyafterthefirstcoathasdried.The

finishingcoatisappliedcarefullytoproduceasmoothfinesurface.
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 Oldironwork:Thesurfaceispreparedbyscrapingproperlyallthescalesandrust

withemerypaper.Thegreasysubstancesareremovedwithlimewater.Theold

paintmaybeburnedwithablow lamporbysuitablesolvents.Afterthisthe

surfaceisbrushedwithhotlinseedoilandpaintedasfornewironwork.

 Structuralsteel:Themajorproblem toovercomeinpaintingironandsteelis

corrosionduetoelectrolysiscausedbythepresenceofairandmoisture.Red

leadisconsideredtobethebestprimingcoat;itproducesatoughelasticfilm,

impervioustoairandmoisture.Purelinseedoilprimingcoatisdetrimentalinthat

itstimulatescorrosion.Thelinseedoilfilm isrenderedmoreimperviousbythe

useofsparvarnish.Graphitepaintusedforblackcolour,isverydurableandis

notaffectedbysulphurfilms,ammoniaorchlorinegases.Silica-graphitepaints

arebest;theydonotcrackandblisterincourseoftime.Aluminium paintisalso

gainingpopularitybecauseofitsshiningandcontrastpropertiesandheatand

chemicalresistance.Bituminouspaintsmaybeverywelladoptedtopaintinside

ofpipes,ironunderwaters,piles,shipsandboats;theyareunsatisfactorywhen

exposedtosunlight.Leadorzincpaintshouldneverbeapplieddirectlyoverthe

ironsurfaceasitencouragesgalvanicactiondestroyingthepaint.

F.Paintingoffloorsurfaces:Theenamelsareusedforpaintingoffloorsurfaces.

Theselectedenamelshouldbestrongenoughtoresistabrasion,moisture,and

alkaliactions.Itshouldbeofshinningnatureandquickdryingtype.

G.Painting ofconcrete surfaces:The cementpaintisused to paintconcrete

surfaces.Thepaintisavailableinapowderform anditisdissolvedinwaterto

workableconsistency.Thepaintthuspreparedshouldbeconsumedwithin2to3

hours.The two coats are applied at an intervalto provide curing of

paintedsurface.
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12.GLAZING

TYPESOFGLASS:

(1) Soda-limeglass

(2) Potash-limeglass

(3) Potash-leadglass

(4) Commonglass

(1)Soda-limeglass:

Thisisalsoknownassoda-glassorsoftglass.Itismainlyamixtureofsodium
silicateandcalcium silicate.

Properties:

(i)Itisavailableincleanandclearstate.

(ii)Itischeap.

(iii)Itiseasilyfusibleatcomparativelylowtemperature.

Uses:Itisusedinthemanufactureofglasstubesandlaboratoryapparatus,
plateglass,windowglass,etc.

(2)Potash-limeglass:

Alsoknownasbohemian-glassorhardglass.Itismainlyamixtureof
potassium silicateandcalcium silicate.

Properties:

(i)itfusesathightemperature.

(ii)itisnoteasilyaffectedbywaterandothersolvents.

(iii)itdoesnotmeltsoeasily.

Uses:usedinmanufactureofglassarticles.

(3)Potash-leadglass:

Alsoknownasflintglass.Itisamixtureofpotassium silicateandlead

sillacate.Properties:

(i)Fusesveryeasily.
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(ii)Easilyattackedbyaqueoussolution.

(iii)Possesgreatrefractivepower.

(iv)Specificgravityisabout3to3.50.

(v)Turnsblackandopaque.

Uses:usedinthemanufactureofartificialgems,electricbulbs,lences,prismsetc.

(4)Commonglass

Alsoknownasbottleglass.Manufactureofsodium silicate,calcium silicateand

ironsilicate.Properties:

(i)Fuseswithdifficulty.

(ii)Itisbrown,greyoryellowincolour.

(iii)easilyattackedbyacids.

Uses:itismainlyusedformedicinebottles.

MANUFACTURINGOFGLASS:

1.Batchprocessingsystem (batchhouse):

Batchprocessingisoneoftheinitialstepsoftheglass-makingprocess.Thebatch

housesimplyhousestheraw materialsinlargesilos(fedbytruckorrailcar)and

holdsanywherefrom 1–5daysofmaterial.Somebatchsystemsincludematerial

processingsuchasrawmaterialscreening/sieve,drying,orpre-heating(i.e.cullet).

Whetherautomatedormanual,thebatchhousemeasures,assembles,mixes,and

deliverstheglassrawmaterialrecipe(batch)viaanarrayofchutes,conveyors,and

scalestothefurnace.Thebatchentersthefurnaceatthe'doghouse'or'batch

charger'.Differentglasstypes,colors,desiredquality,rawmaterialpurity/availability,

andfurnacedesignwillaffectthebatchrecipe.

Thehotendofaglassworksiswherethemoltenglassisformedintoglassproducts,

beginningwhenthebatchisfedintothefurnaceataslow,controlledratebythe

batchprocessingsystem (batchhouse).Thefurnacesarenaturalgas-orfueloil-

fired,andoperateattemperaturesupto1,575°C.Thetemperatureislimitedonlyby

thequalityofthefurnace’ssuperstructurematerialandbytheglasscomposition.

Typesoffurnacesusedincontainer
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glassmakinginclude'end-port'(end-fired),'side-port',and'oxy-fuel'.Typically,

furnace"size"isclassifiedbymetrictonsperday(MTPD)productioncapability.

Formingprocess

Thereare,currently,twoprimarymethodsofmaking a glass container:theblow

and blow method,usedfornarrow-neckcontainersonly,andthepressandblow

methodusedforjarsandtaperednarrow-neckcontainers.

Inbothmethods,astream ofmoltenglass,atitsplastictemperature(1050°C-

1200°C),iscutwithashearingbladetoform asolidcylinderofglass,calledagob.

Bothprocessesstartwiththegobfalling,bygravity,andguided,throughtroughsand

chutes,intotheblankmoulds,twohalvesofwhichareclampedshutandthensealed

bythe"baffle"fromabove.

Intheblow andblow processtheglassisfirstblownthroughavalveinthebaffle,

forcingitdownintothethreepiece"ringmould"whichisheldinthe"neckringarm"

belowtheblanks,toform the"finish",[Theterm "finish"describesthedetails(such

ascapsealingsurface,screw threads,retainingribforatamper-proofcap,etc.)at

theopenendofthecontainer.]

Containersaremadeintwomajorstages.Thefirststagemouldsallthedetails

("finish")aroundtheopening,butthebodyofthecontainerisinitiallymademuch

smallerthanitsfinalsize.Thesepartlymanufacturedcontainersarecalledparisons,

andquitequickly,theyareblow-moldedintofinalshape.

Referringtothemechanism,the"rings"aresealedfrom below byashortplunger.

Afterthe"settleblow"finishes,theplungerretractsslightly,toallow theskinthat's

formedtosoften."Counterblow"airthencomesupthroughtheplunger,tocreatethe

parison.Thebafflerisesandtheblanksopen.Theparisonisinvertedinanarctothe

"mouldside"bythe"neckringarm",whichholdstheparisonbythe"finish".

Astheneckringarm reachestheendofitsarc,twomouldhalvesclosearoundthe

parison.Theneckringarm opensslightlytoreleaseitsgriponthe"finish",then

revertstotheblankside.Finalblow,appliedthroughthe"blowhead",blowstheglass

out,expandingintothemould,tomakethefinalcontainershape.
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Inthepressandblowprocess,theparisonisformedbyalongmetalplungerwhich

risesupandpressestheglassout,inordertofilltheringandblankmoulds.[5]The

processthencontinuesasbefore,withtheparisonbeingtransferredtothefinal-

shapemould,andtheglassbeingblownoutintothemould.

Thecontaineristhenpickedupfrom themouldbythe"take-out"mechanism,and

heldoverthe"deadplate",whereaircoolinghelpscooldownthestill-softglass.

Finally,thebottlesaresweptontoaconveyorbythe"pushoutpaddles"thathaveair

pocketstokeepthebottlesstandingafterlandingonthe"deadplate";they'renow

readyforannealing.

The forming machineshold and move the partsthatform the container.The

machineconsistofbasic19mechanismsinoperationtoform abottleandgenerally

poweredbycompressedair(highpressure-3.2barandlowpressure-2.8bar),the

mechanisms are electronically timed to coordinate all movements of the

mechanisms.Themostwidelyusedformingmachinearrangementistheindividual

sectionmachine(orISmachine).Thismachinehasabankof5–20identicalsections,

eachofwhichcontainsonecompletesetofmechanismstomakecontainers.The

sectionsareinarow,andthegobsfeedintoeachsectionviaamovingchute,called

the gob distributor.Sections make eitherone,two,three orfourcontainers

simultaneously.(Referredtoassingle,double,tripleandquadgob).Inthecaseof

multiplegobs,theshearscutthegobssimultaneously,andtheyfallintotheblank

mouldsinparallel.

COMPOSITIONOFGLASS

Thefollowingisalistofthemorecommontypesofsilicateglasses,andtheir

ingredients,properties,andapplications:

1.Fusedquartz,alsocalledfusedsilicaglass,vitreoussilicaglass,issilica(SiO2)

invitreousorglassform (i.e.,itsmoleculesaredisorderedandrandom,

withoutcrystallinestructure).Ithasverylowthermalexpansion,isveryhard,

andresistshightemperatures(1000–1500°C).Itisalsothemostresistant

againstweathering(causedinotherglassesbyalkaliionsleachingoutofthe

glass,while staining it).Fused quartz is used for high temperature

applicationssuchasfurnacetubes,lightingtubes,meltingcrucibles,etc.



99 *Under
revision

2.Soda-lime-silicaglass,windowglass:silica72%+sodium oxide(Na2O)14.2%

+ lime(CaO)10.0% + magnesia(MgO)2.5% + alumina(Al2O3)0.6%.Is

transparent,easilyformedandmostsuitableforwindow glass(seeflat

glass).Ithasahighthermalexpansionandpoorresistancetoheat(500–600

°C).Itisusedforwindows,somelowtemperatureincandescentlightbulbs,

andtableware.Containerglassisasoda-limeglassthatisaslightvariation

onflatglass,whichusesmorealuminaandcalcium,andlesssodium and

magnesium whicharemorewater-soluble.Thismakesitlesssusceptibleto

watererosion.

3.Sodium borosilicateglass,Pyrex:silica81%+boricoxide(B2O3)12%+soda

(Na2O)4.5%+alumina(Al2O3)2.0%.Standsheatexpansionmuchbetterthan

window glass.Used forchemicalglassware,cooking glass,carhead

lamps,etc.Borosilicateglasses(e.g.Pyrex)haveasmainconstituentssilica

andboronoxide.

Theyhavefairlylow coefficientsofthermalexpansion(7740PyrexCTEis

3.25×10–6/°C[4]as compared to about9×10−6/°C fora typicalsoda-lime

glass[5]),makingthem more dimensionally stable.The lower CTE also

makes them less subjecttostresscausedbythermalexpansion,thus

less vulnerable to cracking from

thermalshock.Theyarecommonlyusedforreagentbottles,opticalcomponentsan

d

householdcookware.

4.Lead-oxide glass,crystalglass:silica 59% + lead oxide (PbO)25% +

potassium oxide(K2O)12% +soda(Na2O)2.0% +zincoxide(ZnO)1.5% +

alumina0.4%.Becauseofitshighdensity(resultinginahighelectrondensity)

ithasahighrefractiveindex,makingthelookofglasswaremorebrilliant

(called"crystal",thoughofcourseitisaglassandnotacrystal).Italsohasa

highelasticity,makingglassware'ring'.Itisalsomoreworkableinthefactory,

butcannotstandheatingverywell.

5.Aluminosilicateglass:silica57%+alumina16%+lime10%+magnesia7.0%

+barium oxide(BaO)6.0% +boricoxide(B2O3)4.0%.Extensivelyusedfor

fiberglass,usedformakingglass-reinforcedplastics(boats,fishingrods,etc.)

andforhalogenbulbglass.

6.Oxideglass:alumina90% +germanium oxide(GeO2)10%.Extremelyclear

glass,usedforfiber-opticwaveguidesincommunicationnetworks.Light

losesonly5% ofitsintensitythrough1km ofglassfiber.[6]However,most

opticalfiberisbasedonsilica,asarealltheglassesabove.

PROPERTIESOFGLASS

Thepropertiesofglassaremainlygovernedbyfactorslikecompositionofthe
constituents,stateofsurface,thermaltreatmentconditions,dimensionofspecimen
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etc.

Followingarethepropertiesofglasswhichhavemadetheglasspopularanduseful:

I. Itabsorbs,refractsortransmitslight.
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II. Itcantakeupahighpolishandmaybeusedassubstituteforeverycostlygems.

III. Ithasnodefinitecrystallinestructure.

IV. Ithasnosharpmeltingpoint.

V. Itisaffectedbyalkalis.

VI. Itisanexcellentelectricalinsulatoratelevatedtemperaturesduetothefact

thatglasscanbeconsideredasanionicliquid.Theionsarenoteasilymoved

atroom temperaturebecauseofthehighviscosity.Butwhenthetemperature

rises,the ions are permitted to flow and thus they willsustain an

electriccurrent.

VII. Itisavailableinbeautifulcolours.

VIII. Itbehavesmoreasasolidthanmostsolidsinthesensethatitiselastic.but

whentheelasticlimitisexceeded,itfracturesinsteadofdeforming.

IX. Itiscapableofbeingworkedinmanyways.itcanbeblown,drawn,orpressed.

Butitisstrangetonotethatitisdifficulttocastinlargepieces.

X. Itisextremelybrittle.

XI. Itisnotusuallyaffectedbyairandwater.

XII. Itisnotattackedbyordinarychemicalreagents.

XIII. It is possible to intentionally alter some of its propertiessuch

asfusability,hardness,refractivepoweretc.Tosuitdifferentpurposes.

XIV. Itispossibletoobtainglasseswithdiversifiedproperties.Theglassmaybe

clear,colourless,diffusedandstained.

XV. Itispossibletoweldpiecesofglassbyfusion.

XVI. It is transparent and translucent. Transparency is the most used

characteristicofglassanditisduetotheabsenceofthefreeelectron.Forthe

samereasonitalsoworksasagoodinsulator.

XVII. Whenitisheated,itbecomessoftandsoftwithriseintemperature.itis

ultimatelytransformedintoamobileliquid.Theliquidwhenallowedtocool,

passesto alldeegresofviscosity.The propertyofglasshasmade its

manufacturingprocesseasy.Itcanalsobeformedintoarticlesofdesired

shape.Thustheamorphousnessofglasspermitsittobeblown,drawnfrom

furnacesandcontinuouslyworked.

XVIII. Duetoadvancementmadeinthescienceoftheglassproduction,itis

possibletomakeglasslighterthancorkorsofterthancottonorstrongerthan

steel.Thepresenceofglasshoweverisconsiderablyaffectedbyforeign

inclusions,internaldefectsandcordsorchemicallyheterogeneousareas.

XIX. Theglasspanescanbecleanedeasilybyanyoneofthefollowing

methods-[i]Byapplyingmethylatedspirit

[ii]paintingtheglasspaneswithlimewashandleavingittodryandthen

washingwithcleanwater.

[iii]rubbingdampsaltforcleaningpaintspots

and;[iv]rubbingfinelypowderedchalk
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13.REPAIR

1. Glossaryofhyponymsrelatedtorepair

Repair

Thisistheactiontakenuponabuildingbypatchingupsuperficialdefectsand

buildingfinishesinordertobringbackthearchitecturalshapeofthebuildingso

thatallservicesstartworkingandthefunctioningofbuildingisresumedquickly.

Repairdoesnotpretendtoimprovethestructuralstrengthofthebuilding

Reconstruction

Iftheoriginalbuilding orsomeelementsofthebuilding missing orcritically

damagedtocarryoutanyrepair,thentheyarere-createdinallnew,appropriate

material.Thisiscalledreconstruction.

Rehabilitation

Itistheactorprocessofmakingpossibleacompatibleuseforapropertythrough

repair,alterations,andadditionswhilepreservingthoseportionsorfeatureswhich

conveyitshistorical,cultural,orarchitecturalvalues.Here,althoughemphasisis

providedtoretainandrepairthehistoricmaterialsbutmorelibertyisprovidedto

replacementbecauseitisassumedthestructureseverelydamagedisseverely

damagedpriortowork.

Retrofit

Retrofittingistheprocessofupgradingthebuildingwhichisstillingoodcondition;

sothatitbecomessafeagainstfuturedamagewhichmaylikelyoccurinnear

future.Thusretrofitinvolvesmakingchangestothebuildingsatsomepointafter

itsinitialconstructionandoccupation.

2. Buildingjoints

Ajointisasimplegroovecutpositionedonthesurfaceoftheconcrete.Theseare

providedtoallowsomecrackingtooccurthere
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Control/ContractionJoints

Thepurposeofacontroljointistodividealargearea(brick,concrete,etc.)into

smallerareastomakecrackinglesslikelyortoencourageanycrackingtooccurinthe

selectedlocation.Controljointsareusuallynon-workingjoints,exceptinthecaseofa

brick wallwhere they actto accommodateexpansion and contraction due to

heatingandcooling.

Isolation/expansionjoints

An isolationjointprevents movementin one partofa building from affecting

otherpartsofthebuilding.Themostcommon isolation jointisthe"expansion

joint."Every building has majorexpansion joints thatdivide the building into

segments;thesejointsgothroughthestructuresuchasawalloraroofandare

continuousthroughtheentirebuilding.

Constructionjoints

Aconstructionjointisajointinconcretewhereoneplacementofconcreteendsand

thenextplacementwerebegunafterthesettingupofpreviouswork.Theyare

typicallyplacedattheendofaday’sworkbutmayberequiredwhenconcrete

placementisstoppedforlongerthantheinitialsettingtimeofconcrete.

3. Buildingcracks

Acrackisacompleteorincompleteseparationofconcreteormasonryintotwoor

morepartsproducedbyitsbreakingorfracturing.Cracksinbuildingscouldbe

broadlyclassifiedasstructuralornon-structuraltype.

Structuralcrack:These occurdue to incorrectdesign,faulty construction or

overloadingandthesemayendangerthesafetyofabuilding.E.g.,extensivecracking

ofanRCCbeam.

Non-structuralcrack:These cracksmostly developed due to internally induced

stressesinbuildingsmaterialsduetomoisturevariations,temperaturevariation,

elasticdeformations,creep,chemicalreaction,foundationmovement,vegetation

growthetc.Non-structuralcrackdonotendangersafetyofabuildingbutmaylook

unsightlyandcreateafeelingofinstabilityandimpressionoffaultyconstruction.

Sometimes,thesecracksmayallow penetrationofmoisturethroughthem thus
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resultingdamagestointernalfinishesorcorrosionofreinforcementthusaffecting

stabilityofstructureinlongrun.
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4. Typesofbuildingrepairs

Day-to-dayRepair

Theserepairsincludeservicerepairswhichneedtobeattendedondaytodaybasis

duringtheservicesofthebuilding.Examplesforsuchrepairsareremovingchokage

ofdrainagepipes,manholes,restorationofwatersupply,replacementofblown

fuses,repairstofaulty switches,wateringofplants,lawnmowing,hedgecutting,

sweepingofleaffallsetc.Thepurposeofthismaintenanceserviceistoensure

satisfactorycontinuousfunctioningofvariousservicesinthebuildings.

AnnualorPeriodicRepairs

Thesearetheregularrepairworkswhicharecarriedoutatalongertimeintervals,

sayoneyear,tomaintaintheaestheticsofbuildingsandservicesaswellasto

preserveitslife.

SpecialRepair

Specialrepairsofbuildingareundertakentoreplacetheexistingpartsofbuildings

andserviceswhichgetdeterioratedonageingofbuildings.Itisnecessarytoprevent

thestructureandservicesfrom deteriorationandrestoreitbacktoitsoriginal

conditionstotheextentpossible.Extensivefloorimprovement,replacementofroof

tiles,majorjoineryreplacementnormallyfallsunderthiscategory.

5. MaintenanceofBuildings

Buildingmaintenanceisworkundertakentokeep,restoreorimproveeverypartofa

building,itsservicestoacurrentlyacceptablestandardandtosustaintheutilityand

value ofthe facility.Building maintenance works can be classified into three

categories:preventivemaintenance,routinemaintenanceandcorrectivemaintenance.

PreventiveMaintenance(/Breakdownmaintenance)

Preventive maintenance is carried outto avoid breakdown ofmachinery and

occurrenceofmaintenanceproblemsinbuildingsandservices.
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RoutineMaintenance

Thisisthemostfrequentlydoneactivityofallandisdonebyperformingroutineand

scheduledmaintenanceoftheproperty.Changingequipmentfilters,cleaninggutters,

removingdebrisfrom roofdrains,caulking,officecleaning,window cleaningand

repairs,and parking lotcare are justa few ofthe many items thatrequire

scheduledmaintenance.

CorrectiveMaintenance

Theseareactualrepairsthatkeepthepropertyfunctioningnormallyandusually

needtobedoneassoonaspossible.Therepairsareusuallydoneinresponseto

somethingbreakingornotworkingproperlyanymore.Thistypeofmaintenance

includesreplacingabrokenairconditioningunit,fixingadrippingfaucet,unclogging

drains,replacinglightbulbs,orrepairinganon-functioningtoilet.



10
7

*Under
revision

14.STONES

DEFINITION-Theprocessoftakingoutstonesfrom naturalrockbedsisknownas

thequarrying.Theterm quarryisusedtoindicatetheexposedsurfaceofnatural

rocks.Thestones,thusobtained,areusedforvariousengineeringpurposes.The

differenceamineandquarryshouldbenoted.Incaseofamine,theoperationsare

carriedoutunderthegroundatgreatdepth.Incaseofquarry,theoperationsare

carriedoutatgroundlevelinanexposedcondition.

SITEFORQUARRY-Theselectionofsiteforaquarryofstonesshouldbedoneafter

studyingcarefullythefollowingaspects:

1.Availabilityoftools,power,materialsandlabourfortheefficientworkingofquarry.

2.Easyavailabilityofcleanwaterinsufficientquantityalltheyearround.

3.Economyinquarrying.

4.Drainageofquarryingpit.

5.Facilityofcarryingandconveyingstonesfromquarry.

6.Qualityofstoneavailablefrom

quarry.METHODSOFQUARRYING-

Followingarethethreemethodsofquarrying:

I. Quarryingwithhandtools

II. Quarryingwithchannelingmachine

III. Quarryingwithblasting.

QUARRYINGWITHHANDTOOLS-Therethreemethodsofdoingthistypeofquarrying:

a)DiggingorExcavating

b)Heating

c)Wedging

(a)DiggingorExcavating-Inthismethod,thestonesaremerelyexcavatingwith

the help ofsuitableinstrumentssuchaspick-axes,hammers,showels,

chisels,etc.Thismethodisusefulwhenasoftstoneoccursinform oflarge

andsmallblocks.

(b)Heating-Inthismethod,thetopsurfaceofrockisheated.Thismethodis

usefulwhensmallblocksofmoreorlessregularshapearetobetakenout

from quarry.Itissuitablewhentherockformationconsistsofhorizontal

layersofshallow depth.Itispossibleto obtain bythesemethod fairly

rectangularblocksrequiredforcoursedrubblemasonary.

(c)Wedging-Inthismethod,ifrocksurfacecontainscracksorfissures,thesteel

wedgesorpoints,asshowninfig.,aredriventhroughsuchcracksbymeans

ofhammers.Theblocksofstonesarethenshiftedandtheyareremoved

withthehelpofsuitableinstruments.
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Thewedgingisadoptedforcostlystratifiedrockswhicharecomparativelysoftsuch

aslaterite,marble,limestone,sandstone,etc.Thewedging ispreferred to the

blasting,whereverpossible.

QUARRYING WITH CHANNELLING MACHINE:In this method,the channeling

machinedrivenbysteam,compressedairorelectricityareusedtomakeverticalor

obliquegroovesorchannelsontherockmass.Thesemachinesmakerapidlythe

grooveshavinglengthofabout24m,widthofabout50mm to75mm anddepthof

about2.40m to3.70m.Theprocessconsistsofthefollowingsteps:

(a)Thechannelsarecutaroundthestoneblockwhichistoberemovedfrom the
rockmass.

(b)Thehorizontalholesaredrilledbeneaththerock.

(c)Thewedgesaredrivenintotheholesandtheblockisthenbrokenloosefrom itsbed.

QUARRYINGWITHBLASTING:Inthismethod,theexplosivesareusedtoconvert

intosmallpiecesofstones.Themainpurposeofquarryingstonesbyistoloosen

largemassesofrocksandnottoviolentlyblow upthewholemasssoasto

convertitintoverysmallpiecesofpracticallynouse.

Thismethodisadoptedforquarryinghardstones,havingnofissuresorcracks.

Thestonesobtainedbyblastingareusuallyofsmallsizeandtheyareusedas

ballastinrailways,aggregateforconcrete,road metal,etc.Theprocessof

blastingisimportantwithrespecttothestonequarrying.

CommonlyusedStonesinIndia.

Marble:

 Originandcomposition:-itisamostcommonvarietyofmetamorphicrock.Itis

formed from crystallized limestone by metamorphism\,chemically,it is

calcareousandischieflycomposedofcalciumcarbonate.

 properties:-followingarethepropertiesofmarble:_

 itscrushingstrengthisfrom 500to600kg/cm2
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 theusualcolorofmarbleiswhite,butitisalsoavailableindifferentshadesof

colorssuchasgrey,black,red,brown,yellowandcombinationofthese

 itiscompactandcrystallineinstructureduetowhichitcantakeafinepolish

 itislesdurable

 Itcanbecarvedeasilyandthusismostsuitedforsculpturework.

 itsspecificgravityis2.72itsweight2720kg/cum

 itsabsorptionis1to3%

 Chiefuses:-usedasbuildingstoneandindecorative

panelsSandstone:

 Originandcomposition:-Thisstoneisacommonvarietyofsedimentaryrocks

mechanicalorigin.itisphysically,stratifiedandchemically,siliceousinsiliceous

innature,itischieflycomposedofquartz(grainsofsand)boundtogetherbya

cementingmaterial,butothermineralssuchasfelspar,mica,magnetiteetc.are

alsopresent.

 Properties:-followingarethepropertiesofsandstone:-

 it'scrushingstrengthis400to650kg/cm2

 Itiswhite,grey,yellow,lightbrown,andredincolor.

 Itsspecificgravityis2.3to2.4.Itsweightisnearly2350kg/cum.

 Chiefuses:-generalwallsbuilding

flagstone.Slate:

 itscrushingstrengthvariesfrom 700to2100kg/cm2

 itishardtoughandisleastabsorptive

 Italsooffersgoodabrasiveresistance.

 Itisagoodheatandelectricalinsulator.

 Itswaterabsorptionvariesfrom 0.5to1%.

 Followingaretheusesofslate.

 Itisavaluablematerialforroofingandblackboards.

 Thickslabsofhardervarietyofslatesareusedforflooringstepsshelvesmental

piecessillsofdoorsandwindowetc.

 slateaavailableattheavailableatthefollowinglocalitiesinIndia:_

osimla,kangra,gurgaon,Gurdaspur,Alwar,Rajasthan,(MP)(Haryana)

(GujaratBasalt:-

 OriginandComposition:thesestonesarethecommonvarietiesofigneousrocks

theyareformedbysolidificationoflavaontheearth’ssurfaceduetovolcanic

eruption.Somebasaltsdevelopsteplikeappearanceandareknownastraps.

Theyarechieflycomposedofsilica,aluminaandfelspar.

 Properties:-Followingarethepropertiesofbasaltandtrap

 Theircrushingstrengthis700to850kg/sq.cm.

 Theyarehardandtough
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 Theyaregreenishgreytodarkgreyincolor.

 Theirspecificgravity(2-9to2.96)ismorethanthatofgranitetheirweightis

nearly2900kg/cm3.

 Theyareavailableasavastdepositofbasalticrock,nearthewesternGhatsof

India,knownasDeccantrap.TheyarealsoavailableatRajmahalHills(Bihar)

knownasRajmahalTrap.Varietiesofbasaltsjike,BombayBasalt,Bluebasalt,

redbasaltandyellowbasaltarefoundandusedinMaharasatra,Gujaratetc.

Limestone:-

 Color:-Whitelightgreytolightbuff.

 Texture:-finetocrystalline,mayhavefossils

 Parting:-paralleltobeds:alsomayhaveirregularfractures.

 Hardness:-fairlysoftsteeleasilycatches

 Mayshowfossils.

 Alllimestoneareofsedimentaryoriginandhavefortheirprincipalingredient

carbonateoflime.

 Whenclayispresent,thestoneiscalledargillaceouslimestone;whensilica

predominates,siliceous limestone;when iron is prevalent, ferruginous

limestone;whenmagnesiaispresenttotheextentof15percent.

Granite:-

 Granite is one of the mostvaluable stones for construction purposes.

Although thequalityofgranitevariesaccordingtotheproportions ofthe

constituents and totheirmethodofaggregation,thiskindofstoneisgenerally

durable,strong,andhard.

 The hardestand mostdurable granites contain a greaterproportion ofquartz
andasmaller

proportionoffeldsparandmica.Feldsparmakesgranitemoresusceptibleto

decompositionbythesolutionpotashcontainedinit,potash feldspar being

lessdurablethanlimeorsodafeldspar.

 Becauseofitsuniform structure,granitecan bequarried in largeblocks.The

rift,the grain,and the jointplanes are advantageous in quarrying,as itis

verydifficulttocutgranite in otherplaces.The uses forwhich granite is

suitable dependonthetextureofthestone.Medium-grainedstoneisbestfitted

forbuildingconstruction.Fine-grainedstonecanbecarvedandpolished.

Schist:-

 Schisthas a more crystalline structure than slate,and the crystals are

easily seen.Itiscomposedchieflyofminerals thatcleave readily,such as

hornblende,mica,etc.,mixedwithavariableamountofgranular quartz and

feldspar.The presenceofthecleavagemineralsproducesafinecleavageor

foliation,calledschistosity.
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 Schistissometimesusedinbuilding construction butitdisintegrates very

rapidly andisnotdurable.It should always be set with the planes of

schistosityhorizontal.

Gneiss-

 Gneissisacoarse-grainedlaminatedrock.

 Itisformedbymetamorphism ofeithersedimentaryorigneousrock.

 Itisoftenusedasstructuralmaterialandasconcrete

aggregate.Shale-

 Shaleisatypicalclayrock thatsplits readilyin lines parallelto the

bedding.

 Sandandlimecarbonate are always presentin this stone and,with

increaseofeither,therockgradesintoshalysandstoneorshalylimestone.

 Shale isused forlighttraffic roads and in the manufacture of

brick,tile,andotherburnedclayproducts,butitisnotsuitablefor

concreteaggregate.

Conglomerate-

 Stratified rockcomposed ofrounded pebblesofany material, such as

limestone,quartz,shale,granitegrains,feldspar,etc.,cemented togetheris

knownasconglomerate.

 Whenthepebblesarequartzwithsiliceousbindingtherockisstrongandhard

toquarryordress.

 Whentheintersticesbetweenthepebblesare notfilled by the binder,the

rockisveryporous,andmayholdgreatamountsofgroundwater.

 Thisstoneisseldom usedinbuildingconstruction.
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15.TIMBER

Atreebasicallyconsistsofthreepartsnamely,trunk,crownandroots.thefunctionof
thetrunkistosupportthecrownandtosupplywaterandnutrientsfrom therootsto
theleavesthroughbranchesandfrom theleavesbacktotheroots.therootsare
meantto implantthe trees in the soil,to absorb moisture and the mineral
substancesitcontainsandtosupplythem tothetrunk.

Detailsofstructure:

From thevisibilityaspect,thestructureoftreecanbedividedintotwo

categories:-(1).Macrostructure

(2).Microstructure

Macrostructure:-

Thestructureofwoodvisibletothenakedeyeoratasmallmagnificationiscalled
themacrostructure.Followingareitsdifferentcomponents:

(1)Pith:

theinnermostcentralportionofthecoreofthetreeiscalledthepithormedulla.It
variesinsizeandshapeandfordifferenttypesoftrees.Itconsistentirelyofcellular
tissuesanditnourishesitsplantatitsyoungage.whentheplantbecomesold,the
pithdiesup and decaysand thesap isthentransmitted bythewoodyfibres
deposited round the pith.the pith ofthe branches is nothing butmerely a
prolongationofthestem.
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(2)Heartwood:

Theinnerannularringssurroundingthepithconstitutetheheartwood.Itisusually
darkincolour.asamatteroffact,itindicatesthedeadportionoftreeandassuch,it
doesnottakeactivepartinthegrowthofthetree.Butitimpartsrigiditytothetree
henceitprovidesstronganddurabletimberforvariousengineeringpurposes.

(3)Sapwood:

The outerannularrings between heartwood and cambium layeris known as
sapwood.Itisusuallylightincolourinlightandweight.Itindicatesrecentgrowthand
itcontainssap.Theannualringsofsapwoodarelesssharplydefinedthanthoseof
heartwood.Ittakesactivepartinthegrowthofthetreeandthesapmovesinupward
directionthroughit.Thesapwoodisalsoknownasthealburnum.

(4)Cambiumlayer

Thethinlayerofsapbetweensapwoodandinnerbarkisknownasthecambium
layer.Itindicatessapwhichhasnotyetbeenconvertedintosapwood.Ifthebarkis
removedforanyreason,thecambium layergetsexposedandthecellsceasetobe
activeresultinginthedeathofthefibre.

(5)Innerbark:

Theinnerskinorlayercoveringthecambium layerisknownastheinnerbark.itgives
protectiontothecambium layerfrom anyinjury.

(6)Outerbark

Theouterskinorcoverofthetreeisknownastheouterbark.itistheoutermost
protectivelayeranditsometimescontaincracksandfissures.itconsistsofcellsand
woodfibreandisalsoknownasthecortex.

(7)Medullaryrays

Thethinradialfibresextending from pithto cambium layerareknownasthe
medullaryrays.thefunctionoftheseraysistoholdtogethertheannularringsof
heartwoodandsapwood.theseraysaresometimesbrokenandinsomevarietiesof
trees,theyarenotveryprominent.

Microstructure:

Thestructureofwoodapparentonlyatgreatmagnificationsiscalledthemicrostructure.

Alivingcellconsistsoffourpartsnamelymembrane,protoplasm,sapandcore.The
cellmembraneconsistsmainlyofcellulartissuesandcellulose.Theprotoplasm isa
granular,transparent ,viscous vegetable protein composed of
carbon,hydrogen,oxygen,nitrogen and sulphur.The core of cell differs from
protoplasm merelybythepresenceofphosphorusanditisgenerallyoval.

Thecells,accordingtothefunctiontheyperform,areclassifiedintothefollowing
threecategories:

- Conductivecells
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- Mechanicalcells

- Storagecells

(1).conductivecell

s:

Thesecellsservemainlytotransmitnutrientfrom roottothebranches

andleaves.(2).mechanicalcells

Thesecellsareelongated,thickwalledandhavetightlyinterconnectednarrow
interiorcavities.thesecellsimpartstrengthtothewood.

(3).storagecells:

Thesecellsservetostoreandtransmitnutrientstothelivingcellsinthehorizontal
directionandtheyareusuallylocatedinthemedullaryrays.

Defectsintimber:

Variousdefectsoccurringintimberaregroupedintofollowingfive

categories:(1)defectsduetoconversion
(2)defectsduetofungi
(3)defectduetoinsects
(4)defectsduetonatural
forces(5)defectsdue
toseasoning

Defectsduetoconversion:

Duringconvertingtimbertocommercialform thefollowingdefectsmayoccur:

(i)chipmark:thisdefectisindicatedbymarksplacedbychipsonthefinished
surfaceoftimber.theymayalsobeformedbypartsofaplanningmachine.

(ii)Diagonalgrain:thisdefectisformedduetoimpropersawingoftimber.itis
indicatedbydiagonalmarkonstraightgrainedsurfaceoftimber.

(iii)Torngrain:thisdefectiscausedwhenasmalldepressionisformedonthe
finishedsurfaceoftimberbyfallingofatoolorso.

(iv)Wane:thisdefectsisdenotedbythepresenceoforiginalroundedsurfaceonthe
manufacturedpieceoftimber.

Defectsduetofungi:

Fungiattacktimberonlywhen

(1)Themoisturecontentoftimberisabove20%.

(2)Ifthereisapresenceofairandwarmthforthegrowthof

fungi.Duetoattackoffungifollowingdefectsoccur:

(i)Bluestain:thesapofthewoodisstainedtobluishcolourbytheactionofcertain
typeoffungi.
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(ii)Brownrot:thefungiofcertaintypesremovecellulosecompoundfrom woodand
hencethewoodassumesthebrowncolour.thisisknownasthebrownrot.

(iii)Dryrot:thefungiofcertaintypesfeedonwoodandduringfeeding,theyattackon
woodandconvertitintopowderform.Thisisknownasdryrot.

Thistypeofdefectoccurinplacewherethereisdampnessandnofreecirculation
ofair.Thedryrotmaybepreventedbyusingwellseasonedtimberfreefrom sap.

(iv)Heartrot:thisisformedwhenabranchhascomeoutofatree.Itoccurswhen
heartwoodisexposedtoatmosphericagent.

(v)Sapstain:certaintypesoffungifeedoncellcontentsofsapwood.Indoingso,the
sap wood losesitscolour.thisisknownassap stain.Itgenerallyoccurswhen
moisturecontentgoesbeyond25%orso.

(vi)Wetrot:somevarietiesoffungicausechemicaldecompositionofwoodoftimber
indoingsotimberisconvertedintoagreyishbrownpowder.Thisisknownaswetrot.

(iv)Whiterot:thisdefectisoppositeofbrownrot.Inthisdefectthewoodassumes
theappearanceofawhitemassconsistingofcellulosecompounds.

Defectduetoinsects:

Defectsintimberoccurduetovarioustypesof

insects.Suchas:

(1)beetles

(2)marine

borers

(3)termites

Decayoftimberoccursduetotheabove

insects.Defectduetonaturalforce:

Themainnaturalforcesresponsibleforcausingdefectsintimber
two,namely,abnormalgrowthandruptureoftissues.

(i)Burls:thesearealsoknownastheexcrescencesandtheyareparticularlyformed
whenatreehasreceivedshockorinjuryinisyoungage.Duetosuchinjury,the
growthoftreeiscompletelyupsetandirregularprojectionsappearonthebody
oftimber.

(ii)Callus:itindicatessofttissuesorskinwhichcoversthewoundofatree.

(iii)Chemicalstain:thewoodissometimesdiscolouredbythechemicalaction
causedwithitbysomeexternalagency.

(iv)Coarsegrain:ifatreegrowsrapidly,theannualringsarewidened.Suchtimber
possesseslessstrength.

(v)Deadwood:thetimberwhichisobtainedfrom deadstandingtreescontains
deadwood.
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(vi)Druxiness:thisdefectisindicatedbywhitedecayedspotswhichareconcealedby
healthywood.

(vii)Foxiness:thisdefectisindicatedbyredoryellowtingeinwoodorreddishbrown
stainsorspotsroundthepithoftreediscolouringthetimber.Itiscausedduetoo
poorventilation.

(viii)Knots:thesearethebasesofbranchesorlimbswhicharebrokenorcutoff
from thetree.Theportionfrom whichthebranchisremovedreceivesnourishment
from thestem foraprettylongtimeanditultimatelyresultsintheformationofdark
hardringswhichareknownastheknots.

(ix)Rindgalls:therindmeansbarkandgallindicatesabnormalgrowth.Hence
peculiarcurvedswellingfoundonthebodyofatreeknownastherindgall.

(x)Shakes:thesearecrackswhichpartlyorcompletelyseparatethefibresofwood.
Followingarethedifferenttypesofshakes:cupshake,heartshake,ringshake,star
shake,radialshake.

(xi)Twistedfibres:thesearealsoknownasthewanderingheartsandtheyare
causedbytwistingofyoungtreesbyfastblowingwind.

(xii)Upset:thesearealsoknownastherupturesandtheyindicatethewoodfibres
whichareinjuredbycrushingorcompression.

(xiii)waterstain:thewoodissometimesdiscolouredwhenitcomesintocontact
withwater.Thidefectisusuallyfoundinconvertedtimber.

(xiv)Windcracks:ifwoodisexposedtoatmosphericagencies,itsexteriorsurface
shrinks.Theseareknownasthewindcracks.

Defectsduetoseasoning:

Followingdefectsoccurintheseasoningprocessofwood.

(i)Bow:thedefectisindicatedbythecurvatureformedinthedirectionoflengthoftimber.

(ii)case-hardening:theexposedsurfaceoftimberdriesveryrapidly.Ittherefore
shrinksandisundercompression.Theinteriorsurfacewhichhasnotcompletely
driedundertension.Thisdefectisknownasthecase-hardening.

(iii)Check:acheckisacrackwhichseparatesfibresofwood.Itdoesnotextend
from oneendtotheother.

(iv)Collapse:duetounevenshrinkage,thewoodsometimeflattensduringdrying.
Thisisknownascollapse.

(v)Cup:thisdefectisindicatedbythecurvatureformedinthetransversedirection
oftimber.

(vi)Honey-combing:duetostressesdevelopedduringdrying,thevariousradialand
circularcracksintheinteriorportionoftimber.Thisdefectisknownashoney-
combing.

(vii)Radialshake:theseareradialcracks.
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(viii)Split:whenacheckextendsfrom oneendtotheother,itisknownasasplit.

(ix)Twist:whenapieceoftimberhasspirallydistortedalongitslength,itisknown
asatwist.

(x)Warp:whenapieceoftimberhastwistedoutofshape,itissaidtohavewarped.

TIMBER

TIMBERistheoldestmaterialusedbyhumansforconstructionafterstone.Despite
itscomplexchemicalnature,woodhasexcellentpropertieswhichlendthemselves
tohumanuse.Itisreadilyandeconomicallyavailable;easilymachinable;amenable
to fabrication into an infinitevarietyofsizesand shapesusing simpleon-site
buildingtechniques;

 Exceptionallystrongrelativetoitsweight
 Agoodheatandelectricalinsulator
 Itisarenewableandbiodegradableresource.

However,italsohassomedrawbacksofwhichtheusermustbeaware.Itisa
“natural”materialandisavailableinlimitedamount.

Preservation:

Preservationoftimbermeansprotectingtimberfrom fungiandinsectsattackso
thatitslifeisincreased.Timberisto beseasoned wellbeforeapplication of
preservatives.Thefollowingarethewidelyusedpreservatives:

1.Tar
2.Paint
s
3.Chemicalsa
lt4.Creosote
5.ASCO

1.Tar

Hotcoaltarisappliedtotimberwithbrush.Thecoatingoftarprotectsthetimber
from theattackoffungiandinsects.Itisacheapestwayofprotectingtimber.Main
disadvantageofthismethodofpreservationisthatappearanceisnotgoodaftertar
isapplieditisnotpossibletoapplyotherattractivepaints.Hencetarringismade
onlyfortheunimportantstructureslikefencepoles.

2.Paints

Twotothreecoatsofoilpaintsareappliedoncleansurfaceofwood.Thepaint
protectsthetimberfrom moisture.Thepaintistobeappliedfrom timetotime.Paint
improvestheappearanceofthetimber.Solignum paintisaspecialpaintwhich
protectsthetimberfrom theattackoftermites.

3.Chemicalsalt

Thesearethepreservativesmadebydissolvingsaltsinwater.Thesaltsusedarecopper
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sulphate,masonrychloride,zincchlorideandsodium fluoride.Aftertreatingthe
timberwiththesechemicalsaltpaintsandvarnishescanbeappliedtogetgood
appearance.

4.Creosote

Creosoteoilisobtainedbydistillationofcoaltar.Theseasonedtimberiskeptinanair
tightchamberandairisexhausted.Thencreosoteoilispumpedintothechamberata
pressureof
0.8to1.0N/mm2atatemperatureof50°C.After1to2hourstimberistakenout
ofthechamber.

5.ASCO

ThispreservativeisdevelopedbytheForestResearchInstitute,Dehradun.Itconsists
of1partbyweightofhydratedarsenicpentoxide(As2O5,2H2O),3partsbyweight
ofcoppersulphate.(CuSO4⋅5H2O)and4partsbyweightofpotassium dichromate
(K2Cr2O7)orsodium dichromate(Na2Cr2O7⋅2H2O).Thispreservativeisavailablein
powderform.Bymixingsixpartsofthispowderwith100partsofwater,thesolution
isprepared.Thesolutionisthensprayedoverthesurfaceoftimber.Thistreatment
preventsattackfrom termites.Thesurfacemaybepaintedtogetdesiredappearance.

PhysicalProperties:

SpecificGravity(SG):

Generally,specificgravity(SG)andthemajorstrengthpropertiesofwoodaredirectly
related.SGforthemajor,usuallyusedstructuralspeciesrangesfrom roughly0.30
to 0.90.Higherallowable design values are assigned to those pieces having
narrowergrowthrings(moreringsperinch)ormoredenselatewoodpergrowthring
and,hence,higherSG.

ThermalProperties/TemperatureEffects:

Althoughwoodisanexcellentheatinsulator,itsstrengthandotherpropertiesare
affectedadverselybyexposureforextendedperiodstotemperaturesaboveabout
100°F.ThecombinationofhighrelativehumidityorMCandhightemperatures,asin
unventilatedatticareas,canhaveseriouseffectsonroofsheathingmaterialsand
structuralelementsoverandabovethepotentialforattackbydecayorganisms.
Simpleremediesandcautionusuallypreventanyproblems.

Attemperatures above 220°F,wood takes on a thermoplastic behavior.This
characteristic,whichisrarelyencounteredinnormalconstruction,isanadvantagein
themanufactureofsomereconstitutedboardproducts,wherehightemperatures
andpressuresareutilized.

Environmentallyfriendly

Timberisthemostenvironmentallyresponsiblebuildingmaterial.Timberhaslow
productionenergyrequirementsandisanetcarbonabsorber.Timberisarenewable
resource.Well-managedforestsproducetimberonasustainedcontinuousbasis,
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withminimaladverseeffectsonsoilandwatervalues.
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Inplentifulandgrowingsupply

Timberisreadilyavailable.Australiahassignificantforestresourcesincludinga
plantationestatecoveringmorethan1.6millionhectares,andtheareaisgrowing
rapidly.

Strongandlightweight

Timberisstrong,lightandreliablemakingtimberconstructionsimplerandsafer
thansteelorconcreteconstruction.Acomparisonwithsteelandconcreteshows
thatradiatapine structuraltimber,forexample,hasastrengthforweightratio20
percenthigherthanstructuralsteelandfourtofivetimesbetterthanunreinforced
concreteincompression.Thelightweightstructurespossibleinwoodconferflow-on
advantagesintermsofreducedfoundationcosts,reducedearthquakeloadingand
easiertransport.Buildingcomponentsandcompleteconstructionsaresimpleand
safetoerect,andcheapertodeconstructorreuseattheendofabuildingísusefullife.

ChemicalProperties

Though,wouldischemicallyinertascomparedtoothermaterialsbutisaffectedby
someacidsandbases.Somespecieshaveprovenveryusefulforfoodcontainers
(berryboxesandcrates)becausetheyarenontoxicandimpartnotastetothefoods
containedtherein.Woodstructureshavealsofoundwidespreaduseasstorage
facilitiesforsaltandfertilizerchemicals

DRYROT

Theturningoftimbertissuestoalmostdrypowderbyfungiiscalleddryrot.The
fungusfeeduponthewoodandeatsthewoodtissue,thuspenetratingthewood
fibresfrom alldirection.

Prevention:

1.wellseasonedtimbershouldbeused.
2.timbershouldbeusedwherethereisfreecirculationand

accessofair.Remedy:

1.thetimbershouldbepaintedwithasolutionofcopper

sulphate2.thehightemperatureofseasoningofkilnhelpsin

killingtheFungi.WETROT

Thedisintegrationoftissueoftimberduetoalternatewettinganddryingiscalled
wetrot.Theattackstakeplacethroughthewoundsinbarkbytheaccessof
water.

Prevention:

Alltimberforexteriororundergroundworkshould
befirstproperlyseasonedandthencoatedwithtartokeepoutthedampness.
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Remedy:

Thebestremedyfortreatingwetrotisbyusingasuitablepreservative

SeasoningofTimber

From daytoday,mostpeoplehavesomecontactwith"seasoned"timber.From
childhooddayswoodencotsandtoys,toschooldesksand,eventually,towooden
furnitureandflooringinhomesorplacesofemployment-seasonedtimberistobe
found.Yethowmanypeoplereallyunderstandwhatseasonedtimberis?

Onlywhencracksappearinfurnitureorfloor,orwhenadoorshowssomedegreeof
warping,isanythoughtgiventothisconcept.Itistoberegrettedthatevensome
peopleassociatedwiththetimbertradehavelittleknowledgeofwhatseasoned
timberisandthebestmethodofobtainingit.
Whatis"seasoned"timber?

Theprocessofdryingoutthewaterfrom "wet"or"green"timberistermed
"seasoning",ormoresimply"drying".Waterisjustasessentialtothelifeofatreeasit
isforalllivingmatter.Togetherwiththevariousminerals,itentersthroughtheroots
ofthetreeandiscarriedinthesapwood-theouterwoodyparttotheleaves.The
food,thatisthesugarsandstarch,aremadeintheleavesbyphotosynthesisand
aretransportedinsolutiondowntheinnerbarktothegrowingcells.Thewholetrunk
ofthetreeismadeupofcells,whicharelikesmalltubes,havingwallsofcellulose
andamoreorlesshollow'cavityfilledwithwaterandothermaterialsknownassap.
Consequently,whenthetreeisfelledandtheresultinglogissawnintotimber,the
sawn sections consist ofinnumerable small cells containing water. Drying
themoistureoutofwoodenhancesitspropertiestosuchanextentthattheresulting
timberisgiventhespecialname"seasoned"ratherthan"dried"althoughthetermsare
identical.
Whyistimberseasoned?

Seasoningtimbercausesmanychangesinitsproperties,andinpractically
everycasethechangeisanimprovement.Thereisonlyoneprincipaldisadvantagein
dryingtimber,namely,thelossinvolumeduetoshrinkage.However,byacorrect
understandingoftheshrinkageoftimberthiseffectcanbeminimized,andtimbercan
thenbeconfidentlyusedwithoutfearofadversebehavioursubsequentlyinservice.
TypesofSeasoning

(i)NaturalSeasoning:Itmaybe airseasoningorwaterseasoning.Airseasoning
is carriedoutinashedwithaplatform.Onabout300mm highplatform
timberbalksarestackedasshowninFig.1.8.

(ii)
Careistakentoseethatthereisproperaircirculationaroundeachtimber
balk.Overaperiod,inanaturalprocessmoisturecontentreduces.Awell-
seasonedtimber containsonly15% moisture.Thisisaslow but a good
processofseasoning.Waterseasoningiscarriedoutonthebanksofrivers.
Thethickerendofthetimberiskeptpointingupstream side.Afteraperiodof
2to4weeksthetimberistakenout.Duringthisperiodsapcontainedinthe
timberiswashedouttoagreatextent.Thentimberisstalkedinashedwith
freeaircirculation.
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(iii) ArtificialSeasoning:Inthismethodtimberisseasonedinachamberwith
regulatedheat,controlledhumidityandproperaircirculation.Seasoningcan
becompletedin4to 5 days
only. Thedifferentmethodsofseasoningare:

(a)Boiling
(b)Kilnseasoning
(c)Chemicalseasoning
(d)Electricalseasoning.

(a)Boiling:Inthismethodtimberisimmersedinwaterandthenwaterisboiledfor
3to4hours.Thenitisdriedslowly.Insteadofboilingwaterhotsteam maybe
circulatedontimber.Theprocessofseasoningisfast,butcostly.

(b)KilnSeasoning:Kilnisanairtightchamber.Timbertobeseasonedis
placedinsideit.Thenfullysaturatedairwithatemperature35°Cto38°Cisforcedin

thekiln.Theheat
graduallyreachesinsidetimber.Thenrelativehumidityisgraduallyreducedandtemperatur
eisincreased,andmaintainedtilldesireddegreeofmoisturecontentisachieved.

Thekilnusedmaybestationaryorprogressive.Inprogressive
kilnthecarriagescarryingtimbertravelfromoneendofkilntootherendgradually.Thehotairi

ssuppliedfrom thedischargingendsothattemperatureincreaseisgradualfrom
chargingendtodischarging end. Thismethod is used for

seasoning on a larger scale.
(c)ChemicalSeasoning:Inthismethod,thetimberisimmersedinasolutionof

suitablesalt.Thenthetimberisdriedinakiln.Thepreliminarytreatmentbychemical
seasoningensuresuniform seasoningofouterandinnerpartsoftimber.

(d)ElectricalSeasoning:Inthismethodhighfrequencyalternateelectric
currentispassedthroughtimber.Resistancetoelectriccurrentislowwhenmoistureconte

ntintimberishigh.
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Asmoisturecontentreducestheresistancereduces.Measureofresistancecanbe
usedtostopseasoningatappropriatelevel.

Howeveritiscostlyprocess.Thistechniquehasbeen tried in someplywood
industriesbutnotinseasoningoftimberonmassscale.

Differentmethodsofseasoning:

AirSeasoning

Thetraditionalmethodfordryingwood,airseasoningisalsothelongest,takingsix
toninemonths.Toairseasonwood,stacklogsorplanksoutsideonpalletsinsucha
mannerthataircancirculateverticallyandhorizontallythroughthetimbers.The
raisedpalletsalsokeepwoodawayfrom vegetationanddampground.Plankandlog
endsareoftenwrappedorsealedtopreventexcessivemoisturelossthroughthese
areas.Protectthedryingwoodfrom theelementswithanoverheadcanopy.

KilnSeasoning

Themostcommonandeffectivecommercialprocessfordryingwoodiskiln
seasoning,whichacceleratestheprocessofremovingmoisturethroughtheuseof
externalenergy.Dryingtakestwodaystooneweekend,dependingonthetypeof
wood.Twomethods,progressiveandcompartmental,areusedforkilnseasoning.In
a progressive kiln,timberenters atone end and travels on a trolleythrough
chamberswithdifferentairconditionstoprogressivedrythewood.Thismethod
produces a constant flow of seasoned timber. Wood seasoned via the
compartmentalprocessremainsinasinglebuildingwhereitissubjectedtoa
program ofvaryingconditionsuntilthemoisturecontentisremoved.Thisprocessis
usedforhard-to-dryorexpensivewood.

SolarKiln

Thismethodcombinesthespeedofkilnseasoningwiththelowenergyofairdrying.
Solarkilnshavesingle-thicknesswindowsonthesouthsideofthestructurethat
workascollectorstotrapthesun’senergy.Heatcollectors,madefrom blackmetal
areattachednearthetopofthewindowsashes.Variousmethodsforcetheheated
airtocirculatethroughthekilntodrythewood.Somesolarkilnshaveinsulationto
retainheatatnight.Thisprocesstakesapproximatelytwiceaslongastraditional
kilnseasoning.Becauseofitsgentlenature,itiswellsuitedtoproducingwoodfor
furniturefabrication.

MicrowaveSeasoning

Microwaveseasoningusespulsedenergydirectedintotimberstodriveout
moistureinamannerthatwillnotcauseseasoningdegrade.Thismethodalso
providesadvantagessuchashighspeedandhighqualityandiswellsuitedfor
seasoninglumber,blocks,veneer,chips,paperandwood-basedcompositematerials.
Areasinthewoodwiththemostmoistureabsorbthemostenergyresultingineven
temperatureduring thedrying processand a uniform moisturecontent.These
factorsenhancequalityandreducetimbercheckingandwarping.
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Advantagesofseasoning:

Threemostimportantadvantagesofseasoninghavealreadybeenmadeapparent:

1.Seasonedtimberlastsmuchlongerthanunseasoned.Sincethedecayoftimber
isdueto theattacksofwood-destroying fungi,and sincethemostimportant
conditionofthegrowthofthesefungiiswater,anythingwhichlessenstheamount
ofwaterinwoodaidsinitspreservation.

2.Inthecaseoftreatedtimber,seasoningbeforetreatmentgreatlyincreasesthe
effectivenessoftheordinarymethodsoftreatment,andseasoningaftertreatment
preventstherapidleachingoutofthesaltsintroducedtopreservethetimber.

3.Thesavinginfreightwheretimberisshippedfrom oneplacetoanother.Few
personsrealizehowmuchwatergreenwoodcontains,orhowmuchitwillloseina
comparativelyshorttime.Experimentsalongthislinewithlodge-polepine,whiteoak,
andchestnutgaveresultswhichwereasurprisetothecompaniesowningthetimber.

Freightchargesvaryconsiderablyindifferentpartsofthecountry;butadecrease
of35to40percentinweightisimportantenoughtodeserveeverywhereserious
considerationfrom thoseinchargeoftimberoperations.

Whentimberisshippedlongdistancesoverseveralroads,asiscomingtobe
moreandmorethecase,thesavinginfreightwillmakeamaterialdifferenceinthe
costoflumberoperations,irrespectiveofanyotheradvantagesofseasoning.
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16.FOUNDATION

Theselectionofthefoundationtypeforaparticularsitedependsonthefollowing
considerations:

1.Natureofsubsoil.

2.Natureandextentofdifficulties

3.Availabilityofexpertiseandequipment

Dependingupontheirnatureanddepth,foundationshavebeencategorizedasfollows:

(i) Openfoundationsorshallowfoundations

(ii) Deepfoundations

OPENFOUNDATIONS

Thisisthemostcommontypeoffoundationandcanbelaidusingopenexcavationby
allowingnaturalslopesonbothsides.Thistypeoffoundationispracticableforadepth
upto5m andisnormallyconvenientabovethewatertable.Thebaseofthestructureis
enlarged orspread to provide individualsupport.Since spread foundations are
constructedinopenexcavations,thereforetheyaretermedasopenfoundations.The
varioustypesofspreadfootingsare:

1.Wallfootings,

2.Isolatedfootings,

3.Combinedfootings,

4.Invertedarchfootings,

5.Continuousfootings

6.Cantileverfooting

7.Grillagefooting

1.WallFootings:Thesefootingscaneitherbesimpleorstepped.Thebasecourse
ofthesefootingscanbeconcreteorofentirelyonematerial.Theyhaveonlyone
projectionbeyondthewidthofthewalloneitherside.Thewidthoftheconcrete
baseshouldbeatleastequaltotwicethewidthofthewall.Thedepthofthe
concrete bed is at least equal



12
2

*Under
revision

totheprojection.Generallytheprojectionprovidedinthefootingis15cm,oneitherside
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andtheconcretemixcomprisesofcement,sandandaggregateinproportionof
1:3:6or1:4:8.

2.IsolatedorColumnFootings:Theyareusedtosupportindividualcolumns.In
caseofheavyloadedcolumns,steelreinforcementsisprovided.Generally,15cm
offsetisprovidedonallsidesofconcretebed.Thefootingofconcretecolumns
maybeslab,steppedorslopedtype.

3.CombinedFootings:Acombinedfootingsupportstwoormorecolumnsinarow.
Thecombinedfootingcanberectangularinshapeifboththecolumnscarry
equalloadsorcanbetrapezoidalifboththeloadsareunequal.Generallythey
areconstructedofreinforcedconcrete.Thelocationofthecenterofthegravity
ofthecolumnloadsandcentroidofthefootingshouldcoincide.

4.Invertedarchfooting:Thistypeoffootingisusedonsoftsoilstoreducethe
depth ofthe foundation.Loads above an opening are transmitted from
supportingwallsthroughinvertedarchestothesoil.Inthistypeoffootingsthe
endcolumnsmustbesstableenoughtoresisttheoutwardpressurecausedby
thearchaction.

5.Continuousfootings:InthistypeoffootingasinglecontinuousR.C.slabis
providedasfoundationoftwoorthreeormorecolumnsinarow.Thistypeof
footingissuitableatlocationsliabletoearthquakeactivities.Thisalsoprevents
differentialsettlementsinstructures.

6.Straporcantileverfootings:Strapfootingconsistsoftwoormoreindividual
footingsconnectedbyabeam calledstrap.Thistypeoffootingisusedwhere
the distance between the columnsisso greatthatthe trapezoidalfooting
becomesquitenarrowwithbendingmoments.

7.Grillagefootings:thistypeoffootingsisusedtotransmitheavyloadsfrom steel
columnsto thesoilshaving low bearing power.Thistypeofarrangements
preventsdeepexcavationsandprovidesnecessaryareaatbasetoreducethe
intensityofthepressure.

RAFTFOUNDATIONS

A raftormatisacombinedfootingthatcoverstheentireareabeneatha
structureandsupportsallthecolumns.Theyareusedwherethesoilmass
contains compressible lenses so thatthe differentialsettlementwould be
difficulttocontrol.Raftfoundationisalsousedtoreducethesettlementabove
highly compressible soils by making the weightofthe structure and raft
approximatelyequaltotheweightofthesoilexcavated.Theraftiscomposedof
reinforcedconcretebeam witharelativelythinslabunderneath.
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DEEPFOUNDATIONS

Thesefoundationscarryloadsfrom astructurethroughweakincompressible
soilsorfillsontothestrongerandlesscompressiblesoilsorrocksatdepth.
Thesefoundationsareingeneralusedasbasements,buoyancyrafts,caissons,
cylinders,shaftandpiles

1.Basements.Theyareconstructedinplaceinanopenexcavations.Theyare
hollowsubstructuresdesignedtoprovideworkingspacebelowgroundlevel.

2.BuoyancyRafts.Theyarehollowsubstructuresdesignedtoprovideabuoyant
substructurebeneathwhichreducenetloadingsonthesoiltothedesired
lowdensity.

3.Caissons.Theyarehollow s8ubstructuresdesignedtobeconstructedonor
nearthesurfaceandthensunkassingleunitstotheirrequiredlevel.

4.Cylinders.Theyaresinglesmallcellcaissons.

5.ShaftFoundations.Theyareconstructedwithindeepexcavationsupportedby
liningconstructedinplaceandsubsequentlyfilledwithconcrete.

6.PileFoundations.Thepilefoundationisaconstructionsupportedonpiles.A
pileisanelementofconstructioncomposedoftimber,concreteorsteelora
combinationofthem.Thepilesmaybeplacedseparatelyortheymaybeplaced
inform ofaclusterthroughoutthestructure.

Classificationofpiles:

1.Classificationbasedonfunction:BearingPile,FrictionPile,ScrewPile,
compactionPile,UpliftPile,BatterPileandSheetPile

2.Classificationbasedonmaterialsandcomposition:Cementconcretepiles,
Timberpiles,Steelpiles,SandPiles,andCompositepiles.


