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UNIT-1
STONES,BRICKSANDAGGREGATES

BUILDINGSTONES:
Man requires different types of buildings such as houses, bungalows, flats etc for His living. For his

activities man also require Hospitals for his health; Schools, Colleges and Universities for his education;
Banks, Shops, Offices and Factories for doing works; Railway buildings, Bus stations and Air terminals
for his transportation; Clubs and Theatres for recreation and Temples, Mosques, Churches etc for
worship.Eachtypeoftheabovebuildingshasitsownrequirementsandneedsbuildingstonestoconstruct the
same. The period from 1750 A D onwards is known as the period of

ModernArchitecture:

The use of reinforced concrete in construction triggered the rapid development of modern architecture.
StructuralcomponentssuchasColumns,R CCslabsbecameincreasinglypopularbecauseoftheincreased speed
in construction. Use of plywood, glass, decorative materials etc helped the designers to make the new
structures look more elegant in addition to the usage of various building stones. So, the engineering
structures are composed of materials and are known as the engineering materials(or) building materials.
Hence, Building materials have an important role to play in this modern age of technology. Building
stones are obtained from rocks, are derived into three groups viz., Igneous, Sedimentary andMetamorphic
rocks.

Allthe building structures are composed ofdifferent types of materials. These materials are either called
building materials ormaterials ofconstruction. It is veryessentialfor a builder, maybe anarchitectureor
engineer or contractor, become conversant thoroughlywith these building materials.

The knowledge of differenttypes ofmaterial, theirpropertiesandusesfordifferentpurposes provides and
important toolthe handsofthe builders in achieving economyin material cost. The materialcost ina
buildingranges30to50percentcostoftotalcostconstruction.Inadditiontomaterialeconomy,thecorrectuseof
materialresultsinbetterstructuralstrength,functionalefficiencyandestheticappearance Classification of

Rocks:




Buildingstonesareobtainedfromrocksoccurringinnatureandclassifiedinthreeways.
1. Geologicalclassification
2. Physicalclassification

3. Chemicalclassification



GeologicalClassification:
Accordingtothisclassification,therocksareofthefollowingtypes.
a. Igneousrocks:RocksthatareformedbycoolingofMagana(moltenorpastyrockymaterial)are
known as igneous rocks.
Eg:Granite,BasaltandDoleriteetc.
b. Sedimentaryrocks:theserocksareformedbythedepositionofproductionofweatheringonthepre-
existing rocks.
Examples:gravel,sandstone,limestone,gypsum,ligniteetc.
c. Metamorphic rocks. These rocks are formed by the change in character of the pre-existing rocks.
Igneous as well as sedimentary rocks are changed in character when they are subject to great heat and
pressure Known as metamorphism.

Examples:Quartzite,Schist,Slate,MarbleandGneisses.

PhysicalClassification:

Thisclassificationbasedongeneralstructureofrocks. Accordingtothis,therocksareclassifiedinto three
types

a. StratifiedRocks:Theserockspossesplanesofstratificationorcleavageandsuchrockscanbeeasilysplit
along these planes

Ex:sedimentaryrocks

b. Anstratifiedrocks:Thestructuremaybecrystallinegranularorcompactgranular.Examples:Igneous
rocks and Sedimentary rocks affected by movements of the earth.

c. FoliatedRocks:Theserockshaveatendencytosplitupinadefinitedirectiononly.

Ex:Metamorphic rocks.

ChemicalClassification:

Accordingtothisclassificationrocksareclassifiedintothreetypes.

a. Siliceousrocks:Intheserocks,silicaispredominates. Therocksarehard;durableandnoteasilyeffected
by weathering agencies. Ex: Granite, Quartzite, etc.

b. ArgillaceousRocks:Intheserocks,claypredominates. Therocksmaybedenseandcompactormaybe
soft.

Ex:slates,Lateritesetc.

c. Calcareousrocks:Intheserocks,calciumcarbonatepredominates. Thedurabilitytotheserockswill

depend upon the constituents present in surrounding atmosphere. Ex: Lime Stone, marble etc.




Usesofstones:

1. Structure:Stonesareusedforfoundations,walls,columns,lintels,arches,roofs, floors,dampproof
course etc.

2. Faceworks.Stonesareadoptedtogivemassiveappearancetothestructure. Wallisofbricks

andfacing is done in stones of desired shades. This is known as composite masonry.

3. Pavingstones:Theseareusedtocoverfloorotbuildingofvarioustypessuchasresidential,commercial,
industrial etc. Theyare also adopted to form paving of roads, foot paths etc.

4. Basicmaterial:Stonesaredisintegratedandconvertedtoformabasicmaterialforcementconcrete,
morum of roads, calcareous cements, artificial stones, hallow blocks etc.

5. Misalliances:Stonesarealsousedfor(i)ballastforRailways(ii)fluxinblastfurnace(iii)Blocksinthe
construction of bridges, piers, abutments, retaining walls, light houses, dams etc.
Qualitiesofagoodbuilding stone:

Thefollowingarethequalitiesorrequirementsofagoodbuildingstone.

1. Crushingstrength:Foragoodbuildingstone,thecrushingstrengthshouldbegreaterthanl000kg per
cm?2.

2. Appearance:Goodbuildingstoneshouldbeauniformcolour,andfreefromclayholes,spotsofother
colour bands etc capable of preserving the colour for longtime.

3. Durability: Agoodbuildingstoneshouldbedurable. Thefactorslikeheatandcoldalternativewet and dry,
dissolved gases in rain, high wind velocityetc affect the durability.

4. Fracture:Forgoodbuildingstoneitsfractureshouldbesharp,evenandclear.

5. Hardness: Thehardnessgreaterthan17,treatedashardusedinroadworks. Itisbetween14to17,
mediumhardness, less 14 said be poor hardness.

6. Percentagewear:Foragoodbuildingstone,thepercentagewearshouldbeequaltoorlessthen3 percent.
7. Resistancetofire: Agoodbuildingstonebefireproof.Sandstone,Argillaceousstoneresistsfirequite well
8. Specificgravity:Foragoodbuildingstonethespecificgravityshouldbegreaterthen8.7orso.

9. Texture:Agoodbuildingstoneshouldhavecompactfinecrystallinestructureshouldbefreefrom
cavities, cracks or patches of stuff or loose material.

10. Waterabsorption:Foragoodbuildingstone,thepercentageabsorptionbyweightafter24hours should
not exceed 0.60.




11. Seasoning: Stones should be well seasoned before putting into use. A period of about 6 to 12
months is considered to be sufficient for proper seasoning.

12. ToughnessIndex:Impacttest,thevalueoftoughnesslessthan13—Nottough,between13

Selectionofstones

In contemplating the use of stone for various engineering works, the selection of the nature andquality
ofstoneisgovernedbythepurposeinview,costofstone,itsornamentalvalueanddurabilitySuitability ~ various
types of stones for different purposes and situation is brieflydiscussed below

a. For face work, in general marble, granite and close-grained sand stone are used in the form of thin
slabs (veneers) where the structure subjected to adverse weather effects.

b. Forpillars, balustrade, pedestals, columnsstatuesanddoorandwindowsillandpavingstone, granite
marble and compact lime stone can be recommend because theycan take good polish.

¢. Forornamental workssuchasmoldingand carvings,finegrainedsand stone,finegrained marble and fine
grained granite are used.

d. For bridges, piers, docks, break-waters and other marine structures the stone should be very hard,
heavy, strong and durable granite and gneiss are recommended for this purpose

e. For road metal, stones should be hard, tough, resistant to abrasion and durable. Basalt and course-
grained granite are generally recommended for this purpose.

f. For railway ballast, the stone should be hard, dense, durable, tough and easily workable sandstone,
compact lime stone, trap and quartzite are commonly used

g. Insituation like steps, doorssills, pavingsetc wherethere isa regular flow oftraffic, stone should be
hard, dense, easily workable and durable. Marble, slates and sand stones are commonly use in such
places.

h. Infireproofconstruction,compactsandstoneshouldalwaysbepreferred.

Artificial stones: These are also known as cast stones or reconstructed stones. Artificial stones may
take up various forms such as

a. Cement concrete: This is the mixture of cement, fine aggregates, coarse aggregates and water. It
may be cast in site. or pre-cast if steel is used with cement concrete, it is known as reinforced cement
concrete.

b. Mosaic tiles: Pre-Cast concrete tiles with marble chips at top surface are known as tiles. They are
available in different shades and widely adopted at present.

c. Terrazo: This is a mixture of marble chips and cement. It is used for bathrooms residential

buildings, temples etc.




Advantagesofartificialstones:

1. Cavitiesmaybekeptinartificialstonestoconveypipes,electricwiresetc.

2. Groovescanbekeptinartificialstonewhileitisbeingcastwhichareusefulforfixingvariousfittings.
3. Itcancastindesiredshape

4. Itcanbemadeinasinglepieceandhencetroubleofgettinglargeblocksofstoneforlintels,beams etc is
avoided.

5. Itcanbemadestrongerthannaturalstone

6. Itischeapandeconomical

7. Itismoredurablethannaturalstone

8. Naturalbedisabsentinartificialstonesandhence,thequestionoftakingprecautionswithrespecttothe

natural bed of stones does not arise.
QUARRYINGOFSTONES:

The process of taking out stones from exposed surface of natural rock bed sis known as the quarrying.
While selecting a quarry site, one should remember that the availability of quantity; desired quality,
transportation facilities, cheap local labor, and free from the permanent structures in the vicinity,
drainage of rainwater etc.In case of a quarry, the operations are carried out at ground level (in an
exposed condition) whereas in case of mine, the operations are carried out under the ground at greater
depths.

SELECTIONOFASITEFORQUARRYING:

e AvailabilityofRawmaterial, Tools,Power,Labor

e  Spacefordumpingofrefusematerial.

e Distanceofquarryfromroads,railways.

e  Proximitytothetransportationfacilities.

e Easyavailabilityofcleanwaterinsufficientquantitythroughouttheyear.
e Economyinquarrying

e Blastingmaterialavailability

STONEQUARRYINGTOOLS
TampingBar:

A tamping bar has a small blade at one end for loosening compacted or rocky soil and a flattened end
for tamping..

Shovels:Shovels are available in various shapes and handle lengths. Shovels are most common for trail
work and are used to move loosened soil, to dig trenches. They can also be used for cleaning of culvert

outlets.




PostHoleDigger: Usedforremovingsoilfromholes.Soilshouldbeliftedfromtheholes.
Sledgehammer:Asledgehammerwitha6to8poundheadanda3foot-longhandleismostusefulfor trail work.

It can be used to crush rock into gravel.

SingleJackHammer: Asinglejack(3to4poundheadwithshorthandle)hammercanbeusedwitha star drill to

punch holes in rock.

StarDrill: Stardrillsareusuallyaboutafootlongandweighapound. Theyareusedwithsinglejackhammersto

punch holes in rock.







1.

Twofeathers(shims)withaplug(wedge)betweenthem

HANDPLUGDRILLS:

METHODSOFQUARRYING:
The purpose of quarrying is to obtain building stones for various engineering purposes. Depending
uponthenatureofrocksandthepurposeforwhichstonesareneeded, quarrying isdone byadopting the

following methods:

Quarrying is carried out by employing hand tools for digging / excavation, Heating, Wedging and
Blasting.

Digging / excavation: Inthis method,the stonesare merelyexcavated withthe help ofsuitable hand
tools suchas Pick axes, Hammers, Spades, Chisels. This method is usefulwhensoft stones occur in
the form of small blocks.

Heating: In this method, the surface ofrock is heated byplacing pieces ofwood or bypiling a heap
offuelover the surface and fired for a few hours. Dueto unequalexpansion, the upper layer ofrock
separates out. The detached portion of rock is then removed by suitable hand tools.

This method is suitable when the rock formation consists of horizontal layers of shallow depth.
Sometimes, intermediate layers are to be separated from the top and bottom layers. In such a case,
the intermediate layer is heated and the expansion separates it fromthe other two.

Wedging:This method of quarrying is usually adopted for rocks such as Sandstone, Limestone,
Marble, Slate, Laterite etc.. About 10 — 15 cm deep holes, at around 10 cm spacing are made
vertically in the rock. Steel Pins and Wedges or Plugs are inserted in them. These plugs are then
struck simultaneously with sledgehammer.Therock splits along the lines ofleastresistance through

the holes.

4 Blasting: In this method, the explosives are used to convert rocks into small pieces of Stones and the

main purpose ofquarrying stones by blasting is to loosen large masses ofrocks. Explosives such as
Gun powder (Blasting powder), Dynamite, (Gelatin), Detonators, Fuse coil etc. are used.

The blasting powder and dynamite are commonly used as the explosives. The blasting powder is
also known as the Gun Powder which is a mixture ofcharcoal, salt petre (KNO3) and sulphur.
Fuses: It is required to ignite the explosives. It is in the form of a small rope of cotton coated with
tar and with a core of continuous thread of fine gun powder. The rate of burning of a good fuse is
about 10 mm per second.

Guncotton: The cleancottonis saturated ina mixtureof nitric acid and sulphuric acid. It is pressedinto

blocks or sticks while it is wet. It is as strong as dynamite. But its shattering power is less.
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LiquidOxygen:Itisoxygeninliquidstate.Itisstoredinaspecialcontainer.Itiscomparativelycheapand used

for blasting on a large scale for mining operations.

COMPARISIONOFBLASTINGPOWDERANDDYNAMITE

Item BlastingPowder Dynamite
Large
Actioninquarrying blocksof Smallblocksofstonesareobtained
stonesareobtained

Highcostandisabout5timesthan

Cost Cheap
thatofblastingpowder
) Verystrongand6timesthanthatof
Destructivepower weak _
blastingpowder.
Efficiency 0.40m’ 0.60m’

U Usedforordinarytype Usedfortunnelingandmining

se

ofquarryingwork operations

PRECAUTIONSINBLASTING:
Blastingshouldnotbecarriedoutinlateeveningorearlymorninghours

>

»  Asirenshouldwarntheworkmenandnearbypublictomaintainasafedistance.
» Thedangerzone,anareaofabout200mtsradiusshouldbemarkedwithredflags.
»  First aidshouldbeavailable

»  Thenumberofchargesexplodedandthemisfiresshouldberecorded

»  Explosivesshouldbestoredandhandledcarefully.

>

Detonatorsandexplosivesshouldnotbekepttogether

STORAGEOFEXPLOSIVES:

e Theexplosivesshouldbestoredinamagazinewhichshouldbeawayfromresidential

areas, petrol depots.
e Themagazineshouldhaveventilatorsathighlevelsandshouldhaveconcealedwiring.
e Magazineshouldbeprotectedfromlightning.
e Smokeorfireshouldnotbeallowedinthenearbyarea.

e Explosivesshouldbeprotectedfromextremeheatorcoldandalsofrommoisture.
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e Themagazineshouldbesurroundedbyabarbedwireandtheentryshouldberestricted.

PROPERTIESOFBUILDINGSTONES:
Various properties such as Porosity, Permeability Crushing Strength, Appearance, Durability;

Coefficient of Hardness;

Specific gravity, Texture; Toughness Index; Water Absorption; Weathering; Density; Bulk
Density; Density Index; Temperature Resistance etc., are to be properly studied before making

final selection of any building material for a particular use.

Porosity (a): In simple terms, porosity may be described as the amount of openings ( or )
interstices ( or )emptyspaces present ina rock. However, Porositymaybe defined as “the ratio of
openings or pores or voids (Vi ) in the soil/rock to the total volume of the soil / rock ( V)
expressed aspercentage”. Ifa istheporosity, then a=Vi/ Vwhere Viis thevolumeofinterstices and V

is the total volume. The average porosity values for some common geological formations are as

follows:
Rock Porosity Rock Porosity
Granite,Quartzite 1.5% OnlyGravel 25%
Shale,Slate 4% OnlySand 35%
Limestone 5-10% OnlyClay 45%
Sandwithgravel 20-30%

Permeability:

The permeability of a rock or soil defines its ability to transmit a fluid or water. Permeability
depends on the porosity and interconnected pores character of the rock, thus more porous rocks are
more permeable too. (not always). Permeability in a rock is measured in darcies( Idarcy =0.987 u
m’ square micrometer ).

Eg: 1.Shales are highly porous but less permeable because of fine grained nature which does not
allow water to pass through the rock due to less interconnected pores.

CrushingStrength:

Foragoodstone, thecrushingstrengthshouldbegreaterthan100Newton’s/  mm?®. The

approximate value of crushing strength of some of the stones is:
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SNo Rocktype BuildingStone Crushing Strength
N/mm?)

1. Igneous Basalt 150-185

2. Diorite 90-150

3. Granite 75-127

4, Kyenite 90-150

5. Sedimentary Limestone 54

6. Sandstone 64

7. Shale 0.20-0.60
8 Metamorphic Gneiss 206-370
9 Slate 75-207

Appearance: The stones which are to be used for face work should be decent in appearance and
capable of preserving their color uniformly for a long time. It is desirable to prefer light colored
stones as compared to dark colored stones because there are chances of the latter variety to be
attacked easily by weathering agents.

Durability: A good building stone should be durable. The various factors such as Chemical
composition; Resistance to atmospheric conditions etc... influence the durability of a stone.

Following are the important atmospheric agencies which affect the durabilityof a stone.

Co-efficient of Hardness: The co-efficient of hardness, as worked outin hardness testshould
begreaterthan17 for a stone to be used inroadwork. If it is between14 and 17, and <14,the stone is
said to be mediumand poorhardness respectively and suchstone should not be used inroad works.
Specificgravity:Foragoodbuildingstone,thespecificgravityshouldbegreaterthan2.7The heavy
varietiesofstoneswithmorecompactandlessporouscanbeusedforvariousengineeringapplications such
as dams, weirs retaining walls, docks etc.. Onthe other hand, the lighter varieties of stones are to be
used for domes, roof coverings etc.
Texture:Abuildingstoneshouldhavecompact,finecrystallinenature, freefromcavities,cracks, loose

material, softness etc.

Toughness Index: In impact test, if the value of toughness index comes below 13, the stone is not
tough. If it comes between 13 and 19, the stone is said to be moderatelytough. If it exceeds 19, the

toughness of stone is said to be high.

Weathering: Abuildingstoneshouldbecapableofwithstandingadverseeffectsofvarious atmospheric

and external agencies such as rain, frost, wind etc.

13




Density(p)isthemassofaunitvolumeofhomogeneousmaterialdenotedby:p=M/V (g/cm3)where M=mass(g)

andV=volume(cm®).

Bulkdensity(pb):Bulkdensityisthemassofaunitvolumeofmaterialinitsnaturalstate(withcalculatedaspb= M
/V (Kg/m®)
whereM=Massofspecimen(Kg)and

V=Volume ofspecimeninitsnaturalstate(m3).

Density&Bulkdensityofsomebuildingmaterialsareasfollows:
Density Index(po)is theratiobetween thebulkdensity anddensity ie. Po=pb/pDensity index indicates the
degree to which the volume of a material is filled

withsolidmatter.Foralmostallbuildingmaterials Poislessthan 1.0becausetherearenoabsolutelydensebodies i

nature.
Material Density(g/cn’) Bulkdensity(Kg/m?)
Brick 2.5-2.8 1600-1800
Granite 2.6-29 2500-2700
Portlandcement 2.9-3.1
Wood 1.5-1.6 500-60
Steel 7.8-7.9 7850
Sand 1450-1650

In addition, Percentage wear, resistance to fire, dressing etc are also to be considered for a good

building stone.

DRESSING OF A STONE: The stones, after being quarried, are to be cut into suitable sizes and
this process is known as the dressing of stones. The dressing of stones is carried out for the
following purposes:

e Toobtainadefiniteandregularshape.

e Tomakethe transportfromquarryeasyandeconomical.

e Providespleasingappearance

e Tosuitetotherequirementsofstonemasonry.

e Atquarrysite,itispossibletogetcheaplabourfortheprocessofdressingofstones.
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e [tispossibletosortoutstonesfordifferentworks

e Theirregularandroughportionsofthestonesareremovedwhichdecreasetheweightofstones.

Followingarethevarietiesoffinishesobtainedbythedressingofstones:

Dragged (or) Combed finish: In this type of finish, a piece of steel which is similar to a comb is

rubbed onthe surface inalldirections and surface ofthe stone. This finish is suitable for soft stones
only.

Punchedfinish:On thestonesurface,thedepressionsaremadeby usingapunch.Thesurfaceof the stone
takes the form of a series of hollows and ridges.

Reticulatedfinish: Thistypeoffinishrepresentsanet—likeappearance.

A margin about 20 mm wide is marked on the edges of stone and irregular sinking’sare made onthe
enclosedspace. A pointed tool is used to put the marks on thesunk surfaceso as to present a pock —
marked appearance.

Tooledfinish:Thestonesurfaceisfinishedbymeansofachisel andparallelcontinuousmarkseither
horizontal or inclined or vertical are left on the surface.
Rock faced finish: Some stones, as obtainedfrom the quarry, possess smooth surface and they canbe

directly placed on the work. Such a stone surface is termed as Rock — faced (or) quarry — faced
finish.
Vermiculated finish: This finish is similar to reticulated type except that the sinking’s are more

curved.

ARTIFICIAL STONES: Where durable natural stone is not available at reasonable cost, artificial
stone, also known as CAST STONE becomes the choice. Artificial stone is made with cement and
natural aggregates (crushed stone) and sand with desired surface finish. Suitable color pigmentsmay
be added. Following procedure is generally adopted in making an artificial stone:

* A mixture of 1% parts of stones of size 3—6 mm; 1'% parts of stones of size < 3mm and 1 part of

cement by volume is prepared.

* Thenecessarypigmentisaddedtoproducethedesiredcoloreffecttotheabovemixture.

* Requiredquantityofwaterisaddedandthoroughmixingisdone.

* Themixturethuspreparedistransferredtospecialmoulds.

» Themixtureisallowedtohardenanditssurfaceiskeptwet.

» Theartificialstoneisthenreadyinblockform.

» Polishingcanbedoneifrequired.
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FORMS OFARTIFICIALSTONES:

Cement Concrete:This isa mixtureofcement, fineaggregate,coarseaggregateandwater.Ifsteelis used
withcementconcrete,itisknownastheReinforcedCementConcrete(RCC).Concreteblocksareused in
construction of piers, steps, window sills etc.

Mosaic Tiles: The pre-cast concrete tiles with marble chips at top surface are known as the mosaic
tiles.

Terrazzo: This is a mixture of marble chips and cement. It is used for bath rooms, residential
buildings, temples etc...

VictoriaStonesaregranitepieceswiththesurfaceshardenedbyimmersing  insodasilicateforabout two
months.

Ramsom Stones are prepared by mixing soda silicate with cement to provide decorative flooring.

These are also known as chemical stones. These have compressive strength of about 32 N/ mm®.

BRICKS:

The common brick is one of the oldest building material and it is extensively used at present as a
leading material in construction because of its durability, strength, reliability, low cost, easy
availability,easytohandleetc..Bricksareused forbuildingupexteriorandinteriorwalls,partitions,
footings and other load bearing structures.

The Great WallofChina (210 BC) was built withbricks. The other examples ofthe use ofbricks in
early stage of civilization could be in Rome. A number of country farm houses still exist in Great
Britain and profess to be the monuments of the excellent hand — made bricks.

A brick is rectangular in shape and of size that can be conveniently handled with one hand. Bricks
maybe made of burnt clayor mixture of sand and lime (or) of Portland cement concrete.

Size of a standard brick (modular brick) should be 19 x 9 x 9 cm. However, the bricks available in
most part of the country still are 9” x 4 52” x 3” and are known as field bricks. Weight of such a
brick is 3.0 kg.

An indent called fiog,1 — 2 cm deep is provided for 9 cm height bricks only. The purpose of
providing frog istoformakeyforholdingthe mortarandtherefore, thebricksare laidwithfrogson top.Frog

is not provided in 4 cm high bricks.
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COMPARISIONOFBRICKSTONEANDSTONEWORK:
Thebrickworkissuperiortothestoneworkinthefollowing respects:

At placeswherestonesarenoteasilyavailablebutwherethereisplenty.
Thebricksresistvariousatmosphericeffectsbetterthanstones.
Incaseofbrickwork,themortarjointsarethinandhencethestructurebecomesmoredurable.

o
o
o
o Itiseasytoconstructconnectionsandopeningsincaseofbrickworkthanstonework.

CHARACTERISTICSOFGOODBRICK:Theessentialrequirementsforbuildingbricksaresufficient
strength in crushing, regularity in size, and a pleasing appearance when exposed to view.

Sizeandshape: Thebricksshouldhaveuniforminsize,rectangularsurfaceswithparallelsidesand sharp
straight edges.

Color:Thebrickshouldhaveauniformdeepred(or)cherrycolourasindicativeofuniformity inchemical
composition and thoroughness in the burning of the brick.

Textureandcompactness: Thesurfacesshouldnotbetoosmoothtocauseslippingofmortar. The brick

should have uniform texture and should not show fissures, holes etc..

Hardnessandsoundness: Thebrickshouldbesohardthatwhenscratchedbyafingernailnoimpressionismade.
When two bricks are struck together, a metallic sound should be produced.

WaterAbsorptionsshouldnotexceed20%ofitsdryweightwhenkeptimmersedinwaterfor24hours to48

hours.

CrushingStrengthshouldnotbelessthan1 ON/mmZ.Brickearthshouldbefreefromstones,Kankars,Organic

matter, salt petre etc..

COMPOSITION/INGREDIENTSOFGOODBRICKEARTH:
For the preparationof bricks, clay is usuallyused. The clayused for brick making consists mainlyof

silica and alumina mixed in such a proportion that the bclay becomes plastic when water is added to
it. It also consists of small proportions of lime, iron, magnesium, sulphuretc.. The proportions of

various ingredients and functions are as follows
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Silica 50-60%
Alumina 20-30%
Calcium 10%

Mg <1%
FerricOxide <7%<20%
Alkalis <10%
SO3;H20 <2%

Silica: A good brick earth should contain about 50% to 60% of silica. The presence of silica
constituent prevents cracking, shrinking in bricks thus imparts uniform shape to the bricks.
Excessofsilica makesthe brick brittle and weak onburning. The durabilityofbricksdependsonthe
proper proportion of silica in brick earth.

Alumina:

A good brick earth should contain about 20 to 30% of alumina. If alumina is presentin excess,with
inadequate quantityofsand the raw bricks shrink and it produces cracks during drying and burning
and become too hard when burnt.

Lime (calcium) : A smallquantityof lime not exceeding 10% is desirable in good brick earth. The
excess of lime causes the brick to melt and hence its shape is lost and also results in splitting of
bricks into pieces.

Magnesia ifexceeds 1%, affectsthe color and makes the brick yellow. Excess of magnesia content
leads to the decay of bricks.

Iron — oxide usuallyconstitutes < 7%. If it exceeds 7%, the brick becomes dark blue. Whenexcessof
oxygen is available, the bricks become dark brown or black color on burning.

HARMFUL SUBSTANCES IN BRICK EARTH: Following are the ingredients which are
undesirable in the brick earth:

LIME: When lime is present in lumps, it absorbs moisture, swells and causes disintegration of the
bricks.

PEBBLES, GRAVELS: The presence of pebbles of anykind is undesirable in brick earth becauseit
will not allow the clay to be mixed uniformly and thoroughly which will resultin weak and porous
bricks. Also the brick containing pebbles will not break regularly as desired.

ALKALIES: These are mainlyin the formofsoda and potash. Whenalkaliespresent inexcess,the
bricks become unsymmetrical / loose their shape. Further, the presence of excess alkalies content

absorb moisture from the atmosphere.
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Such moisture, when evaporated, leaves behind grey or white deposits on the wall surface and the
appearance of the building as a whole is then seriously spoiled.

ORGANIC MATTER: The presence of organic matter in the brick earth, which is not burnt in
case, the bricks become porous and the strength is reduced.

SULPHUR & CARBON: Sulphur is usually found in clay as the sulphates of Calcium (
CaS04);magnesium(MgS04);Sodium(NaSO4);Potassium(K2SO4)andironsulphides(FeS2).1If,
however, there is carbon in the clay and insufficient time is given during burning for proper
oxidationofcarbonand sulphur, the latter willcause the formationofa spongy, swollenstructurein the

brick.

MANUFACTURINGOFBRICKS

Intheprocessofmanufacturingofbricks,thefollowingfourdistinctoperationsareinvolved:

1. Preparationofclay/Brickearth
2 Moulding

3. Drying

4 Burning

1. PREPARATIONOFCLAY/BRICKEARTH

Consistsofthefollowingoperations:

a) Un-soiling: Thesoilused formaking building bricksshould beprocessedandtobefree from
gravel,sand(>2mm);limeandkankarparticles,organicmatteretc. About200mmofthetoplayer

ofthe earth, normallycontaining stones, pebbles, gravels, plant roots etc is removed after

clearing the trees and vegetation.

b) Digging: The clayis thendugout fromthe ground and is spread onthe ground. The height of
heapsofclayonthegroundisabout 600mmto1200mm. Thediggingoperationshould bedone before
rains.

¢) Weathering: Theclay/soilisleftinheapsandexposedtoweatherforatleastonemonth. Thesoilshould
be turned over at least twice and it should be ensured that the entire soil is wet throughout the
period of weathering.

Inordertokeepitwet,watermaybesprayedasoftenasnecessary. Theplasticityandstrengthoftheclay are
improved by exposing the clay to weather.

Additionofwatertothesoilatthe dumps is necessaryfor easymixingandworkability. However, the
excessivemoisturecontentmayaffectthesizeandshapeofthefinishedbrick. Theblendingmakes clay fit

for the next stage of tempering.
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e)Tempering:Intheprocessoftempering,theclayis brought toaproperdegreeofhardness. The

temperingshouldbedoneexhaustivelytoobtainhomogeneousmassofclayofuniformcharacter.




. T ~ Foming
Mining Storage ~ SizeReduction Screefing e\ i

Storage Firing
and Shipping and Cooling

Drying  Coating or Glazing

MANUFACTUREPROCESSOFBRICKS

MOULDING:Itisaprocessofgivingarequiredshapetothebrickfromthepreparedclay/soil/ brickearth.

Moulding may be carried out by hand or by machines.

Hand Moulding: In this process, the bricks are moulded by hand ie manually. It is adopted where

manpower is cheap and for producing a smallquantityofbricks. Atypicalwoodenmould should be

prepared from well seasoned wood for making bricks.

The longer sides are kept slightly projecting to serve as handles. The strips of brass or steel are
sometimes fixed on the edges of wooden moulds to make them more durable.
The steel mould even be prepared from steel angles and plates. The thickness of steel mould is

generally 6 mm.

Thebrickspreparedbyhandmouldingareoftwotypes:
1) Ground-mouldedbricks
2) Table—mouldedbricks




Ground-Mouldbricks:

In this process, the ground is leveled and sand is sprinkled on it. The mould is dipped in water and
placed over the ground. The clay is pressed or forced in the mould in such a way that it fills all the
corners of the mould. The extra or surplus clay is removed with a sharp edged metal plate called
STRIKEorwithathinwirestretchedoverthemould. A fterthisprocess,themouldedbricksarelefton the
ground for drying.

The bricks prepared by dipping mould in water every time are known as the slop-moulded bricks.
The fine sand or ash may be sprinkled on the inside surface of mould,, instead of dipping mould in
water is known as Sand — Moulded bricks.

Table Moulding: the process of moulding these bricks is just similar to ground moulding. But in
thisprocess, the clay, mould, water pots, strikes, pallet boards are placed on the table. A thin board
called palletis placed over the mould. The bricks are moulded on the table and sent for the further
processofdrying. Thecostofbrickmouldingalsoincreasesslightlywhentablemouldingis adopted.
Machine Moulding: The moulding may also be achieved by machines. It proves to be economical
whenbricks in huge quantity are to be manufactured at the same spot in a short time. Machine
moulding can be done by either of the following process:

Plastic method ( Plastic Clay Machine ):The pugged clay is placed in the machine through a

rectangularopening by means of an auger. Clay comes out of the opening in the form of a bar. The
bricks are cutfromthebarbyaframe consisting ofseveralwires at adistanceofbricksize andthis is a

quick and economicalprocess. This process is also known as WIRE CUT BRICKS.

Dry Press Method / Dry Clay Method: In these machines, the strong clay is first converted into
powderform. A small quantityofwater is added to forma stiffplastic paste. Such paste is placed in
mould and pressed bymachine to formhard and wellshaped bricks. These bricks are also knownas
PRESSED BRICKS. They can be sent directly for the next process of burning.

3.DRYING: For drying, the bricks are laid longitudinally in stacks. The bricks in stakes should be
arranged in such a waythat sufficientair space is left between them. The bricks should be allowed to
dry till they become hard or the moisture content is brought down to about 3% under exposed
conditions within 3 to 4 days.

For the drying purpose, Drying yards should be prepared. The Drying yards should be slightly on a
higher level and it is desirable to cover it with sand. Such an arrangement would prevent the

accumulation of rain water.
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4. BURNING:Thisisaveryimportantoperationinthemanufactureofbricks. Theburningofclay maybe

divided into three main stages.

Dehydrationstage(400—-650°C): Thisisalsoknownaswatersmokingstage.During
dehydration :

*  Thewaterwhichhasbeenretainedintheporesoftheclayafterdryingisdrivenoft;
. Someofthecarbonaceousmatterisburnt;

. Carbonatedmineralsaremoreorlessdecarbonated,;

*  Toorapidheatingcausescrackingorburstingofthebricks.

Oxidation period(650-900°C):
Duringtheoxidationperiod,theremainingcarboniseliminatedandtheferrousironisoxidizedto the ferric

form. Removal of sulphur is completed only after the carbon has been eliminated.

Vitrification(upto1100°C):

When the temperature is reached about 1100°C, the two important constituents viz., alumina and
sand bind themselves together resulting in the increase of strength and density of bricks. If the
temperatureisraised beyond1100°C,agreat amount offusible glassymassisformedandthe bricks are
said to be vitrified. The bricks begin to loose their shape beyond a certain limit of vitrification.
Burning of bricks is done in a Clamp or Kiln. A Clamp is a temporary structure whereas Kiln is a

permanent one.

Burning in Clamps (Pazawah): Apieceofgroundwithtrapezoidalshape isselected. Thealternate
bricks and fuel are placed in layers. The fuel may consist
ofgrass,cowdung,litter,husksofriceorgroundnutsetc..

The thickness of this fuel layer is about 700 — 800 mm. The woodor coaldust mayalso be used as
fuel.

Each brick tier consists of 4 — 5 layers of bricks. The total height of a clamp is about 3— 4 mts.
Whenthe Clamp is completelyconstructed, it is plastered with mud onsides and top and filled with
earth to prevent the escape of heat. The Clamp is allowed to burn for a period of about one to two
months and then itis allowed to cool more or less of the same period as burning. The burnt bricksare
then taken out fromthe clamp, and sides get cooled during reloading and are to be heated again

during next firing, there is wastage of fuel. . They may be over ground or underground.
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Fly ash Bricks: Fly ashbricks are masonry units that are used in theconstruction of buildings.
Theyareconsideredto beapartofgoodandaffordable building materials. TheycontainClassC fly ashand
water.

Fly ash bricks are made by compressing Class C fly ash and water at 4000psi and then curing is
carried on for 24 hours at a temperature of 66 degrees Celsius steam bath. Air entrainment agent is

used to toughen the bricks.

GREEN BRICKS: The bricks are used like conventional clay bricks—for building things from
houses to factories. They’re called green because they are built from a toxic byproduct produced
from coal-burning power plants. Instead of these toxins being released into the environment, or
disposed of through costly means, they’re pumped into the bricks.

The waste product is called flyash. It’s loaded with mercury, lead, and othertoxic chemicals. Coal-
burning power plants spend millions of dollars to dispose of the powderybyproduct. Until now, the
estimated 70 million tons of byproduct has been buried in specially designed ponds and waste

centers.

GREENBRICKS

CONTINUOUSKILNS:

The process of burning bricks is continuous, and hence it is known as continuous kiln ( eg: Bull’s
Trench Kiln and Hoffman’s Kiln). In this process, bricks are stacked in various chambers wherein
the bricks undergo different treatments at the same time. When the bricks in one of the chambers is
fired, the bricks in the next set of chambers are dried and preheated while bricks in the other set of

chambers are loaded and in the last are cooled.

TUNNEL KILN: A tunnel kiln useful for burning vertically perforated green bricks, includes a
furnace chamber; tubular burners for heating the furnace chamber and a transport device for
transporting green bricks in raster-like spaced-apart relationship in a travel direction through the

furnace chamber that the perforations of the green bricks are oriented in a common direction.

TUNNELKILN

In operation, new green bricks, along with roofing bricks, are stacked at one end of the brick pile;

cooledfinishedbricksareremovedfromtheotherendfortransport.Inthemiddle,thebrick
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workers create a firing zone by dropping fuel (coal, wood, oil, debris, and so on.) through access
holes in the roof above the trench.

The advantage of the BTK design is a much greater energy efficiency compared with clamp or
scovekilns. Sheet metalor boards are usedto route the airflow throughthe brick lattice so that freshair
flows first through the recently burned bricks, heating the air, then through the active burning zone.
The air continues through the green brick zone (pre-heating and drying them), and finallyout the
chimney where the rising gases create suction which pulls air through the system. The reuse of
heated air yields savings in fuel cost.

A half dozen laborers working around the clock can fire approximately15,000-25,000 bricks a day.
In the BTK process the bricks do not move. Instead, the locations at which the bricks are loaded,

fired, and unloaded gradually rotate through the trench.

TESTS FOR BRICKS: A brick is generally subjected to the following tests to find out its
suitability for the construction work:

Water Absorption Test (US 3495):: A brick is taken and it is weighed dry. It is then immersed in
water for a period of 24 to 48 hours. It is weighed again and the difference in weight indicates the
amount of water absorbed bythe brick. It should not, in anycase, exceed 5%-20% of weight of dry
brick.

Compressive Strength Test IS: 3495): The crushing strength of a brick is find out by placing in a
compression testing machine. It is pressed till it breaks. The minimum crushing or compressive

strength of bricks is 3.50 N / mm*

Efflorescence Test:The brick is immersed in water for 24 hours. It is then takenout and allowed to
dry in shade. The absence of grey or white deposits on its surface indicates the absence of soluble
salts. If the white deposits cover about 10% surface, the efflorescence is said to be slight and it is
considered as moderate when the white deposits cover about 50 % of surface. If grey or white
deposits are found on more than 50 % of surface, the efflorescence becomes heavy and it is treated
as serious.

Soundness: In this test, the two bricks are taken and they are struck with each other. The bricks

should not break and a clear ringing sound should be produced.
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DIFFERENTFORMSOFBRICKS:Variousformsofbricksareuseddependingupontheplaces of

use. For eg
G d Amixtureofcharcoal,saltpetrel(KNO3)andSulphurandthe

unpowder proportions by weight are 15, 75 and 10 respectively.

Magazine Aspecialtypeofbuildingmeantforstoringtheexplosives.

M Masonrymaybedefinedastheconstructionofbuildingunits(such asstones
asonry bricks/precastblocksofconcrete)bonded togetherwithmortar.

Theprocessbywhichthechangesarebroughtinsolidrocksbytheagencie
Metamorphism oftemperature,pressureandchemicalactivesolutionswhichinturestablish

anequilibrium.

Mortarisahomogeneousmixtureproducedbyuniformmixingofcemento
Mortar limeorcombinationof thesetwoinadditiontosandandwatertomake paste of
required consistency.

Pallet Athinboardcalledpalletisplacedoverthemold
Pugging theprocessofgrindingclaywithwaterandmakingitplasticisknownasth Pugging.
Strike Theextraorsurplusclayisremovedwithasharpedgedmetalplatecalle

STRIKE

Aggregatesgenerally occupy 65- 80% of a concrete’s volume. Aggregates areinert fillers floating in
the cement paste matrix for concretes of low strength. The strength of aggregates do not contribute
to the strength of concrete for low strength concrete. The characteristics of aggregates impact

performance of fresh and hardened concrete.

Concrete Ingredients

5%
10%
—_— O Gravel
?  DOsSand
20% O Water
O Cement
C1AIr

25%

CIvl 3137 30




Whyuseaggregate:

e Reducethecostoftheconcrete—1/4-1/8ofthecementprice

e Reducethermalcracking—100kgofOPCproducesabout12°Ctemperaturerise
e Reducesshrinkage—10%reductioninaggregatevolumecandoubleshrinkage
e Highaggregate:cementratio(A/C)desirable

A/C mainlyinfluencedbycementcontent
Impartsunitweighttoconcrete

AggregateClassification

Aggregatesareclassifiedasbelow:

Basedonsize:-F. A&C.A.
SpecificGravity:-LightWeight,NormalWeightandHeavyWeight A ggregates.
Availability:-NaturalGraveland CrushedAggregates.
Shape:-Round,Cubical,Angular,ElongatedandFlakyA ggregates.

Texture:-Smooth,Granular,Crystalline,honeycombedandPorous.

TherearetwotypesofAggregatesusedinconcretemakingbasedontheirsize:
* CoarseAggregates.
* FineAggregates.

FineAggregate

* Sandand/orcrushedstone.

e <4.75mm.

* F.A.contentusually35%to 45%bymassorvolumeoftotalaggregate. Coarse Aggregate
* Gravelandcrushedstone.

*>4.75mm.

* typically,between9.5and37.5mm.
RockandMineralConstituentsinAggregates
1. Minerals

* SilicaQuartz,0Opal

* SilicatesFeldspar,Clay

+ Carbonate

+Calcite,DolomiteSulphate

+ Sulphate

* Gypsum,Anhydrite

+ Ironsulphide
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* Pyrite,Marcasite
* Ironoxide

* Magnetite,Hematite

Igneousrocks

* Granite

* Syenite

* Diorite

* Gabbro

* Peridotite

* Pegmatite

* Volcanicglass

* Felsite

* Basalt
Sedimentaryrocks
+ Conglomerate

+ Sandstone

* Claystone,siltstone,argillite,andshale
+ Carbonates
Metamorphicrocks
* Marble

* Metaquartzite

+ Slate

* Phyllite

* Schist
Normal-WeightAggregate

e Mostcommonaggregates
e Sand
e Gravel
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e Crushedstone
. Producenormal-weightconcrete2200t02400kg/m’

LightweightAggregate

Expanded

* Shale

* Clay

+ Slate

+ Slag
Producelightweightinsulatingc()ncrete—250‘[01450kg/m3

HeavyweightAggregate:
e Barite

e Limonite

e Magnetite

e Hematite

e [ron

AggregateCharacteristicsGrading

of Aggregates
Gradingistheparticle-sizedistributionofanaggregateasdeterminedbyasieveanalysisusingwiremesh
sieves with square openings. As per 1S:2386(Part-1)
Fineaggregate—o6standardsieveswithopeningsfrom150umto4.75mm.Coarse

aggregate—5 sieves with openings from 4.75mm to 80 mm.

Gradation(grainsizeanalysis)

Grain size distribution for concrete mixes that will provide a dense strong mixture. Ensure that the
voids between the larger particles are filled with medium particles. The remaining voids are filled
with still smaller particles untilthe smallest voids are filled with a small amount of fines.

Ensuremaximumdensityandstrengthusingamaximumdensitycurve

GoodGradation:
Concretewithgoodgradationwillhavefewervoidstobefilledwithcementpaste(economicalmix)Concrete with|
good gradation will have fewer voids for water to permeate (durability) Particlesizedistributionaffects:
1) Workability

2) Mixproportioning
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Thepercentagepassing600pmsievewilldecidethezoneofthesand.

Zone-1 Coarse Sand
Zone-1I

Zone-1I1

Zone-1V FineSand

GradingLimitsCanalsoberepresentedthroughagraphofsievesizeonthex-axisand%passing on the Y-
axis (Semi log sheet).

FinenessModulus(FM):

The result ofaggregate sieve analysis is expressed bya number called Fineness Modulus. Obtained
by adding the sumofthe cumulative percentages by mass ofa sample aggregate retained on each of a
specified series of sieves and dividing the sum by 100. The specified sieves are: 150 um(No.
100),300 pm(No. 50),600 pm(No. 30), 1.18 mm (No.16), 2.36 mm(No.8),4.75 mm(No. 4),9.5
mm,19.0mm,37.5mm,75 mm,and150 mm. Index

of fineness of an aggregate.

The fineness modulus of the fine aggregate is required for mix design since sand gradation has the
largest effect on workability. A fine sand (low FM) has much higher effect paste requirements for
good workability. The FM of the coarse aggregateis not required for mix design purposes.

It is computed by adding the cumulative percentages of aggregate retained on each of the specified

series of sieves, and dividing the sum by100 [smallest size sieve: No. 100 (150 um

0, PETeTCE
70 Pd3slIl

100% F.M. =23

FM =31

0%

Sleve Size




Forconcretesand,FMrangeis2.3t03.1

o Note:ThehighertheFM, thecoarsertheaggregate.

o It is important to note that the fineness modulus is just one number which only
characterizes the average size of the aggregate, and different grading may have the same fineness
modulus.

FineAggregateeffectonconcrete:

° Oversanded(Morethanrequiredsand)
— Overcohesivemix.

— Waterreducersmaybelesseffective.

— Airentrainmentmaybemoreeffective.

. Undersanded(deficitofsand)

— Pronetobleedandsegregation.

— Maygethighlevelsofwaterreduction.

— Airentrainersmaybe lesseffective.

ReductionofVoids

- T | . -
¥-‘ _:‘ )

If uniform size aggregates are there there will be more voids as can be seen from the first two
figures. Ifproperlygraded aggregates are usedwhichcontainsuitable percentage ofallsize thenthe

voids will be minimum which is explained in the figure.
MaximumSizevs.NominalMaximumSizeofAggregate:
Maximumsize—isthesmallestsievethatallofaparticularaggregatemustpassthrough.

Nominalmaximumsizeisthestandardsieveopeningimmediatelysmallerthanthesmallestthroughwhich

all of the aggregate must pass. The nominal maximum-size sieve mayretain 5% to 15%




NominalMaximumsSizeofAggregate:

Sizeshouldnot exceed

1/5ofthenarrowestdimensionbetweensidesofforms.

3/4clearspacingbetweenre-barsandbetweenre-barsandtheform. 1/3depthofslabs.

Highermaximum aggregate sizelowers paste requirements, increases strength and reducesw/cratio.

Excessively large aggregates reduce strength due to reduced surfacearea for bonding. It affects the

paste requirements, optimum grading depends on MSA and nominal max. size. The higher MSA the

lower the paste requirements for the mix. Aggregate size affects the following concrete properties:

water demand, cement content, micro cracking (strength).

Effectofaggregatesizeon thesurfacearea

size #ofparticles
1" 1

S 8

025 64

0.125 512

volume

lcubicinch

lcubicinch

Lcubicinch

Lcubicinch

surfacearea
6squareinches
12squareinches
24squareinches

48squareinches

Largerparticles,lesssurfacearea,thickercoating,easyslidingofparticles.Smallerparticles,more surface
area, thinner coating, interlocking of particles.

MaximumAggregateSizeandWaterRequirement:Effect

on water demand

Maxsizeof Slump Slump

Aggregate 30-60mm 60-180mm
10mm 230kg/m’ 250kg/m’
20mm 210kg/m’ 225kg/m’
40mm 190kg/m’ 205kg/m

Maxsizeof Watercontent A:Cratio
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Aggregate
10mm 230kg/m’ 4.7
20mm 210kg/m’ 53
40mm 190kg/m’ 6.0

Generalthegradingandmaximumsizeofaggregateaffectthefollowing:
Relativeaggregateproportions(i.e.FA/CAandFA/T Aratios)

e Cementandwaterrequirements

e  Workabilityandpumpabilityoffreshconcrete:verycoarsesandsandcoarseaggregatecanproduce

harsh, unworkable mixes

e  Uniformityofconcretefrombatchtobatch

e  Porosity,shrinkage,anddurabilityothardenedconcrete

e Economyinconcreteproduction:veryfinesandsareoftenuneconomical

MoistureInAggregates:
Aggregateshavetwotypesofmoisture:

*  Absorbedmoisture-retainedinpores

. Surfacemoisture—waterattachedtosurface Aggregateshavefourmoisturestates:
Ovendry: allmoistureremoved
Air dry: internal pores partially full & surface dry

Saturated-surfacedry:poresfull&surfacemoistureremoved

Wet:pores full and surface film

SSDaggregatedoesnotaddorsubtract water Not

easilyobtainedinthefield

MoistureAbsorption:
WemustdeterminehowmuchwaterdryaggregatewillconsumeintoitsvoidsThis
takes water away from the mix and reduces workability & W/C ratio

Weadjustmixproportionsforabsorption
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Wewantto:provideaggregateswaterforabsorptionmaintainworkabilityofthemix

Shapeandsurfacetextureofaggregates:

Theshapeofaggregate isanimportant characteristicsince it affectstheworkabilityofconcrete.It is
difficult to measure the shape of irregular shaped aggregates. Not only the type of parent rock but
also the type of crusher used also affects the shape of the aggregate produced. Good Granite rocks
foundnear = Bangalorewillyieldcuboidalaggregates. Manyrockscontainplanesofjointingwhichis
characteristics of its formation and hence tend to yield more flaky aggregates. The shape of the
aggregates produced is also dependent on type of crusher and the reduction ratio of the crusher.
Quartzite which does not possess cleavage planes tend to produce cubical shape aggregates. From
thestandpoint ofeconomyincement requirementforagivenwatercement ratio roundedaggregates are
preferable to angular aggregates. On the other hand, the additional cement required for angular
aggregates is offset to some extent by the higher strengths and some times greater durability as a
result of greater Interlocking texture of the hardened concrete. Flat particles in concrete will have
objectionableinfluenceontheworkabilityofconcrete,cementrequirement,strengthanddurability.In

general excessively flaky aggregates make poor concrete. while discussing the shape of the
aggregates, the texture of the aggregate also enters the discussion because of its close association
with the shape. Generally round aggregates are smooth textured and angular aggregates are rough
textured. Therefore some engineers argue against round aggregates from the point of bond strength
betweenaggregatesand cement. Buttheangular aggregatesaresuperiorto roundedaggregatesfrom the

following two points:

Angular aggregatesexhibit a betterinterlocking effect inconcrete, whichpropertymakes it superior in
concrete used for road and pavements. The total surface area ofrough textured angular aggregate is
more than smooth rounded aggregates for the given volume. By having greater surface area, the
angular aggregates may show higher bond strength than rounded aggregates. The shape of the
aggregates becomes all the more important in case of high strength and high performance concrete
where very low water/cement ratio is required to be used . In such cases cubical aggregates are

required for better workability.

Surface texture is the property, the measure of which depends upon the relative degree to which
particle surface are polished or dull, smoothor rough. Surface texture depends upon hardness, grain
size, pore structure, structure of the rock and the degree to which the forces acting on it have
smoothened the surface or roughened. Experience and laboratory experiments have shown that the

adhesionbetweencementpasteandtheaggregateisinfluencedbyseveralcomplexfactorsin
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addition to the physical and mechanical properties. As surface smoothness increases, contact area

decreases, hence a highly polished particle will have less bonding area with the matrix than a rough

particle of the same volume. A smooth particle, however, will require a thinner layer of paste to

lubricate its movements with respect to another aggregate particle. It will therefore permit denser

packing because of enhanced workability.

Aggregate:ShapeandSurfaceTexture:

Idealaggregates:sphericalorcubicalroundshape,fineporoussurfacereducedparticleinteraction(friction)

results ingoodworkabilityand good surface area for bonding naturalsands are good examples of this

Nonldealaggregates:

Angularelongatedflakyorroughhighparticleinteractionrequiresmorecementpastetoachieve workability

results in increased cost

Rounded: Goodworkability,lowwaterdemand,poorbond
Irregular: Fair workability, low water demand
Angular: Increased water demand, good bond

Elongated:Maylackcohesionandrequireincreasedfines

Flaky: Aggregatestacksgiveworkabilityproblems

CoarseAggregateTexture:

o Glassy.

o Smooth.

. Granular.

o Crystalline

Honeycombedand porous:
* Dependson:rockhardness,grainsize,porosity,previousexposure.

» Aggregateshapeandtextureaffecttheworkabilityoffreshconcretethrough theirinfluence
oncement paste requirements.

» Sufficientpasteisrequiredtocoattheaggregatesandtoprovidelubricationtodecrease
interactions between aggregate particles during mixing.

Rounded: Goodworkability,lowwaterdemand,poorbond
Irregular: Fair workability, low water demand Angular:
Increased water demand, good bond

Elongated :  Maylackcohesionandrequireincreasedfines
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Flaky:

Aggregatestacksgiveworkabilityproblems

CoarseAggregateTexture:

Glassy.

Smooth.

Granular.

Crystalline
Honeycombedandporous.
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UNIT-
2CEMENT&ADMIXTURE
S

Babylonians were perhaps the first to use clay as cementing material. In ancient times stones have
been invariably used as a construction materialwith lime as the binder for construction of forts and
defense structures. Egyptians have used lime and gypsum as cementing materials in the famous
Pyramids. The calcareousrocksused bythe Romanswere either composed oflimestone’sburned in
Kilns or mixtures of limestone and puzzolanic materials (volcanic ash, tuff) combining into a hard
concrete. The natural cement is obtained by burning and crushing the stones containing clay,
carbonate of lime (CaCO3) and a little quantity of magnesia (CaMgCO3)2. The natural cement is

brown in color and is also known as Roman cement.

. Oxide/
Ingredient . % Range .
composition Function

Controlsstrengthand soundness.
Lime Ca0O 62 60-65 Itsdeficiencyreducesstrength&setti

ng time

ili ; I rtsstrength.E 1
Silica SiO, 2 17-25 mpa sstrength. Excesscauseslow
setting

Alumina ALO; 5 38 Responsibleforquicksetting,ifin
excess it lowers the strength /
weaknessthecement

Asmallamountofsulphuris
usefulin

Calcium makingsoundcement.Ifitisin
CaSO4 4 3.4 &

sulphate excess ,

itcausescementtobecome

unsound.

Givescolour,hardness&strengthto
Ironoxide Fe O3 3 0.5-6 the

cement

Givescolor,hardness. Ifin
Magnesia MgO 2 0.54 excess, it

causescracksinmortar.

Alkalies (Na20+K-0) 1 0.1-0.4 Theseareresiduesandifinexcess

causeefflorescenceandcracking
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USESOFCEMENT:Cementiswidelyusedinconstructionofvariousengineeringstructures.Followingare
various possible uses of cement:

e Cementmortarformasonryworks

e CementConcreteforlayingfloors,roofs,lintels,beams,stairs,pillarsetc

¢ ConstructionofimportantengineeringstructuressuchasBridges,Culverts,Dams, Tunnels,storage

Reservoirs; Docks etc
e MakingCementPipes

e Manufactureofprecastpipes,dustbins,fencingpostsetc..

Grade
S.No Physicalrequirement 33 43 53
1 Fineness(m“/Kg) 225 225 225
2 Soundness 10mm 10mm 10mm
3 Settingtime(minimum) 30minitues 30 30
Settingtime(maximum) 600 minitues 600 600
4 ompressiveStrength(MPa)/n/mm”
5 72hours(3days) 16 23 27
6 168hours(7days) 22 33 37
7 672hours(28days) 33 43 53

MANUFACTURE OF CEMENT: Calcareous (limestone, marl, chalk, marine shell)and
argillaceous (clay, shale, slate etc) materials are used in the manufacture of Ordinary or Portland
cement.Fromthesematerials,likesilica,iron-oxide,andsmallquantitiesofotherchemicalssuchasNa, K,S
areobtainedduringtheprocess ofmanufacturing ofcement. Cement can bemanufactured either by dry

Pprocess or wet process.

DRY PROCESS ( Modern Technology) : This process is adopted when the raw materials are quite

hard. The raw materials of limestone and clay are firstreduced in size of about 25 mm in crushers.A
dry air is then passed over these materials. These dried materials are then pulverized into fine

powder separately in the ball mills.

Ball mill is a key equipment to grind the crushed materials, and the ball mill is widelyused in
powder-making production All these materials are stored in hoppers / bins / silos and they are then

mixed in correct proportions.
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The clinker is cooled rapidly to preserve the metastable compounds and then ground in Tube Mills
where 2 — 3 % ofgypsumis added. The purpose ofadding gypsum isto retardthe setting ofcement.
Generally, cement is stored in bags of 50 kg. The dryprocess has been modernized and it is widely
usedatpresentbecauseofcompetitioninproduction;lesserconsumptionofpower;automaticproper

temperature; aent of instrumentation; computerization and quality
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Flow diagramofmanufacturingofcement
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WET PROCESS (old technology ) Wet process was used for the manufacture ofcement started from

1913onwardsandtillearly1980.Theoperationsinvolvedinthe wetprocessofcementmanufacture are mixing;

burning and grinding.

The crushed raw materials are fed into ball mill and a little water is added to make thick paste. This
paste,usually contain about14% of moisture is dried andmade ready for the feed of rotary kiln where
itloses moisture and forms into lumps or nodules.. These are finally burned at 1500— 1600°C where the
nodules change to clinker at this temperature. Clinkeris cooled and thenground in tube mills. While
grinding the clinker, about 3% of gypsum is added. The cementis then stored in silosfrom where it is
supplied. During the operation of ball mill; the steel balls in it pulverize the raw materials which form a
slurry with water. This slurry is passed tosilos (storage tanks), where the proportioningof thecompounds

is adjusted to ensure desired chemical composition.




Whygypsumistobeaddedduring themanufactureofcement?

The gypsum is the hydrated sulphate of calcium and its chemical composition is CaSO4 2H20. It
contains 79.1% calcium sulphate and 20.9% water. When gypsum is added t0205°C,itsspecific gravity
increases from 2.3 to 2.95 due to loss of water. As a binding material, the gypsum quickly sets and

hardens. It is soluble in HCI but insoluble in H2SO4.

Gypsum has a number of valuable properties like bulk density, incombustibility, good absorbing
capacity, good fire resistance, rapid drying etc. Because of all these properties, gypsum is used in the

manufacture of cement to increase its setting time.

PLASTER OF PARIS: Plaster of Paris is a calcium sulfate hemi-hydrate (CaSO4, 2 H20) derived
fromgypsumbyfiring this mineralat relativelylowtemperatureof160 —170°C andthenreducing it to
powder In ancient times, in Paris, all the walls of wooden houses were covered with plaster as

protection against fire. Since then the plaster was named as Plaster of Paris.

POP powder is mixed withwaterto forma paste whichreleases heat and then hardensonce dried under
normal temperature. Unlike mortar and cement, plaster remains quite soft after drying, and canbe easily
rubbed or scratched with metal tools or even sandpaper.On heating,furtheruptoa temperature of about
20°C, the entire water is driven off and the resulting product is known as the

GypsumAnhydrite.

FIELD TESTS & LAB TESTS FOR CEMENT: Inengineering construction,the mainqualificationsof
a cement are permanency of structure; strength and a rate of setting. To determine these qualifications,
both physical and chemical tests are made, the former on account of importance more often than the
other. However, following field tests are to be carried out to ascertain the quality of cement:

Thecementshouldfeelsmoothwhentouchedinbetweenfingers.

« Ifitisfeltrough,itindicatesadulterationwithsand.

« Ithandisinsertedinabagofcement,oneshouldfeelcoolandnotwarm.

* [fasmallquantityofcementisthrowninabucketofwater,itshouldsinkandshouldnotfloatonthe
surface.

* Thecolorofcementshouldbeuniformandthetypicalcementcoloris grey.

* Thecementshouldbefreefromanyhardlumps.Suchlumpsareformedbytheabsorptionof

moisture from the atmosphere.
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Asaresultoflongexperiencethephysicaltestswhichhavecomeintogeneraluseindetermining theacceptability
of cement are:

*  Soundness

*  Strength:

*  ConsistencyTestand

*  Fineness.

SOUNDNESS: Soundness refers to the ability of a hardened cement paste to retain its volume after

setting without delayed destructive expansion. This destructive expansion is caused by excessive

amount ofCaOor MgO.Inother words,thepurposeofthistest isto detectthepresenceofuncombined lime in

cement. This may happen due to over burning of ingredients of cement in kilns. So it is an important

test to assure the quality of cement since an unsound cement produces cracks, disintegration andleading

to failure finally.

SoundnessofcementmaybetestedbyLe-Chateliermethodorbyauthoclavemethod.

STRENGTH: Cement is tested for Compressive and Tensile strength because the cement hydrates
when water is added to it. So, the strength of mortar and concrete depends upon the type and nature of
cement.

Hydrationofcement: Thechemicalreactionbetcementandwaterisknownashydrationofcement

Conditionsaffectingstrength:

o Cementisverystrongatearlystagesifahighlimeorhighaluminacontentispresent.
o GypsumandPlasterofParisinsmallpercentagesalsotendtoincreasethestrengthslightlybutwhenpresent
in quantities more than 3%, these substances provide variable effects.

o Thestrengthofcementisgreatlyalsoinfluencedbythedegreeofburning,thefinenessofgrinding.
o Anunderburntcementislikelytobedeficientinstrength.

CompressiveStrength.:CompressiveStrengthisthebasicdatarequiredformixdesign.Bythistest,the qualityand

quantityof concrete can be controlled and the degree of adulteration is checked.
Thecompressivestrengthattheendof3days,7daysand28daysaregivenintableandtheresultsare expressed in

N/mm?

Tensile Strength: Tensile Strength may be determined by Briquette Test method or by Split Tensile

Strength Test. The Tensile strength of cement affords quicker indications of defects in the cement.
However, the test is also used for the determination of rapid hardening cement. The tensile strength at
the end of3 days and 7 days for OPC is 2.0 N/ mm? and 2.5 N/ mm” respectively.
(2.0N/mm2=20kg/cm2)(2.5N/mm2=25Kg/cm2)
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consistency Test: This is a test to estimate the quantity of mixing water to form a paste of normal

consistency.

Vicat apparatus is used to determine the consistency test.300 gms of cement is mixed with 25% water.

The paste is filled in the mould of Vicat’s apparatus and the surface of the filled paste is smoothened
and leveled. A square needle 10 mm x 10 mm attached to the plunger is then lowered gently over the
cement paste surface and is released quickly. The plunger pierces the cement paste.The reading onthe
attached scale is recorded. When the reading is 5 — 7 mm fromthe bottomofthe mould, the amount of

water added is considered to be the correct percentage of water for normal consistency

FINENESS: This test is carried out to check proper grinding of cement. In other words, the degree

offineness of cement is the measure of the mean size of the grains in it.

Thereare3methodsfortestingfineness:

*  TheSievemethod--using90micronsieve
*  Theairpermeabilitymethod(LeaNurseandBlainsmethod)
*  Thesedimentationmethod(WagnerTurbidimetre)

SIEVE METHOD: 100 gms of cement sample is taken and air set lumps if any, in the sample are
brokenwithfingers. Thesample isplacedona90micronsieveandcontinuouslysieved forlS5minitues. The
residue should not exceed the limits specified below:

Air Permeability method: Inthis process, a cement sample of 20 mm height is placed in the Lea and

Nurse apparatus and air pressure is applied. A manometer is connected to the top and bottom of the

permeability apparatus and the pressure is so adjusted

Dy ai

Permeability cell

Capillary wbe 2800 mm lo
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i
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Wagner Turbidimeter method: Thismethod isto be adoptedto estimatethe surface areaofone gram of
cement. The cement is dispersed uniformly in a rectangular glass tank filled with kerosene. Then,
parallel light rays are passed throughthe solution which strike the sensitivityplate ofphotoelectric cell.
The turbidity of the solution at a given instant is measured by taking readings of the current generated
bythe cell. Byrecording the readings atregularintervals while the particles are fallingin the solution, it is
possible to secure information regarding the grading in surface area and in size ofparticle. Readings are

expressed in sq cm per gms.

ADMIXTURES: Admixture is defined as a material, other than water, aggregates, cement, that is
added to the concrete immediately before or during mixing. Admixtures change properties of the
concrete in colour, curing time, temperature range and setting time.

Concrete is being used for wide varieties of purposes to make it suitable in different conditions.
Ordinary concrete may fail to exhibit the required quality performance or durability under different
conditions. Insuchcases, admixture is used to modifythe properties ofordinaryconcrete so asto make it

more suitable for any situation.

ClassificationofadmixturesasgivenbyMRRixomis:
»  Plasticizers(WaterReducers)

*  Superplasticizers(HighRangeWaterReducers)
*  Retarders

*  Accelerators

*  AirentrainingAdmixtures

*  Mineral Admixtures/PuzzolanicAdmixtures

*  ChemicalAdmixtures

Plasticizers and Super plasticizers specifically developed in Japan and Germany around 1950 and later
ontheywere made popular inUSA, Europe and Middle East. Unfortunately, the use ofplasticizers and
Super plasticizers have not become popular in India till recently ( 1985).

Plasticizers (Water Reducers): Concrete in different situations requires different degree of
workability. A high degree of workability is required in case of beams, columns, beam junctions,
pumping ofconcrete for considerable distances. One must remember that addition ofexcess water,will
only improve the fluidity or the consistency but not the workability of concrete.

The easy method generally followed at the site in most of the conditions is to use extra water to

overcome different situations which is un engineering practice. Today, the use of plasticizers helps the
difficult conditions obtaining higher workability without using excess of water.
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Super plasticizers (High Range Water Reducers ): Super plasticizers constitute a relatively new
category and improved version of plasticizer, the use of which was developed in Japan and Germany
during 1960 and 1970 respectively.

Use of Super plasticizers permits the reduction of water to the extent up to 30% without reducing the
workability. The use of super plasticizer is practiced for the production of high strength and high
performance concrete.Super plasticizerscanproduce same w/c (watercement ratio);same workability;
increased strength, homogeneous character etc.

Retarders: A retarder is an admixture that slows down the chemical process of hydration so that
concrete remains plasticity and workable for a longer time. The retarders are used in casting purposes.
These are also used in grouting oil wells. Oil wells are sometimes taken upto a depth of about 6000
meterdeepwherethetemperaturemaybeabout200°C. Thespacingbetweenthesteeltubeandthewall of  the
well are to be sealed with cement grout and to prevent the entry of gas or oil into other rock formations.
For all these works cementgrout is required to be in mobile condition for about 3 to 4hours even at that
high temperature without getting set.

Accelerators: These admixtures are added to increase the rate of strength of concrete and to reduce
there required period of curing. In the past one of the commonly used materials as an accelerator was
calcium chloride. The recent studies have shown that calcium chloride is harmful forreinforceconcrete.

Air entraining Admixtures: Air entrained concrete is made by mixing a small quantity of air
entraining agents. These agents modify the properties of concrete regarding workability, segregation,

finishing qualityofconcrete. Air entraining admixture is used to prevent frost scaling in concrete.

Thefollowingtypesofairentrainingagentsareusedformakingconcrete:

*  Naturalwoodresins

. Animalorvegetablefatsandoilssuchasoliveoil,stearicacid;oleicacid.

. Variouswettingagentssuchasalkalisalts

. Miscellaneousmaterialssuchasthesodiumsaltsofpetroleumsulphonicacids,hydrogen

peroxide and aluminium powder
The common airentraining agents are Vinsol resin,Darex,Airalon,Orvus, Teepol,Petrosan,

Cheecoletc..AirentrainednconcretewasusedintheconstructionofHirakuddam,Koynadam,etc.

Chemicaladmixtures:Chemicaladmixturesareaddedtoconcreteinverysmallamountsmainly forreduction o

water content or control of setting time.

Mineraladmixtures:Mineraladmixtures(puzzolanicmaterials)areusuallyaddedtoconcreteinlarger

amounts to enhance the workability of fresh concrete; to improve resistance of concrete.
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The term Puzzolana is derived from Pozzuoli, a town in Italy. The sand (volcanic dust) around this
town,whenmixed with hydratedlime wasfound topossesscementiousproperties.Puzzolanicmaterials can

be divided into two groups such as:

Natural Puzzolanas viz clay, shales, cherts, volcanic tuff which needs further grinding and sometimes
needs calcining to activate them to show puzzolanic properties. Artificial Puzzolanas include Fly ash,

Blast Furnace Slag, Silica fumes.

USES: A proper use of admixtures offers certain beneficial effects to concrete, including improved
quality, acceleration or retardation of setting time, enhanced frost and sulfate resistance, control of

strength development, improved workability, and enhanced finish ability.
Blast Furnace Slag consisting essentially of silicates and aluminates of calcium. The granulated

material when further ground to lessthan 45 microns will have specific surface of about 400-600m?/kg.

The chemical con of BFS is similar to that of cement clinker.
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UNIT-
HIBUILDINGCOMPONENTSANDFOUNDATIONS

LINTELS and ARCHES: Openings areinvariably left inthe wall for theprovision ofdoors, windows,
cupboards, almirahsetc... These openingsare bridged bythe provisionofeither a linteloran arch. Thus,

both lintel as well as arch are structural members designed to support the loads..

A lintel is asort ofbeam, which is placed acrossthe opening. Thewidth ofalintel is equalto the width of
the wall and the ends of which are builtinto the wall. Lintels are simple and easy to construct. Lintels

are classified into the following types according to the materials of the construction:

Timber Lintels: These are relatively costlier, structurally weak and vulnerable to fire. Sometimes
timber lintels are strengthened bythe provision ofmild steelplates at their top and bottom, such lintels

are called Flitched Lintels.

Stone Lintels: These are common in usage where stone is abundantly available. Dressed stone lintels
give good architectural appearance. Stone is very weak in tension and cracks develop if subjected to

vibratory loads.

Brick Lintels: These are not structurally strong and they are used only when the opening is small and

loads are light.

Steel Lintels: These are provided where the opening is large and the loads are heavy.It consists of steel

channels either used singlyor in combination of two or three units.

Reinforced Cement ConcreteLintels: Becauseoftheirstrength,rigidity, fireresistance,economyand
easeofconstruction, theRCC lintelsarewidelyused. Thesecan beused onanyspan. It iskept equalto the

width of the wall. RCC lintels are also available as precast units.

Arches appeared as early as the 2nd millennium BC in Mesopotamian brick architecture and their
systematic use started with the Ancient Romans who were the first to apply the technique to a wide

range of structures.
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Anarchisanopeningto supporttheweightofthewalloraloadaboveitalongwithothersuperimposed loads.A
structure, especially one of masonry, forming the curved (an invertedU)pointed, or flat upper edge of an
open space and supporting the weight above it, as in a bridge or doorway. However, arches are

constructed where

1. Loadsareheavy
2. Spanismore
3. Strongabutmentisavailable

Specialarchitecturalappearanceis required.

Hore shot ch

ClassificationofArches: Anarchcanbeclassifiedas
o AccordingtoShape
° Based onNumberofCenters

o Basedonmaterialand workmanship

Classificationaccordingtoshape:

Flat Arch: A flat arch has usually the angle formed by skewbacks as 60°, thus forming an equilateral
triangle with intrados as the base. The extrados is kept horizontal & flat. Flat arches are used for light

loads and for spans up to 1.5 mts.
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SegmentalArch: Thecentreofarchliesbelowthespringinglineorliesonthespringingline.

2
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Flat arch segmental arch

Horseshoearch:Thearchhastheshapeofahorseshoe,whichismorethanasemi-circle.Suchtypeofarchis
provided mainly from architectural considerations

Pointedarch:It consistsoftwo arcsofcircles meetingattheapex.Thetriangle formed maybeeither
equilateral(allsidesequalieab=bc=ca)whichisalsoknownas GOTHIC archorisosceles(anytwo sides equal
ie ab=bc or bc=ca or ca=ab ) which is also called as LANCE Tarch.
Venetianarch:Thisisanotherformofpointedarchwhichhasdeeperdepthatcrown.Ithasfourcenters,all

located on the springing line.

Foundations:

Definition:
Thelowartificiallybuiltpartofastructurewhichtransmitstheloadofthestructuretothegroundiscalled
foundation.

Afoundation(alsocalledagroundsill)isastructurethattransfersloadstotheearth. Concept:

Foundation of a structure is always constructed below the ground level so as to increase the lateral
stabilityofthestructure.Itincludestheportionofthestructurebelowthegroundlevelandisbuilt,so
astoprovideafirmand levelsurface fortransmittingthe load ofthestructureonalargeareaofthesoil lying

underneath. The solid ground on which the foundation rests is called the Foundation Bed.
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Purposeof Foundation:
Allengineeringstructuresareprovidedwithfoundationsatthebasetofulfillthefollowingobjectivesand
purposes;

i. Todistributetheloadofthestructureoveralargebearingareasoastobringintensityofloadingwithin

the safe bearing capacity of the soil lying underneath.

. Toloadthebearingsurfaceatauniformratesoasto preventunequalsettlement.
iii. Topreventthelateralmovementofthesupportingmaterial.
iv. Tosecurealevelandfirmbedforbuildingoperations.

v. Toincreasethestabilityofthestructureas awhole.

TypesOfFoundations

Foundationsarebroadlyclassifiedintotwocategories.

1) ShallowFoundations

i.  Spreadfootingoropentrenchfoundations
ii.  Grillagefoundations
iii.  Raftfoundations
iv.  Steppedfoundations
v. Invertedarchfoundations

2) DeepFoundations

1. Pilefoundations
1. Wellfoundations
1. Caissonfoundations
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UNIT -

IVWOOD,ALUMINIUMANDGLASS

Woodisahardfibroussubstancewhichformsamajorpartofthetrunkandbranchesofatree. Treesare

classified as endogenous and exogenous according to the mode of growth: Classification and

methods of sawing timber

Wood has many advantages due to which it is preferred for building material. Teak is not suitable for
making construction of bridge works whereas Babool, Sal etc are suitable for making construction of
bridges. Babooltreeisalso usedformakingagriculturalimplements. Benteakisused formakingboats while
Deodartreesaremeantformakingrailwaysleepers.Jacktreesareusedformakingmusicalinstruments. Wood is
easily available and easy to transport and handle. Wood is a good absorber of shocks and so is suitable
for construction works. Wood can be easilyrepaired and alterations to wood work can also be done
easily. Owing to the above mentioned advantages, wood is verywidely used in buildings as doors,

windows, frames, temporary partition walls etc

Classificationoftimber:

Woodsuitableforbuildingorotherengineeringworksiscalledtimber

When it forms a part of a living tree, it is called standing timber. When the tree has been felled, it is
called roughtimber. When it hasbeensawnto various market formssuchasbeams, battens, planksetc, it is

called converted timber

ClassificationofTrees
Treescanbedividedintothefollowinggroups

Endogenous
Exogenous

Theseareexplainedas below:

ENDOGENOUS:
Treeswhichgrowsinwardinalongitudinalfibrousmass,suchascanes,bamboo,palmsetc

EXOGENOUS:

Trees which grows outward from the centre in approximate concentric rings across the longitudinal
sectionofthestem.Eachringrepresentingalayerdepositedeveryyear.Extensivelyusedinengineering works.
Exogenous trees are further divided into
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1) Conifer:
EvergreentreeyieldingsoftwoodTreeswithpointedleavesPine,Chirr

B-2)Deciduous:
Treeswithbroadleavesyieldinghardwood
Shedtheirleavesinwinter(Sal,Sheeshametc)

1) Methodsofsawingtimber
2) methodsofsawingtimber

ORDINARYSAWNORFLATSAWN
Parallel cuts made throughout the length of the log Cutting parallel slices of planks Easiest and

economica method Shrinkage of sapwood more than the heartwood Causing warp and twisting of

planks.

QUARTERSAWING
Tendency to cup i.e. to curve in a transverse direction When applied to wood, not having distinct

medullar rays this method produces very fine wood RIFT OR RADIAL SAWING Flat Sawn, Rift
Sawn, Quarter Sawn Timber cut parallel to medullar rays and perpendicular to annual rings least
shrinkage but most wasted limited rift is adopted

Greaterdecorativeeffect™ medullarrayspronounced

PropertiesofWood& Timber
Woodistheoldestmaterialusedbyhumansforconstructionafterstone.Despiteitscomplexchemicalnature,
wood has excellent properties which lend themselves to human use. It is readily and
economicallyavailable;easilymachinable;amenableto fabricationinto aninfinite varietyofsizesand

shapes using simple on-site building techniques;

. Exceptionallystrongrelativetoitsweight

. Agoodheatandelectricalinsulator;

o ofincreasingimportance

o Itisarenewableandbiodegradableresource.

However,it also hassomedrawbacksofwhichtheusermust beaware.Itisa““natural” materialand is available
inlimitedamountpropertiesofwoodmakeitgoodforuseinconstruction.Classificationof TimberSawing

Methods
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SpecificGravity(SG):

Generally, specific gravity (SG) and the major strength properties of wood are directly related. SG for
the major , usually used structural species ranges from roughly 0.30 to 0.90. Higher allowable design
values are assigned to those pieces having narrower growth rings (more rings per inch) or more dense

latewood per growth ring and, hence, higher SG.

MoistureContent(MC)andShrinkage:

Undoubtedly, wood’s reaction to moisture provides more problems than any other factor in its use.
Woodishygroscopic;thatis,itpicksuporgives ~ offmoistureto  equalize  withtherelativehumidityand
temperature in the atmosphere. As it does so, it changes in strength; bending strength can increase
byabout 50% in going fromgreen to a moisture content (MC) found in wood members in a residential
structure, for example. Wood also shrinks as it dries, or swells as it picks upmoisture,with concomitant
warpage potential. Critical in this process is the fiber saturation point (fsp) , the point (about 25%
moisture content, on oven-dry basis) below which the hollow center of the cell has lost its fluid
contents, the cell walls begin to dry and shrink, and wood strength begins to increase.The swelling and

shrinkage processes are reversible and approximately linear between fiber saturationpoint and 0% MC.

Wood decay or fungal stain do not occur when the MC is below 20%. There is no practical way to
prevent moisture change in wood; most wood finishes and coatings only slow the process down. Thus,
vapor barriers, adequate ventilation, exclusion of water from wood, or preservative treatment are

absolutely essential in wood construction.

ThermalProperties/TemperatureEffects:

Althoughwoodis an excellent heat insulator, its strengthand other properties are affected adverselyby
exposure for extended periods to temperatures above about 100°F. The combination of high relative
humidity or MC and high temperatures, as in unventilated attic areas, can have serious effects on roof
sheathing materials and structuralelements over and above the potential for attack bydecayorganisms.

Simple remedies and caution usuallyprevent any problems.
At temperatures above 220°F, wood takes on a thermoplastic behavior. This characteristic, which is

rarely encountered in normal construction, is an advantage in the manufacture of some reconstituted

board products, where high temperatures and pressures are utilized.
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Environmentallyfriendly

Timber is the most environmentally responsible building material. Timber has low production energy
requirements and is a net carbon absorber. Timber is a renewable resource. Well-managed forests
producetimber on a sustained continuous basis, with minimal adverse effects on soil and water values.
In plentiful and growing supply

Timber is readily available. Australia has significant forest resources including a plantation estate

covering more than 1.6 million hectares, and the area is growing rapidly.

Strong andlightweight

Timber is strong, light and reliable making timber construction simpler and safer than steelor concrete
construction. A comparison with steel and concrete shows that radiata pine structural timber, for
example, has a strength for weight ratio 20 percent higher than structural steel and four to five times

better than unreinforced concrete in compression.

The lightweight structures possible in wood confer flow-on advantages in terms of reduced foundation
costs, reduced earthquake loading and easier transport. Building components and complete
constructions are simple and safe to erect, and cheaper to deconstruct or reuse atthe end ofa buildingis

useful life.

Additionally,timberis:

Safe:

Timber has low toxicity and therefore requires no special safety precautions to work with it, other than
normal protection from dusts and splinters. Timber frame construction requires little in the way of
heavy lifting equipment making building sites safer work places. Timber being non-conductive has
obvious benefits in terms of electrical safety. Modern timber construction has increased fire resistance

due to incombustible linings protecting light frames.

Easy toinstall:

Increasingly specialist timber frame and truss manufacturers use high tech prefabrication enabling
accurate and speedy installation. Recyclable -Timber is a forgiving material that can be easily
disassembled and reworked. If demolition or deconstruction of a wooden building is necessary, many
wood-based products can be recycled or reused. Timber trusses and frames, factory fabricated from

sawntimberandtoothedmetalplateconnectors,havecometodominateroofconstructionforsmall
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buildings such as houses and large industrial buildings where clear spans up to 50 metres are required.
Timber trusses compete with other roof structural systems on cost, high performance, versatility and
ready availability, supported by design software packages supplied by the plate manufacturers to the

fabricators.

Costeffective:

Comparative studies ofthe economics ofdifferent wall framing systems indicate that, interms ofdirect
building expenses, timber frames are consistently the most cost-effective solution. There are many
factors to consider when comparing the economics of different construction systems including the
complexity of the layout, site, builder experience, and relative material prices at the time of building.
However, comparative studies of the economics of different wallframing systems indicate that, interms

ofdirect building expenses, timber frames are consistentlythe most cost-effective solution.

Inthe mediumto long term, the forecasts for the Australianwood supply indicate a stable and growing
supply. This means that prices for framing timber are likely to be more stable for builders in the long
term. However, this price stability is questionable for materials such as steel, which consume
considerable amounts of fossil fuels in their manufacture. The smelting ofsteel is heavilyreliant on the
continued availabilityofcheap sourcesoffossilfuels, a scenario which is becoming highlyuncertain in an

increasingly energy and security conscious world.

Durable:

Gooddetailing,coatingand maintenanceensurethattimberstructureslast ~ forlifetimes. Althoughmany
buildings become obsolete and are demolished long before the end of their natural lives, timber
buildings correctly designed and maintained can have an indefinite life. The key to long life is
protection from weather, insect attack and decay, through well-established design detailing, surface
coating systems, selection of durable species, and preservative treatment processes. In all countries of

the world, and Australia is no exception, historic timber buildings testifyto these principles.

Intermite-prone areas, all buildings are vulnerable to termite attackofcontents, so protection is needed
regardless of construction materials. Protection systems rely on physical or chemical barriers, or both,
and their effectiveness depends on the quality of the design, construction, inspection and maintenance.
The risk of termite attack should be assessed after consulting with local building authorities and an

appropriate termite management system should be implemented.
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The system may include physicalor chemical barriers or in higher risk areas, atermite resistant treated
timber or naturally termite resistant frame may also be chosen. In any case any management system
should include regular inspection to ensure that barriers have not been breached. It is therefore critical
that the system type and inspection schedule are understood by all future householders. Importantly,
termites are an integral part of the ecology of Australia, however, with awareness, planning and using

cost effective systems, they can be effectively managed.

Comfortable:

Well-designedTimberstructuresarecomfortabletoliveinallyearroundnomatterwhereyouare.

Flexible:

A particular feature of timber is the flexibility of design forms and finishes that can be used. This
flexibility also extends to the ease with which existing buildings can be added to or modified to suit
changing circumstances. User friendly versatile timber gives building designers creative freedom
providing homeowners with flexible design choices. Timber is simply the best building material for
builders, designers and homeowners and can be used to construct the homes we love, structures we
admire and warehouses, commercial buildings and other structures. The timber frame method of
building gives designers flexibility in both layout and external appearance. High levels of thermal

insulation are incorporated within the construction, reducing heating costs and conserving energy.

ChemicalProperties:

ChemicalEffects:
Though, would is chemically inert as compared to other materials but is affected by some acids and

bases. Some species have proven veryuseful for food containers (berryboxes and crates) because they
are nontoxic and impart no taste to the foods contained therein. Wood structures have also found

widespread use as storage facilities for salt and fertilizer chemicals.

Lumber (American English; used only in North America) or timber (used in the rest of the English
speaking world) isatype ofwoodthat hasbeenprocessed into beams and planks, astageinthe process of

wood production.

Lumbermaybesuppliedeitherrough-sawn,orsurfacedononeormoreofitsfaces. Besides pulpwood,rough
lumber is the raw material for furniture-making and other items requiring additionalcutting andshaping.

It is available in manyspecies, usuallyhardwoods; but it is also readily
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available in softwoods, such as white pine and red pine, because of their low cost. Finished lumber
issuppliedinstandardsizes,mostlyfortheconstructionindustry—primarilysoftwood,fromconiferousspecies,
includingpine, firandspruce(collectivelyspruce-pine-fir),cedar,

and hemlock, but also some hardwood, for high-grade flooring.

Lumberismainlyusedforstructuralpurposesbuthasmanyotherusesaswell.Itisclassifiedmore commonlyas a

softwood than as a hardwood, because 80% of lumber comes from softwood.

TIMBERSEASONING:

Seasoning is the reduction of moisture content of timber to that of the-surrounding air - Sydney area
approx. 12.3%.Timber is seasoned to dryout the timber to bring it to a usable and workable condition.
More than half the weight of freshly cut timber consists of moisture or sap. Before the timber can be

used a large part of the moisture must be removed.

MethodsofSeasoning:

AirSeasoning:

The timber is stacked on foundations to keep it off the ground. Strips of wood (about 38 x 19 mm) are
placed between the layers of boards to allow air to circulate. Ends of boards may be painted to retard
drying and prevent splitting. A waterproof covering is placed over the stack to protect the timber from
the sun and the weather. Air seasoning is slow, taking up to a year for a piece 25 mm thick and

considerably longer for thicker pieces. But the timber produced is well suited to outdoor work.

KilnSeasoning:

Kilnseasoning isdone ina largeoven-likestructure inwhichaircirculation, humidityandtemperatures are
controlled. The timber is stacked onthe trucks in the same wayas for air drying. The trucks areon railsso
that they can be moved into the kiln. Care must be taken to see that the drying process while removing
the free water is not too rapid, as at this stage the timber is susceptible to degrade (damage) by checking
and collapse. Many types of softwood, such as Radiata Pine, can be kiln dried easily and fairly cheaply
from the green condition. But many of the Australian hardwoods are so slow in drying that their kiln
drying is uneconomical. It is, however, satisfactory and economic to season them by the combined

process of air and kiln drying mentioned below.Kiln Seasoning

. Kilnseasoningisdoneinalargeoven-likestructureinwhichaircirculation,humidityandtemperatures

are controlled. The timber is stacked onthe trucks in the same wayas for air drying.The
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trucks are on rails so that they can be moved into the kiln. Care must be taken to see that the drying
process while removing the free water is not too rapid, as at this stage the timber is susceptible to
degrade (damage) bychecking and collapse. Manytypesofsoftwood, suchasRadiata Pine, canbe kiln
dried easily and fairly cheaply from the green condition. But many of the Australian hardwoods are so
slow in drying that their kiln drying is uneconomical. It is, however, satisfactory and economic to

season them bythe combined process of air and kiln drying mentioned below.

ReasonsforSeasoning:

Air-naturalcirculationof airaround &throughtimberstacks.---Time-3-9months,sometimesyears.

- Kiln - forced drying of timber stacks in large containers called kilns - Time 1-3 weeks. - Combination
of Air & Kiln - combines advantages of both air and kiln. - Solar kilns — rely on solar energy to aid the
drying process - Time 1-3 weeks for more information on seasoning of timber go to Drying timber in
Australia. Seasoned timber has many advantages over unseasoned timber, such as: improved strength

and hardness

e Topreventshrinkage,splitting,checkingandwarping.
e Toachievegreaterstiffnessandstrength.

e Toallow penetrationofpreservatives

e Toobtainasurfacethatwillacceptpaint,polishorglue.
e Toprotectagainstdecay.

FORMWORK (SHUTTERING):

Formwork is the term given to either temporary or permanentmoulds into which concrete is pouredtill

it get sufficient strength for self-supporting.

Theformworkinvolvesvariousmaterialssuchastimber(wood),plywood,steel,aluminium,combinedwood—

steel etc... used as moulds in civil structures, in which concrete is poured. The construction of form
work involves considerablematerials.The cost of form work may be upto20 — 25 % of the cost of the
structure in building works and even higher in bridges. In order to reduce this expenditure, it is

necessary to design economical types of form work.

Whentheconcretereachacertainrequiredstrength, the formworkis no longer neededand isremoved.

TheoperationofremovingtheformworkiscommonlyknownasStripping.Similarly,whenthe
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componentsofformworkareremovedandthenreusedforotherpartsofthecivilstructureforseveral times are

known as Panel forms.

FORMWORKMATERIALS:

Timber is the most common materialused for formwork. When the formwork is to be used for small
worksonly a few times, then timber proves to be more economical than steel or aluminum.

Advantages:Formworkmaterialoftimberis

e Easilyavailable

e Formworkmaterialcanbemadetodesiredshape
e (Canbemadetorequiredsize

e [Easytocarry

e Economicallyviableandcheap

e Convenientforsmallworks

Disadvantages:

+ Possibilityofwarping, swellingandshrinkageoftimber. However,thoseeffectscanbeovercome by
applying shuttering oil as coating. This coating prevents the material from adhering to concrete and
hence the stripping (removing of formwork material) makes easier.

Steel/ Aluminum formwork: If the formwork is desired to be re-used several times, then the use of
steel or aluminum is preferred. Though the initial cost of steel is very high but for large works with
many repetitions, the steel form work proves to be economical. In case of specific structures, such as
round columns, curved surfaces, tunnels etc the use of steel form work should be made.

Steelformworkhasmanyadvantagessuchas:

. Canbeusedanumberoftimes

. Itprovideseasestripping

. Itensuresanevenandsmoothconcretesurface.
. Itisnotliabletoshrinkage/swelling.

RequirementsforaFormwork: Agoodformworkshouldsatisfythefollowingrequirements:
o Thematerialoftheformworkshouldbecheapanditshouldbesuitableforre-useseveraltimes.

J Itshouldbewaterproofsothatitdoesn’tabsorbwaterfromconcrete.
o Shrinkageandswellingofmaterialshouldbeminimum.
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e [tshouldbestrongenoughtowithstandallloadscomingonitsuchasdeadloadofconcrete,liveload of
concrete during its pouring, compaction and curing of concrete.

o Thesurfaceoftheformworkmaterialshouldbesmoothandshould affordeasystripping.

¢ Alljointsoftheformworkshouldbestiffsothatlateraldeformationunderloadsisminimized.

IndianStandardsonformwork(1S456—2000)

General: The formwork shall confirm to the shape, dimensions etc as shown on the plans and
soconstructed as to remain the rigidity during the placing of the concrete and the form work shall be
sufficiently tight to prevent loss of liquid from the concrete.

Cleaning and treatment of forms: All rubbish particularly chippings, saw dust shall be removed
fromthe interior of the form work material before the concrete is placed.

Procedure to be adopted for removing the form work: All form work materials are to be
removedwithout creating vibrations as would damage the reinforced concrete. Before the form work
materials are removed, the concrete surface should be checked thoroughly.

Tolerances: Form work shall be so constructed that the internal dimensions are within the
permissibletolerance specified by the designer.

Formworkmaterial(PLY WOOD)andModularsteelframework

Plvwood Column boxss Colimyn boxes
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SCAFFOLDING:

The Scaffolding is a temporary frame work oftimber or steelcomponents having platforms at different
levels, to enable the masons to work at different heights of a buildings. When the height of wall or
column or other structure of a building exceeds about 1.5 mts (4’), temporary structures are used to
support the platform over which the work men can sit and carrythe activities.
Thesetemporarystructuresconstructedareverycloseto thewall, is in the formoftimber or steelframe work,
commonly called scaffolding. Scaffolding materials is needed for the repairs or even demolition ofa
building. In addition, surface finishing such as plastering, pointing, white washing or distempering of
walls, columns etc at higher levels can also be carried out.The scaffolding should be stable and be
strong enough to support work men and other construction material placed on the platform. The height

of the scaffolding goes on increasing as the height of construction increases.

ComponentsofScaffolding:

Standards: Thesearetheverticalmembersoftheframeworksupportedonthegroundorembeddedintothe

ground.

Ledgers:Thesearehorizontalmembers,runningparalleltothewall,

Braces:Thesearediagonalmembersfixedonstandards.

Putlogs: Thesearetransversemembers,placedatrightanglestothewallwithoneendsupported onledgers and
other end on the wall.

Transoms: Thesearethoseputlogswhosebothendsaresupportedonledgers.

Boardings: These are horizontal platform to support workmen and material and are supported on the
putlogs. Various components or members of the scaffolding are secured by means of rope lashings,

nails, bolts etc......
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TYPESOFSCAFFODING:

Single / Bricklayer’s / Putlog scaffolding: It consists of a single row of standards (vertical members)
which are driven into the ground. Standards are to be arranged parallel to the wall at distance of 1.20
mts. The standards are then connected to each other by ledgers (horizontal members)

placed at right angles. Theyare secured in position byrope lashings or cuplock materials. The put logs

are fastened to ledgers by rope lashings. The cross braces are used for strengthening of the structure.

Double scaffolding/ Mason’s Scaffolding: This type of scaffolding is stronger than the single
scaffolding and is used in the constructions of stone work. The form work is similar to the single
scaffoldingexcepttworowsofstandardsareused,onerowclose tothewallwithin15cmand the otherat

1.2 to 1.5 m away from the face of the wall. The put logs are supported at both ends on ledgers.

Sometimes, in addition to the diagonal braces, inclined supports called Racking shores are provided to

prevent the slipping of scaffold away from the wall.
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Cantilever Scaffolding / Needle Scaffolding: This type of scaffolding is needed under the following
circumstances:

e  Whereitisnotpossibletofixthestandardsintotheground

. Wherethescaffoldingistobeprovidedonthesideofabusystreetwithoutobstructingthe
trafficonroad.

o Wherethescaffoldingisrequiredincaseoftallbuildings.

In this work, single scaffolding or double scaffolding components are supported by a series of
cantilevers or needle beams (timber beams projecting from wall) passing through window openings or
through holes in the wall.

Suspended scaffolding: This type of scaffolding is suitable for maintenance works such as painting,
pointing, distempering etc. Theworking platform is suspended from theroofs by means of wireropes
orchains..Themechanicalarrangementsareprovidedtoraiseorlowertheplatformtoattaintheoptimumlevel
for working.

Trestle scaffolding: The working platform is supported on the top of mobile devices such as tripods,
ladders etc mountedonwheels. Trestle scaffolding is suitable for minor repairs or painting work upto a
maximum height of 5 mts from the supporting level.

Steel scaffolding/Centering: It is practically similar to timber scaffolding except thatwoodenmembers
are replaced by steel tubes and rope lashings are substituted by special couplings and set- screws at
junctions. Though its initial cost is more but its salvage (The property so saved) value is higher.

63




Ladder Scaffolding / Patented scaffolding: The working platforms are supported on brackets (with
inner row of standards) which can be adjusted at any suitable height. The various components of the
scaffold are fastened to each other by means of bolts and screws.

StoneMasonryandbrickstone masonry:

Definition:

Theartofbuildingastructureinstonewithanysuitablemasonryiscalledstonemasonry.
TypesofStoneMasonry:

Stonemasonrymaybebroadlyclassifiedintothefollowingtwotypes:

1) RubbleMasonry

2) AshlarsMasonry

Rubble Masonry:

The stone masonry in which either undressed or roughly dressed stone are laid in a suitable mortar is
called rubble masonry. In this masonry the joints are not of uniform thickness. Rubble masonry is
further sub-divided into the following three types:

. Randomrubblemasonry

o Squaredrubblemasonry

. Dryrubblemasonry

Random rubble masonry: The rubble masonry in which either undressed or hammer dressed stones
are used is called random rubble masonry. Further random rubble masonry is also divided into the
following three types:

Uncoursed random rubble masonry: The random rubble masonry in which stones are laid without
formingcourses isknownasuncoursedrandomrubble masonry. This istheroughest andcheapest type of
masonry and is of varying appearance. The stones used in this masonry are of different sizes andshapes.
before lying, all projecting corners of stones are slightly knocked off. Vertical joints are not plumbed,
joints are filled and flushed. Large stones are used at corners and at jambs to increase their strength.
Once "through stone" is used for every square meter of the face area for joining faces and backing.

Suitability:Usedforconstructionofwallsoflowheightincaseofordinarybuildings.

Coursed random rubble masonry: The random rubble masonry in which stones are laid in layers of
equal height is called random rubble masonry. In this masonry, the stones are laid in somewhat level

courses. Headers ofone coursed height are placed at certain intervals. The stones are hammer dressed.
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Suitability:Usedforconstructionofresidentialbuildings,godowns,boundarywallsetc.

Squared rubble masonry: The rubble masonry in which the face stones are squared on all joints and
beds by hammer dressing or chisel dressing before their actual laying, is called squaredrubblemasonry.
There aretwotypesofsquared rubblemasonry.

Coursed Square rubble masonry: The square rubble masonry in which chisel dressed stones laid in
courses is called coarse square rubble masonry. This is a superior varietyofrubble masonry. It consists
of stones, which are squared on all joints and laid in courses. The stones are to be laid in courses of
equal layers. and the joints should also be uniform.

Suitability: Used for construction of public buildings, hospitals, schools, markets, modern residential

buildings etc and in hilly areas where good quality of stone is easily available.

Uncoursedsquarerubblemasonry: Thesquared rubbleinmasonrywhichhammerdressedstonesarelaid
without making courses is called uncoursed square rubble masonry. It consistsofstones whichare
squared on all joints and beds by hammer dressing. All the stones to be laid are ofdifferent sizes.

Suitability: Used for constructionofordinarybuildings inhillyareas where a goodvarietyofstones are
cheaply available.

Dry rubble masonry: The rubble masonry in which stones are laid without using any mortar is called
dryrubblemasonryorsometimesshortlyas"drystones".Itisanordinary masonryandisrecommended
forconstructing walls of height not morethan6m. In casetheheight is more, three adjacent courses are
laid in squared rubble masonry mortar at 3m intervals.

Ashlarmasonry:

The stone masonryin which finelydressed stones are laid incement orlime mortaris knownas ashlars
masonry. In this masonry are the courses areof uniform height, all the joints are regular, thin and have
uniform thickness. This type of masonry is much costly as it requires dressing of stones.

Suitability: This masonryisused for heavystructures, architecturalbuildings, highpiersand abutments of
bridges.
Ashlarsmasonryisfurthersubdividedintothefollowingtypes:

e  Ashlarsfineorcoarseashlarmasonry
e Randomcoarseashlarsmasonry

e  Roughtooledashlarmasonry

e  Rockorquarryfaced ashlarsmasonry
e  Chamferedashlarsmasonry
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e  Blockincoarsemasonry
e  Ashlarfacing

Ashlar fine or coarse ashlar masonry: In this type of stone masonry stone blocks of same height in
eachcourseareused.Everystoneisfinetooledonallsides. Thicknessofmortarisuniformthroughout. It is an
expensive type of stone masonry as it requires heavy labor and wastage of material while dressing.
Satisfactory bond can be obtained in this type of stone masonry.

Random coursed ashlar masonry: This type of ashlar masonry consists of fine or coursed ashlar but
the courses are of varying thick nesses, depending upon the character of the building.

Roughtooledashlarmasonry:Thistypeofashlarmasonrythesidesofthestonesareroughtooledand  dressed
with chisels. Thickness of joints is uniform, which does not exceed 6mm.

Rock or quarry faced ashlar masonry: This type of ashlar masonry is similar to rough tooled type
except that there is chisel-drafted margin left rough on the face which is known as quarryfaced.

Chamfered ashlar masonry: It is similar to quarry faced except that the edges are beveled or
chamfered to 450 for depth of 2.5 cm or more.

Block-in course masonry: It is the name given to a class of ashlar masonry which occupies an
intermediate place between rubble and ashlars. The stones are all squared and properly dressed. It
resembles to coursed rubble masonry or rough tooled ashlar masonry.

Ashlar facing: Ashlar facing is the best type ofashlars masonry. Since this is type of masonry is very

expensive, it isnot commonlyusedthroughoutthewholethicknessofthewall, except inworksofgreat
importance and strength. For economy, the facing are built in ashlars and the rest in rubble.
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UNIT-V
STAIRSANDBUILDINGPLANNING

A stairway, staircase, stairwell, flight of stairs, or simply stairs is a construction designed to bridge a
large verticaldistance bydividing it into smaller verticaldistances, called steps. Stairs may be straight,

round, or mayconsist of two or more straight pieces connected at angles.

Special types ofstairs include escalatorsand ladders. Some alternatives to stairs are elevators, stairlifts

and inclined moving walkways as well as stationary inclined sidewalk.

A stair, or a stairstep is one step in a flight of stairs. In buildings, stairs is a term applied to a complete
flight ofsteps between two floors. Astair flight is a run of stairs or steps between landings. A staircaseor
stairway is one or more flights of stairs leading from one floor to another, and includes landings, newel
posts, handrails, balustrades and additional parts. A stairwell is a compartment extending vertically
through a building in which stairs are placed. A stair hall is the stairs, landings, hallways, or other
portions of the public hall through which it is necessary to pass when going from the entrance floor to
the other floors of a building. Box stairs are stairs built between walls, usually with no support except

the wall strings.

Step:
Eachstepiscomposedoftreadandriser.

Tread:

The part of the stairway thatis stepped on. It is constructed to the same specifications (thickness)as any
other flooring. The tread "depth" is measured from the outer edge of the step to the vertical "riser"
between steps. The "width" is measured from one side to the other.

Riser:
Theverticalportionbetweeneachtreadonthestair. Thismaybemissingforan"open"staireftect.

Nosing:

Anedgepart ofthetreadthat protrudesovertheriser beneath. Ifit ispresent,this meansthat, measured
horizontally, the total "run" length of the stairs is not simply the sum of the tread lengths, as the treads
overlap each other.
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StartingsteporBullnose:

Where stairs are openononeor bothsides, the first stepabove the lower floor or landing may be wider
thanthe other steps and rounded. The balusters typicallyforma semicircle aroundthe circumference of
the rounded portionand the handrail hasa horizontalspiralcalled a "volute"that supportsthe topofthe
balusters. Besides the cosmetic appeal, starting steps allow the balusters to form a wider, more stable
base for the end of the handrail. Handrails that simply end at a post at the foot of the stairs can be less
sturdy, even with a thick post. A double bull nose can be used when both sides ofthe stairs are open.
Stringer,StringerboardorsometimesjustString.

Thestructuralmemberthatsupportsthetreads and risersinstandardstaircases. Therearetypicallythree
stringers, one on either side and one in the center, with more added as necessary for wider spans. Side
stringers are sometimes dadoed to receive risers and treads for increased support. Stringers on open-

sided stairs are called "cut stringers".

Winders

Windersarestepsthatarenarrowerononesidethantheother. Theyareused tochangethedirectionof the
stairswithoutlandings.Aseriesofwindersformacircularorspiralstairway. Whenthreestepsareused to turn a
90° corner, the middle step is called a kite winder as a kite-shaped quadrilateral.

Trim
Variousmoldingsareusedtodecorateandinsomeinstancessupportstairwayelements.Scotiaorquarter-round
are typically placed beneath the nosing to support its overhang.

Therailingsystem|[edit]

. Amulti-flightstairwaywithhandrails
o Stonestairsandwoodenbalustrade
o Twoflightsofstairsjoinedbyalanding

Exampleofwinderstairswithasimple handrailsupportedbythree newelposts

Thebalustradeisthesystemofrailingsandbalustersthatpreventspeoplefromfallingovertheedge.

Banister,RailingorHandrail
The angled member for handholding, as distinguished from the vertical balusters which hold it up for
stairs that areopenonone side;there is oftena railing onbothsides, sometimes onlyonone side ornot

atall,onwidestaircasesthere issometimesalso one inthe middle, oreven more. Theterm"banister'is
9 9
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sometimesusedtomeanjustthehandrail,orsometimesthehandrailandthebalustersorsometimesjustthe
balusters.

Volute:

Ahandrailendelementforthebullnosestepthatcurvesinwardlikeaspiral. Avoluteissaidtoberightor left-
handed depending on which side of the stairs the handrail is as one faces up the stairs.

Turnout:

Insteadofacompletespiralvolute,aturnoutisaquarter-turnroundedendtothehandrail.

Gooseneck:

Theverticalhandrailthatjoinsaslopedhandrailtoahigherhandrailonthebalconyorlandingisa gooseneck.
Rosette:

Where the handrail ends in the walland a half-newel is not used, itmay be trimmed by a rosette.
EasingsWallhandrailsaremounteddirectlyontothewallwithwallbrackets. Atthebottomofthe stairs such
railingsflaretoahorizontalrailingandthishorizontalportioniscalleda'startingeasing". Atthetopof the stairs,
the horizontal portion of the railing is called a "over easing".

Core rail Wood handrails often have a metal core to provide extra strength and stiffness, especially
when the rail has to curve against the grain of the wood. The archaic term for the metal core is "core
rail".

Baluster.

A term for the vertical posts that hold up the handrail. Sometimes simply called guards or spindles.
Treads often require two balusters. The second baluster is closer to the riser and is taller than the first.
The extra height in the second baluster is typically in the middle between decorative elements on the
baluster. That way the bottom decorative elements are aligned with the tread and the top elements are
aligned with the railing angle.

Newel

Alargebalusteror post usedtoanchorthehandrail. Since it isastructuralelement, it extends below the floor
and subfloor to the bottom of the floor joists and is bolted right tothe floor joist. A half-newel may be
used where a railing ends in the wall. Visually, it looks like half the newel is embedded in the wall. For
open landings, a newel may extend below the landing for a decorative neweldrop.

Finial

Adecorativecaptothetopofanewelpost,particularlyattheendofthebalustrade.
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BaserailorShoerail

Forsystemswherethebalusterdoesnotstartatthetreads,theygotoabaserail. Thisallowsforidenticalbalusters,
avoiding the second baluster problem.

Fillet

Adecorativefillerpieceonthefloorbetweenbalustersonabalconyrailing.
Handrailsmaybecontinuous(sometimescalledover-the-post)orpost-to-post(ormoreaccurately
"newel-to-newel"). For continuous handrails on long balconies, theremay bemultiple newels and
tandemcapstocoverthenewels. At corners,therearequarter-turncaps. Forpost-to-post systems, the

newels project above the handrails.

BUILDINGPLANNING:

Plan of a typical floor: The plan of a typical floor ( ground floor plan at ground floor level , first floor
planat first floor level) isrepresentedbyaPlancut atthewindowsill levelso that allthewindows, cupboards,
almirahs etc are also represented on the plan.

Foundation plan: Foundation is immediate beneath the lowest part of the structure, near to the ground
level is known as shallow foundations. Such foundations are mostly placed on the hard strata available
below the ground level.

Shallowfoundationsarefurtherclassifiedintothefollowingtypes:

1. Opentrenchfoundations:

The open-trench foundations were common whenever the terrain was sufficiently compact and the
trench did not require much depth. In other situations, it was necessary to reinforce the walls of the
trench to prevent them from collapsing during digging

2. Grillage foundations: Grillage foundation is used whenheavystructuralloads fromcolumns, piers or
stanchions are required to be transferred to a soil of low bearing capacity. Grillage foundation is often
found to be lighter and more economical. This avoids deep excavation. Depending upon the material

used in construction of grillage foundation can be broadlydivided in the following two categories.

o Steelgrillagefoundation
o Timbergrillagefoundation
o Raftfoundations:

Afoundation(usuallyonsoftground)consistingofanextendedlayerofreinforced concrete.
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Steppedfoundations:

Afoundationconstructedinaseriesofstepsthatapproximatetheslopeofthebearingstratum. The purpose is to

avoid horizontal force vectors that might cause sliding.

Invertedarchfoundations/Footing:

It is used to be provided for multi-storied buildings in olden times. However, with the advent of
reinforced cement concrete construction practice, inverted arch footing is rarely donethesedays. Oneof
the drawbacks in this type of construction is that the end piles have to be specially strengthened by
buttresses to avoid the arch thrust tending to rapture the pier junction. However, the advantage of
inverted arch construction is that in soft soils the depth of foundation is greatly reduced
Structuralplanofa typicalfloor: Astructuralplan ofatypicalfloor containslocation,nomenclatureand details
of various structural elements at that floor level.

Terrace plan. The terrace plan is the plan at the roof level showing the stair cabin, lift cabin, overhead
water tanks along with roof drainage pattern, parapet walls etc.

Classification of buildings: According to National Building code of India 1970, different classification
of buildings on the basis of occupancy are:

GroupA—Residential Buildings: Allthose buildings inwhichsleepingaccommodation is provided for
residing permanently or temporarily with or without cooking or dining or both facilities are termed as
residential buildings, for example Apartments, Flats, Bungalows, Dormitories, Private Houses, Hotels,
Hostels,Cottages,HolidayCampus,Clubs,outhouses,Inns,etc., Thesebuildingsarefurthersub-dividedinto

Sgroups,namely; A-1LodgingHouses;A-2FamilyPrivateDwellings; A-3Dormitories; A-4 Flats; and A- 5
Hot

Group B — Educational Buildings: Allthose buildings which are meant for education froma nurseryto
the university, are included in this group, for example, schools, colleges, Universities, Training
Institutes, etc. These buildings provide facilities like class — rooms, staff cabins, drawing rooms,

laboratories, admin blocks, seminar halls; recreation halls, library, playfields, gymnasium etc.

Group C - Institutional Buildings: This group includes any building which is used for the
purposessuchas medical, health, physicalor mentaldisease, careofinfantsor agedpersons, etc.

Thesebuildings normally meant for healthcare for the occupants.
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These buildings arefurther sub—divided into three groups viz, C—1 Hospitals; C-2Custodian Institutions
(a financial institution that has the legal responsibility for a customer's securities) and C-3 panel

Institutions (a group of persons selected for some services).

Group D — Assembly Buildings: This group includes any building where groupsof people assemble or
gather for amusement / entertainment. For eg: theatres, cinema halls, assembly halls, auditoriums,
exhibition halls, museums, restaurants, places of worship (temple, mosque, church, etc.), club rooms,
passenger stations, public transportation services; open air theatres, sports pavilions( i.e., stadium),

swimming pools, etc.

Group E — Business Buildings : A commercial building is a building that is used for commercial use.

Types can include office buildings, warehouses, shopping malls, etc

GroupF—MercantileBuildings: Thisgroupincludesanybuildingorpartofabuildingwhichisusedas shops,

stores, market for sale and displayof products or wares either wholesale or retail.

Group G — Industrial Buildings: This group includes any building in which products of different kinds
and properties, are fabricated, assembled or processed. For example, laboratories, assembling plants,

laundries, gas plants, power plants, refineries, diaries...

GroupH—StorageBuildings: Thisgroupincludestostorematerialssuchascement,iron/steel;home

appliances etc. eg: godowns

Group I — Hazardous Buildings: This group includes those building structures which are used for the
storage,handling, manufacture/ processing ofmaterialswhichare liable to burnand prove hazardousto
building contents. Hazards may be due to fire, poisonous fumes or gases , explosions, ignition, etc.,
from materials subjected to various operations. Buildings used for storage of explosive materials,

manufacture of synthetic leather, explosives, fire works
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BASIC PRINCIPLES OF BUILDING PLANNING: The basic principles of building planning in

respect of residential buildings are:

(1) FLOORAREARATIO(FAR)istheratioofthetotalcoveredareaofallfloorsinabuildingona certain
plot and to the area of the plot.

TheFloorAreaRatio,describestherelationshipbetween  thesizeofaplot —andtheamountoffloorspace it
contains. Forexample, a50' x 100' lot (5,000 sft)with asingle-story 50' x 50' building (2,500sft)hasa floor
arearationof0.5. Ifabuilding withthesame size footprint had 4 stories, theFAR would increase to 2.
Higher FARstendto indicatemore urban(dense) constructionand isused bylocal governments in zoning

codes

(2) FLOORSPACEINDEX(FSI):Itistheratioofbuiltupareainclusiveofwallsofallthefloors
and to the area of the land on which the building stands.

TotalfloorareaincludingwallsofallfloorsFloorSpacelndex=PlotArea/BuildingUnit

(4) THEAREAOFROOMS:

Bedrooms,livingrooms,drawingroom,diningroom(min)....9.4sqmts

Kitchenandstorerooms(min)
5.45sqmts
Bathroomsanddressingrooms... 1.85—

4.5sqmts

WaterCloset(WC);Urinalrooms.0.89—1.1sqmts
(5) HEIGHT OFROOF: Rootheight oneachfloor is2.7 mts( min) and for bathroomand WC is 2.1 mts (

min)

(6) AREAOFDOORS,WINDOWS&VENTILATORS:Thisshallbel/6thtol/10thofthefloorarea of

the room. In addition, every room should have ventilator.
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(7) STAIR CASE: The stair case shall have area not more than 12 sq mts. The pitch shall be in the
rangeof30oto450andflightshallhavestepsneither<3nor>12.Minimumwidthofstairshallbe900 mm.

(8) LIFT:Thisshallbeprovidedforbuildingshavingmorethan3floorsexcludingthegroundfloor.

(9) SEPTICTANK :shallbeprovidedaspernumberoftloors/rooms

(10) HEIGHTOFCOMPOUNDW ALL:Themaximumheightofcompound

PARKING SPACE: Parking spaces for carsrequired for cinemas, shopping areasand offices located in

central areas are to be allocated as per National Building Code.

BUILDING BYE-LAWS: Every locality has its own peculiarities in respect of weather conditions,
availability of material and labor and thus adopts its own method of construction. In addition, every
locality has certain rules and regulations which help in controlling the development of locality. The
rules and regulations covering the requirements and ensure the safety of the public, minimum use of

rooms, area limitations are known as “Building bye-laws”.

Buildingbye-lawsarenecessarytoachievethefollowingobjects:

. Givesguidelinestothearchitects/engineerandthushelpinpre-planningthebuildingactivities.
. Allowtopreventhaphazarddevelopment
* Affordsafetyagainstfire,noisepollution,structuralfailuresetc.

While framing building bye-laws assistance of experts on various subjects such as town planning, law,

health, civil engineering, traffic, general administrations etc should be sought due its weightage.
Indian Standard Institution, an organization of Govt of India has published IS 1256 “code of building

laws”’coveringallthesalientaspectofbuildingactivities.NationalBuildingCode(NBC)waspublished  bythe

Govt of India for smooth running of building activities byrealizing the importance of building bye-laws.
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From Newton’s first law of motion even though the base of the building moves with the ground, the
roofhas oftendencyto stayin itsoriginalposition. But since the walls and columns are connectedto it,they
drag the roof along with them. This gives rise to

inertia forces on the roof element. .Structural elements such as floor slabs, walls, columns and
foundations and the connections between them must be designed to safely transfer these inertia forces
through them. Walls or columns are the critical elements in transferring the inertia forces. But in
traditional construction, slabs and beams receive more care and attention during designand
constructionthanwallsand columns. Failureofmasonrywalls have beenobserved becauseoftheir thin and

materials used for it , in the past dueto some Basic Principles ofBuilding Planning.

WhytodoBuildingPlanning?

Planning in construction is the first thing to do. Proper orientation, healthy, beautiful, economical etc

are our targets to achieve by planning building construction or anyother construction work.

PrinciplesofBuildingPlanning
When we first start to plan a new building construction work to begin we definitely need to remember
some basic principles of building planning. Some of the basic principles of planning of a building

construction are given below.

1. Anengineerorarchitectshouldpreparethebuildingplanaccordingtothe demand, economic status &
tasteof theowner and also the purposeof thebuilding is to bebuiltwhetherresidential, commercial etc.

2 Thedesignofthebuildingshouldbecompatiblewiththesurroundingstructures&theweather.

3 Sufficientairandsunlightshouldbeallowedtothebuildingforhealthybuildingenvironment.

4. Privacymustbemaintainedespeciallyinresidentialbuildingplanning.

5 Propersecuritysystemshouldbeintroducedforsafetyandreliability.

6 Firesafetyalarmandfirefightingmaterialsshouldbeprovidedwithintherangeofthe

inhabitants of the proposed building structure.

7. Thevalueofthestructureshouldbemaintainedinbuildingplans.

8. Followtheassociatedbuildingcodescloselyforproperbuildingconstruction.
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Example:

Someimportantfactorstoconsiderforbuildingplanningareasfollows.

. Aspect
o prospect
. Furniturerequirements
. Roominess
. Grouping
. Circulation
. Privacy
. Sanitation
. Elegance
. Economy
. Flexibility
. Practicalconsiderations.
. “Lowerstoreyofabuildinghavingminimumhalftheclearfloorareaheightofthebasementof cellar
below average ground floor.”
. Basementisnotpermittedinmargins
. Areaofbasement<2xAreaofplinthorplotwhicheverisless
. Useofwoodasstructuralmemberisnotpermitted.
. Properventilationshouldbeprovidedinthebasement.
. Itshouldnotbeconnectedwithwaterordrainagelines.
. Depthofbasementshouldnotexceed1.5mbelowgroundlevel.
. permissioncanbegrantedforotherbasementbelowforparkingpurposebuttotaldepthshould not
exceed 6m.
Types ofBuilding
1. Apartments:Buildingwithmorethanonestoreyandcombinedconstruction
2. Assemblybuilding: Buildingswheregroupofpeoplegatherforamusement,social,religions,
recreation, patriotic, civil, travel or similar purposes
3. Businessbuilding:Buildingusedfortransactionofrecord,offices,banksetc.
4. Chawl:Buildingpreparedforrentalpurpose,eachtenantwillhavetworooms&bathroomsand

toilets are combined

TypesofBuilding

5. EducationalBuilding:Exclusivelyusedforschoolsandcollages
6. MercantileBuilding:Buildingusedasshops,storesmarketfordisplay

7. Rowhouses:Buildinghavingresidentialunitsprovidedinrowwithsameplans
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8. Storagebuilding:Buildingusedforstorageorshelterofgoods,warehouse,coldstorageTypes
of Building
9. Highrisebuilding:Buildinghavingheightmorethan 1 Smbutlessthan30m
10. Lowrisebuilding:Buildinghavingheightlessthan15m
11. Industrialbuilding:Buildinginwhichproductsormaterialsarefabricated,assembledorprocessed
12. InstitutionalBuilding: Buildingconstructedforpublicactivitieslikemedical,education,etc.
BuildingUnit
“itisoneormorethanoneplotsapprovedbythecompetentauthorityforwidthofplotlessthan10.5m”
Plotwidthlessthan3mandarealessthan18m?is notconsideredasbuildingunit
“Lineuptowhichtheplinthofabuildingadjoiningastreetmaybelaw-fullyextendediscalledbuilding
line.”
Commonplotforresidentialandcommercialbuildings
Openspaceorthepurposeofentertainmentshallhavetobekeptwhentheareaoflayoutexceeds0.3 hectors
Common plot should be located at one place only however pockets may be permitted.
Minimumareashouldnotbelessthan
(1) 15%oftheareaoflayout
(i) 0.3t00.4hector/1000persons
(iii) 0.3/1000personsforlowincomegrouphousing
Common plot for industrial zone
Forindustrialunithavingareamorethan0.8hectors,& 5%areashallbereservedforamenities,such area can be
used for general parking.
Ifthisareaismorethanl15 00m2buildingsforbank,canteen,we1farecenterscanbemadeinthisadditionalarea
Forindustrieshavingarea>1000m?then10%spacereservedforamenities This
amenitiesareashouldbemaximum?2500m?.
Margins for special buildings
Marginsonsidesotherthanroadside
Marginsforindustrialuse
Maximumpermissiblebuiltupareaonanyfloorincludinggroundfloorshallbe50%ofplot area.
Maximumsidemarginsalongperimetersofplot
(i) plotwithareamorethan1000m”shouldbe6m
(i) plotwithareaupto1000m?shouldbe4.5m
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Minimumcleardistancebetweentwodetachedstructuresshouldbe6mand4.5massuggestedabove.Margins
high rise building

Highrisebuildingsshallbepermittedonroadsmorethan12mwide.Side

margins should be 6m or 0.2 x Height which ever is more.

Roadsidemarginsforroads

Upto30m= 0.3 xHeightor9mwhicheverismore

More than 30m = 0.3 x Height or 9m whichever is more

Mezzanine floor

“Itisanadditionalfloorprovidedbetweentwoconsecutivefloors.”’Its

area < 1/3 of plinth area

Height <2.2mltshouldnotbeusedaskitchenanditshould

notbedivided.
Itshouldbeproperlyventilatedanditsareashouldnotbelessthan9.5m?ifitisproposedtobeusedasa habitable
room.

Compoundwall

“Thisisthewallmadearoundthebuildingwhichcoverupthewholebuilding”Height of

compound wall abutting road should not be more than 1.5m.
Heightofcompoundwallsonothersidesshouldbelessthan1.8m.
Ifopeningintheportionabove0.9mareprovidedtheheightcanbe2.4m.Compound

wall

Gateisnotpermittedonthecurvatureatthejunctionofroads.Gate

should be 15m away from junction.

Shutterofcompoundwallgateshouldnotopenoutsideonroadside.
Heightofcompoundwallshouldnotbemorethan0.75mabovecrownofroad.
Localauthoritypermits2.4mheightofcompoundwallforpublicbuildingslikeindustries,hospitals,etc.
“Aroomoccupiedordesignedforoccupancybyoneormorepersonsforstudy,living,sleeping, eating, kitchen
if it is used as living room.”
Roomslikewaterclosets,bathroom,store,pantries,laundries,cellars,etc.arenotgenerallyconsidered into
habitable rooms.

HabitableRoom

Heightofhabitableroom>2.75mforregular
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> 2.4mforairconditioned

> 2.6mforrowhouses
Every side must be greater than 2.4m in length
minimumareaforfirstroom>9.5m” Other
rooms

>7.5m”

HeadRoom
“Clearheightfromtopoffloortothebottomofceiling.”Minimum
head rooms for different types of building
1) Residential &commercial-2.75m
2) Educational-3.6mé&3m(forcoldarea)
3) Industrial-3.6m&3m(forA/C)
Height ofBuilding
“MaximumHeightofbuildingwilldependuponthewidthofstreetonwhichthebuildingisabuttingLift Lift
shallbeprovidedwhentheheightofthebuildingexceeds15m. Two
lift is required when height of building exceeds 21 m.
Forresidentialapartmentsthere shouldbeoneliftfor20flats
Fornon-residentialbuildingsliftsshouldbeattherateofoneliftononeliftper1 000m>.
Generatorisadvisablewiththeliftforthesafetypurposewhereelectricitycutsmoreoften. Lift
capacity
Forhighrise,

residentialbuilding—8persons
other building — 12 persons
Forlowrise,

residentialbuilding—4persons

other building — 8 persons
LiftdimensionsofliftshouldbeasperNBC. Loft
Headroombelowloftshouldnotbelessthan2.2mHeightof loft
should not be more than 1.5m
Areaofloftshouldnotexceed'sareaofroom

BathandWaterclosetcanbefullycoveredbyloft.
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MinimumStairwidth Parking
Separateprovisionsforcars,scooters,visitorsshouldbemadeCommon

plot must not be used for parking
Headroomfortheroadleadingtoparkingshouldnotbelessthan2.1mForacar —
14m? area required

Foramotorcycle—1.25m”arearequiredFora

cycle — 0.8 to 1 m? area required Parking

area for different buildings

Setback
“Somedistancekeptbetweenroadlineandaplinthofbuildingparalleltoroadline.” Thisland
though remains in possession of the owner of the plot.
Canbeutilizedforwideningofroadinfuture

1.5msetbackforroadsupto 12m.

2msetbackfortheroadwiderthan12m.

Advantages of Set back

o Availabilityofsufficientlight&ventilation.

J Availabilityoflandforwideningofroadsinfuture.

o Availabilityofsufficientsightdistanceatroadcrossings.

o Availabilityofspaceforparking.

o Availabilityofnecessaryprivacy.
o Reductionofunwantednoise.
o Roadwidthforresidentialbuilding

o Roadwidthforotherbuildings

UnsafeBuilding:
Itisconsideredasdangerousfrompublicsafetypointandmustberepairedproperlyordemolished Authority will
arrange to examine such building and keep record.
Owneroroccupiershallbegivenwrittenlegalnoticestartingdefectsofthebuilding.
Owneroroccupiershallarrangeforthestatedrepairsordemolitiontothesatisfactionoftheauthority within the

period stated in the notice.
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UnsafeBuilding

Incaseanypersonisnotvacatingthebuildingtheauthoritymaytakepoliceactionagainsthim.

If apersonfailstocomply withtherequirementsof thenotice,authority willrepairordemolishthe structure.
Thecostincurredfortherepairsorremovalofstructureshallbechargedtotheownerofthepremises. Ventilation
Forhabitableroom,thearea of cleartotal opening excludingframes shouldnotbe less than 1/10 the floor
area of room.
Windowsorventilatorsprovidedforventilationshouldabutexterioropenspace,oropenverandahor gallery.
Forfactoryorgo-downsclearareaofwindowsandventilatorsshouldnotbelessthan1/7floorarea. Ventilation

Thewidthoftheopenspace onwhichthe ventilatorsshouldnotbelessthan1/3 heightofbuilding.
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