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FIBERS: 

 

Fiber or fibers is a class of material which are having continuous filaments or 

having discrete elongated pieces similar to the length of thread. Fibers are very 

important in the biology of plants and animals for holding tissue together. They are 

oftenusedinthemanufactureofothermaterials.Fiberscanbespunintofilamentsor string or 

rope which can be used as a component of composite material or matted into sheets 

so as to make the products like paper or felt. Fibers are inorganic or organic, natural 

or synthetic. Synthetic fibers can be produced very cheaply and in large amounts as 

compared to natural fibers. Rayon and nylon are organic synthetic 

fibers.Burlapisacoarsejuteorhempwhichisanaturalfiber.Hessianisajutefabric. 

Silkandcottonareproducedfromnaturalfibers.Glasswool,leadwoolandasbestos are 

mineral fibers of which glass wool and lead wool are synthetic fibers. Steel fiber, 

carbon fiber and glass fiber are the new and recent trends used in the construction 

work. 

 

GeneralUsesofFibers 

 Fibersareusedforpackingandmakingfabricsandfelts. 

 Glasswoolmadeofveryfinefibersofglassisusedformakingacid-proofand fire-

proof fabrics. 

 Glasswoolisalsousedasapackingmaterialforheat,soundandelectric 

insulation. It is commonly used in a solar watersystem. 

 Leadwoolpreparedfromfinefibersofleadis usedinwaterpipejointstostop leakage 

of water. Natural jute fibers are extensively used in plumbing work to stop 

leakage of water. 

TypesofFibers: 

Therearemainlythreetypesoffiberswhicharecommonlyusedasaconstructionmaterials. 

1. Steelfiber 

Steel fiber are made from the cold drawn steel wire with low content of carbon or 

stainless steel wire. They are manufactured in various types such as hooked steel 

fibers,undulatedorflatsteel fibers accordingtotheneedrequiredintheconstruction 

project. These fibers are used in the construction for concrete reinforcement. Steel 

fiber reinforced concrete is less expensive than hand tied re-bar shape, dimensions 

andlengthofthefiberaremoreimportant becauseitincreasesthetensilestrengthof the 

concrete. 



Steel fibers can only be used on surfaces so as to avoid corrosion and rust stains. 

Fiber-reinforcednormalconcreteismostlyusedforon-groundfloorsandpavements and 

also used for the construction parts such as beams, pillars, foundation etc. 

 

PropertiesofSteel Fibers 
 

 Itincreasesthetensilestrengthofconcrete. 

 Itismoretoughandhard. 

 Itavoidscorrosionandruststains. 

 Theyaremoreelasticinnature. 

 SteelfibersareavailablewithstandardsasASTM820/96,ASTMC1116/95and DIN 

1045. 

 Ithasatensilestrengthof1.100N/mm². 

 Theyareavailableintheshapeslikeflat,hookedandundulated. 
 

 

ApplicationsofSteelFibersonField 

 Steelfibersarehighlyusedintunnelliningwork. 

 Itismostlyusedintheconstructionofairportrunwaysandhighwaypavements. 

 Mostcommonlyusedinprecastconcretesoastoincreasethetensilestrength. 

 Theyareusedinshotcrete. 

 Usedintheconstructionofparking. 

 Itisusedinanti-seismicbuildings. 

2. Carbonfibers 

Carbonfiberisamaterialconsistingofextremelythinfibersabout0.005mmto 
0.010 mm in diameter and mostly composed of carbon atoms. Carbon fiber is 
alternately called graphite fiber. The carbon atoms are bonded together in 
microscopic crystals which are more or less aligned parallel to the long axis of 
the fiber. The crystal alignment makes size of fiber more strong. Number of 
carbonfibersaretwistedtogethersoastoformaYarnwhichcanbeusedasit exist or 
woven into a fabric. 
It can be combined with a plastic resin and wound or moulded to form 
composite materials like carbon fiber reinforced plastic to provide a high 
strengthtoweightratioofthematerials.Theatomicstructureofcarbonfiberis similar 
to that of graphite consisting of sheets of carbon atoms arranged in a regular 
hexagonal pattern.Carbon fibers shows the number of properties very 
closetothepropertiesofasbestos.Eachcarbonfilamentthreadisa bundleof many 
thousand carbon filaments. A single such filament is a thin tube with a 
diameterof5-8μm(i.e.5-8micrometers)andconsistsofalmostexclusivelyof carbon. 



PropertiesofCarbonFibers 

 Ithasahightensilestrength,lowweightandlowthermalexpansion. 

 Theyarerigidmaterialswhichareresistanttostretchingandcompression. 

 Itischemicallyinertorunreactivematerials. 

 Theyareresistanttocorrosion. 

 Fiberscontainedabout85%carbonhasexcellentflexuralstrength. 

ApplicationofCarbonFibers 

 Carbonfiberismostlyusedtoreinforcecompositematerial. 

 ReinforcedCarbon-Carbon(RCC)consistsofcarbonfiber-reinforced 
graphite and is used structurally in high temperature applications. 

 Itincreasesthetensileaswellascompressivestrengthofconcrete. 

 Duetohightensilestrength,lowweightandlowthermalexpansionit 
makes the carbon fiber very popular in aerospace, military and 
motersports along with other competition sports. 

 

 

3. Glassfibers 

It is also called as fiber glass. Glass fiber is the material made from extremely 
fine fibers of glass. It was invented in 1938 by Russell Games Slayter. In 1893, 
Edward Drummond Libbey exhibited a dress at the World’s Calumbian 
Expositionincorporatingglassfiberswiththediameterandtextureofsilkfibers. This 
was first worn by the well known and popular stage actress of the time Georgia 
Cayvan. There are two main types of glass fiber manufacture and two main 
types of glass fiber product. First fiber is made either from a direct melt process 
or a marble remelt process. Both start with the raw materials in solid form.It is 
almost and always mode of platinum alloyed with rhodium for better durability. 
Platinum is used because the glass melt has a natural affinity for wetting it. The 
fresh and thin fibers are more strong because the thinner fibers are more 
ductile. 

 

PropertiesofGlassFibers 

 Ithashighratioofsurfaceareatoweight. 

 Theyhavegoodthermalinsulation. 

 Ithasagoodtensilestrengthbuthasnostrengthagainstcompression. 

 Compressivestrengthisweakbutcanbeincreasedbyreinforcingitwithplastic. 

 When the glass fiber is reinforced with plastic, then reinforced 
materialcanresistsbothcompressiveandtensileforcesaswell. 

 Itisresistanttochemicalattack.However,ifitssurfaceareaisincreased, then it 
makes them more susceptible to chemical attack. 



 Theyarecorrosionresistant. 

ApplicationofGlassFibers 

 Corrugatedfiberglasspanelsarewidelyusedforoutdoorcanopyor 
greenhouse construction. 

 It is used as a reinforcing agent for many polymer products like FRP 
andGRPwhichusestubs,pipesfordrinkingwaterand‘sewers,office 
plantcontainers and flat roof systems etc. 

 Itisreinforcedwithplasticmaterialsoastoincreasetensilestrength. 

 Uses of regular fiber glass are mats, insulation, reinforcement sound 
absorption,heatresistancefabrics,corrosionresistantfabricsandhigh 
strengthfabrics. 

 Glassfiberreinforcedplasticsareusedinthehousebuildingmarketfor the 
production of roofing laminate, door surrounds, over-doorcanopies, 
window canopies and dormers, chimneys, coping system, heads with 
keystone and sill etc. 

 Thereinforcedglassfiberwithpolymerandplasticiscommonlyusedin fire 
water systems, cooling water systems, drinking water systems, 
sewagesystems, waste water systems, gas system etc. 
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WhatisIndustrialTimber? 
Industrial timber is nothing but timber product manufactured scientifically in factories. Because of its 

scientificnature,itisstrongerand durablethanordinarytimbermaterials.Italsocontainsdesiredshapeand size. 

 
 

PropertiesofArtificialTimber: 

 

 It can be made in the form of blocks, beams, and panel. Just as wood can be cut 
intovarioussizesandshapes,ourartificialtimbercan bere-sizedforvarioususes in 
furniture, flooring, or even construction. 

 Its density can be changed, that is, it can be made heavier/stronger or lighter. 
Dependingonwhatitisgoingtobeusedfor,RRT’sartificialtimberpanelscanbe made to 
strong enough to take on huge loads or light enough for a baby’scot. 

 Itresemblesandfeelslikenaturaltimberingrainandcolor.Anynaturalwoodfinish can be 
arrived at to present an authentic appearance. 

 It can be sawed and painted on. It can also be carved on and made into door or 
wallpanelswithelaboratedesigns,forinstance(pleaseseepictureofcarvedwood panel. 

 Ithasnailandscrewholdingcapacity. 
 Itisagoodthermalinsulator,ithelpsretainheatinwoodhouses.Woodflooringis very 

common in colder countries, because it helps trap heat apart from the aesthetic 
value. Artificial wood serves both purposes. Finally, just like natural wood, 
artificial wood is bio-degradable and can be powdered and disposed offsafely. 

 Termite-proof/borer-resistant.
 Retards fire. RRT’s innovation, artificial wood, is not inflammable. This 

qualityisoneofitsgreateststrengthswhencomparedtonaturalwood.So, the 
artificial wood can be safely used indoors as well as in industrialuses.

 Isbuoyant,helpsmakeboatsandotherfloatingdevices.Also,asitsdensity can be 
changed, too, it is ideal material for building boats.



 Resistant against the action of hot water and chemicals including salts, 
acids,andbases.Thismakesitidealinuseevenin industrialsettingsas 
flooring or paneling.

 

 

DifferentTypesofIndustrialTimber 
Followingarethedifferentformofindustrialtimber: 

 

 Veneers

 Plywood

 Fiberboards

 Impregtimbers

 Compregtimbers

 Hardboards

 Glulam

 Chip board

 Blockboard

 Flushdoorshutters

Veneers 
Veneersarenothingbutthinlayersofwoodwhichareobtainedbycuttingthewoodwithsharpknifein rotarycutter. 

In rotarycutter, the wood logis rotatedagainst the sharp knife orsaw and cuts it into thin sheets. These thin 

sheets are dried in kilns and finally veneers are obtained. Veneers are used to manufacture different wood 

products like plywood, block boards etc. 

 

Plywood 
Ply means thin. Plywood is a board obtained by adding thin layers of wood or veneers on one above each 

other.Thejoiningofsuccessivelayersisdonebysuitableadhesives.Thelayersaregluedandpressedwith some 

pressure either in hot or cold condition. In hot conditions 150 to 200oC temperature is marinated and 

hydraulic press is used to press the layers. In cold conditions, room temperature is maintained and 0.7 to 

1.4 N/mm2pressureis applied. Plywood has so many uses. It is used for doors, partition walls,ceilings, 

panelingwalls,formworkforconcreteetc.Duetoitsdecorativeappearance, itisusedforbuildingslike 



theaters,auditoriums,temples,churches,restaurantsetc.inarchitecturalpurpose. 

 

Fiber Boards 
Fiber boards are made of wood fibers, vegetable fibers etc. They are rigid boards and called as 

reconstructed wood. The collected fibers are boiled in hot water and then transferred into closed vessel. 

Steam with low pressure is pumped into the vessel and pressure increased suddenly. Due to sudden 

increment of pressure, the wood fibers explode and natural adhesive gets separated from the fibers. Then 

they are cleaned and spread on wire screen in the form of loose sheets. This matter is pressed in between 

steel plates and finallyfiber boardsare obtained. Fiber boardsare used for severalpurposes inconstruction 

industrysuchasforwallpaneling,ceilings,partitions,flushdoors,flooringmaterialetc.Theyarealsoused as sound 

insulating material.  

ImpregTimbers 
Impregtimberis a timbercovered fully or partly with resin. Thin layers of wood or veneers are taken and 

dippedinresinsolution.Generallyusedresinisphenolformaldehyde.Theresinsolutionfillsupthevoids in the 

wood and consolidated mass occurs. Then it is heated at 150 to 160oC and finally impreg timber 

develops.Thisisavailableinmarketwithdifferentnamessuchassungloss,sunmica,Formicaetc.Impreg timber 

has good resistance against moisture, weathering, acids and electricity. It is strong, durable and 



providesbeautifulappearance.Itisusedformmakingwoodmolds,furniture,decorativeproductsetc. 

 

CompregTimbers 
Itissimilartoimpregtimberbutinthiscase,thetimberiscuredunderpressureconditions.So,itismore strengthened 

than impreg timber. Its specific gravity lies from 1.30 to 1.35. 

 

Hard Boards 
Hardboardisusually3mmthickandmadefromwoodpulp.Woodpulpiscompressedwithsomepressure and 

madeinto solid boards. The topsurface of board issmoothand hard while thebottom surfaceisrough. Hard 

boards are generally classified as three types as follows: 

Types Density(kg/m3) Availablethickness (mm) 

Medium 480 – 800 6,8,10,12 

Normal 800-1200 3.4.5.6.9.12 

Tempered >1200 3,4,5,6,9,12 



 

Glulam 
Glulammeansgluedandlaminatedwood.Solidwoodveneersaregluedtoformsheetsand thenlaminated 

withsuitableresins.Thistypeofsheetisverymuchsuitableintheconstructionofchemicalfactories,long span roofs 

in sports stadium, indoor swimming pools etc. Curved wood structures can also be constructed using 

glulam sheets.  

ChipBoard 
Chip boards are another type of industrial timber which are made of wood particles or rice husk ash or 

bagasse.Thesearedissolvedinresinsforsometimeandheated.Afterthenitispressedwithsomepressure and 

boards are made. These are also called particle boards. 

 



Block Board 
Block board is a board containing core made of wood strips. The wood strips are generally obtained from 

theleftoversfromsolidtimberconversionetc.Thesestripsaregluedandmadeintosolid form.Veneersare used as 

faces to cover this solid core. The width of core should not exceed 25mm. If the width of core is less than 

7mm then it is called as lamin board. Block boards are generally used for partitions, paneling, marine and 

river crafts, railway carriagesetc.  

FlushDoor Shutters 

 

 

 

 

 

 

 

 

 
Flush door shutters made in factories are widely using 

nowadays.Theyaregenerallyavailablewith25mm,30mmor35mmthicknesses.Factorymadeflushboard shutters 

are of different types such as cellular core, hollow core, block board coreetc. 



Acoustic Materials 

 
When the sound intensity is more, then it gives the great trouble or nuisance to the 

particular area like auditorium, cinema hall, studio, recreation center, entertainment 

hall, college reading hall. Hence it is very important to make that area or room to be 

soundproofbyusingasuitablematerialcalledas‘Acousticmaterial’.Itismeasuredin decibles 

(db). 

Acoustic material play a vital role in the various area of building construction. In 

studio, class room, reading hall, cinema theatre, more concentration is required to 

listen,hencetheacousticstreatmentisprovidedsoastocontroltheoutsideaswellas inside 

sound of the various building until such that sound will be audiable without any 

nuisance or disturbance. 

 

TypesofAcousticMaterial 
 Acousticplaster. 

 Acoustictiles. 

 Perforatedplywood. 

 Fibrousplaster. 

 Stawboard. 

 Pulpboard. 

 Compressedfibreboard. 

 Hairfelt. 

 Corkboardslabs. 

 Foamglass. 

 Asbestoscementboards. 

 Thermocoal. 

 Foamplastic. 

 Chipboards. 

 Gasketcorksheet. 

 Acousticfoam. 

PropertiesofAcoustic Material 
 

 Soundenergyiscapturedandadsorbed. 

 Ithasalowreflectionandhighabsorptionofsound. 

 Higherdensityimprovesthesoundabsorptionefficiencyatlowerfrequencies. 

 Higherdensitymaterialhelptomaintainalowflammabilityperformance.Hence 

acoustic material should have higher density. 



 Itcontrolsthesoundandnoiselevelsfrommachineryandothersourcesfor 

environmental amelioration and regulatory compliance. 

 Acousticmaterialreducestheenergyofsoundwavesastheypassthrough. 

 Itsuppressesechoes,reverberation,resonanceandreflection. 

UsesofAcousticMaterial 
 

 Acousticmaterialscanbeusedfornoisereductionandnoiseabsorption. 

 Itmakesthesoundmoreaudiablewhichiscleartolistenwithoutany 

disturbances. 

 Itsuppressesechoes,reverboration,reflectionandresonance. 

 Importantspecificationsfornoisereductionandnoiseabsorptionproducts 

include noise attenuation and noise reduction coefficient. 

 Avinylacousticbarrierblockscontrolsairbornenoise(streettraffic,voices, 

music) from passing through a wall ceiling or floor. 

 Acousticfoamandacousticceilingtilesabsorbsoundsoastominimizeecho and 

reverboration within a room. 

 Soundproofdoorsandwindowsaredesignedtoreducethetransmissionof 

sound. 

 Buildingtechniquessuchasdoublewallconstructionorcavitywallconstruction and 

staggering wall studs can improve the sound proofing of a room. 

 A sound proof wall (treated by a accurate material) can incorporate sound 

proofingandacousticmaterialstomeetdesiredsoundtransmissionclass(STC) 

values. 



WallCladdings: 

 
Wallcladdingsareavailableinseveraltypesandforms -fromnormalwoodenpanelsto3D wall 

panels. Their types differ in material, texture and dimensions. Some of the common indoor 

wall cladding types are wood cladding, steel cladding, stone cladding, etc. 

Importanttypesofindoorwallcladdingavailableinthemarketarediscussedinthisarticle. 

 

1. StoneCladding 

Among all the cladding types, the stone cladding is regarded as the most natural and fresh- 

lookingcladding.Itcanbeinstalledovera surfaceeithermadeofconcreteorsteel.These are referred 

to as lightweight simulated stone products which have a concrete type-base that facilitates its 

instalment. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.1.Stone Cladding 

 

Stonecladdingismainlyusedinthelivingrooms,indoor gardensandinbathroomwalls.The 

cladding unit is highly durable but is really expensive to install. 

2. VinylCladding 

Vinylcladdingisaplasticcladdingoptionprovidedfortheexteriorwallsofthebuilding.Itis applied 

mainly for small apartments, decoration and for weatherproofing. It is used by the majority of 

homes as it provides adequate protection and also because it is a low-cost option. When 

compared with wood and aluminium cladding material, this is not considered a good quality 

option. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2.VinylCladding; Image 

Courtesy:prosideselect 

 

3. AluminiumCladding 

Aluminium cladding is costly when compared with vinyl cladding units. But aluminium 

claddingguaranteesmoredurabilityandlongerlifethanthevinylcladding.Theseunitsare subjected 

to less maintenance or replacement over the years. Aluminium cladding is used mainly for 

basement and storage walls of the building. High quality and treated aluminium cladding are 

used for large commercial buildings and structures. 

Fig.3.AluminiumCladding; 

Image Courtesy: AFS International 



4. WoodenCladding 

Thisisone ofthe highly-ratedcladdingsnexttostonecladding. Woodencladdingisstronger than 

aluminium and vinyl cladding. Wooden cladding brings an attractive finish to the wall 

wheninstalled.Sothisismostlyusedtoimprovetheaestheticappearance.Cedarorredwood are 

mainly used to create wooden cladding units. 

Woodencladdinginstalmentisaveryexpensiveprocess.Itsmaintenanceisalsocostlywhich makes 

this a costly cladding option. 

Fig.4.3DWoodenCladding;ImageCourtesy: 

Higgins Cladding 

 

5. BrickCladding 

Brick cladding provides a lovely decorative look to the walls. The installation of the brick 

cladding unit is difficult and expensive. But in terms of maintenance brick cladding is less 

expensivecomparedwithwoodencladdingunits.Ifyoucan'taffordwoodencladding,itis 

recommended to go for brick cladding units. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5. 

BrickCladdingUnits;ImageCourtesy:Deco Stones 

 

6. FibreCementCladding 

Fibrecementcladdingunitisanalternativeforpeoplewhoarelookingforstrongandbeautiful cladding 

units for the building walls. These units gain high strength and are almost similar to 

woodencladdingunits. Theseunit arevery easytoinstalland are lessexpensive.Fibrecement 

cladding units have zero maintenance. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

7. StainlessSteelCladding 

Fig.6.FibreCement Cladding 

The stainless steel cladding is a very durable cladding solution. It has high resistance to 

environmentaleffects.Itismanufacturedwithaminimumof10%ofchromiumsothatwhen exposed 

to oxygen in the atmosphere an oxide of chromium is formed. This oxide forms a 



passivelayeronthesurfaceofthecladdingthatisa protectingcoatingtowardsfurther corrosion. 

Fig.7.StainlessSteelCladdingUnits;Image 

Courtesy: ArchiExpo 



PlasterBoards: 
 

1. Plasterboardisbasicallyaninnerlayerofgypsumsandwichedbetweentwoouter layers 
of lining paper including various additives in the gypsum layer and varying the 
weight and strength of the lining paper, will give the finished board different 
properties 

2. Gypsum is made up of crystals containing a small amount of water (known as 
water of crystallisation). In a fire, this water is driven-off, helping to keep the 
temperatureofthefiredown,andpreventingrapidfirespread.Plasterboards,such as 
GyprocFireLine, are therefore used extensively for fire protection proving up to 4 
hours protection in some special multi-layer system applications. 

3. Plasterboardisgoodforcuttingdownnoisetransmissionparticularlyairborne 
sounds such as speech and music. High performance plasterboards,such 
asGyprocSoundBloc,haveaspeciallydesignedcorethatprovidesevenbetter 
insulation against sound. 

4. Whilststandardplasterboardisidealformostenvironments,itshouldn'tbeusedin 
constantly wetconditions. For kitchens,bathrooms and similar wet areas, 
GyprocMoisture Resistant, specially designed with silicone additives in the core, 
orGlasrocHTilebacker,ahighlywaterresistantClassA1,non-combustibleglass 
reinforced gypsum board, should be used. 

5. Glasroc F MultiBoard, a glass-fibre reinforced gypsum board, is not made in the 
traditional way with lining paper. Instead, the boards are strengthened with layers 
of glass fibre immediately below each surface. This gives them good all-round 
performance, a high quality durable plaster finish, and enables them to be easily 
bentforuseoncurvedstructures.Theyareexcellentforsemi-exposedareas,such as 
soffits and the like. 

6. Mostcommonplasterboardscomewiththeoptionofeithertaperededgeorsquare edge. 
Tapered edge boards are ideal for either jointing or skimming, while square edge 
is generally used for textured finishes. 

7. Plasterboard generally comes in 1200mm wide sheets, designed to suit the 
standard600mmstudspacingusedinhousingtoday.Otherwidthsareavailable for 
specific systems. 

8. Most standard plasterboard has one ivory face and one brown. The liner on the 
ivoryfaceisspeciallydesignedforplasteringplastershouldnotbeappliedtothe brown 
reverse face. Paper liners are generally made from recycled paper a big plus for 
the environment. 

9. Joint cracking on plasterboard ceilings is almost invariably caused by warping of 
the joists as the wood dries out. Screw fixing the boards will generally prevent the 
problemoccurring.IfyouwanttogofurtherusetheBritish 
GypsumGypframeRB1Resilient Baror Gypframe RB2 SureFix Bar, designed to 
upgrade ceilings to 
BuildingRegulationsApprovedDocumentEacousticstandards,whichwillvirtually 
eliminate the chance of movement problems. 

10. Although you can apply wallpaper directly to the paper surface of 
plasterboard,ideallythesurfaceshouldfirstbesealedwithonecoatof 
GyprocDrywall Sealerto allow easy stripping at a later date. 



 
 
 

 



Micro Silica: 

Concrete is the most important engineering material in construction 

industry because of its inherent strength properties. However, the addition of 

some other materials may change the properties of concrete. With increase in 

trend towards the wider use of concrete for pre-stressed concrete and high rise 

buildings there is a growing demand of concrete with higher compressive 

strength. Micro-silica, also called as silica fumes is produced in electric arc 

furnace as a byproduct of the production of elemental silicons or alloys 

containingsilicon.Itconsistsprimarilyofveryfinesmoothsphericalsiliconoxide 

particles with an extremely high surface area. Micro-silica particles are 100 

times smaller than the average cement particle. Its handling and disposal is a 

point of concern because of the environment concerns. Silica fume is usually 

categorized as a supplementary cementitious material. These materials exhibit 

pozzolanic properties, cementitious properties and a combination of both 

properties. 

Duetotheseproperties,itcanaffecttheconcretebehaviorinmanyways.The paper 

highlights the important physical and chemical properties of microsilica and its 

contribution in improving the qualities of concrete. Keywords: silica fumes, 

pozzolanic, cementitions, improving, concrete. 

1. Introduction Silica fume, also known as micro silica, is an amorphous (non- 

crystalline) polymorph of silicon dioxide. It is an ultrafine powder collected as a 

by- product of the silicon and at al ferrosilicon alloy production and consists of 

spherical particles with an average particle diameter of 150 nm. The main field 

of application is as pozzolanic material for high performance concrete. Silica 

fume is an ultrafine airborne material with spherical particles. Micro-silica in 

concrete contributes to strength and durability two ways: As a pozzolanic 

material, micro-silica provides amoreuniform distributionand a greatervolume of 

hydration products. As a filler, micro-silica decreases the average size of pores 

in the cement paste. Micro- silica effectiveness as a pozzolanic material and as 

a filler depends largely on itscomposition and particle size which in turn depend 

on the design of the furnace and the composition of the raw materials 

withwhichthefurnaceischarged.2.PhysicalandChemicalCompositionTable 1: 

Micro-silica’s chemical and physical typical composition. Unit Micro-silica SiO2 

% 90 – 98, CaO % 0.2 - 0.7 , Al2O3 % 0.4 - 0.9, Fe2O3 % 1 – 2 Other % 

2–3S.GKg/m32200BulkdensityKg/m3550–650Surfaceaream2/kg 

20,000. 



4. Silica Fume Applications in Concrete Because of the pozzolanic and micro- 

fillereffectofmicro-silica,itsuseinconcretecanimprovemanyofitsproperties 

opening up a wide range of applications including:- 

CorrosionResistance:Thereducedpermeabilityofmicro-silicaprovides 

protection against intrusion of chloride ions thereby increasing the time 

taken for the chloride ions to reach the steel bar and initiate corrosion. In 

addition, micro-silica concrete has much higher electrical resistivity 

compared to OPC concrete thus slowing down the corrosion rate. The 

combined effect generally increased structures life by 5 –10times. 

SulphateResistance:Micro-silicaconcretehasalowpenetrabilityand high 

chemical resistance that provides a higher degree of protection against 

sulphatesthan low C3A sulphate resisting cements or other cementitious 

binder systems. 

HeatReduction:ByreplacingcementwithMicro-silicaandobservingthe 

efficiency factor of Microsilica, a lower maximum temperature rise and 

temperature differential will take place for concrete with the same 

strength. It performs better than slag and fly-ash blends in thick sections. 

It is also the most effective way of achieving low heat without sacrificing 

early age strength. 

Waterproofing :Silica Fume Waterproof Concrete Because of its low 

permeability, micro-silica can be use as an integral water-proofer for 

below ground structures where some dampness is acceptable, eg Car 

parks. 

High Strength Concrete: Micro-silica in conjunction with super- 

plasticizers is used to produce very high strength concrete (70 – 120 

MPa). It is also much easier to pump micro-silica concrete up the high 

rise buildings during construction. 

Abrasion Resistance: Micro-silica concrete has very high abrasion 

resistance. In floor and pavement construction it’s use saves money 

andtimeandimprovesoperationalefficienciesforthefacilityoperator. It 

also improves the hydraulic abrasion-erosion resistance of concrete 

thus making it suitable for use in dam spillways. 

Chemical Resistance: Micro-silica concrete is widely used in industrial 

structuresexposedtoanarrayofchemicalsaggressive.Inthealimentary 

industry the exposure comes from fat acids and other acids, detergents, 

etc. In the chemical industry thereis exposure from mineral acids, 

phosphates, nitrates, petrochemicals, etc. Micro-silica concrete is 



thereforeinvaluableintheindustrialandagriculturalsectors. 



ArtificialSand: 

Artificial sand, also called crushed sand or mechanical sand (m sand), refers to rocks, 

minetailingsorindustrialwastegranuleswithaparticlesizeoflessthan4.75mm.Itis processed 

by mechanical crushing and sieving. 

 

InChina,theartificialsandwasmainlyusedintheconstructionofhydropowersystems. For 

example, the Three Gorges Project and the Yellow River Xiaolangdi Project used artificial 

sand to prepare concrete. Due to the remote environment of the hydropower project and 

the high quality of sand and gravel, the projects have taken the materials locally. 

 

ManyIndianstateshavedecreedtheuseofcrushedsandininfrastructureconstruction because of 

its high compressive strength and cohesion and the adverse environmental effects of river 

sand mining, which will greatly boost the demand for artificial sand. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Artificialsand 

 

 

Thefactorsthatpromotethedevelopmentof 
artificial sand 



Therearebothnaturalandhumanfactorsintheincreasingdemandforartificialsand. The 

former is that the natural sand is about to run out, while human factors include people's 

requirements for environmental protection and the need for high-quality concrete. 

 

1. Naturalsanddepletion 

With the development of infrastructure, the natural sand resources formed by hundreds 

ofthousandsofyearsinmanycountriesandregionshavebeenalmostexhausted,which has 

affected the further development of constructionprojects. 

 

2. Theneedforenergysavingandenvironmentalprotection 
Reason1:Riversandminingcausesriverpollution. 

 

Driven by huge interests, natural sand has been indiscriminately mining, which changes 

therivercourse,affectsthesafetyofriverembankments,destroysthelivingenvironment of fish 

and contaminates the groundwater. The crushed stone sand is an important alternative 

resource to change thisphenomenon. 

Reason2:Riversandminingcausestailings. 

 

Intheprocessofminingriversand,itoftenproducesalargeamountoftailingswhichis not used 

reasonably. Especially in small mines, the tailings are piled up at random, occupying land 

and polluting the environment. 

Reason3:Alotofconstructionwasteiswasted. 

 

Besides, in urban planning and construction, a large amount of construction waste is 

generated,whichactuallycanbecrushedbythecrusherstoproducetheartificialsand and 

aggregates for promoting resource utilization. 

 

3. Theneedforthedevelopmentofhigh-performance 
concrete technology 

With the rapid development of concrete technology, the comprehensive performance of 

high-performanceconcreteandhigh-strength structuralconcretehashigherrequirements on 

the quality of aggregates, requiring it with stable quality, good gradation and shape, 

while less and less natural sand meets the requirements. Therefore, people are turning 

their focus on artificial sand. 

 

Artificial sand and mixed sand are mainly used in building construction, municipal 

construction, transportation, and other projects whose concrete strength grade is below 

M60.Whenmeetingthecorrespondingtechnicalrequirements,theycanalsobeusedfor concrete 

projects such as ports and water conservancy. 



Comparisonofartificialsandandnaturalsand 
 

Comparisonbetweenartificialsandandnaturalsand 

 

 

1. Qualityadvantage:Thesourceofsandresourcesisstable;mechanizedproduction mode 

ensures an adjustable and controllablequality. 

2. Grade advantage: artificial sand has high surface energy and hydrophilicity; it has 

completegradation;theparticlesgradationisstableandadjustable;thegrainshapecan be 

improved. 

3. Managementadvantages: Therearestablelegalentities,mininglicenses,fixed 

business locations, which is easy totrace. 

4. Resourceadvantages:Inadditiontomines,variouswasteresourcessuchastailingsand 

construction waste can be utilized. 

5. Propertiesofartificialsandvsriversand 

   

Shape Cubical Spherical 

Abilitytoholdsurface moisture 
 

10% 
 

7% 

Compressivestrength Higher Lower 

Flexuralstrength Higher Lower 

 

Impurity 
 

Less 
More(seaweed,bones,shells,micaandsilt, etc.) 

 

Grade 
Can be 

controlled 

 

Cannotbe controlled 



BondingAgents&Adhesives: 

 
Concrete bonding agents are natural or synthetic materials used to join the old and new 

concretesurfaces.Thisagentcanalsobeusedtojointhesuccessiveconcretelayers.This chemical 

helps to allow different concrete surfaces to behave like a single unit. 

Theproperties,functions,andtypesofconcretebondingagentsareexplainedbrieflyinthis article. 

FunctionsofConcreteBondingAgent 

Thecementpresentinaconcretemixdoesnothaveanybondingagentwithinit.Whenalayer of fresh 

concrete is added over an existing or old concrete layer, they exist as two separate layers 

without any bond. So a bonding agent must be introduced between the layers. 

Theuseofa bondingagenthelpsthedifferentconcretelayerstobehavelikeasingle unit,thus 

increasing the strength and performance of the structure. 

Thebondingagentisappliedovertheexistingsurfaceoftheconcretesothatthenewlayerof fresh 

concrete successfully adheres to the old layer. The two main factors that affect the bonding 

between old and new concrete are: 

1. Surfacepreparationandcleanlinessoftheexistingsurface 

2. Strengthandintegrityoftheoldsurface 

CharacteristicsofBondingAgents 

Themaincharacteristicsofbondingagentsare: 

1. Bondingagentsareeasyto useandapply. 

2. Theyreducecracksformedin shrinkage 

3. Thepermeabilityofconcreteisreduced 

4. Theuseofbondingagentsimprovesadhesionbetweenthelayerofconcrete. 

5. Thetensile,flexuralandbondstrengthoftheconcreteormortarareincreased 

6. Bondingagentshavehighresistanceagainstfrostandchemicalactions 

HowtoUseConcreteBondingAgent? 

Theapplicationofbondingagentisperformedbythefollowingprocedure: 

1. Initially, the existingconcrete surface is cleaned. Any dirt, dust,oil,efflorescence onthe surface 

mustberemovedcompletelytofacilitatetheproperworkingofthebondingagent.Excessivedirt on 

concrete surfaces can be cleaned by pressure washing or vacuum shot blasting. 



2. Aftertheconcretesurfaceiscleaned,theadmixtureisprepared.Thechemicalisshakenbeforeuse. It is 

diluted with water and mixed properly. It is always recommended to look through the 

manufacturer's guidelines to clearly follow the application procedures. 

3. Thenextstepistoproperlymix themixture.Themanufacturer'sguidelineswouldgiveanidea about 

the time within which the mix must be applied once the chemical is diluted withwater. 

4. Aprimarylayerofbondingagentisappliedontheexistingsurfaceoverwhichthefreshconcrete mix is 

placed. The concreting must be done before the primary coating starts todry. 

5. Afterplacingtheconcretelayer,itissmoothenedusingatrowelandlatercured. 

DifferentTypesofConcreteBondingAgentsUsedin 

Construction 

Differentconcretebondingagentsare 

 

1. EpoxyBondingAgents 

Thisisanidealresinforhighperformanceandlightweightconcreteparts.Thisresinwets-out fast. 

They impart high compressive strength, strong adhesion, and high chemical resistance. 

Theyarenotonlyusedtobondconcretelayersbutalsotojoinconcreteandsteel. 

 

2. AcrylicLatexBondingAgents 

This agent is primarily used to bond fresh concrete with a surface of old concrete. These are a 

combinationofpolymersandcopolymerswhichismilky whiteincolor.Acryliclatexbonding agents 

are applied on the surface either by brush, or trowels or rollers. 

 

 
 

 

 

 

 

 

 

 

 

3. PolyvinylAcetate(PVA) 

Fig.1.ApplicationofLatexBonding Agent 

This agent is mainly used for the repair works in concrete. PVA offers great water 

resistance, ultraviolet stability, and aging characteristics. It has gained popularity due to its 

compatibility with cement. 



PrefabricationBuildingConstruction:AnIndianPerspective 

 

Prefabrication has brought a substantial change in the development of construction 
industry worldwide over the last few decades. It ensures the strength, economy and 
environmental performance of the structures and hence is preferred over the onsite 
construction. Pre-assembly, prefabrication, modularisation, system buildings and 
industrialised buildings are the various terms used to describe the processes of 
manufacturing of modular units on-site or off-site. There are various types of modular 
precastbuildingconstructiontechniquesprevalentworldwide.Thisarticlediscussesthe 
various types of prefabrication technologies along with available standards &codal 
provisions, its advantages, disadvantages. 

 
Prefabrication usage large panel technology was initially developed in the mid 1960s. 
This is quick construction of huge numbers of building units at a minimal cost[1]. It is 
referred as off-site construction and fabricating of some or all elements of structure in 
industrial units, and transporting and assembling them to the construction site where the 
building is to be made[2]. It is learnt that this construction technique exists from 
prehistoric times and has not been evolved recently. “The Stonehenge” is a prominent 
exampleasitwasalsocompletedindifferentstagesasshowninFig.1.Concentricrings are 
made by the arrangement of columns standing in height. To ensure the stability of 
structure Tenon and Mortise joints were used [3]. 



 

Figure1:StoneHenge 

Presently, construction materials and techniques have a severe competition: concrete 
against steel, precast concrete against in situ concrete or steel [4]. It can be produced 
withexcellentqualityconstructionasmanufacturingisdoneundercontrolledconditions. Thus 
it’s a large potential of the future in the construction site [5]. Precast concrete buildings 
systems are attracting people for wide applicability as they are accessible in numerous 
shape, sizes, as well as structural elements and unreinforced pieces. In 
constructionindustryofeverycountryitisthebackbonefortheexpansionoffreshideas 
[6].Designing with prefab mechanism is not a barrier to creativity; on the contrary these 
are standardized components and provide group customization at lower costs through 
economies of high volume work [7]. 

GlobalScenario 
The prefabricated construction system has been identified as one of the replacement to 
altering the speed of conventional construction methods at a rapid rate. These modules 
are then transported and installed on-site as load-bearing structural blocks of the 
structure.Thistypeofprefabricatedstructurealsoprovidesenvironmentalbenefits,such as 
the decline of construction waste and CO2 emissions, and less interruption to the 
building site’s neighbours by minimizing on-site noise and dust. These advantages are 
the driving force within the European building industry for the expansion of prefabricated 
building systems. Moreover, due to increase in population, other countries (i.e. US, 
Canada, Japan, etc.) also use modular construction technology to construct houses, 
apartments,offices,etc[8].Sustainablegrowthhasbecomegloballyessentialashuman race 
moves through the 21st century. The mainstream construction “work” is, consequently, 
transferred from the site to the manufacturing units. Assembly lines will carry out most of 
the work, which means numerous parallel activities can be carried out 
withnostoppage.Theprocedureishighlyplanned,whichrequiresasmallerlabourforce at 
higher productivity. Prefabricated construction improves quality, safety, productivity, 
labour efficiency, construction timeframe, construction waste, noise, dust, and energy 
use. These advantages can improve the entire industry and benefit all stakeholders in 
the industry chain, making prefabricated construction more green, environmentally- 
friendly, and sustainable [9]. 



PrefabricationAdoptioninIndia 
TheprefabproductionwaspioneeredbyHindustanHousingFactory.Thecorporation 
transformed its name due to the diversity of its operations and is now recognized as 
Hindustan Prefab Limited or HPL. The government-run corporation prefabricates mainly 
precast concrete for architectural and civil projects and is located in Delhi. When 
componentsaremanufacturedinastableenvironment,qualityofconstructionincreases. 
Materials are used more resourcefully, are safer from climatic damage, and can be 
reused [2]. In the last few decades, Indian Infrastructure and Construction sector has 
grownexponentially.Itismaindrivingfactorfortheeconomicgrowth.Themanufacturing is 
focusing to take up more versatile and technically intense projects. Consequently, the 
focalpointhasmovedfromcostefficiencytotime andcapability[10].On25thJune2015 The 
PradhanMantriAwasYojna (PMAY) was launched which involve manufacture of about 20 
million houses by 2022 for urban poor while rural housing which envisages 10 million 
houses in next three years was launched on 1st April, 2016. In order to attain this 
enormous task, Ministry of Housing and Urban Development, GoI has 
adoptednumerousinnovativepre-
fabconstructionsystems,developedwithinthecountry[11].So, there is a need to change 
our gears in the direction of the prefabrication and pre-cast techniques which stress 
upon the reduced time and the enlarged productivity. It will not end-the product but 
would only have an effect on the procedure of construction. As it will offer opportunity for 
dealing with the lack of skilfullabour and the deteriorating workmanship standards. The 
quality of construction is much superior when components are manufactured in a steady 
environment [12]. 

 
Theyalsohavethepotentialtodealwiththeproblemofmass housingcrisisinIndiathat we face 
these days. There is a huge housing crisis in cities which has rendered millions to live in 
dilapidated conditions. The simple way to clear this build-up is mass housing. 
The idea of mass housing with a superior density and floor area ratio seems to resolve 
the setback considerably. This reduces cost on individual owners. Mass housing further 
economisesbystandardisingresourcesandstructuralcomponents,thusensuinginwell- 
organized management of materials and resources. Even though precast technology is 
extensively used all over the country but the utilization of this technology is restricted in 
some parts. At present it is used in business-related towers and a small number of 
government housing projects. Following are the reasons why precast construction is 
unpopular in India: 

1. Contractors’preferforemployinglowcostlabourasagainsthighcapital 
investment 

2. Lackofappropriatetransportationsystemsismainobstacleforprecasttechnology as 
huge precast elements are transported from factory to construction site for 
erection. 

3. Lesslevelofstandardizationoftechnology[13-14]. 

PrefabricationTechnologies 
Thereisarecentadvancementindesignandtechnologyalongwithincreasing 
importance in the construction area to address the technical, social, and economic and 
sustainability issues of prefabricated construction techniques. This is a feasible solution 
comparedtotheexistingconventionaltechniques.Majorityoftheadvancednationshave by now 
accepted prefabricated construction technique and is gaining its advantages. 



FewtechniquesadoptedbyIndiaaregiveninTable1[2]. 

 

Table1:PrefabricationTechnology 

PrefabricationTechnology Types 

FormworkSystems 
1. Monolithicconcreteconstruction system 

2. Modulartunnel form 

3. Kayson'sformwork system: 

4. Sismobuilding technology 

PrecastSandwich 

Panel Systems 
1. Panelprefab system: 

2. Advancedbuildingsystem 

3. Ferrocementsandwichpanel 

4. Structuralinsulatedpanels(SIPs) 

5. Glassfibrereinforcedgypsum (GFRG)panel system 

6. Prefabricatedmodularunitsusingorgano-clay/glassfibre 

reinforced polymer composite 

Light Gauge Steel 

StructuralSystems 

1. Pods-Smallroomsoflightsteelframewithallfittingsand 

finishing 

PrecastConcrete 

Construction 

Systems 

1. Industrialized3-SSystemusingcellularlightweightconcrete 

slabs & precast columns: 

2. Pre-stressedprecastsystemusinghollowcoreslab,beams, 

columns etc: 

3. Wafflecretebuilding system: 

SteelStructuralSystems 
1. Speedfloorsystem: 

2. Timber-concreteprefabricatedcompositewallsystem: 

3. Factorymadefasttrackmodularbuildingsystem 

FormworkSystems 
Monolithicconcreteconstructionsystem:Inthissystem,usingsuitablegradeof 
concrete RCC framed construction of columns and beams; all walls, floors, slabs, 
columns, beams, stairs, together with door and window openings are cast-in-place 
monolithicallyinoneoperation.ThisismadeupofAluminium/Plastic/Aluminium-Plastic 
Composite especially custom designed modular formwork is simple to handle with 
minimum labour& without use of any apparatus as shown in Fig. 2. Being modular 
formwork system, it facilitates in speedy construction of multiple/mass unit scale. 
Lightweight Aluminium formwork systems are used. In the concrete form a soft alloy 
weldwireisutilizedintheweldprocess. Fixingoftheformworkisfinishedusingtie,pin & 
wedges system. Skilled labour is not required to do the work [15]. 



 

Figure2:Monolithicconstructionbyaluminiumplastics 
 

Modulartunnelform:Tunnelformworkisusedtoreducecycletimeandalsotheslab& the wall 

are cast monolithically, this system is one type of construction techniques used formulti 
storiedbuildingconstructionas shownin Fig.3.Steel components areused.Its effectiveness 
also stems from the fact that no starter concrete is necessary for walls; it 
allowseasyarrangementandde-shuttering,hot aircuringto allowearlystripping.It also 
favours a consistent working sequence to improve labour efficiency. The major element 
of the system is the half tunnel, it provides the firmness and smooth face needed to 
produce a consistently high quality finish to the concrete and Manufacturing is entirely 
done from steel. When two half tunnels are placed together this creates a tunnel. These 
tunnel sections are in two lengths, 1.25 and 2.5m and are set together to construct a 
tunnel length that suits the building dimensions. The tunnel is customized to the room 
width and height by the inclusion of infill sections which are sacrificed at the end of the 
job. These are not loose fittings but are an integral part of the tunnel [16]. 



 

Figure3:Cellularconstructionusingmodulartunnel 
 

Figure4:Kayson’sformworksystem construction 

Kayson’sformworksystem:TheCast-in-situmonolithicreinforcedconcrete construction 
system is Kayson’s integrated solution to the problem of large-scale 
residentialhousingdevelopmentasshowninFig.4.Itiswidelyrecognizedasoneofthe most 
practical, economically and technically feasible solutions to the problem of building cost-
effective, descent, durable and earthquake-proof housing on a mass scale. Indeed, 



Kayson’s constant efforts over the past thirty years to adapt the system to varied 
topographical and climatic conditions has resulted in the development of a unique 
methodforbuildinglargescalehousingfaster,betterandatalowercost,invirtuallyany corner of 
the globe. 

 Thisutilizesalargesteelformworksystem. 
 These forms are simple to install, durable, more accurate and produce higher 

qualitystructures.Itgivestheopportunitytorepeattheentireconstructionphase within 
a period of only 48 hours. 

 It uses a formwork system that allows the builder to cast foundations, walls, and 
ceilingsinaccordancetoapre-definedcycle.Itisacombinationofspeed;quality and 
precision of factory/off site production with the flexibility and economy of in- situ 
construction. 

 Otherformworksystemsareheavierthantheseforms. 

 Thewallformscanberemovedwithinjustfivetoeighthours[17]. 

Sismo Building Technology: It is an insulating shuttering kit for complete building 
based on a three-dimensional lattice made of galvanized steel wire. The lattice is filled 
with different materials to serve as formwork as shown in Fig. 5. Steel wire lattice is the 
basic structure of the module. At the external sides of the lattice, infill panels are 
inserted,whichconvertthelatticeintoaclosedstructurethatcanbefilledwithconcrete. 
Depending on the function of the wall these infill panels are used: load bearing or not, 
insulated or otherwise. As during the concrete filling steel wire acts as armature and 
anchoringfor thefinishedmaterial andit holdsreinforcement barsin position.Thereare a 
variety of components made from this technology: 3D lattice (2.2 mm Ø galvanized steel 
wire), Infill panels (EPS, rock wool, and mineral board), Structural filler (concrete) and 
Finishing (plastering, natural stone, panelling etc.)[18]. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure5:ConstructionofawallwithSismoTechnology 

PrecastSandwichPanelSystems 
Advancedbuildingsystem:Theseareindustrymadepanels,consistingofself 
extinguishing expanded polystyrene sheet (generally corrugated) with minimum 
thickness not less than 60 mm and density of 15 kg/m3, sandwiched between two 
engineered sheet of welded wire fabric mesh. High strength galvanized wire of 2.5 mm 
to 3 mm dia is used in it. It is pierced entirely through the polystyrene .30 mm thick 
shotcreteofcement &coarsesandintheratioof1:4appliedtomakethesepanelswith 
minimum under pressure. Successfully used in many countries with involvement of 
different agencies and brand names Morocco, Algeria, South Africa, Kenya, Austria, 
Malaysia, Ireland, Romania & Australia [19]. The system is shown in Fig. 6. 



 

Figure6:ExpandedPolystyrene(EPS)corepanelsystem 

Panel prefab system: Precast construction system is in general a large panel system, 
modularsystemora groupingofboth.Precastlargeconstructionpanelsystemconsists 
ofarangeofprecastelementssuchaswalls,beams,slabs,columns,staircase,landing and a 
few personalized elements that are standardized and planned for stability, 
durabilityandstructuralintegrityofthestructureasshowninFig.7.Designing,strategic yard 
planning, lifting, handling and transportation of precast elements is involved in precast 
residential buildings. This technology is appropriate for construction of high-rise 
buildings resisting seismic and wind induced lateral loads along with gravity loads. 
Maximumnumberofrepetitionsofmouldsisobtainedinplanningofbuildingframe. These 
elements are cast in a factory which is developed at or near the site which provides a 
cost-effective solution in terms of storage space and transportation [20]. 



 

 
Ferrocement sandwich panel: In developed countries, ferrocement is a significant 
laminated unit of building constructions as shown in Fig. 8. It might be used as an 
independent part of structures like water tanks, walls, infill frames, chemises, silos and 
marine structures. Cement, sand, wire mesh and water are constituents of Ferrocement 
andhavesomeattractivepropertiessuchasfire-resistance,antirust,seismicresistance, and 
rot or blow down in hurricanes. It is used in repairing of damaged buildings or retrofitting 
also. Ferrocement acquire large tensile strength and supreme cracking behaviour if 
compared to regular reinforced concrete [21]. 

 
Structural insulated panels (SIPs): SIP is a sandwich panel utilised as construction 

membersuchaswall,roof,andfloorforconcretestructuresasshowninFig.9.Itvaryin altered 
thicknesses of two layers of rigid material as skin and a thicker layer as core. 
Based on its appliance, it can be made of a variety of materials. It is usually made of 
plasticfoamsuchasPolyurethanes(PUR).PURfoamhassuperiorperformanceagainst fire, 
flaming, and smoke rating. Injected PUR foam can be easily adhered to all SIP 
componentssuch as skinmaterial, topplates,andelectrical boxes.Thus,it allows tough 
bond between mating surface and the foam [22]. 



 

 
Glass fibre reinforced gypsum (GFRG) panel system: Glass Fibre Reinforced 
Gypsum (GFRG) Panel also identified as Rapid wall is made-up of calcined gypsum 
plaster, reinforced with glass fibres as shown in Fig. 10. The panel was initially 
developed in 1990 in Australia for mass scale building construction. In recent times, 
these panels are being created in India and are being used. The thickness of panel is 
124mm to a length of 12m and height of 3m, contains cavities that may be fully filled, 
partially filled or unfilled with reinforced concrete as per structural requirement. Filling 
these with plain reinforced concrete possesses substantial strength capable of resisting 
lateral loads due to earthquake and wind. GFRG panel can also be used favourably as 
in-fills (non-load bearing) in grouping with RCC framed columns and beams. GFRG 
Panelismanufacturedinsemi-automaticplantusingwaterrepellentemulsionandglass 
fibrerovings, cut, spread and imbedded uniformly into the slurry with the help of screen 
roller. Before shifting to storage area or the cutting table the panels are dried at a 
temperature of 275oC. These panels can be cut as per dimensions & requirements of 
the building planned. It is suitable for low rise to medium rise building.[19]. 

 

LightGaugeSteelStructuralSystems 
Pods:Smallroomsoflightsteelframewithallfittingsand finishing.Itisbasedonfactory made 

galvanized light gauge steel components, designed as per code requirements as shown 
in Fig. 11. Cold forming method is used to produce the panels and assembled forming 
structuralsteelframeworkofabuildingof varyingsizes ofwall andfloor.Special types of 
screws and bolts are used in joining. In residential floors, industrial buildings, commercial 
buildings, hotels Cold formed sections are broadly used. LGSF is gaining ground in India 
due to its flexibility, fast construction and durability after being used in North America, 
Australia and Japan. It is usually ideal for one to three storey high buildings (residential 
and commercial). Advisable maximum span for these buildings should be 7.5 m. These 
could be used for short-term or permanent structures such as schools and classroom, 
military and civil housing needs, post – disaster relief structures and industrial units [19]. 



 

PrecastConcreteConstructionSystems 
Industrialized3-SSystemusingcellularlightweightconcreteslabs&precastcolumns: 

Thistechnologyisbeingusedsince1972,andisbasedonindustrialunitmassmanufactured 

structural prefab components meeting the requirements of Indian Standards. The major 

precast elements are: 

 RCChollowcolumnswithnotches 
 RCCsolidbeams(T/L/SquareShape) 
 Staircase 
 RCCprecastslab 

 AACprecastslab 
 AACprecastblock 

Appropriatesizesofprecastdenseconcretehollowcolumnshellareusedinmixturewith 
precast dense concrete rectangular / ‘T’ shape / ‘L’ Shape beams with light weight 
reinforced autoclaved cellular concrete/Precast RCC slabs for floors and roofs. On-site 
concerting along with secured embedded reinforcement of components and jointing is 
accomplished for various structures with appropriate size, length and configuration to 
ensure monolithic continuous resilient, ductile and durable behaviour. The hollow 
columns are grouted with appropriate grade of in situ concrete. Autoclaved Aerated 
Concrete slabs could also be used as floor / roof slabs. Joints are filled with reinforced 
screed concrete (minimum 40 mm thick) of M20 grade minimum. RCC screed is laidover 
whole area of slab before flooring / water proofing [15]. The system is shown in Fig. 12. 

 
Wafflecretebuildingsystem:Itconsistsofhuge,structural,ribbedpanelsofreinforced 
precast concrete, bolted together and the joints between the panels are caulked to form 
the walls, floor and pitched or flat roofs of buildings as shown in Fig. 13. The surface of 
each panel consists of 51 mm thick slab with overall panel thickness of 152 mm or 203 
mm. In single storey buildings, floors are constructed using precast reinforced concrete 
floor panels supported on precast concrete grade beams on well- compacted earth is 
usedinsinglestorey buildings.Whileforbuildingsofmorethanonestorey,thewallsare 
supported on foundations designed as per the soil condition. Where there is a danger of 
water or wind erosion of the ground adjacent to the building a concrete apron is laid 
around the perimeter of building. Internal walls consist of either reinforced precast 



concrete ribbed panels, conventional masonry walls or concrete walls. Before the walls 
are lined services like water supply and electricity shall be normally accommodated in 
preformedslotsintheribsofpanels.Trappingthemoisturegeneratedfromtheconcrete curing 
time is reduced. The structure after construction can be shifted from one place to 
another as the structure is joined using bolt connections [19]. 

 

 
Pre-stressed precast system using hollow core slab, beams, columns etc: The 

currentandfuturemarketdemandforthebuildingindustrycanbefulfilledbytheprecast pre 
stressed hollow core slab. A precast hollow core slab is a pre-stressed concrete 
member with constant voids which extend all through the length of the slab, provided to 
decrease the weight and, hence the cost and as a side advantage, to use for covered 
electrical or mechanical runs. Mainly used as floor or roof deck systems, hollow core 
slabs also have appliance as wall panels, spandrel, members and bridge deck units. 
HollowcoreslabSpanlengthreachupto (18m)withno columnsoranysupporting. This 
arrangement can be preferably used in residential, commercial, car parks or repetitive 
constructionprojects.Precastprestressedhollowcoreslabsprovidemaximumstructural 
efficiency with the use of high strength concrete, yet at the same time requiring less 
material utilization [23]. The system is shown in Fig. 14. 

SteelStructuralSystems 
Speedfloorsystem:Thesearesuspendedconcreteflooringsystemusingarollformed 
steel joist as an essential part of the final concrete and steel composite floor. An 
integrated continuous one-way slab and a hybrid concrete/steel tee-beam in other 
direction as shown in Fig. 15. The joists of altered depths are manufactured from pre- 
galvanizedhightensilesteelinaonepassrollformer,whereitisrollformed,punched, 
pushedandslottedinafullymechanizedinstrument.Dependingonthespan.Thejoist depth 
and the concrete thickness may vary, forced loads and other efficient considerations. 
It’s suitable for use in all types of construction[19]. 



 

 

Factory made fast track modular building system: This comprises of prefabricated 
steel construction with different walling components. With minimal usage of concrete, 
about70percentoftheworkisdoneinthefactory,whichenablessystemtodeliverthe building 
within a few days of work at site as shown in Fig. 16. The flooring, ceiling tiles, 



electrical and plumbing fittings are pre-fitted with steel unit. These modules are 
transported to the site for putting in place which is completed using crane and other 
requiredmachineries.,factorymade3–DExpandedPolystyrene(EPS)wallpanelsare fixed 
and shotcreting is done from both sides after all the components are assembled and 
erected at site. The distinctiveness of system is the well-organized and synchronized 
activities of site preparation and building construction in factory, rather than two phased 
traditional process [19]. 

Timber-concrete prefabricated compo- site wall system: Wood has been used as 

building material mainly attached with brickwork or stone in Europe. In order to develop 
the seismic resistance of masonry buildings wooden structural elements has been in a 
practice. It was composed basically of two parts, a slab of reinforced concrete (RC) with 
a thickness of 50 mm connected with particular connectors. A structure made of CGF 
panels for load-bearing walls and floors is a modular system in which the panels are 
prefabricated. The panelsarethenassembledprovidinginsulationinsidetheframesand 
thenareeasilytransportedtothesiteasshowninFig.17.Afterhavingafoundationcurb in the 
ground, the panels are hooked to it and to each other with nails and screws[24]. 

 

Sim[PLY]framingsystem:Intheseframingsystemplywoodsubcomponents,fastened 
together with tab and slot joints with hand-fastened steel cable ties are composed 
together to form structural members in the system as shown in Fig. 18. Due to its 
renewability,low-carbonfootprint, ease-of-use,minimum weight,and affordability Wood is 
the perfect choice for this sustainable light-frame system. Furthermore, the CNC 
procedure allows for systems within a given house, including electrical wiring and 
plumbing. This promotes quick and exact assembly. Mainly are used to maximize 
materialefficiencyandlessenplywoodwaste.Theprefabricationallowsfordisassembly of the 
house to be rapid and simple, taking only three days. Small, efficient, and mass- 



producedstructuresusethisSim[PLY]system[25]. 
 

 
Ultra-thin phase change material technology: To improve the thermal performance of 
building envelops and to achieve the goal of energy saving, thermal energy storage 
(TES) is one of the best ways to get better thermal performance. Ultra-thin phase 
change materials (PCMs) are a series of functional materials that give high-energy 
storagedensityinathintemperatureinterval.PCMtheapplianceareasaremostlysome cities 
of Europe [26]. 

 

Prefabricatedmudwallunit:ForfasterbuildingconstructionLow-costmaterialsarein use. 
Encouraged to improve and “modernize” natural construction systems, which are 
environmentallyfriendlyasshowninFig.19.Tsuchikabe(inJapanese),alsorecognized as 
mud wall, is a combined designed for walls built with clay and mud using customary 
Japanese craft techniques. It is also identified as wattle-and-daubin Western countries, 
and has been used globally since the Bronze Age [27]. 



FuturisticPathways 
Prefabrication is a promising strategy to realize lean construction. Among the diverse 
degreesofprefabrication,modularbuildingsmakethemostofthegainintimesavings, 
because they are prefabricated to a better degree of finish. These are based on local 
building codes and standards, in the similar way as on-site built construction; thus, of 
equalqualitytoanon-sitebuiltconstruction.Although,maintenanceduringoccupancy, 
deconstruction,andrecycleorreuseofmodularbuildingsastheyarejustnotlimitedto design, 
manufacturing, and construction stages [28]. Abundant projects incorporating prefab 
(on various levels) have already been completed successfully, and numerous more are 
planned. The potential for enlargement in the building economy; embracing higher 
output, total sustainability, improving place of work and workforce security, was 
hypothetical some ages ago, but is a practical recognition today and in future, through 
prefab[7]. The effective factors are shown in Table 2. 

 

Table2:Effectivefactorsin increasedusedofprefabricationsystemsin future 

Effectivefactor Effectofusingprefabrication 

Program Theabilitytoprogressworkasaparalleloperationinafactoryandon a 

construction site 

Factorytolerancesand 

workmanship 

Theywillshowahigherqualityandconsistency tothatachievedon site 

Energy consumption Reductioninenergy consumptiondue tothe automation 

Labourmarkets Accesstocheaperlabor marketsaccordingtofactorybase systems 

Programcertainty Greaterprogramcertaintyasaresultof computerization 

Safety 
Thefactoryenvironmentcanallowbettersafetythantheconstruction site 

IssuesinPrefabConstruction 
Thejointstobeprovidedlinkingthecorestructureandthecomponentsshouldbewell- 
builtenoughtotransmitalltypesofstresses.Thestrengthandstoutnessoftheentire building 
dependstotallyonthestrengthofthejoint.Therefore,itisnecessarytohave comprehensive 
studies on entire system rather than component based study. 
Requirementofskilledlaboratsiteandshortageofonsiteautomationisoneofthemajor issues 
in acceptance of prefabrication technologies in construction which requires 



accuracyandpreciseness.Thus,skilldevelopmentandnativeautomationismandatory for 
installation of the prefabricated systems. During erection or transportation of heavy 
machinery units are likely to get damaged thus the arrangement of the units has to be 
done precisely and this procedure becomes clumsy in a congested area. Labor 
maintenance is one more issue as skilled labor is required in the prefabricated 
construction as it is different from in-situ construction, which requires machine oriented 
skills both on-site and in the manufacturing process [29]. 

AdvantagesofPrefabConstruction 
PrefabricationTechnologyhasvariousadvantageslikeoverhaulingtheviewwithenergy 
efficiency, minimal wastage and inspection struggle, dependable construction, pace of 
work, security, sustainability and quality [7]. 

 Therequirementforformwork,shutteringandscaffoldingissignificantlyreduced as 
Self-supporting ready-made components are used. 

 Constructiontimeisreducedthusresultinginlowerlabourcosts. 
 Reducedamountofwastematerialsthaninsitebuiltconstruction. 
 ReductioninConstructiontimeallowinganearlierreturnoftheprincipalinvested. 

 Buildingensuresaccurateconformitytobuildingstandardsandsuperiorquality 
assurance. 

 High-energyefficiencyalongwithqualitycontrolandfactorysealing. 

 Prefabrication site can be positioned where skilled labour is more readily 
accessibleandtheexpensesoflabour,power,materials,spaceandoverheads are 
minimized. 

 Prefabricationallowsconstructionallovertheyearirrespectiveoftheweather 
(related to excessive cold, heat, rain, snow, etc.). 

 Constructionmaterialwastageisless. 
 Independentofclimaticcondition. 

 Inoff-siteconstructionsafetyandcomfortlevelofworkerarehigher[30]. 

DisadvantagesofPrefabConstruction 
Itisknowntohavethesubsequentlimitationslimitedoptionsindesign,decreasedresell value, 
high initial investment, non-suitability for foundation and transportation of precast units 
[7].There are more disadvantages too. They are as follows:- 

 Atjointsinprefabricatedcomponentsleakageoccurs. 
 Transportationcostsmaybehighforhugeprefabricatedsections. 

 Increasedproductionvolumeisnecessarytomakesureaffordabilitythrough 
prefabrication. 

 Initialconstructioncostishigher. 
 Theinitialdesigndevelopmentistimeconsuming. 

 Hugeprefabricatedsectionsneedheavy-dutycranesandaccuracymeasurement 
from handling to place in site. 

 Localjobsmaybelost,asitrequiresskilledlabour. 

 Design andconstructionofmodularbuildings,requirehighlevelsofcollaboration 
amongprojectparties,especiallyarchitect,structuralengineerandmanufacturer. 

 Duetoitsshortereconomiclifethesebuildingstypicallydepreciatemorequickly than 
traditional site-built housing [30]. 



Prefabrication : 

PrefabricationisthePracticeofassemblingcomponentsofastructureinafactory or 
other Manufacturing site and transporting complete assemblies to the 
construction site where the structure is to / be located. 

Principles: 

TheMainreasonstochoosePrecastConstructionmethodover conventional 
in method. 

1. Economyinlargescaleprojectwithhighdegreeofrepetitioninworkconstruction. 

2. Specialrequirementinfinishing. 

3. Consistencyinstructuralqualitycontrol. 

4. Fastspeedofconstruction. 

5. Constraintsinavailabilityofsiteresources(e.g.materials&Laborites) 

6. Otherspace&environmentalconstraints. 
7. Overallassessmentofsomeoralloftheabovefactorswhichpoints tothe 
superiority of adopting precast construction over convention method. 
Thefollowingdetailsgives.Thecostimplicationsofprecast construction 
& conventional in situ method. 
8. Largegroupsofbuildingsfromthesametypeofprefabricatedelementstend to 
look drab and monotonous. 

 
PrefabricationElements: 

1. Flooring/Roofingsystem. 

2. PriciestBeams 

3. PrecastColumns 

4. Precastwalkpanels. 

5. recastStabs. 

Classification : 

ThePrefabricationisclassifiedasfollowfromtheviewofdegreeof 
Precast construction. 

1. Smallprefabrication 

2. MediumPrefabrication 

3. LargePrefabrication 

4. CastinSitePrefabrication 

5. Off-Site(or)factoryPrefabrication 

6. Opensystemofprefabrication 

7. Closedsystemofprefabrication 

8. Partialprefabrication 

9. Totalprefabrication 



PrefabricatedMaterials : 

Prefabricatedbuildingmaterialsareusedforbuildingsthataremanufacturedoff- site 
and shipped later to assemble at the final location same of the commonly used 
prefabricated building materials are aluminum steel, wood, fiberglass and 
concrete.PrefabricatedmetalbuildingsusegalvanizedSteelandgalvalumeass the 
chief materials for building. 
Galvalume is a form of Steel coated with aluminum Zinc. This is to protect the 
building against corrosion rust and fire. It also provides a sturdy and protective 
covering to the prefabricated building. Almost all the components of a metal 
buildingsuchasbeams,frames,columns,walls&roofsaremadeofsteel.Most 

prefabricated military buildings use steel or aluminum frames. (Synthetic 
materials are used for the walls & roofs. To provide enhanced security a 
combination of both metal and cloth materials are used. 
Plastic flooring materials can be quickly assembled and are very durable) 
Prefabricated,buildingmaterialsusedforsmallprefabricatedbuildingsaresteel, 

wood, fiberglass. 
Plastic or aluminum materials. These materials are cheaper than regular brick 
and concrete buildings. Materials like steel, fiberglass, wood and aluminum are 
used as prefabricated building materials for sports buildings. These materials 
provide flexibility and are preferred rfor making structures and accessories like 
stands and seats for stadium and gyms. For making low cost housed, 
prefabricated materials like straw bale, Ferro cement calcium silicate. Products, 
campsites and other cheap wood based materials are currently being used 
calciumsilicatebricksarestronganddurable.Ferrocementconsistsofacement 
matrixreinforcedwith amesh ofclosely-spaced iron rodsorwires.Inthistype of 
construction, the techniques used are simple & quick. 
UsingPrefabricatedmaterialsonecanmakedurablewaterandfireresistant and 
cheap prefabricated buildings. Most of the prefabricated building materials 
are eco-friendly & affordable. 

 
PrecaststructureInstallation(Erection) 

Thefollowingstepstobefollowedtoerecttheprecaststructure: 

1. Planningforprecastinstallation 

2. Installationprocess. 

3. InstallationusingBigcanopy 

4. InstallationconstructionManagement. 

5. Mishandlingofprecastpanels. 

6. Commondefectsinprecastpanels. 

7. Precastfailures. 

Planning forprecast installation.: 

Planningco-ordination.Itisimportanttohavetheprecastererector/ 

installerandbuilderworkingtogetherto achieve bestperformances. 
Site Access and storage : 
Checkforsiteaccessibilityandprecastpanelsdeliverytosite 

especially low bed trailers. 



Checkwhetheradequatespacefortemporarystoragebeforeinstallationand ground 

conditions firm ground & leveled) 

Unevengroundwillcauseoverstress&crackpanels. Planning 

crane Arrangement : 

1. Planthecranecapacityandliftinggearsbasedon 

1. Heaviesweightofprecastpanels. 

2. Liftingheights. 

3. Workingradius. 

4. Positionofcraneinrelationtofinallocation. 

Plan other equipments 

1. Boomliftandscissorliftforunhookinginstalledpanels. 

2. Liftinggears. 

Skilled personnel’s : 

1. Competentcraneoperators. 

2. Rigger 

3. Signaledetc. 

Generalconsideration forcrane selection. 

1. Total lifting 
weight.2.Crane 
Model 

3. .Cranesafeworkingload(SWL) 

i.e. Based on 75% capacity build in F.O.S,1.33 – Lifting 
capacitymustbe1.5timesthetotalweighti.e)F.O.S.1.5 

4. Liftingandswingradius. 

5. Cranecounterweight. 

6. Craneboomlengthisrelationtotheverticaland 
horizontal clearance from the building. 

7. Installationprocess. 

8. Installationofverticalcomponents. 

9. Verificationofdeliveredpanels. 

10. Checkthepanelsdeliveredforcorrectmarking 
liftinglook and position etc. 

11. Surfacefinishingconditions. 

12. PcDimensioncompliance. 
13. Reinforcementprovision 
14. Architecturaldetail 
compliance. Settingout. 

1. Checkthepanelsdeliveredformarkingliftinghookandcondition. 

2. Setthereferencelines&grids. 

3. Checkstarterbarsforverticalcomponentsbefore 
hoisting for installation. 
Setting out qualitycontrolpoints.: 

1. Ensurecorrectoffsetline. 

2. Check‘ShimPad’/platelevelandfirm. 



3. Rubbergasketpropertysecured. 

4. Forexternalwall/columnplacebackerrod. 

Hoisting,Riggingandinstallation: 

1. Whiletiltingproviderubberpadtoavoidchipoff. 

2. Liftandrigthepaneltodesignatedlocation. 

3. Adjustthepanelinpositionandsecure. 

4. Liftingofspaceaddingitemswithbalancedcenterofgravity. 

5. Ensurehorizontalalignmentcorrect. 

6. Ensurepanelverticallytocorrectplumb. 

7. Checkpaneltopanelgapconsistency. 

8. Checkstabilityofpropbeforereleasinghoistingcable. 

Grouting works : 

1. Prepareandapplynonshrinkmortarstosealgap 
2. ForcorrugatedpipesleeveorsplicesleevepourNSGTorproprietary 

grouts into pipe sleep. 
3. Keepinstalledpanelsundisturbedfor24yrs. 

4. Checkjointwidthsareconsistentbeforegrouting. 
5. Groutusedshouldbesamegradeofcomponentsandselfcompactingto 
prevent cracking. 

6. Collecttestcubesamplefortestingforcriticalelementsorloadbearingelements. 

Connecting joints : 

1. Castinsitujoints,installrebar’sasrequired 

2. Setupformsforcastingjoints. 

3. Doconnecting. 

4. Removeformsaftersufficientstrength. 

5. Forexternalconnectionsweldingasrequired. 

2.2InstallationofHorizontalElements: 

Setting out : 

1. Setreferenceline/offsetlinetorequiredalignmentandlevelofslab/ beam 
during installation. 
2. Puttemporaryproptosupporttheprecastslab/ bear 
elements. 3.Before hoisting check dimensions. 
4.Checklevelandstabilityofshim. 
5.Checkprotruding/starterbarsarewithinthespecified tolerance 
any obstruction 
Specifiedcolerancetopreventanyobstructionduringtheerection 
process Hoisting installation 
1.Put temporary props to support slab or 
beam. 2.Lift and rig the elements to 

designatedlocation3.Alignandcheckthe 
levelbeforeplacement4.Thebeamsshall prop 
atleast two locations 
5.checklevelofprecastelements 



Connectionandjointing 
1.precastwithcast-in0situjointsplacethelaprebarsas required. 
2.Set formwork for casting joints 
3.Removeformworkafterconcretestrengthisachvieved 
4.Supportingbeamsshallbedesignedtoformpartofformwork joints 

5.The connecting or lapping rebars tied and secured 

6.samegradeofconcretetobeusedthatof panel 

1.4ModularCoordination 

Modular coordination means the interdependent arrangement of a dimension 
basedonaprimaryvalueacceptedasamodule.Thestrict observanceofrulesof 
modular coordination facilitated, 

1. Assemblyofsinglecomponentsintolargecomponents. 

2. Fewestpossibledifferenttypesofcomponent. 

3. Minimumwastageofcuttingneeded. 

Modular coordination is the basis for a standardization of a mass 
production of component. A set of rules would be adequate for meeting 
the requirements of conventional and prefabricated construction. These 
rules are adaptable for, 

a. Theplanninggridinbothdirectionsofthehorizontalplanshallbe 

1. 3Mforresidentialandinstitutionalbuildings, 

2. For industrial 
buildings,15Mfor 
spans up to 12m 
30Mforspansbetween12mand 18m 
60M for spans over 18m 

Thecentrelinesofloadbearingwallsshallcoincidewiththegridlines 

b. Incaseofexternalwallsthegrid linesshallcoincidewiththecentrelineofthe wall ora 
line on the wall 5 cm from the internal face of thewall 
C.Theplanningmoduleintheverticaldirectionshallbe1Muptoand including aht 
of2.8M. 
d. Preferredincrementsfoathestillheights,doors,windowsandotherfenestration 
shall be1M. 
e. Incaseof internal coluums the grid lines shall coincidewiththecentrelines of 
columns.In case of external columns,the grid lines shall coincide with the centre 
lines of the columns inthe storey or a line in thecolumn from the internal face of 
thecolumninthetopmoststorey.Abasicmodulecanberepresentedasmodule andfor 
larger project modules are represented as Mp. 
Foreg:Foraprojectmoduleinhorizontalcoordination,thecomponentcanbeof 30cm 
and forvertical component size be of 10cm. 
The storey height is fixed between finished floor levels as 2.8m and if the 
thickness of slab is<15cm storey height is fixed as 2.7m. The centre distance 
betweentheloadbearingwallscanbechosefromasetofmodules.Theuseof other 
dimensions is notallowed. 
Inthedesignofabuilding,modulargridcanbeusedconsistingofparallellinespacedata 



value of module M or Mp and a grid line chosen as a base for setting out a part 
of a building becomes a modular axis. In the fig (a),, a typical grid is chosen for 
load bearing walls without duct. The interior walls are placed so that their 
centerlinescoincide withthemodularaxis.Inthefig(b),a gridisshownforload 
bearingwallswithhollwductsinbetween.Thecentrelineofthegridisfoundby 
deducting the size of duct. 

 
Systemsofprefabrication: 

 

Systemisreferredtoaparticularmethodofconstructionofbuildings using the 
prefabricated 
componentswhichareinterrelated infunctionsandareproducedtoa set of 
instructions. 
Withcertainconstraints,severalplansarepossible,usingthesamesetof 
components, the 
degreeofflexibilityvariesfromsystemtosystem.Howeverinallthesystems there is a 
certin 
orderanddiscipline.Thesystemofprefabricatedconstructiondependsoonthe 
extend of the 
useofprefabcomponents,theircharacteristicstobeconsideredindevisingasystem: 

i. Intensifiedusageofspaces 

ii. Straightandsimplewallingscheme 

iii. Limitedsizesandnumbersofcomponents 

iv. Limitedopeninginbearingwalls 



v. Regulatedlocationsofpartitions 

vi. Standardizedserviceandstairunits 

vii. Limitedsizesofdoorsandwindowswithregulatedpositions 

viii. Stucturalclarityandefficiency 

ix. Suitabilityforadoptioninlowriseandhighriseblocks 

x. Easeofmanufacturingstoringandtransporting 

xi. Speedandeaseoferrection 

xii. Simplejointingsystem 



REINFORCEDEARTH 

 
The concept of combining two materials of different strengths characteristics to 
form a composite material of greater strength is quite familiar in civil engineering 
practices and is in use for ages. 

Thereinforcedconcreteconstructionsareexamplesforsuchcompositematerials. 

It combines the high tensile strength of steel with the high compressive, but 
relatively low tensile strength of concrete. 

Likewise, soils which have little if any tensile strength can also be strengthened 
by the inclusion of materials with high tensile strength. 

This mobilization of tensile strength is obtained by surface interaction between 
the soil and the reinforcement through friction and adhesion. 

The reinforced soil is obtained by placing extensible or inextensible materials 
such as metallic strips or polymeric reinforcement within the soil to obtain the 
requisite properties. 

Soil reinforcement through metallic strips, grids or meshes and polymeric strips 
sheets is now a well-developed and widely accepted technique of earth 
improvement. 

Anchoring and soil nailing is also adopted to improve the soil properties. Theuse 
of reinforced earth technique is primarily due to its versatility, cost effectiveness 
and ease of construction. 

The reinforced earth technique is particularly useful in urban locations where 
availability of land is minimum and construction is required to take place with 
minimum disturbance traffic. 

Typesofreinforcingmaterials: 

i) Strips: These are flexible linear elementnormallyhavingtheirbreadth,„b‟greater thantheir 

thickness,„t‟.Dimensionsvarywithapplicationandstructure,butareusuallywithintheranget=3-5 mm, b = 5-

100 mm. The most common strips are metals. The form of stainless, galvanized or 

coated steel strips being either plain or having several protrusionssuch as ribs or 

gloves to increase the friction between the reinforcement and the fill. Strips can also 

be formed from aluminum, copper, polymers and glass fibre reinforcedplastic(GRP). 

Reed andbambooreinforcements arenormally categorized as strips, as are chains. 

ii) Planks: Similar to strips except that their form of construction makes them stiff. 

Planks can be formedfrom timber, reinforcedconcreteorpre-stressed concrete. The 

dimensions ofconcreteplanksvary;however,reinforcementswithathickness,„t‟= 

100mmandbreadth,b=200–300mmhavebeenused.Theyhavetobe 



handledwithcareastheycanbesusceptibletocracking. 

 
iii) Grids and Geogrids: Reinforcing elements formed from transverse and 

longitudinal members, in which the transverse members run parallel to the face or 

free edge of the structure and behave as abutments or anchors as shown 

 

 
 

 

The main purpose is to retain the transverse members in position. 

Sincethetransverse membersactasanabutmentoranchortheyneedtobe stiff 

relative to their length. The longitudinal members may be flexible having a 

high modulus of elasticity not susceptible to creep. The pitch of the 

longitudinal members, pL is determined by their load carrying capacity and 

the stiffness of the transverse element. A surplus of longitudinal and 

transverse elements is of no consequence provided the soil or fill can 

interlock with the grid. Mono and Bi Oriented grid as shown 

 



Grids can be formed from steel in the form of plain or galvanized weldmesh, 

or from 

expandedmetal.Gridsformedfrompolymersareknownas“Geogrids”andarenormallyinthef

ormofanexpandedproprietaryplasticproduct. 

iv) Sheetreinforcement:Maybeformedfrommetalsuchasgalvanizedsteel 

sheet, fabric (textile) or expanded metal not meeting the criteria for a grid. 

v) Nailing:Earthmaybeprotectedbygeo-syntheticswithearthnailing. 

 
vi) Anchors: Flexible linear elements having one or more pronounced protrusions 

or distortions which act as abutments or anchors in the fill or soil. They may be 

formed from steel, rope, plastic (textile) or combinations of materials such as 

webbing andtyres, steel and tyres, or steel and concrete 

vi)Composite reinforcement: Reinforcement can be in the form of combinations of 

materials and material forms such as sheets and strips, grid and strips and anchors, 

depending on the requirements. 

The Components Of 

Reinforced Earth 

SOIL 

It should be granular, cohesion less material, not too much silt or clay having 
particle size not more than 125 mm. 

Not more than 10 percent of the particles shall pass 75 micron sieve & the earth 
reinforcement coefficient of friction to be either higher than or equal to 0.4 & 
Plasticity Index < 6. 
Thesoilmusthavemoisturecontentsuitableforcompaction. 

 
The materials shall be substantially free of shale or other soft, poor durability 
particles. 

 

SKIN 

Skinisthefacingelementofthereinforcedsoilwall. 

These elements keep the reinforcement at a desired elevation in the 
reinforcedsoilwallandalsoprotectthegranularattheedgefallingoff. Made of 
either metal units or precast concrete panels. 



REINFORCINGMATERIAL 

Avarietyofmaterialscanbeusedasreinforcing materials 

Steel 

Concrete 

Glass fibre 

WoodRubber 

Aluminum 

Reinforcement may take the form of strips, grids, anchors & sheet material, 
chains, planks, rope, vegetation and combinations of these or other material 
forms. 

THEDESIGNPRINCIPLESOFREINFORCED EARTH 
WALL 

RankineorColumbearthpressuretheoryshouldbeused 

Activeearthpressureorpassiveearthpressureoratrestearthpressureare adopted. 

Thevariousforcesactinghorizontal,verticalandshearstressshouldbe 
distributed on reinforced earth. 
SuitablegeometrysurfacefailureisassumedonreinforcedearthReinforcingstrip length 
can resist the failure occurred by the slippage. 

SafetyfactorsarerequiredandcalculatedfromRankine,Active earth 
pressure theory. 

Theearthpressuresonareinforcedearthwallscanbecalculatedbyboth 
horizontal and vertical earth pressures 

 

FactorsaffectingthebehaviorandPerformanceof 

Reinforced Soil 
 

REINFORCEMENT REINFORME 

NT 

DISTRIBUTI 

ON 

SOIL SOIL 

STATE 

CONSTRUC 

TIO N 

Forms(fibers,grid,anchor, 
bar,strip) 

Location Particlesize Density Geometry of 
structure 

Surfaceproperties compaction 

Dimensions Orientation Grading Over 
burden 

Construction 
system 

Strength Mineral 
Content 

States of 
stress 

Aesthetics 

Stiffness Spacing Index 
properties 

Degreeof 
Saturation 

Durability 



TheDesign Procedure ForReinforcedEarth WallInForm OfA Flowchart 

 

Stability Checks: 

ExternalStability(asforanyearth-retaining structure) 

The external stability of a reinforced soil wall is easily investigated since it 

behaves essentially as a rigid body and conforms to the simple laws of statics 

external stability assessment should consider the effects of dead loads, other 

loads (live load, dynamic load etc.) and forces acting on the structure. The 

failure for sliding, overturning, tilting/bearing and slip should be checked by 

external stability 

SlidingOverturning 

Bearing Capacity 



Short and long term stability of soil needs to be considered to allow for the 

construction and in-service condition as well as in changes in pore water 

pressure. Passive earth pressure acting on the foot of the wall/structure below 

ground level may be ignored while considering various forces for stabilization. 

InternalStability(MSEretainingstructures) 

Stability within a reinforced structure is achieved by the reinforcing elements 

carrying tensile forces and then transferring to the soil by friction, friction and 

adhesion, or friction and bearing. In addition forces can be transferred the soil 

through fill trapped by the elements of the grid. The fill is than able to support 

the associated shear and compressive forces. In the case of anchored earth 

such as soil nailing, stability within a structure is achieved by the anchor 

elements carrying tensile forces and transferring these by friction along the 

anchor shaft or anchor loop and bearing of the anchor to the surroundingfill. 

ReinforcementFailure 

Pullout 

FailureofReinforcement/FacingConnection 

 

Localstabilitycheck 

The resistance of the reinforcing element should be checked against rupture 

and adherence failure whilst carrying the factored loads. 

Wedgestability 

The reinforcement structure will assume to fail internally in the form of wedge. 

It is not known at which level the wedge is originated. Therefore the wedge 

originate from different level to be checked. Checked for stability considering 

all the forces acting on it. Wedges are assumed to behave as rigid bodies and 

may be any size and shape. Stability of any wedge is maintained when friction 

forces acting on the potential failure plane in connection with the tensile 

resistance/ bond of the group of reinforcing elements or embedded in the fill 

beyondtheplaneareabletoresisttheappliedloadstendingtocause 



movement, 

 

 

 
Geosynthetics 

Geo-syntheticsaresyntheticproductsusedtostabilizeterrain. 

These are human-made materials made from various types of polymers used to 

enhance, augment and make possible cost effective environmental, 

transportation and geotechnical engineering construction projects. 

They are used to provide one or more of the following functions; separation, 

reinforcement, filtration, drainage or liquid barrier. 

Theyaregenerallypolymericproductsusedtosolvecivilengineeringproblems. 

These include eight main categories geotextiles, geogrids, geonets, 

geomembranes, geosynthetic clay liners,geofoam, geocells andgeocomposites. 

Thepolymericnatureoftheproductsmakesthemsuitablefor useinthe ground 

where high levels of durability are required. 

Theycanalsobeusedinexposedapplications. 

Geo-syntheticsareavailableinawiderangeofformsandmaterials. 

 
These products have a wide range of applications and are currently used in 

many civil, geotechnical, transportation, hydraulic and private development 

applications including roads, airfields, railroads, embankments, retaining 

structures, reservoirs, canals, dams, landfill liners, land fill covers structures. 

The Important Properties Of Geo-Synthetics 

Required For Reinforcement Function Basic 

Physical Properties 
a.Constituentmaterialandmethodofmanufactureb. 



Massperunit area 

c.Thickness 

d. Roll width, roll length 

Mechanicalproperties 

a. Tensilestrength 

b. Tensile modulus 

c. Seamstrength 

d. Interfacefriction 

e. Fatigueresistance 

f. Creepresistance 

HydraulicProperties 

a. Compressibility 

b. Openingsize 

c. Permittivity 

d. Transmissivity 

Constructability/survivabilityProperties 
a. Strengthandstiffness 

b. Tearresistance 

c. Punctureresistance 

d. Penetrationresistance 

e. Burst resistance 

f. Cuttingresistance 

g. Inflammability 

h. Absorption 

Durability(Longevity) 

a. Abrasionresistance 

b. Ultra-violetstability 

c. Temperaturestability 

d. Chemicalstability 

e. Biologicalstability 

f. Wetting&drying stability 

TheFunctionsOfGeo-Synthetics 
Reinforceme
nt Filtration 

 

 

 



Separation 
Drainage 
Erosion 
Control 



Reinforcement: 

Reduction of Stress Intensity (Concentration) through Wider Distribution The 

stresses over the subgrade are higher in unreinforced flexible pavements than 

in geo-synthetic-reinforced pavement due to stress distribution factor 

ReinforcementMechanismsInducedbyGeo-synthetics: 

(a) LateralRestraint 

(b) IncreasedBearingCapacity;and 

(c) MembraneTensionSupport 

Filtration 

Retaining soil particles subjected to hydraulic forces which allow the passage 

of liquids/gases. This function is often partnered with separation. 

Separation 

a. Preventing intermixing of soil types or soil/aggregate to maintain the integrity of 

each material yet still allow the free passage of liquids/gases. Commonly used in 

between sub-base/subgrade and around drainage materials. 

b. Contamination of the base course layers leads to a reduction of strength, 

stiffnessanddrainagecharacteristics,promotingdistressand earlyfailureof 

roadway. 

Drainage 

Allowing fluids and gases to flow both through the plan of the material. 

Commonly used as components in geo-composites used for surface water 

runoff or for gas collection under membranes. 

SeparationandDrainageFunctions 

a. PipingResistance:ApparentOpeningSize-AOS(asrelatedtosoilretention), 

b. Permeability:Flowcapacity,andcloggingpotential. 

c. StrengthandDurability:Grab,Puncturestrengths 



ErosionControl 

Protecting and reinforcing slopes and drainage channels from erosive agents 

whilst allowing the establishment of vegetation cover. 

 

Barrier/Protection 

Preventing or limiting localized damage to an adjacent material, usually a 

geomembraneusedtolinealagoonoralandfill.Thickgeotextilesprevent 

punctureorexcessivestraininthemembrane. 

Geosyntheticsclassified 
Geo synthetics areclassified asfollows 

Geotextiles 
GeogridsGeonet
s 
Geo-membranes 
Geo-synthetic clay liners 
Geocells/geowebmembers Geofoam 
Geo-composites 

 
Geotextiles aredefinedas“anypermeabletextileusedwithfoundationsoil,rock,earth, orany 

other geotechnical engineering-related material as an integral part of a 

human-made project,structure,orsystem”. 

 

Geogrids 

Theyhaveopengridlikeconfigurationi.e.theyhavelargeaperturebetween 

individual ribs.They have Low strain and stretch about 2% under load. 

Strengthismorethatothercommongeotextiles.Function:Usedexclusively for 

reinforcement 

 
Geonetsare open grid-like materials formed by two sets of course, parallel, 

extruded polymeric strands intersecting at a constant acute angle. Thenetwork 

forms a sheet with in- plane porosity that is used to carry relatively large fluid 

or gas flows. 

 
Geomembranesarecontinuousflexiblesheetsmanufacturedfromoneor 



more synthetic materials. They are relatively impermeable and are used as 

liners for fluid or gas containment and as vapour barriers. 

Geosynthetic clay liners (GCLs) are geocomposites that are prefabricated 

with a bentonite clay layer typically incorporated between a top and bottom 

geotextile layer or geotextile bentonite bonded to a geomembrane or single 

layer of geotextile. Geotextile-encased GCLs 

are often stitched or needle punched through the bentonite core to increase 

internal shear resistance. When hydrated they are effective as a barrier for 

liquid or gas and are commonly used in landfill liner applications often in 

conjunction with a geomembrane. 

Geocellsare relatively thick, three-dimensional networks constructed from 

strips of polymeric sheet.The strips are joinedtogether to form interconnected 

cellsthatareinfilledwithsoilandsometimesconcrete.Insomecases0.5mto 1 m 

wide strips of polyolefin geogrids have been linked together with vertical 

polymeric rods used to form deep geocell layers called geomattresses. 

soilconfinement 

 
Geofoamblocks or slabs are created by expansion of polystyrene foam to 

form a low- density network of closed, gas-filled cells. Geofoam is used for 

thermal insulation, as a lightweight fill or as a compressible vertical layer to 

reduce earth pressures against rigid walls. 

 
Geocompositesare geosynthetics made from a combination of two or more 

geosynthetic types. Examples include: geotextile-geonet; geotextile-geogrid; 

geonetgeomembrane; or a geosynthetic clay liner (GCL). Prefabricated 

geocompositedrainsorprefabricatedverticaldrains(PVDs)areformedbya 

plasticdrainagecoresurroundedbyageotextilefilter. 

ThePropertiesOfGeotextiles 
 Physical properties 

Mechanical 

propertiesHydraulic 

properties 

Endurance 



properties 

Degradation 

properties 

 

PhysicalpropertiesofGeotextiles 

a. Specific gravity 

b. Massperunitarea 

c. Thickness 

d. Stiffness 

 

MechanicalpropertiesofGeotextiles 

a. Compressibility 

b. Tensilestrength 

c. Seamstrength 

d. Fatiguestrength 

e. Burst strength 

f. Tearstrength 

g. Impactstrength 

h. Puncturestrength 

i. Frictionstrength 

j. Pulloutstrength 

 

THECLASSIFICATIONOFGEOTEXTILES 
Geotextile: 

Geotextiles are polymer fabrics used in the construction of roads, drains, 
harbour works, andbreakwaters,andforlandreclamationandmanyother 
civilengineering purposes. Geotextiles, a newly emerging field in the civil 
engineering and other fields, offer great potential in varied areas of 
applications globally. 

Typesofgeotextiles: 
Geotextiles are a permeable synthetic material made of textile materials. They 
are usually made from polymers such as polyester or polypropylene. The 
geotextiles are further prepared in three different categories – woven fabrics, 

non-woven fabrics and knitted fabrics. 
 

Woven Fabrics: Large numbers of geosynthetics are of woven type, which 

can be sub- divided into several categories based upon their method of 
manufacture. These were the first to be developed from the synthetic 
fibers.Astheirnameimplies,theyaremanufacturedbyadoptingtechniqueswhich 



are similar to weaving usual clothing textiles. This type has the characteristic 
appearance oftwo setsofparallel threadsoryarns.the yarn running alongthe 
length is called warp and the one perpendicular is called weft. 

 

Wovenfabric 

The majority of low to medium strength woven geosynthetics are 

manufactured from polypropylene which can be in the form of extruded tape, 

silt film, monofilament or multifilament. Often a combination of yarn types is 

used in the warp and weft directions to optimize the performance/cost. Higher 

permeability is obtained with monofilament and multifilamentthanwithflat 

constructiononly. 

 
Non-woven: Non-woven geo-synthetics can be manufactured from either 

short staple fibre or continuous filament yarn. The fibers can be bonded 

together by adopting thermal, chemical or mechanical techniques or a 

combination of techniques. The type of fibre (staple or continuous) used has 

very little effect on the properties of the non – woven geo synthetics. Non- 

woven geotextiles are manufactured through a process of mechanical 

interlocking or chemical or thermal bonding of fibres/filaments. Thermally 

bonded non- wovens contain wide range of opening sizes and a typical 

thickness of about 0.5-1 mm while chemically bonded non-wovens are 

comparatively thick usually in the order of 3 mm. On the other hand 

mechanically bonded non-wovens have a typical thickness in the range of 2-5 

mm and also tend to be comparatively heavy because a large quantity of 

polymer filament is required to provide sufficient number of entangled filament 

cross wires for adequate bonding. 

 
Nonwoven 

KnittedFabrics:Knittedgeosyntheticsaremanufacturedusinganother 



process which is adopted from the clothing textiles industry, namely that of 

knitting. In this process interlocking a series of loops of yarn together is made. 

An example of a knitted fabric is illustrated in figure. Only a very few knitted 

types are produced. All of the knitted geosynthetics are formed by using the 

knitting technique in conjunction with some other method of geosynthetics 

manufacture, such as weaving. 

 
Knittedfabric 

Apartfromthese threemain typesof geotextiles, other geosynthetics used are 

geonets, geogrids, geo-cells, geo membranes, geo composites, etc. each 

having its own distinct features and used for special applications. 
 



 



ApplicationsAndThePurposeOfGeotextilesAndGeomembranes 

PavementsonsoftsoilIncreasein bearing 

Pa
c
v
ap
e
a
m
city

entoverlaysInhibit 
crackpropagation.Railroads 

Preventballastcontamination,distributeloadonsubgrade.Embankments Improve 
stability, provide drainage. 

RetainingstructuresReinforceandprotectbackfill 

Naturalslopes 

Protectslopeagainsterosion,reinforcesoil,andprovidedrainage.Rivers, canals 
and reservoirs 

Replaceorimprovetraditionalfilterlayers,erosioncontrol. 
 Waterpollutioncontrol 

Extractandcollectgranularpollutants,reinforceandprotectgeomembranes,relievepore water or 

gas pressure below membranes. 

Shore protection 

Preventerosionandsandmigration,actasfilteranddrainagelayer Building 
elements 
Formsoil-cementfilledbagsandtubestocreatecolumns 

IMPORTANTQUESTIONS 
1. (a)Writetheadvantagesandapplicationsofreinforcedearthstructureswithneatsketches. 

(b)Discusstheexternalstabilityaspectsinthedesignofreinforcedearthwall. 
2. (a)Whatisthemaindifferencebetweengeo-gridandgeo-textile?Explainthefieldapplicationsof geo-

grid and geo-textiles. 

(b)Explainseparationandfiltrationfunctionsofgeo-textile.Mentionapplicationsbasedon these 

functions. 

3. (a)Whatistheobjectiveofsoilreinforcement? 

(b)Whatarethefactorsgoverningthedesignofreinforcedearthwalls? 
4. (a)Whataregeomembranes?Howgeomembranesdifferfromgeotextiles? 

(b)Whataretheapplicationsofgeotexitiles? 
5. Explainthebasicmechanismofreinforcedearth.Discussthevariousdesignformulaein 

reinforced earth wall. 

6. (a)Whataregeotextiles?Writeanoteoncommonnomenclatureofgeosynthetics. 

(b)Explainwithsuitableexamplestheprinciplesinvolvedingeo-textilematerialasreinforcementfor 

improving the bearing capacity of soil. 
7. (a)Explainanyfourengineeringapplicationsofreinforcedearthwithsketches. 

(b)Describetheprocedureofdesigningareinforcedearthwall. 
8. (a)Distinguishbetweengeotextilesandgeogrids. 

(b)Explaintheapplicationsofgeo-textilesbasedontheirseparationanddrainagefunctions. 
9. Explainthedesignprincipleofreinforcedearth wall. 

10. ExplainclearlythefunctionsofGeotextiles. 



11. (a)Whatisreinforcedearth?Howdoesitdifferfromreinforcedcementconcreteand 

mechanically stabilized soil? 

(b)Distinguishbetween“frictionalfill”and“cohesivefrictionalfill”usedinreinforcedearthconstructions. 

12. (a)Distinguishbetweenwovenandnonwovengeotextiles.Howtheyaremanufactureandwhat 

functions they can perform? 

(b)Whatisageo-grid?Explaindifferenttypesofgeogrids.Howdotheydifferfromgeotextiles functionally? 
13. (a)Whatarethefactorsgoverningdesignofreinforcedwall? 

(b)Withaneatsketchexplainthevariouscomponentsofreinforcedearthstructure. 
14. (a)Whatpolymersareusedasgeosynthetics?Whataretheirproperties? 

(b)Comparegeotextilesandgeomembrane. 
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