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Introduction

Metals are used exlensively in siruclures.

Metals which are used for engineering purposes are called as ferrous melals wilh iren as the main
consliluenl. e.g. Weought iron, cast iron, stainless steel elc.

Other type of mstals include non-ferrous metals like copper, zinc, lin, lead atc. wheteiniton is nol the
main constiluent, '

Ferrous Metal

Iron is an elernent with atomic number 26 and occurs in tour different aliotropic lorms viz. «, B, 7
and &, )

aironis weak and duclile, possess magnelic properties and is unable to dissolve carbon and forms
bee {body centered cubic) structure.

fYiran is hard, britlle, nén, - magnetic and dissolves carban.

yiron is very similar lo 8 iron and (orms fec {ace centered cubic) structure.

§ iron is nan-magnélic and absorbs very litlle carbon.

‘yiron contalning carbon is called as ausienilic and « iron conlaining carton is called as ferrilic,

Iron

leon is Lhe most important and widely used struclural malerial with abundant availability but notin
pure form but instead with other minerals.

= Themajor ores of iron wilh percentage iron in them are as lollows.

Haemalite (Fe,0) - 70%
tMagnelite (Fe,0,)-70 - 75%
Limonite (2Fe,0,3H,0) -  60%
Iron pyrite (FeS,) - 47%

Siderite (FeCOy} 40%
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+  The principle of extracling iron [rom any type of iron ore is the same i.e. heating Ihe ore inpresence
ol a reducing agent resulling in the lormation of CO andjfor CO,, liberated gasses and the pure iron,

»  Ironalloys freely with other elements and its properties can be altered by varying the composilion of
conslituenis (mainly carbon).

Pig Iron )

«+  Itisthe ironthat is obtained from the blast lumace. The iron ore is crushed into smaller pieces and
Ihe ore is then calcined 1o remova the moisiure.

« This calcined ore is smeited in (he blast furnace where iran gels reduced.

«  Limestone is added as llux Io remove sulphur, ash ete. This flux combines with he fuel ashes and
impurilies in the iron ore to form lusible products which separate out from the metal as slag.

s« Pigironis he very list form of iron which is then subjecled lo various metallurgical processes o
add dillerent percentages of carbon and other materials Lo form dilferent ferrous melals like cast
iron, wroughliron, steel eic.

< Composilion: Pig iron conlains 3 - 4% carbon, 0.5 - 3.5% silicon, 0.5-2% manganese, 0.02-0.1%
sulphur and 0.03 - 1% phosphorous.

s . Properiies:

- L1 hard and britile and melts easily at 1200°C.
~ licannol be magnetized but can be hardened.
- It has high compressive strength but is weak In tension and shear.
- Pigiron does nol rust and riveting/welding cannot be done,
*+ Uses:
- Wisused for making base plates, columns, door brackels elc,

Cast lron

«  Pigiron obtained from the furnace is re-melied wilh limastone (as liux) and coke in a furnace (Cupola
futnace).

»  The fmolien motalobtained rom furnace is poured inlo moulds of desired size. This productis called

as casl iron. »

«  Castiron containg 2 - 4% catbon in wo forms viz. (i} in a state ol chemical combination as combined
carbon (known as cemenlite) and (i) as free carbon (as graphite) in the mixture,

»  Thus quality of castiron depends on the state of carbon in which it exisis.

Differance betwaen steel and cast iron:
Steel is plastic and ‘orgeable while cast ron is neilher plastic nor lorgeable.

623.1 Castlron: Methods of Casting

«  Sand casting: Here he mollen metal is poured into a cavily in a mass of packed sand.
- Wooden patterns are used lor making the moulds wiich are removed whien sand gets dnedup
Each mould s provided with & hole lor casting thraugh which the molten iron is poured

—  Another hole 1s also provided for the escape af air and ather hot gases.
- After the iron gets cooled, the mould is broken up and cast ironis laken out.
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« 'Hollow casling: Here a solid core is placed where the hollow is required.
- Aller casling, the core and tha mou'd are 1aken oul.
- Casting material becomes hollow due 1o the core.
~ This method is used for casting columns and piles.

* Vertical sand casting; Here Iha mould box and the sand core are kept in the verlical position. Upon
coaling, the care is taken out by crane, This melhod is used in the manufacture of pipes.

« Cenfrifugal casting: in ordinary casling, many blow holes are lelt because of littte conirol over
lemperature and sand mould. This is ovarcome by centrilugal casling. .

-~ Here molten melal is poured in a revolving metallic cylinder in a controlied manner at about
' 10,000 pm.
— This method gives dense casling with fine grained struclure having uniform physical praperties.
— This method is used for casting large diameter pipes, gun barrels elc.
» Die casting: This casting is done under pressure of about 140 x 10% Nimm?2

., — The die is cooled with the application of water and thus the meta! sciidifies quickly therchy
facifiiating early removal of casling.

- This methed is quile suilable for commercial purposes since il is cheap as compared fo olher
methods of casting,
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Properties of Cast Iron

« ltis hard and britlle wilh specilic gravity of 7.5.

« i canneither be rivatedfolted nor welded.

«  Itis strong in compression {600 Nfmm2) but is weak in lension (150 Nimm?) and shear.
*+  ithaslow melting polm (1200°C) and gets affected by sea water,

It canriol be magnslized and is not suilable {or {orging.

+  Casliron containing large amount of chromium and manganese is having a permanently white colour
while thal conlaining high sificon is grey in colour.

Impurities in Cast iron

= Carbon: it influences most the physical and mechanical properties of cast iron.
- Aspercenlage of carbon increases, the melling lemperalure ol cast iron reduces.
- As carbon contentin castiron increases, shrinkage reduces.

+  Silicon; Silicon when present in minute amounts (0.5-3%) increases tha iluidily of molien cast iron,
decreases the biow holes and increases the densily of castings.

- lteduces the solubility of carbon iniron.
- ltreduces shrinkage of castiron.
- When silicor content is increased up to 6% theniron becomes hard and has mirror fike fraciure.

=  Sulphur: ltis highly'undesirable in cast iron and is fimited 10 0.1%.

- It combings with manganese lo form manganese sulphide (MnS}. In case manganesc 1s very
low in quantity so that it becarnes deficient for sulphur then sulphur combines with iron o form
iron sulphicie (FeS). .

- These sulphides solidify at very low temperatres than the cast iron and thus tend to make the
casi iron britle and weak at higher temperatures.



~ Highsulphur content makes the%ron britile and hard and mcreases shnnkage This is neulralized
by the additior. of siticon. i
Phosphorous: Ithasno conﬁderatﬁe effect on cast iron v/hen present in amoum whrch is less than
0.5% but usualy it is present in therange of 0,3-1.5%.
~ Phosphorous when presentin afnount mare than 2%, nakes the castiron brillle and reduces ils
strength. & £
~ High phosphotousiron is much mare fiuid and is suilable for ornamental castings.
Manganase: Manganese when pzesem in thegangeof 0.4-1,2%, combines with sulphur lollowed by
carbon (o form manganese carbide! I e
- Rincreases the hardness and fensile sirength of steet, |
~ Manganesaincreases the soruﬁiﬁ'ly of carbon in iron and reduces liperation of graphile.
~ Excess ol manganese increasé_s shrinkage of fran. ,

Tablé : Types of cast ion

SNo.i Type Propertles Composlticn (%) Asos

5. | Grey Good machine- ghilly. fow | Corbon 253.75 |- Pipes, fitlings,
meifing point, ausls easly Siticon 1-2 . locomotive
in o, suserpidle iomﬂd Manganose 041 | whaels o1,

Bllack, groy col Suigh 0.06-12
i Phasphorous =% B

2 Whito Hurd, brittla, difficult for Carbon 17523 |} Formanuladuring
madlidng. sifvery whita Silican 0509 mallonble iron, ,
cclured Haonganose Q.150.5 | wrought lron elc.

Phosphacous 02407
Sulphar 0.15028

3. | Malieabe Obininod from costimn by | Carbon 2238 Automabita,
parintremovateftn,C, 81, | Shicon 0411 | sgtcukuml
Pond S Avidablogswhite | Phosphorous 0.1 |, equipmonts, rall - road
and black hearth varatias * enginoaring

. . 3 oaulpmonis ale.

4. | Motlled Obtained by healing sast . Bmol easlings
iron with powdered
haematita. hightoughnass,
fraciured  surface shows i
greyandwhilo paiches "

S. | Chiled K by meiting cass iron Rellgt ond grinding mils,
with 18" — % of s weight pistons, spokes ofc.
of wrought ran scrop :

6. | Toughencd | Kaode by cooling enst ifon Suds
rapidly which makes the
outor surfacehond

6234 Uses of Castiron

Due 1o low cost, strength and easc of melling and casting into various shapes, ease of machining
and having high damping capacity, castiron s wiclely used inengineering conslructions and machines.
1tis used {or making arnamentat castings like lamp posis, wall brackets, bathroom littings, chairs
elc.
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Wrought Iron

It is oblained by removing impurities from Ihe casl iron and is considered 1o be the pure iron.

The total impurilies are limiled 10 0.5% with maximum ¢arbon conlent a1 0.15%, silicon 0,15 - 0.2%,
phosphorous 0.12 - 0, 16%, sulphur 0.02 - 0.03%, manganese 0.03 - 0.1%.

Itis producedin a reverberatory { or puddiing) furnace.

The molten iron is first refined by blasling air in the furnace.

The melal is then cooled down and poured into moulds. This melal becomes britlle.

This metal is melled in furnace where the metal melts due Lo burming of gas,

Allar melting, pudd'e balls are prodiced which are sent lor shingling.

The balis are senl 1o groove rollers to form tlal bars, This process is repealed several imes 1o
remove the impurilies.

Properties of Wrought Iron

Itis ductite, malleable, tough and is moderalely elastic {modulus of elasticily 1.86 x 106 Nfmm?),
Uts ullimate compressive strengih is abour 200 Nfmm? and tensile strength of about 40 N/mm?,
Transverse to Lhe direction of rolling, the tensile strangth ranges [rom 60 - 85% of its lensile strength
in longitudinal direclion,

Melting point of wrought iron is 1500°C end specific gravily 7.8.

. Unlike castiron, it ¢an be forged and welded.

1t resists corrosion effeclively.

It is tough ang can wilhslend shocks.

Ata lemperature of about 500°C. il becomes so soft thal ils Iwo pieces can be joined by hammering.
Alloying elemanis that are used withwiought iron are nickel (Ni), copper (Cu) and molybdenum {Mo).
Nickelin quanlities of about 1.5 - 3.5% substaniially increases the elaslic limit and tensile sirength.
Nickel also helps in prevenling the reduction of impact sirength al sub-zero lemperalurcs

Copper when added lo wrought iron increases the carrosion resistance property.

Uses of Wrought lron

For making roof coverings, rivels, chimnays, gates elc.

Steel

itis the mos! suilable building material among all Ihe metallic matarals.

By suilably conlralling the carbon conlent and other alloying elements and heat reatment, a desired
combination of sirenglh and ductlily can be oblained.

On the hasis of carban content, sleel is classilies as lollows:

Table: Types of sieat

S.No. | Typa of Stool Carben contont (%)
1. Daad mud stect <015
2. Mild Steal (MS) 0.15-~03
3, Medium earbon steel 03-08 T
4. High caubon sicel (or hard steel} | 08-15 )
{=1% is cafind as east stodd o 100 steel)
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Propartles and Uses of Various Types of Steel

Mid Steel

= Iris also known as Jow carbon sleel or soft stecl.

¢ ltis malleable, ductile, tough and more elaslic than wralght iron.

s licanbe lorged and welded,

* Jirusts quickly and can be magnetized permanently.

« i specific gravily is 7.3, ultimate compressive slrength is 800 - 1200 Nfmm? and ultimate lensile
strength is 600 - 800 Nfmm2,

« Itis used for manutaciuring rolled seclions, reinforcing bars, rool coverings, sheet plies and rails.

High Carbon Steel

« Carbon canlenl varies from 0.55 - 1.5%.

+ [llis also called as hard steel.

«  llis lougher and more elaslic than mild sieal.

*  liis diflicull 1o forge and weld,

» [ts ultimale compressive sirength is 1350 Nfmm? and ullimate (ensile strength is aboul
1400-2000 Njmm? and specilic gravity 7.9,

+ ltis used in pre-siressed concrele members and in RCC.

«  Due toits ability lo take shocks and thus il is used far making tools and machine parls.

High Tenslle Steel

» Here the carbon content is aboul 0.6 - 0.8%, manganese 0.6%, silican 0.2%, sulphur 0.05% and
phosphorous 0.05%.

* Itis a medium carbon sicel.

= Iis ulimate tensile strenglh is aboul 2000 M/mm? and minimum elongalion of 10%.

s ltis used in pre-stressed concrele construclion.

Heat Treatment of Steel

= Healireaiment is given 1o sleel in arder to develop the desired properties in sicel,

«  The properties of steel can be controlied and changed by the various heal reatment processes.

«  Two steel samples with same composition can be given diflerent properties by diferent heat treatment
Ptocess. .

«  HHeat realment is given 1o remove lhe gases. reline grain size, and relieve inlernal stresses and
strains and to enhance Iha strength, duclilily etc.

Types of Heat Treatment

Hardening

« In this heat wreament, steel is healed above Ihe upper critical temperature. holding o at that
lemperature for some tme and then quenching il rapidly 10 praduce a mariensile structure,

s Mazrlensile is the main constiluent of hardened stect and s having librous antl needie ke siruciure.

«  (ardened steel is very brillle and cannol be used for practical applications.
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"The quenching medium is generally salt waler, water or oil depending on the desired cooling rate.
*  This heal realment is given in order 1o have a desirsd hardness up lo a cerlain dapih in sieel.
Tempsring

* - Hardenced plain carbon steel is in ils melastable condition or at equilibrium.

+ 'This hardened sleet is re-healed at temperature below the critical temperature range which gives
sieel in stable condilion,

*  Tempering is used to refieve the surface strains that develop when a thick pigce of stes! is cooled
rapidty.
* .Thetempering lemperature varies from 100 (o 700°C.
»  Higher the temperature of tempering, softer is the resulling steel.
Annealing
* Itis ageneral lerm applied for heating and slow cooﬁng of metal or any other matersial which has
developed straln due to rapld cogling. -

Here steelis heated below a critical lemperatura such that strain re-crystallization occurs and then
cooled down,

* Normally Ihe heating temperalure ranges from 500 to 600°C.
*  Annealing imparts ono or more of he following properties in stest:
- liremoves strainintroduced dus to rapid cooling,
- ltimparts sofiness, ductlity and malleability.
- It removes gases.
- Itmodiflies eleclrical, magnotic and other physical properiiss of siee!.

Normalizing

*  Here sieel is heated above crilical range and cooling down rapidly in air but at a rate slowar than

critical cooling rate,

This heat veatmen refines the grain structure resulting from solling, forging and other manufacluring
processes.

Rolled Steel Sections

= Steelsections can be rolled inlo various shapes and sizes in the rolling mills.
¢ Seclions are rofled in suc:h away Ihat it gives large section modulus with minimum cross seclional
area, .
IS Handbook No. 1 gwes varigus rolled steel seclions such as | section, Tee section, channel
seclion eic, !

1

Reinforcing Steel Bars

Concrele being weak in lension requires steel as reinforcement to lake up the tensile stresses,
*  Renlorcing bars are available in various diameters and steel grades.

*  Effecliveness of reinforcing bar steet can be increased by the use of low alioy steelor by mechamcai
strenglhening or by heat ireatment. ‘
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*  Mechanical sirengthening is done by stretching, drawing, twisting etc.
= Healreatmentincreases strenglh gnd improves mechanical propertias of steel,

Types of Reinforcing Steel Bar's
Mild Steel

Plain mild steel (designated as Fe 250} «smora duclile than HYSD bars and absorbs shocks belier.

s ltis supplied as plain, round bars.
« 15432 (Part - I}: 1982 lays down spkcnf'ca fions for mile! =ce! bars, K
* Thesa bars are usually available m%tamem 15 ranging lrom B mm o BC mm,

6
High Yield Strength Dalormad {HYSD% Bars
These bars have ribs i.e. defarmations on ils surlace which checks the longitudinal movement of
bar in concrete. g )

¢ Thesebars formbelter bond with cénue;e

*  These do not have a definite yield gfomt.

+  HYSD bars resull in higher tenslle stf'engm. bond strengh and yield vihén lwisled either hot or cold.
o' Cold wisted barsaremomsmtamélar building purposes.

«  Cold twisted deformed bars are ret?rred to as TOR stes! bars.

»  TORsteelis high strength deformed bars with high yield point and bond sirength.

Thermo-mechanically Treated (TMT) Bars

These are exira sirength reinforcing ba:'s, . )

= Here steel bars receive a shart intensive cooling as they pass through water codling systern aker the
last rolling mill stand,

+  The loweriemperalure makes lhe rmret surface hard.

»  The processal intensive cooling is {oﬂcwed by copling in ai mosphare sothat lemperaxure ofcoreis
siill hot.

+  Thusthe surface gets lempered by tne heat coming from the core,

« Duelo rmpreved properliss ot high'slrengih along with oughness and duclility, TMT bars are betar
than mild steet bats. -

»  TMT bars can resist lemperature up lo 5007C wilhaut any loss of strength.

«  TMT bars are more ductile than cold twisted deformed bars.

¢ THMT bars have excellent bending property duelo uniform elongation.

« These bars have very good weldability.

»  They do not sulfer the toss of sirength at the welded joinis. i

= Thesa bars can easily be welded with cold twisted bars.

s Forihese bars, no pre-healing of post-heating is required during the swelding process.

= Because of high strength of surlace layer, these bars resist fatigue ioading and dynamic Ipading
more efficiently. i

*  Stcethese bars arc thermally hardened and thus are suitable al locations that are lire-prone because
of thermal stability of the heat reated surface shiuclure.
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Alloy Steel
* Al the desired properties in steel those are required lor structures are not available in any single

lype of sleel,
* Inorderto develop cerlain specilic properly (ies), a combmahon of metals or melallic substances is

done which is calied as an allay.
¢ Analloyis a lype of mixture of two or mare melals.

Table : Different lypes of alloy sicals
S.No.| Typa of Alloy Steel | Composilion Propartios Usca
.| Stainless steal Chromium 16% Harg, lough, olastic, ecid | Utensits, batl bearings,
resistont and nst proof dios elc

2. | Nicke! stoel Nickel 3.5% More olaslic, high lenslio | Automobile and
steegth, more hardness | eirplana pads
and morodudtility

3. | invarsteel Nickel 30-40% Low cocfiicenlof thermal | Procision istranonls,
oxpansion moasuring tapes clc.

‘ 4. | Vanndium steal Vonedium 0.1-2% High tonsilo ond yl-ld High spoad 1ools,
soltnnlng at h-gh chasss, :lulomobli‘es
. lemperalige el

5 | Tungsten stedd Tungsten 14-26% High outting  hord, Drilting , high
abroslonressiont spood (00fs olc.

6. | Maogonese stee! tManganesa 12415% | Hard, (ough. sirang, Railway poinls ond
ditficult 10 machino, high crossmgs mliling
ofectrical rusi crushor

jaws rofler ele,

7. | Molybdenumstocl | Molybdenum 0.2-0.3%] High tensie stength ot | Gears, axlos, shalis
high lemperaluro o1c.

Other Construction Materials

These bars have high percentage of uniform elongation,

They are highly recommended for high rise buildings due to saving involved in steel because of high

strength,

Novr a days, we have therma mechanically ireated high strength corrasion resistant (TMT-HCR}) bars,
TMT-HCR bars are concrele embedded bars thereby giving superior resislance against aggressive

weather condilions.

TMT-HCR bars hava high thermat resistance even al lemperature of $00°C.

Stone

Stone is a natwral, hard substance formed from mmerals and earth material which are prasent in rocks.

Stone can be classilied as:

Igneous rock
Metamorphic rock
Sedimentary rock




s Igneous rock is formed by the crystaliizalion of mollen magma for exampie granile, They are also
knawn as primary, unslratilied or eruplive racks.

*  Mstamorphlc rocks has undergone a change in structure, lexture, or composilion dua to the natural
agencies. as heat and pressure, especially when the rock becomes hardar and more crystaliine, as
marble and slate.

»  Sedimentary rock is formed by (he deposition of sediment by glaciai action, as limeslone, sandslone
and shale. They are also known as aqueous or stralified racks.

Stone is used in construclion in the fallowing lorms:

{a) Ruhble (b) Dimension slone

{c) Flagstone {d) Crushed slone

(a) Rubble consisls of rough fragments of broken stone that have al least one good face for exposure
in a wall. .

{b) Dimension stone is quarried and squared stone 2' or more in lenglh and widih and of specilied
{hickness, used commonly for wall panels, cornices, copings, lintels and flooring.

{c) Flagstona refers lo flal stone slabs used for llooring and horizontal surfacing.

{d) Crushed stong is used as aggregale in concrele producls.

Types of Bullding Stones

«  Aggillte: It is formad from clay, dark blue with aint shades of green. It is used for floor tle, stair
threads, coping slones, Interior vall base, inlefior window, slaols of exlerior and window sills,

»  Granite: llis igneous origin, hard, sirong, durable and capable of taking high pressure polish. Reg,
pink, yellow. green, blue, white and browin, It is used for floaring, wall paneling, column, muilion
facing, stair threads and flagstone, :

¢ Limestone: )t is sedimenlary rock like dofomite which have no cleavage lings, low in absorgtion,
smooth, uniform in struclure & composition. They have high compressive & tensile strength. itis
used lor wall & lioor surfaces.

¢ Traverline: It is sedimentary rock, pleasing lexiure with small natural pockets on a cul surface.
They are used for interior decaralive stone,

*  Marble: It is metamorphic rock, a re crysiallized limestone forming into carrara, parian, onyx and
vermont types of marble. They are used for floofing. wall & column facing.

* - Sarpentine; itis igneous with mineral serpentine. Tupically, olive green logreenish black butimpurities
may color the rock. It is used only for interiors due to weathering,

e

= Sandstone: Itis class of rock of cemented silica grains with texiure ranging from very fing fo very
coarse. Colors vary from bull, red and light brown, Porous where as 30% of volume composed of
pores. I




8.

*  Siale Rock: itis miamcrphmié%i clays and shale de&bositéc_} 1 layars. May be separated Into
thin, lough sheets called slates. Gotors are black, gfeen red, gray, or purple. It is used for flooring,
window sills, slools, stair treads & facing

PR ;’.1- oo G reat =~ o

Stone Construction z "

Largely used as facing for building materia; with sleel and snnicrete frams.

Application Catagorles : §: ;
{a) Paneling U (b} Ashlars ‘

{c) Rubblework ¢ Tnm

{a) Paneling: Thi siabs of stone culjo aimension and thickness le cover back up wallg and provide
finished exterior. It can be done i oliowing ways, ,
Running Bondis amasanry bond'formed when all units are laid in streicher position, with a hall-unit
overlap. ‘

Stack Bond is a masonry bond {ormed whea therais no overlapping of all units and all horizonlat &
vedicai joinls are afigned.

{b) -Ashiars: It's work requires the use o cul sione that includes broken ashlars and are regularly or
irregularly coursed. 1 !
Coursed Ashlar: Ashlar masonryaid cut in courses of zqual height; nlocks of various sizes may
be combined to make up the height ol the caurse.

A 70
i LI

Random Ashlar: Ashlar masonry laid wilhout regular courses but with an overalt elfect of horizontal

orientation.

(c) Rubblework: Random and no allempt is made to produce an arderly course either horizontal or

vertical. Small spaces are lilled with smatler stones.

Coursad Aubble: Fieldstone or roughly dressed slone, with
effecl of courses,

Fisldstane; Sione lound on the ground (i.e . not quarrizd) th
as drywall or rubble masonty

or without martar, assembled to give a

atis a suitable size and shage lor use
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(d} Trim: stones cut for specilic purposes like: .
jambs, sills, copings, cornices. lintels, steps and arch stone (voussoirs) -

Glass

Introduction ’

»  Glassis alransparenl or ranslucent non-crystalline substance made lrom silica (sand), soda {(Na,CO4)
and lime (CaQ or CaCO,). }

«  Wnen heated glass does nolmell ata specific lemperature bul becomes plastic so that when hol
can be moulded by blowing, casting. relling or exirusion. ;

«  When cooled does nol crystallize or solidity al a fixed temperalure. Glass is a super cooled mould
wilh a very high viscosily.

« Glass is amorphous; crysiaine subslances aré opaque as light is reflected from grain boundary.

«  Motten glass shall be cooled rapidly lo ensure amorphous character but not oo rapidly lo induce
lhermal stress. )

«  Pure silica mells al 1700°C, Na,CQ, and CaCQ, are added 0 provide uxides those l;r|ng downthe
meling lemperalure and thus energy inlensive. .

+  Fe.Mn, Cu.Cr, Co, Ni oxides are added for colour conlrol of glass.

Thermal & Optical Propertles )

«  Poor conduclor, thickness being low Iherinal resistance usually is also Iow and low coelficient of
expansion 3.8 x 10 per °C.

« By coaling or reaiment, sofar gain lactar ol glass can be modified.

o Solar gain facior is the ratio of heat admilled to heat incident.

«  Ideais Io allow as much as visibie hght possibie whilo fitering the direct sunlight and heat.

Strengthened Glass

«  Wired glass: wire is sandwiched belween molten glass. ,

»  Toughened gfass: air qlass intertace is placed into pre-compression so that inherent flow does nat
enhance the stress They are produced by thermal (heated lo GOO-670°C)or chemical process.

Plastics

Plasucs are Classilied as:
= Thermo-plastics variety soltens by heat and hardens vien cooled down, 1t can be used by remolding
as many times as required.

1
« Thermo-seling plastics can not be reused . This variety requires a great pressure and momentary
heal during moulding which hardens on cooling.

Thermo-plastics

»  The thermo-plastic or heal non-convertible group is the general lerm applisd 10 the plastics which
becomes sofl when heated and hard when coalsd.

«  Thermoplastic malerials can be cooled and heated several imes.

«  When thermoplaslics are heated, they mell o a liquid. They also ireeze to a glassy stale when
cooled enough.

»  Thermoplaslic can be moulded info any‘ shape.

Thermo-setting plastics

¢ Thethemno-selling or heat convertible group is the generél termapplied 1o the plastics which become
rigid when moulded at suilable pressure and temperature. '

+  Tnis ype of plastic passes originally through thermo-plastic stage. When they are heated in

temperature range of 127°C o 177°C, they set parmanently and further application of heal does not
atter thair form or soften them,

«  Butatlhe lemperature of aboul 343°C, the charring occurs. This charring is a peculiar characlerislic
of the organic substances. -

Based on Physical and Chgmkal Prapertics

« Rigld Plastics: Thésé’"ﬁtasﬁcs have a high modulus of glasticily and théy relain their shape under
exterior slresses applied at normal or moderalely increased temperaluras.

» Seml-rigld Plastics: These plastics have a medium modulus of elasticity and the elongation under
pressure completely disappears, when pressure is removed.

«  Soft Plastics:These plastics have a low modulus of elaslicity and the elongation under pressure
disappears slowly, when pressure is removed. Sofl plastics are available inalarge range of colours,
sizes and particutarly shapes, They are used in making children’s loys e.g: railles eic., fishing
bails. '

»  Elastomers: These plastics are solt and elaslic malerials with a low modulus of elasticity. They
delorm considerably under load at room lemperaiure and relurn 1o thair ofiginal shape, when the
load is relgased. The extensions can range upto len times their original dimensions.

Ad!vantag es of Plastic

»  Corrosionresistance

= Lowelectrical and thermal conductivity.

» Egsily lormedinlo c?hmiex shapes, can be lormed, casted and joined.

« + Wide choice of appearance, colors and ransparencies

Disadvantages of Plasl\ié I

+  Lowstenglh

»  Lowuseful temperature range (uplo GOOPF)

» + Less dimensional stability

«  Ageing eflect, hardens and become brillle over time
«  Sensitive 1o environment, moisture and chemicals
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Uses of Plastic v - L E
*  There are mare Ihan 10000 differant kinds of plaslics available inthe markel and thelr perlormance
abilities span those of every othefknewn malerial frora soft rubber Lo steel.

= Thetypical uses of plastics in building are summarized as foﬂdés:

- Balh and sink units ' '

- Decorative laminates and mouldings

- Electrical conduits '

- Electrical Insulators - i

- Films for water proofing, damp prooling and concrele (iuring

- Floor tites

- Foams for thermal insulation

- Joinlless ficoring

- Lighting lixiures

- Pipestocarry cold water

- Water resistance adhesives

FRP (Fibre Reinforced Polymer)

Introduction .

Basically FRP is composed of fibres and malrix.

Flbers Provide strength and stillness®.g. Cdrbon, glass, aramid.

Matrix Protecls and Iransfers load beiween libers 0.g., Polyostar, Epoxy, Vinyl Ester, Urethane.

Praperties of FRP :

FRP is Anisoiropic: g

*  Highswengthin the direction of the fibers
*  This anisolropic behavior affecls §\e shiear sirength, dowel action, and bond perlorrﬁance
FRP does not exhibit yielding {the rmaterial ia linear efaslic unti failure):
*  Design should account for lack of ductility

»  Member doeshave subsiantial délormabif ty

Composites Features

*  Impenvious lochloride ion and chemical attack

+  Tensile srength is greater that steel

= /4" of Iha weight of stee!

+  Transparent to magnetic fields and radar frequencies
=  Elgctically and thermally non-conductive

FRP flebar

These are fibre reinforced bars that can be used at: ‘

+  Anyconcrale member suscepbble lo corrosion by chioride wons or chemicals !

s Anyconcrele mem;:er requining non-errous reinforcement due 10 Eleclio-magnetic considerations
+  Asanaliernalive lo epoxy, galvanized, or slainless steel rebar's

*  Where machinery will “consume” he reinforced member i.e., mining and nnefing
*  Appiications requiring Thermal non-conductivily

6.95 Ceramics

*  Ceramic is an inorganic, non-melallic solid prepared by (he action of heat and subsequent cooling.

»  Ceramic malerials may have a crystalline or parily crystalline siruclure, or may be amorphous (e.q.,
aglass). ‘

»  Ceramics now include dombslic. industrial and building products and a wide range of ceramic ant.

A Properties
* Theyare hard and britlle
¢ Strong in compression
«  Weak in shearing and lension
¢ Wilhstands chemical erosion due (o acigic or caustic environments
¢ Withstands high lemperalures

B. Types of Ceraml¢ Products
Structural:
= Theselype of ceramics demonstrate enhanced mechanical properlies under demanding condilions

¢ Because they serve as slruclural members, often being subjecled lo mechanical loading, they are
given the name structural ceramics

= This type of ceramics include bricks, pipes, floor and roof liles.
Refractories:

* Arcfraclary materlal is one thal can retain ils strenglh at high temperalures
*  Theyare used inlinings lor lurnaces, kilns, incinerators and teaclors.

*  The oxides of aluminium, silicon and magnesium are the moslt important materials used in the
manufacluring of refractories.

While wares:

* Thisis a class of producls thal includes porcelain, china, pollery, stonev.are and vilreaus lile.

» Theyare white lo ofi-white in appearanca and often conlain a significant glossy of vilreous cemponeanl.

¢ Imperviousness lo fluids. low conductivily to eleciricity, chemical inertness and an ability (o be
lormed into complex shapss are its properties.

Technical: o

¢ ltis also known as engineering, advanced or special ceramics.

¢ llincludes tiles used in space shutiles, missile nose cones, ceramic disk brakes elc.

c Types of Ceramic Products

Crystalling ceramics:
« Theseare not amenable 10 a greal range of processing.
*  Meiheds for dealing with them tend 1o fallinto one of two calegories:

Either make the desired shape by reaction in situ, or by forming powders into Ihe desired shape,
and then sintering 1o form a solid bocdy.

+  Ceramic farming lechniques include shaping by hand, slip casting. 1ape casfing e1c



Non-crystalline ceramics:

* Non-crystalline ceramics, being glass tend to be tormed from mells. The glassis shaped whenina
slata ol wlfee ke viscosity.

»  Methods like blowing inlo a mould is used.

«  Laler haal Ireaimenls cause this glass to become partly cryslalline and this malerial is know as.

glass ceramic which is widely used for cooktops.
Ceraml¢ Products Employed In BulldIng Industry

Terracotta .

»  Alypeof earthenwars, is a clay-based unglazed or glazed ceramic, where the fired body is porous.

s 15 uses include vessels {nolably llower pols), water and waste water pipes, bricks, and surlace
embellishmentin building construction, along with sculpiure such as the Terracotta Army and Greek
terracolia ligurines.

Stoncware

«  Sloneware is a vilreous or semi-vilreous ceramic made primarily [rom Stoneware clay of non-refraclory
lire clay.

Tiles _

«  Atile is amanulactured piace of hard-wearing malerial such as ceramic, slone, or éven glass.

» Tiles are generally used lor covering roofs, (loors, walls, showers, or other objects such as tabletops.

There are many types of liles used for residential and commercial applications.
Rool tiles:

Floor tiles:
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Wall tiles:

Earthenware -~ ' :
¢ llis the lerm for pottery thal has nol been fired (o the point of vilrification and is thus porous.
Porcelaln

* Porcelain (also known as china or fine china) is a ceramic material made by heating materials,
generally including clay in the {orm of kaolin, in a kiln (o lemperalures between 1200 and 1400°C.

Aluminium

*  Aluminium is the 3" most plentiful glement in the earlh's crust
* ltis presentin 8% of the planel’s sail and rocks.

*  Innalure, aluminum is lound only in chemical compounds wilh other elements such as sulphur,
silicon, and oxygen.

*  Pure, metallic aluminum can be economically produced only from aluminum oxide ore.
* 1 lloccurs In all types of clay

Raw Materlals

*  Most useful ore for producing pure aluminum is BAUXITE forms when certain aluminium bearing

rocks decompose. It consisls of 45-60% aluminum oxide along wilh various impurilies such as
,sand, iron, and other metals.

« Some deposits are hard rock, most consist of relatively solt dit that is easily dug from open-prt
mines.

¢ Major producers include Australia, Brazil and Jamalca. Australia produces more than one-third of
the world’s supply. : ‘

* ' Caustic soda {(sodium hydroxide} is used to dissolve the aluminum compounds found in the bauxite,
separaling them from the impurities

*  Thelargest and most lucrative bauxite depaosits are located around the Equator.

1
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Uses as Bullding Materlal
Air lightnass:

s  Sealedfor dust rainwater etc. when closed

*  Hightunctional advantagein air-condifoned buildings

Appearance:

*  Smooth bright finish

Strength:

« Tensile strengths of Aluminium aﬁays is araund 70- 700MPa.

+ Bk does not becoma brillle at Emz’tempwaxures infactits s!renglh increases.

+  Athightemperaiures, aimnimum%slrenmh decreases. Al lemperatures continuously above 100°C,
sirengthis affected 1o the extent'that the weakening must be laken inlo account

Weight: Alurainium is light with a dexisily one third thal of steel, 2.700 Kg/m3

Linsar expanslon: Compared with olher metals, aluminiun has a re1atwely large coeflicient ol linear

expansion

Non-magnetic malerial: Aluminium is a non-magnetic {actually paramagnetnc) material, To avoid

interference of magnetic lields alumirium is olften usod i magnel X-ray devices.

-

69.7 FlyAsh

= Flyashisfinely divided residue tesulting lom the combustion of powdered ¢oat and transported by
1he llue gases and collectcd by Elecirostatic Precipitaior. ‘

o Fly ashis lhe most widely ysed pozzolanic matenal all over fhe world.

» Comprises of fing particles which rise with he flue gases.

«  Oneofthe majer poliulants which aniginate from combuslin

*  Duelorecent mandale ol using poliulion conlrol equipments, these are now collecled using electrostatic
pracipitators and other particle lilters.

Chemical Composition: It is a heterogeneaus malerial containing Si0,, ALO, and Fe,0Q, as major

constiluents vith Ca0 occasionally being the minar constiluant,

Types of Fly ash

«  Class F: Fly ash normally produced by burning antheacile or bituminous coal, usually has less lhan
5% CaQ. Class F {ly ash has pozzolanic properties only.

= Class C: Fly ash normally produced by burning lignile or sub-bituminous coal. Some ¢lass Cily ash
may have Ca0 contenl in excess of 10%. In acldition to pozzolanic properties, class C lly ash also
possesses cementitious properties.

Uses of lly ash ars as follows:
(i) Admixiure for Portland Cement:
= Fly ash. being primarily pozzolanic, can actually replace a percentage of the Porlland
cement, lo produce an even stranger, more durable and more envirenment friandly concrete.
* The inilial compressive strergih is low but as days pass, flyash concrete qains more sieength
and eventually has a lot more strength as compared o normal Porttand cement .
+ Signilicanlly reduces the release of CO, inla the aimosphere.
+ Can be used for consliuction of structures onfunder waler.

" (i} $Soil Slabllization ang modilication:

« Soil siabilization is the alleration of soil properlies to improve the engineering performance
of soils. .

= Stabilization canincrease the shaar strength of a soil andfor canirol the shrink-swell praperlics
of a soil, thus improving ihe loacl-bearing capacity of a sub-grade lo support pavemnents and
foundiations.

(lh) Flyash Bricks :

* Fly ash possesses both ceramic as well as pozzolanic properties and Iherefore can be ulilized
in a unique vzay {or manufacturing bricks.

» This proves to be very uselul for building conshiuction,

s These bricks produced by the new process are superior in quality as they alfer higher cold
crushing strenglh and smoolh, unionm size.




{iv) Asphalt Concrete:

s Asphall concrele is a composite malesial cansisling of an asphall binder and mineral aggregate.

« The hydiophobic nalure of fiy ash gives pavamenis beller resistance lo delerioration caused by
walar.

» Fly ash has also been shown to increasa the stilfngss of the asphalt malrix, improving rutling
resislance ang increasing mix durability. .

{v) Embankments:

»  Flyash can be used Jor conslruction of road and embankmenl.

= Saves lop soil which olherwisa is conventionally used.

« Avoids creation of Tow lying areas (by excavation ol soil to be used lor conslruction of
cmbankmenis), ‘

{vl) Geapolymers;

« Fly ash bas been used as a companent in Geopolymers, where the reaclivity of the fly ash
glasses gencrates a binder comparable 1o a hydrated Porlland Cement in appearance and
properties, bul with possibly reduced CO, emissions.

(vii) As a calalyst:

s+ Fly ash, mainly class C, may be used in the slabilization/solidification process of hazardous
wasles and contaminaled soils. For example, the Ahenipal process uses fly ash as an admixlure
(0 stabilize sewage sludge and olher loxic sludge.

{vili) Wasle Trealment:

« Flyash, in view ol its alalinity and waler absorplion capaclty, may be used in combination with

other alkaline materials toranslorm sevage sludge inlo organic fentilizer or biofuel.

Advantages ‘
As seen above. lhere are a large nuniber of seclors where liyash can be put into use. There are many
reasons for the same like:
{a) Inlerms of usability in Concrele and Cement:
« Highar Ultimale Strenglh
« Increased Durability
« Improved Workability
« Reduced Bleeding o
v Increased Resistance to Sullate Attack
« Reduced Shrinkage
«  Almost zero emission ol greenhouse gases.
(D) In terms of usage as flyash bricks:
+ Reduces excavation of clay. ‘
« Low cost of brick as compared lo clay brick of same guality.
« Number ol bricks required per unit volume of construction is less as dimensional @accuracy
is maintained.
« Lesser consumpnon of mortar.
« Beller resisltance lo waler damage.
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(¢} Other benefils of using flyash;
* Reduces soil erasion by replacing lop soif as ingredients for most conslruclion mixes.
* Reduces pollulion measure by re-use of wastes,
+ Reduces the amounl of greenhouse gases being added lo the atmosphere.
» Hydrophabic nalure helps in proper draining olf ol waier irom roads ang siructures.
* Production ¢f crude oil from polyathylene,
= Alsoused in sewage treatment and generation of biofuel as an allernale source of energy
rasourca.

Dlsadvantages.

*  Groundwaler contamination due 1o runolls carrying ill-realed fiyash.

»  Cannot be used for struclures requiring shorter selting lime, a demand which is expecled by most
of Iha engineers ang builders.

«  Air contenl conlro! plays a vital role and can prove erucial for the qualily of {lyash concrete. Too
' much reduclion in air conltent can be disastrous.

+ jLis very dillicult 1o use in winler season due to further increase in already longer setling lime.

+  Dillicult to control colour of cement containing flyash, Hence, a bit problemalic to use where cosmelic
quality plays a significant role.

Coficlusion

«  Fiyash can be proclaimed as ong of the most advaniageous wasle material.

»  Using il as a conslruclion material will not only help in its disposal bui will also add strenglh and
durability of slruclures.

=, Since, the current usage of flyash in India is still around 25% and below 45% evenin the developed
countries like Uniled States, Ihere is a huge scope for fiyash in upcoming years.

Other Admixtures

The major reasons for using admixiures are:

» Toreduce the cost ol concrete construction.

» Toachieve certain properties in concrete more effectively than by other means.

*  Tomaintain the quality of concrete during the stages of mixing, ransporting, placing, and curing in
adverse weather conditions. ' :

+  Toovercome cerlain emergencies during cancreling operations.
Important Chemical Admixtures

Plasticlzers (water requcem): The organic substances or combinations of organic and inorganic

substances, which altow a reduction in waler conten! for the given workability, or give a higher workability at the
same waler conlent, are termed b-.; plaslicizing admixtures. '

The basic products conslituling plasticizers are as lé!iows:

= Anionic surfactants such as ligrosulphonates and their modifications and derivatives, salts of
sulphonates hydracarbons.

»  Nonionic surfactants. such as polyglycal esters, acid of hydroxylaied carboxylic acids and their
' modihcations and derivatives.



. O!herproduéts. suchas ca:bnhy&rétes gle, :
*  Amount used: Plasticizers are us’;d inthe amount of 0.1% to 0.4% by weight of cement.
e Limilalions: A good plasliciz,eriéfohe which does no{ csuse airenvainment in concyete mote than
1or2%.
& Atconstant workablily: The reducun nin mixing veale: is expecled tobe of lho order of 5% (o 15%.
‘p

NOTE High degtee of workability is requirad on:
i «  Thinwalls of water retaining structureswith high pe{cqnaagp 2 ol sleal reinforcémant

Deep beams. column ang bear: junciions )

Tiemie cancreling ? i

Pumpingolconcrete  * - a

Hotwealherconcreling /.

Concrele Iobe corveyed !orccnsudezab distance and rnready mixed concrete industries.

Superplasticities {High range water ieducers) Superplasticizess constilute arelatively now categary

.- 8 B " o

and improved version of plasticizer,

Classlficalion of Superplaslicizars: | -

= Sulphonated malanine-formaldehyde (ShF)

«  Sulphonated naph{ha!ane-fmmakfeﬁyde (SNF)

+  Modified hgmsutphonafes(MLS}

Amount usad: F’

+  Based on various lypes of superp!asuum:s different 2maount is used.
= lignosuiphonates - nol more than 0.25%

«  Carboxyhc acids -0.1%

»  Sulphonated malaning-lormaldehyde (SMF)-0.510 3% :

s Sulphonated naphihalene-formal@iehyde (SF) - 0510 3%

Hesulls-bensfiis:
¢ Permis reduction of waler conlen! aboul 30% without reducing the workability

s  |iispossibic louse wlc ratio aslow as 0.25 or even lower and yel lo make flowing conerete 1o ablain

slrength of ordor 120MPaor mcre
Relarders: Arelarder is an admixiure khax slows down the cherriical process af hydration so that concrete

‘remains piastic and workable for a longer time!ifian concrete withoul the retarder.

e Relarders are used lo overcome the accelerating effect of high temperature on selling properties ol
concretein hol weathor cancreling. '

*  Very useful when concrele has lo he placed in very dificult condilians and delay may accur in
ransporling and placing.

*  Gypsumand Catciumn Sulphaie aré well known retarders, i

¢« Other examples are starches, cellulose products, sugars. acids or salis of enids.

Limitations: ot
«  Relarders should be used inproper amount. Access amaount will cause indefinile setting bme.

¢ Al normal temperatures addition of sugar 0.05 lo 0.10 per cenl have litlle effest on Ihe rale of
hydration, but if the quanlily is increased to 0.2 percent, hydration can be retarded lo such an exlent
that final sel may nol 1aka place tor 72 haurs or more.

Used ab:

» - Casting and consolidating large number of pours without the fomation of cold joints.

*  Grouling oil wells, where temperalure is about 200°C, at a depth of 6000 meters.

Acceleralars: Acceleraling admixtures are added lo concrete 1o increase the rale of early strenglh

development,

Why accalerators?

*  Permit earlier removal of lormvork

«  Reducetherequired period of curing

= Advance the lime (hal a slruclure ¢an be placed in service

*  Panially compansate for the retarding etfect of low temparature during cold wealher concreling
*  Inthe emergency repair work,

Commonly used malerials as an acceleratar:

+  Calcium chioride {not used now}

+  Silicates fluorosilicates (expensive)

Benelils ol Accelerators:

*  Acceleralors are so powedul thal it is possible to make the cemenl selinto stone hard in a malter of
five minules are less.

«  Withthe availability of such powerful 7oceleralor, the under water cancreting has become easy.

= Similarly, the repair work that would be carried out to the waterfron( struclutes in the regicn of lidal
variations has become easy.

»  The useof such powerlul acceleralors have facilitated, the basement waterprooling operations,

Alr-entralning Admixture:

»  Oneoftheimportani advancements macle in concreteiechnomgy was lhe discavery of air entrained
concrele.

+ Minule spherical bubbles o size ranging Irorn 5 microns to 80 micrans distributed evenly in the
enlire mass of cancrete.

* These incorparated millions of non-coalescing arr bubbles, which will act as flexible ball bearings
and will modify the properlics of plaslic concrele regarding workability, segregation, bleeding and
finishing quality of concrele.

*  ltalso modilies the propetiies of hardened cancrelg regarding its resistance lo frost aclion and
permeability,

The lollowing types of air entraineng agenis are used for making air entrained concrote

*  Natural wood resins

»  Animaland vegelable fats and oils, such as 1allow. ofive oil and {heir (alty acids such as steane and
oleic acids.

¢ Various welling agenls such as alkal salts ar sulphated and sulphonaled organic compaunds.

*  Waler soluble soaps of resin acids, and animal and vegelable fatly acids,



Miscellaneous materials such as the sodium salis of pelraleum sulphenic acids, hydrogen peroxide
and aluminium powder, etc.
vinsol resin and Darex are the mosl importani air-entraining agents.

The Eftect ¢ Air Entrainment an the Propsriies of Concrete:

*

Increased resisiance 1o freezing and Ihawing.
Improvement in warkability.

Reduclion in slrenglh,

Reduces he lendencies of segregalion.
Reduces Ihe bleeding and laitance.
Decreases the permeability. - [
Increases the resistance 1o chemical attack:

Permils reduction insand content.

Improves place ability. and early linishing.

Reduces he cement content, cast, and heal of hydralion,

Reduces the unil weight,

Permits reduclion in water canlent. -

Reduces lhe alkali-aggregate reaclion.

Reduces the modulus of elasticily.

Damp-proofing & Waterprooling Admixlure: In practice one of the mosl Imporlant requirements of
concrete is Ihat 1 must be impervious lo water under two condilions; .

Firstly, when subjected 1o pressure of waler on one side.
Secondly, lo Iha absorption of surlace water by capillary aclion.

Waterproofing admixtures are available in powder, paste or liquid form and may consist of pore Mling or
water repellent ratesials.

Chemically active pore filing materials: siiicale of soda, aluminium/zinc sulphates and aluminiumn/
calcium chloride.
Chermicaliy inaclive filling material: chalk. lullers earlh and talc. '

Pozzolanic Malerials:

Siliceous or siliceous-aluminous materials,

Lillle or no cementilious value, .

In finely divided form and in the presence of maisture,

Chemically react wilh calcium hydroxide iberated on hydration, at ardinary temperature, o form
compounds, possessing cementitious properties,

Nalural Pozzolanas:

-

Clay and Shales *» Opaline Cherls

Diatomaceous Earth » Volcanic Tulls and Pumicites.
Artificial Pozzolanas:

Fly ash »  Silca Fume

Rice Husk ash + BiastFurnace Slag

Melnkaoline o Sutkls

Silice fume: it is a product resulting (rom reduction of high purity quanz with coal in an electric anﬁ
Iurnace in the manulaclure of sllicon or terrosilicon alloy.

Effect on [resh concrate:

.

Micro silica is initially preduced as an ulirafine undensified powder
Al leasl 85% Si0, content

!Mean parlicle size between 0.1 and 0.2 micron
Minimum specific surface area is 15,000 m%kg
Spherical particle shapa

KRS oy B 2

!The increase in waler dernand of concrete containing mu.crosiicz il be about 1% for e.:;ry % of
cement subslituled.

lead 10 lower slump but more cohesive mix.

maka tha resh concrele sticky in nature and hard io handte.

large reducrion in bleeding and concrete with microsilica could be handled and transporied without
'segregation.

1o plastic shrinkage cracking and, thercfore, sheel or mal curing should be considered.
produces more heat of hydration al the initial slage of hydration.
the lotal generation of heat will be less than that of reference concrele.

EHecl on hardenad concrete:

.

Modulus of elaslicity of microsilica concrele isless,
Improvement in durabliity of concrele.
Resislance against frost damage.
, Addition of silica fume in small quantiies actually increases the expansion.

Usad for:

Rice husk ash: Rice husk ash is oblained by:

s Material of future as rﬁinural addilives.
Amount used: i, '
10% by weight of cerhem.

Canserve cement

Produce ultra high sirength concrete of the order of 70 to 120 tPa.
. Increase early strength of fly concrete.

Contro! alkali-aggregate reaction,

Reduce sullate allack & chioride associated corrosion.

, Burning rice huskina conlrolled manner without causing
environmenial pollution,

It greatly enhances the workabilily and impermeability of concrele.

Conlalns:

*

Amorphous silica {&0% SiO,} in very high proportion when burnt in controtied manner,
5% carbon. * ~

"2%K,0.
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Reduges susceplible ta acid altgck arrd improvos resi slance lo chioside penetration.
Reduces large pares and porosfly resuling vary low parmeability.

Reduces fhe fiea lime present irriha cemenl paste.

Decreases Ihe permeability of :i’syslcm

Improves overall resistance lo CO, attack,

Enhances resistance tocormsiiéf steplin concrete.

Reducing micro cracking and improving lreoze-thay! ¢ asistance. i
Improves capillary suction and acceleraled chiloride ddfusmly 1

Blast furnace slag i

Blast-furnace slag is a nunmetamc product consisting essentially of silicates angd aluminates of
calciumand other bases.

The molien slag is rapidly chiled by quenching in waler to form a glassy sand hke granulaled
matatial.

Tho granulated material when f{:nher ground to fess than 45 micran will have specific surface of
about 400 to 600 cm?/ kg (Bizing),

Effects on fresh concrete: 3 !

-

.

i

Reduges the unit wator content nocessary to obtain the same stump,

Water used for mixing is not immiedialely lost, as the surface hydra;ion of slag is slightly slower than
ihat of cement.

Reduction of bleeding.

Effects on hardened concrats:

Retlucett heat of hydration :

Retinement of pore structures

Reduced pereablliies lothe eﬁtemal agencies
Increased resistance lo chemicdl attack

Metakaolin:

Etfects of Metakaolin:

Highly reaclive metakaclinis made by waler
processing lo remave unreactivd impurities to
make 100% reactive pozzolan. ’

Such a produgt, white or crean in colour,
purified, thermally aclivated is called High
Reactive Metakaolin (HRM).

High reaclive melakaclin shows high pozzolanic
reactivity and redustion in Ca(OH;z evenas early
asone day.

Ths cement pasle undergoes dlstmct clensification.
Densilication includes an increase in sirenglh anc decrease in permeability.

Use of Melakaolin: .

Tite high reactive melakaolin is having the polenkal to compete with silica lume.

* Ojéciive Brain Teasers -

Q.1 Vichal the tollawing is the crudest form of iron?
{a) Wroughtiron {b) Castiron

(c) Pigiron (d) Stee!
Q.2 Theultimate lensila strength (in MPa) of mild steel
is about
(a) €00 {b) 800
{c) 1200 {d) 1600
0.3 The_____isusedinihe manufacture of rails.

{a) Vanadium sleel
{t} Manganese steel
(¢} Tungslen steel
{d} Invarsteel

Q.4 Melling peinl of casliron is about *C.
{ay 1500 (0} 2000
{cy 1800 (d) 1200

Q.5 The moslpure formotironis
(a) Castiron (b) Steel
{c) Pigron (d) Wroughtiron

Q.6 Nuts and baolts are made of
{a) Wroughtiran {b) Castiron
{c) Vanadiumsleel {d) Invar stec

Q.7 Indian Standard rolled sleel seclions are made
of
{a} Pigiron
(b} Manganese stee!
{c} Molybdenumsteel
(d}y Mild sleel

Q.8 Which of Ihe lollowing reinforcing bar 1s mosl
suitable in aggressive environment?
(a) MSbar {n HYSDpar
() TMT bar {d) TMT-HCR bur

. Q.3 TORsteel bar is anather name given to

{28) MSbar

{n) Cold tvisted deformed bar
{c) TMTbar

{d) TMT-HCR bar

.10 In plana parts are generally manufaclured from
(a} Nickal steel (b} Manyanesea steel
(c} Vanadumsteel (d) Tungsien steel

Q.11 The process of heating the maota! followed by
gradual cooling o relieve slressos thal get
developed due 1o rapid codling 1s referred (o as

(a) Nomnalizing
(c) Annealing

{b} Tempcring
{d) Hardening

Q.12 Re-heating ol hardened steel below cnlical
lemparalure lo have slable condilion in steglis
called as
{a) Annealing
{c) Hardening

(b) MNormalizing
() Tempering

Q.13 Thetolalimpurities in wroughtiran are limited 1o
%.
(a) 05 {b) 0.15
© 15 {d} 2

Q.14 High lensile steel is | carbon steel,

() Low (&) Medium
{c) High (c) Veryiigh
Q.15 Siainless steel conlains
ta) Ni o) &
“e) Mn {d) Mo

Q.16 Malch List-l {Admixtures) with List-It (Chemicals)
and select the correct answer using the cades
given below the lists:

List-l

, Water-reducing admixture

Adr-entraining agent

. Superplasticiser

. Accelerator

List-Il

Sulphonated melanin formaldehyde

Calciumchlonde

Lignosulphonate

Neultalised vinsol resin

go®r
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Codes:

A B cC D
@ 2 4 1 3
oy 1 3 4 2
© 3 4 12
@ 3 a 2z 1

Q.17 Consider lhe following stalements:

The effect of an air enrainment in concreleis lo
1. increase resislance 1o freezing and thawing
2, improve workability

3. decreasestrength

Which of 1hese slatements is/are correct?

(a) 2and3 {b) tand3

{c) 1alone {d) 1.2and3

Q.18 Assartion {A): The use of lly ash as an admixiure

in concrete reduces segregation and bleeding.

Reason (R): The use ol lly ash as areplacement

of sand in a lean-mix increases the workability

and has no signilicant effect on drying shrinkage

af concrele.

a) boih A and R are lrue and R is Ihe correct
explanalion ol A

{b) bolh A and R are true but R is not a correcl
explanation ol A

(c) Alistrue but Ris false

(d) Aisfalse but Ris lrue

Q,19 Why is super plasticizer added (o concrete?

1. To reduce the quantity of mixing water.

2. Toincrease the consistency.

3. Toreduce ihe quantily ol cement.

4. To increase resislance to lreezing and
thawing. ’

Selecl he carrect answer using Ihe codas given

belove:

(ay 1.2andq

{c}) 2and4

(b) 1.3and4
(d) 4only

Q.20 Consider ihe following statements:

Admixtures are added to cancrete to
increase its strength.

reduce heat of hydration.

detay Lhe selling of cement.
reduce water-cement ralio,

Hoom =

Which ol these statemenls isfare correcl?
(a) 1only by tand2
(cy2and3 (d) 3and 4

Q.21 Match List-l (Name of stane) witn List-1l (Use of

stone) and select the carrecl answer using the
codes given below the lists:

List-l List-1l
A, Granite 1, Oramental work
B. Marble 2. Ballasi
C. Chalk 3. Rough stone work
D. Latedte 4. Manufaclureol cement
Codes

A B C D
a 3 1 2 4
o 2 3 1 4
© 2 1 4 3
{dy 1 4 2 3

Q.22 Tha texture of sandsione is

(b} conglomerale
{d} granularcrystalling

{a) porphyritic
(c) vesicular

Q.23 The crushing sirenglh of a good building sione

should be at least
(a) 50MPa
(c) 150MPa

{b) 100MPa
(d) 200MPa

Q.24 Asserlion (A): Fly ash bricks are used in

construction as allernatives to burni clay bricks.

Reason {R): Fly ash bricks are lighter in weight

and are slronger than burnt clay bricks.

(@) BothAandRare rueandRisthe correct
explanaltion of A

{b) BothAandR arerue but Ris nol acorrect
explanation of A

(c} Aistrue bul R is (alse

{ch Ais lalse but R is lrue

Q.25 Match List-1 (Melals or alloys) with List-1§ (Their

common use} and select the correct answer using
the codes given below he lisis:
List-l

Steelbars

Zinc

Aluminium

Brass casfings

Ssow»

US‘-_‘“
1. Waler laps
2. DoorFrames

3. Relnforcementinconcrete
4. Corrugaledreol sheet

Codes:
A B C D
@ 3 1 4 2
o) 3 2 4 1
1 3 4 2
{dy 3 ] 2 "1
.26 The coetficient of inear expansion of graniteis in
the rango of thal of
(a) glass {b) mild stese!

(¢} highcarbonsteel {d) bamboo

Q.27 Polyvinyl chtoride (PYC)isa

{a) Ihermoselling materiat
{b) thermoplastic material
{c) elaslo-plastic matsrial
{d} rigid plastic material

o Ennsers
1. {c) 2.(a) 3.{b)y 4.{d) 5. (d)
6. (a}) 7.{d) 8. (dy 9.(b) 10.(a)
11, (e} 12.{d) 13.(e) 14.(b} 15.(b)
16. {c) 17.{d} 18.(c) 19.{a) 20.{d}
29, (c) 22 () 23.(b) 24.(a) 25.(d)
26. (a) 27.(b}

SO0 T A B sofution
18. {¢)

The lly ashis the residue {rom thae combuslion of
pulverised coal coltected by the mechanical dust
colleclors or efectrostalic precipitators from the
lugl gases of thermal power plants. The principal
conslituents of Ty ash are: |,

Si0, . 3060%
AL, D 1550%
Cabon  :  upto IF7%
Ca0 : Small
MgO . Smal
80, : 0%

The fiy ash may be used in c'm\prem either 3s an
admikure or in part repfacement of cement or fine
aggregate.

18.

Use of right-quality of ity ash resulls in reduction
of water demand for desired slump, Thus 1
increases workability. With reduciion in water
content, bleeding and drying shrinkage will also
bereduced. '

{a)

Superplasticizers, owing 10 the reduction inw/c
ratio, reduce the penelration ol chicridas and
sulphate inlathe concrete and, iherefore, improve
thoir resistance to the deciding effect of salt or
seawaler.

20. (d)

21.

26.

27.

Admixlures are essenlially classified as waler
reducers {plasticizers}. set-retarders and
accelgrators. The purpose of water-reducersislo
acrieve ahighor srength by decreasing the waler/
cement ratio. Set-relarders are admixiures which
delay the salling of concrele. Acceleralors
accelerate ihe hardening or the development of
early strength of concrele. However, reducing the
heat of hydration is nol the main purpose of
admixiures.

(c)
Chalk is used as a colouring malerial in the
manulaciure of Portland cement.
Laterite isused as a road metal, in rough masenry
workelc. :
(a)
The linear thermal coelficient range is 6x 10810
10 x 10°% {or both glass and granite.
{0} :
Thermoplaslic or heat non-converlible group
means that the plastics become soft whenhealed
and hard when cooled.
Thermosetting or heat convertible group means
thal plaslics become rigid when moulded al
suitable pressute and lemperalure,
Rigid plastics have a high modulus of efasticity
and they rotain their shape under exiemal stresses
application al normal or madlerately increased
temperatures.
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