




























Unit- R

SHregtA and Durabi li F Conerete

&usliy
diortnk pas causes - EFects da elimate,

assmante pr orCrebe -- Srargh, Durabi -craks

Lenperabura stainel eleiiabes benyptative, Lorrosion

RsSnante
negemehE sysfam, Whueh inere

Seavte w
whizh ircreases

Corfielerte bhat a naterial, Pradct or Seev wil

Conforn o speafied eguremurts

outlires hz ommitmenés, Polioies, designated

2sponsibFes and eguirements F he awrer.

The onstruchon shoutd esults n satisfacoy

Strergtk, Serviceatiliy ard long term duwabiliy

So as loner he bverall Lipe ele cost.

*QA in lonSruchn 2chvity reslts o Prper desijn,
QA

use f alepuabe matonals and onponents so he spplito he syppliiz

tha prduters, Preper Workmnshyo inhe erecukion

WogkS by i brtrattor and uieietal, Propeu cau

e Sructnsincludiag rely

haintrante f reparn by he owner.

A 4Qe would Lnvole both ha rpnés a wela-

ha outputs.

Lnputs a2 wala-

La ha orm G matovis br bncrete
nprots
Workmaship in au Stagis F batehi, mixiare

éransporation, Plavirg, comppattern and Cirg, ane

Tha etrded plan, machiney and upments,

esultin he Onbput he form f onereka

place,



*QA Plan 3ha olafina tha Easks and esponsibiltie

al ersons avo|ved adaguabe antro/ ard
Checkurg Pradures and H ganzatten and

maintainisg adezucke decumentaten F he

building Pwss and iEs nsuLts.

Tha locumentation Should Jererally nclude

Test Yepors manuacwmars oyhitcote for
meberials onereka ik dasgn,

Pour Coands pr site organizoti on ano
leanenca er CnerRa Platemere

Recor Site Lnspeetion workmanshp
Fieldd bests.

Non - Confer mani2 rapors, Change orders

uals ty Contr charks.

Statis tical analsis.

Nead for uali ssunance

76 ive Jood nfprmance and Parane thaoughou
Its intendesarcl appeanante hAoughou

The ciont requires E in promoti9 his hext erginn*

Sehemne

Tha dasignen dafards on it er ha rePutation aná

Paf-ssional statiSFactEion.

Ta material Producar is nfluenwl by tha Quar

Work n hs feakuu Sal2s.

the Qua

*Ta balding Conkractor also relieson t,

Prohhota his aarizakion an Po curing Futue
ten Cenpli caleolbuk his task

imCentacts, Sekeduing and cosésProblems



MosE Soults v Stretmas cten butable

desgn errors and PooT WorkmanshP on si ja

with oly lo be due o nadsgate matovals.

Causes dasign Suds

Mis-interpretati on ceres eads

*Lack Joeo
Cormmunication /w mmbers 7 Ha

dasign taam

* Mis-dterpretation design standands

Codes Practie.
** Use Fin orre ct er out - F-aLaLe data,laka

*Production an raferen te Lnadeguate

and imprecise speciticakI s.

causes Pauul séneoz
*Mis -interprekabion dasign irawiGs or

Speiteatins.

*lak esfeczive Commnication wi7h SiujPpliers

and Sub conbmeors.

*In Sufit2ent co-orleration Sub tortycted work.

nadepuake onsise SuperVision.

Poor wovkmanship de to inadezuake shis ard

eeperien F he laboua for ca Satisfaeoy

instructiens.

Conpozenbs Qualty maragamurE Sy3fem (Ms)

*aualiy Aasnana. Plan (RAP) @p)

*Quality Contrrl Pwcass (ac)

*ual'ty Audit (aA)



uallty assumane a (aAP eDa)

*Th guality assmanu plan Starts from he planningth planning

and esign stoge

*I can be defined as a Pavtadure Fer selecting1

a level f uality roguired for a prject.

Th Following aspects shoud be addressad 4y AP-addressed 4y aAP

ogani zationel set-p
4 authriies

ResPensibi]ittes g Personpal

uality ontro) measues in etesiga incjudigzdentification o-Drdinati Personal
includiy

Field changes.

EStablishn2ant e controlled norms aceeptana

an rejection eriteria2 or material.

Tnspection Prgrammer for veritication F

Cortractual Compliane ineluding acceptana

rejection.
Samplin9 testin9 deumentatio and materia

qualificabion.

PrePLrabien, submission andd maintenanta

ecores a al sogaS.

ua H assman ta acEnt as start

Planning dasign stage.

The Preet ineluding i design rawing 4

ePeciSicakion by n inAapenlent.

uat onbrol_plan
is

Proteclures szandards
System

which he coneractor tha ProducE annufacture
erginee2r monitos re Properties

Prooluet.
Grantnally ha cortrac&ing gen is responsib)e

for he e Prouss.



Adentractor 2sponsible for uuality corbro
incurs a cest for it, Which is less han

tRu unconerrlled cost for

aecive wOTkmanship
dagectiye material.

correcting t
Yeplaung

*r implements tfe uatuty Plan by hose

hec essay for Confermana zo esabishad
actions
Teqirements.

Prduct manufacturer material Proass or a

he lhe menitor The pmperties Ffinishel
Work,

Ac is the esponsibility Fhe contracting orgarizali

The contracting organi2ation is alse responsible
izs Sub contrattor

a ac aetiViEias elateol
y i Parfoming

Tha crtrol systam t be used by i peforming

design, Pnchasing fabreation, Pnduction f

o thar Lonstrueion acdivies for the
4Concre£e

Centractual respensibiliAas.

ua ty Audi'z (Znspert'on eheck

Z s a ysem tracking and locumeneabion

guality assurana 4 AC Prgrams.
and doeumertaion

braching

uality Audit covers bo h ha de

as ha Conskructin Phase.
be th he dasign as Per

as

The F eality managemant en compasse s

Cenep
and elencane F ha Prejec

ualty managamunt clepends on available

constructon teeknole?y.

Lobal priec

Con ept ef

maberials
responsibility Protass oWher.

Both lesgn and cansénetion Poasses Corzas

Lnder his Prass.

The concapt eF aA encempasses the Paieet as a Whole



R.easons ors Poor ualty Constrictjon

*Poa materials workmanship

Poor architeetlal or stnctmal dasign

*Poor datauung aT reintortamant
CamanE onkent It should be minimum ef 3oe ka/

Fconereke

Extass Waker te cumant raEio >IL should ro2 extod
bouk so f the weisghe
Cement

Znadeguate lompacton ef conerate

Inadaguate
*Tnadeguat2 over o relrfortamrant,

PooyPooY or ne SupervišiDpn

lack og technical krowledge t buildingbuilding

kea.
Contracto 4 h's spervisI team.

Poor n alhdtenantz2

Design errIS Construtn erors

D3n Erros dasign

* Tnadeguate stuetural
Concrete exposest Eo greate

Stress Serain
Foilure Mechonisnn

vi suat înspection
SE error în dasign

+Symptoms
hh cPressive stressa)

torsion Result spauing eT erackr

>hegh Eensi le Stresss - 7esult eracking

*Lack ef albentin
relatively inor design debail

PoeTDesiggn Details)

Peor dasi9n Loading 4 hgh stresses Results

CTacking ullo W Vater-than ereab
chmioalt

Leakag 4 finaly detleeted a ¥ric

Abrupt changes in Section
reentrans Comers

TnsufFiCint eirforcamere ae

4 epanings

adeguba Pmvison for deAleeéon

Enadeuake Pwvi'si'an for drainage
lasleeton



Tn suSFicient traveL in expans/on Joints

Tn toypati bih'ty F materials.

Negtec erep esfact.
Rgil joints b/w Pracast wnit

Unanticipated shear stresses in piers, alurn or

abutmants.
Censtrueti on Eners

*Allding water fo coneret
FormwOrk

* Impoper alignmnt F

nprpeT
Lonseljdation eF Cancreke

mprper rovement formnerk
Trprrer curing

*ImPrpar ocation Freirfprtirg steal
7emoval shores or rashore2s

Preature
setthr ha CoNeLe

sebtin9 F subgrade
Vibration Freshiy Phud concreb2

*
Empmper finishing F flat work

repereies Conrete
onerete*Sthergth

PermeabiJity F onrete
ConLTrete

*Durobility
Therm al Preperty T eneTete

icro eracing coneree
* SEess and strain eeharacteristies e concrete.

shrnkaze temperature esseets

Crep Concret
Acid attack fîre resistan2
ESS LoTescerna



sErerh Concrete.
* rezh coneret 1s defined asskrergth

th vesistante zhat onerete povidas gainst

load s as to avoid failu.

gains

It depends on th we rrbio, qualiry F aggregates

Compaction, curing etc,
strengh

*The Primay facbor that aAfes the
Canmen pasEe,

FLonerete is ha ualityF Cemene ste,

Which in turn, lepends on he qualy wateru alety Water

and lament woed.

7estrengthhab my be develyped by workable

Prapery Plated mixture Camene a9gre9ate

and

workable,

CarmenE, aggregate

water is inFluancad by

mieing Water
Ratio f tmenb

Roeio Coment o a39regate

Gtrading, Surfaca terture, shape, Strength,

and sziffnesS a99 regate Particles

MaximUm si2a F aI9regake

SeatimeS it
zo aad Pozzolana

is econDical
uSe Portland Pozzolana

aneane nstead af

ordinay Cemene Cenerete2

*Pozzolanas ne matenals £hat have Ltele

Camenting Valua buE rich wi th caleium hyaloxide

fom donpPounds that nr Cemrarrtitious.Camortitous.

This reacbion Contrihutes w ul tHmate

Strengh and wvates tighress cenerate.

Inereases th Plasihuty 4 Worabili ty F oncrek

X extessi veaddiHon Pozzo)ounas SeeLs

lurabil ty.

It Shoutd be wed along wh emank as

Poutial replatement or smal PRA tanye.



Constuchon neluoty hecd footn develepmr

Stungh

the Strengh wil be redutedthe* W/L increases

Tesules in drying shriniage, hermal Shinkage,
mooduluo elaohcity f lower erep iaahE

in

he tonerete exhibi s
rRake27

Cament eontent is hiJh
erackina

Cinereae thermal auny Shy

hgh aany trangh - mere eraeking

Stuetmal eracks in Streng th tencret cah be

Coholled by Me Suiient steal Yelnforument
Praehta dcesnet

h haps Aurability cencreka, as Provisi'on

ore sEeel Teiroraman.
*will o rly resuts in ckrs conversien Th

brger cruckks Smaler Cracks.

*Smaller cracks ane éo allowv oxygen, co + moistre=

et in Concrete b affect ong term durability

o Concreke.

Strangtt a mataria
- Ratio z tomen* t mixinq waten

Raio

Grading, 3mfa anture, shape, 8treng th

3Einass E 98regate Ponieles.

Mayinum sie 8aega.

haracteristie strength a Centrebe

Compressiva S=rength

cube -s I5ox ISomrm e) oemm Xloo mm

+ 3o mm huizhlindaY Iso mm dia

Test specimans ae caot, Cune f zested
as Per hu Skandandss

Compressi ve strengti Svan by di&ferent Specimant

Cenereke. mix aa dLferent
E O 8 $ckbe

Srfha S rua-
|Fer inder



Flexural Stranst
Pism looxloo XSoomm e) 1s> ISd X 7°o mm

Determintion e Slxural nsile Strength is

satial estimate Ra load at which

Conerete mnembYS may raek.

Flexwal bynsila sreng Conerek
cenducing a direct tension test

At failme or npture emia a

modulus eF peure by SLardard Lesz.
the

7he esults ae aAfected by ha siza
Casti2, cunéng 4 moistua

concditjons rate p loadig # mameu Loaduy,h speciman

flexmat strngth Fer = 07fek

Tensi)e strength

Direct rathod
To determira

ean be broady elassiPreel as direcé 4 i'ndireck
tensile Strengt F tonerete

direct4 'ndlireck

rokod

Piree muthad suffers fom a num ber op

dipfieutty relaked bo heldiny ha peuun peperly

in hatestiag machine wihouE Cinducing) intodung

nun be

Speumwr Pperly

Stress conantation nd to tha applicatson eF

uni actal Lensi la load Which is Frea fom

eeeantiuty o ha speciman.

Vey Small eeeanhiury F oad wil indu ca

vy
induc

cenerete Fails at apparent zensile Stress

SrangR becaiuse gf

arial fora Cendion and he

bendin and

other than the zensile Stragh beeause F

lisficuthes involved in nducting ha- tirect

Lensi'on Las£.



(i) Zndirect mthad sPliteingest)

The number F indirect method has bea

developed to leterrnire te Lensile strengh.

Direet compressive Forte is applied zo a conrete

Specwmen in Sueh a wy that Ehe SpecènenSpecean

fallsfalls adue to tensile stresesS2resses nduad ip he

SPecdman.

Advantages sleig Test£

It is Simple to Perfom an ive more nifomm

results. than ethst tension est

Tha stxength
dotermines is eloser the actual

*

s eloser o the actual

tensile strangth F h2 Concrete shaE giver

test
molutu

yptMe tess
Cas hng perinn-

*The ame moud canbe wed for

for Corprasin
kenoien teok.

Factors
affectingStrengtk

enceenerete

*size F ha ast specimen

*
garegat 4 FyPe F 49regate

* spport londiions gF ha Speeiman

Condizions
Moisture
*Types F zestio9 machine

ype F
Camanne

Degre
comyaction

* THpe # enirg 4 Teyeratu« eming

Natuu loading.



Durability
he ability ep conirete

*It s defined as The bilrty F conrete

o resisk weathening aetin, ehemical
its

abtack # a ra sion while maintairing itsmaintaining

lesired enginenirg pmpesties.

disferent degrec2s

*Diferent Conerees regire diSfererE degreas

duabil)ty dapanelirg en he
esposures nvionno

and Pperties des)red.

xYPle i Conerete exposel o £idal Sea waker

Conerete ingredlients hein Pmportioning,

w Hram Plaing 4 cmlng

Practie3 4 tt serva enviwnmart laternunenteraetiens

the ulimate dmabili'y 4 ife f conerete

Scm mportant deqradation me ehanism in

Conerete skuetures includes ha Folowing
ineludes tR Foowieg

Freeza - haw damage ( Physical esfects, weathsring

Alkalal - eagregate reattions Cchemieal 2sfects)

atbac Cchemical esfeets)
XSulphate
x micrbiologica indutacl attack Cchemiaal 2ffat

X Corsion reinsoring Shal embedted inX

Conerete (chenical esfects)

x Corbonation onerate

X chloila indued
Abraision (Physical ejpecs)

- Mechanical loads (Physical efee)



Fects duu o c)imate

*Thalack duyabi ity eenerete on accounk eE

Freezin3 thawing action oF froSk is ot

reat importana o Tnlb'a sbandaads.

I is reatest con5idarati'ons in mos pare
considerations 'n mos Par

H Worlol.

The2 rose s2vere. t elimatie attack on toncrete

CcurS when toncrete
Cortaining moiSture /S

Sujected ke le
Sreezing anc ha

G

The capilay Peres in he Cemene pate will
below

treeze, when h anbient
temperature is belowCement paote will

is

h ambient
zemperature

O c

*The gel pores and So
smna, £hat nater freze

hat wateT frazz2

at norma winter
emyeratures.emperatures

trzing
2xpands by 97 f its

hao to9 is
Volume erass
move

frzinj
watey in tho

cafpillaues hao

Coment Paote
impeymeable gh Prssws ne

ha

high PrzSSues
impermeable

exess watey even over

move
hecessay to no ve

distaias.
uite Small

disbanias.
that moveoE G ordee f

Normal
Strargth

Conernte, £haE
movearnt order e

Normas Strargth
Concret

hea bensile

0.2mm is Sufiuent to b ansile
sbrength

the Paote,

contrebe Can bee Proeectad Swm

damage by ha ortrainnone

eishibuted
Hnoufh Tk Cemant pas, wih

Protected fwm freeze- haw

CorrenF pase, with

3pting b/w bubblas not ora tha" o4 mm.
BAaing

mora than O Amm.

*For effecti ve Pw&ection Air enkraining AzentF

(AER) muot be aldecd in ho2 m



eny tha atount F au entrained, whch

can be m n Wer concyee.

*Amount f au
Depend n maximum size 8}egek

Air is entrainud even no AeA is added

The eGfeck is skabili2a ta ain bubbles.ain bubbles.

More ain isetraine otat nge dose AEA-wL a

More
Heghen 8lump More an is entrained.

FinFine a3gregate hawe
manke ol eAfee

*ana is the most inportanb single factor in

am etrainglment

* IF onerete So donse, no iter onraetes
lanse, raernrected

capillay res reeze haw deteroration wil

Use hegh Cement ontent f ow rabioexists. rabio
lowConten

as will ha
intvaductiorm

Willead inhis drection

Silica fuma it woutd be wise o dispenw wit

ain entrainmenk, if

l rectjon
be wise o disPen te wiA

freeze Huw res/Stane S

wanted

ESfecs ue YeratuLreseperabure

*Tha
temperature

ligfferenca with tn a
toncrete

ha

with in a loncrebe

Volue charge.

Structure esul in
disferentval Vofue eharge.
disferential

*when th bensle Strain dw to diSferenaal Volure

change

velurme

Strau due o disfererbial
capacy

extals te bansil2 spaiu capaary S

Concrete, ib will erack.wil rack.

T Contains h kydration f arent, aSSecé e

mass concrate Suehas in lange eelumnS, Piers

footings, dams etc.
in lange columS, Pizrs



The heat hydration e Cercanb cause.

Lnternal
uring

bemperature f concretee te risa

during ha iniial cuing Poriod, that is

usuallyy slightly Wanmr han is smouneigs.

In thick sectiens with rieh mixes he tenperat=

In
rieh miXes ha temperakiE

olisferential may be onsidenable, As he conerete tools

it will y ontracion

*The frez tortrattion during toeling will esult an tenslesult in tensile
Wll

SEresses Whch a Prportional to the benperalurethe beperatuwe

Change, to-esfiiert therma! esponsion, effectia

hrotulus elastuty and degrea g restraint,

tha

h more Nassive stncture , ha greater S

and dagresF

Potential foY
temperature disfexertial

Testraint. reduted y tontrolhng

Tharmally inducel erackiag Can be redutt y lontnling

inbeml teperature detayig the enset

th mavimu7
FCooling by insulatins the fosmwork and epasa

Sufaces, entrolling
the Eensile sEraun eopaaty #

the fosm woyk and
expasas

the rate g ceoliny and rncreasins

cncrRe-,

radieres Cause
deAectjon and

7emperatuee
avtatin in Strietural mmbers, i these an-

SeNous streSSes ean Rsult
estrained
Alowing for mwverert by hoing repery desigrreel

Contactien joints n d orr

wlleviate

designed
naing Propery

cund aorrect debailing wil kelp

Alowing

thase
Problem. If ha cracks lo form.

Remedial naasues
th at form

Stnilan fo hose Jor Cracks

SLncture en Serv/t2.
after



Efecs due o Sustaineel elevated amperature

*Cenerete expards wh increase in temperature

and contractS wi'R decrease bR Lenyeratue.
and

*The range raiatron Ln éemperature vries
from localities, season and ay elay.

The obectionable eracks may b ocem in cenerete

due to entraction ombined wi a affects

shinkage.
*Lnge 4 hamful Stressdevelep diu o deformatio

because terreratur2 ehansges.

*The co-eiurt e thermal expnsion oncrele

depnds on e ype and uankity T urtZuartity amunb

aggregabe, elaive huridity 4 s2es section

Cnerete ae high éerperakure

Tndusthial applicatjon sueh as alumiriwm PluntsPlanks

and bick Works tFhe con may be frequantly or

OccasionallySubjecbed Eo zeperature.

*Thase kmperatuYes ane ikoy tbe oPpliad

inean Peiod.
*Ganenally with4 rathen a ong Peviod.

take airerafE may Sukect

Tet craf£ vertical

ha PaYmant vey hizh. temperabme.

* HeaE may affect conerete, as iha resut

remoral F evaporabla wate
combirud Water

Y2moval

Alteration F tment paste

*Dísption ( bea Srom dis Pasity f expansion

Sresses.
and resul ting tarmal stresses.

Alteration og9TegakR.
chang g thre bend bet rgake 4 ste.Jgregate f rste.

*otRar effects on
Lenperakure2.



Cycles bemperature

essecb en tha rediuction eE strengh eyen longer

eminsg id not impove thaloss.

can have a Pmgressivee

Tensile StrengtA eF éona is mera asLecz by ha

+hat i+s compress Strengh,

*Rise and Sasl +emperatura, tha Cena is

asfectad by întraction ReTmad xpansion,

ding tarmel incompati bi)ity and enhaned eveny

a high emperature,

by

*heaing is Suftiianty apid, hizh Stresses

àan b2 includad hene failw & instobil' y

ma tesult.

OESSeets steal at hiak temperatua

serperature on steel aPpens
sreng

ehonge in jeelet Stress, ulbimate renIh*Tha influene

and modulu elasticitf.

*Tha ehanges depend on the yre F stezl and are

Ireate in Cold- weatkened steazl.
ro

The stzengh aP hot- 2oled sLeal bons ane

reduced iS he beyerature loes rob ach bo

300C. - 6oe c ha yield stess
*A Leperabue Soe

is redutedto tiaerla # ha Werking Sre=

and he e/astie mediutus is duud y )

One -hird.
Bars heated to hes zenyeatunu irtualey recove

hn horma bonperatwre.

heated to SooChave az lower residual

StrengR after ooling to room temyperatune.Bans

* Pre - stress ing wire and stanel stasrts ko

Lose serangh at Isc and may hare Only so7

F vom temperakure strengR when haatal
ko about 1o0 c.



EfFects CerTsion

C) Formation g Whie Patchas

* Coe reaets with CaloH), in thea Cament paste

Sorm Cacog

The Srea movement water cariRS tha

unstable caco owards +a Smfau

Forms white Ratches.

*IE nicates the occumenas carbonation,

Brown Artehes aleng relnforcamane '

*When reinforumenb starts Corroling,
Ssmad.

Loyer a ferrie oxida is rmal.
Fwm Corrosion

This brown Pwduct resulèing Fwm corrosion

moiseure o fa
may PeTmeate along wih moisture to th
may
Conerete Smfate withoue arathing f the tonczek

Cracks-Gocewmenca

The increse in Polre exer+s considarablJe

tfe
Velre exerLs Considerable

Susmunling Lonerete.

bursting
resutbing in eachirg.
bursting PresSure en We uwundling conerete

in the ConcreLe swnfat
The Rain ine eracks in tha Conerete smfa

eirprarrert
ing directy above the

einorarment and

Postv2 vsib/22
Yunneng Parallel to is ha Posit v visib/e
Yunung
indicating thal reintorament is corvding9

inlicate that tha 2xpanding

s corvding

These erasks indLcake that tha expand

rus had easgh rown enough bo spli

tha lonerete.



GFormation e muttiple crachs

*Formation PmulEiple layers t ust on ha

reinfortement nwhteh in urn exert Lonsidarable

Pressune en ha Smounding Conereke esultins

M widening

Conerete rrSultiE

han eracksS.

In adlition, a huyrber of hew har linenurber ef rew hair Alr
a

cracks ana also formadA.

*The bond w Conerete f he
rerrforament

is reducecd.
The

rernorcament

There will be a kollow Sound whn ka
concrete

is bapped at tha Suusac
hollow Sound When tho concrele

Sunfacu wih a ugAF hamneu

SnapPing fbars
* ha Contined nducion n t siza bars

Th

results n snappiI F2 banS.

Tt wili eecmS in ti'es/stirrups first

3 ize e He main bars na

AE is staza, 3i22 s Ha

reduted.

Bueking bars bulging es concratee Concrebe

*ThaSPailing fhe tfe cover conerete
Causes The maun

Loncrele and
bans

e iesSnapping
Eo buckle.

*This results in bulgirg Coereke in that

region.

This Solows calkapsa e ha Stuetwna

*when comsîon veinfor2ment starts,
sthuetune,

tha daberioration is usually slow butbu

advanas in omatricalL Progregsion,

Cerws ion
dua t eduad esP henta relutal load

sanyeng caauy.
Can also cause shnewnal Failu



* Tt is Possible
at an stage by altering tha Cosrasive envipnmank

in tha Viciniiy a reèrdosumet

arrest ha Potess Coyrosien

Efeet dever tiekness
* Substantia eyferien which relates durability

an the amaunt aber
Ta thicker cover over tha steals ha

longer it will kake He chlorida ions o
Passv

eac tha steel4rediva ra PH t Passvi'ty

Pyovieled by the cemnE,

een el to tPe levelopmert
EXCassive Cever vers tress,

ew wida CTacKs under

W here as Cove resinlEs n many
a hanrir

Small eracRS.

Lack of adeguate over Connbutes much
Cover Contibiutes mwch to

Corrosion in an aJgrassi ve nvionment

*A well conypaebel and entinuais, even if than

A

Cover ef sod uai Y comrete en reinforume

S m cowš/on
is Suffiient to Prtece iiE Hom cerwsion.

T S\\owing a reinortamen Aickness

tevers Sor Vonious exels ef epesure.

Fes expasure atleast Somm thicknas

For uderake exposure atleas£ Aom thickness

atleas 3om thiekne

atleaot Lo mm tAieressFor Mild expo nnes

For nermal expasunas



racking will occur whenever Ra tensiletha bensije

Srain, to Whuch conereta s subjectedsuhjected,

exceedls tPre zensile strain Capauity F ha

Concrete.

*Tha ensile Sbrain Capaiity Floncrete aries

with age and with tre rate f appihcation

a stzain.

classisication racks

According to locakion

Bond eracks
*morbas eracks

* A99regate cracks

Based on Tein width :.
lass o.i mm

Fire
Thin

lto e.3 mm

O.3
o o7mm

mmMedium o.7 ke

wide2 Te mmSreaken an

*Voy wide-

yDpending upon thai esfectS+ai esfecS

* class I - eracks Jeocling o suetma failure

eracks cousing ceTosion
function

CoOsion
Cass D

Craeks aIfecting

class -Cracks asseting appearonta

Gv) elassisication intermS e ein eFfecLs

Those eracks whieh indicat IMmeALate

distressStmctuna
Thase eraeks which may lead in tra Long

Tun to a reductlon Saftey, ttnough torosion

Steel.

kead in tra long



*byLeakage, Sound tronsfer, damage bo Sinishes

unsatisfactory oPeratjon twindows 4 aors.

eracks c aesthetically unaceptable

EfecEs Crackis

class I - stnictmal Falu

bele
disfieulty arises in relation.£in relationarises

ndcate that failue is ean and that
Sariousy redeed,

mangin SSLey ane seriousiy redwwd,

in Coneree, nhieh ws expeeked

may have formed n onerh, whieh was expecke

nd zhab
failwe is hean

ne
man

load in s wnerathue

by ha desizrar ko cary load u #s unrackue

Condition.

* Eracks ine ecessanily wida, 4 may Lead
strietune.

he eetachmané g

Class T-causing ceso
ne urdgu Telationshèp bw

on3et

Cralk wit 4

Cosnsi on,

gHulty arises from a nat G Cracks.

For Slexmal members, may esaCkS zcper from

certan Wich at R Smfata eF Ha cencrete

ha naan zao uidh at he SLeal- Concrebe

interale
Flexwmal cracks that m ontolled by He

ovnal dap He bean aae rot i bopered

Shape, and iL Js ukey hat eracks luedue

being Panalla s/'dacd.
a enyerakune f Shinkage ae rrarer



Vanious ypes and Causes CrackS in Concrete

Stuctwne Plastic shrinkage

Settlemant Shinkage

Bleadilg
Delayed cmir

Form work moemnt

Fxess Vibration
- Constructional

--Sub Jrada sebtlarmint-

-Finiskeng

arky Fwbt damage
Cant

unSount mebeials. -Aogate
EXass

silE, mud
f dus£ong torm dyuy Shinkaye

Heat eF hydratie-

Thermal Exberml tampoat

Joints In Gaoek
Moisture movents Elvated Teper

atue2
Frezing fTransitien zUnei thawingg

BioBio gical

Sulphate abtack
stnctmal dusign

daSfaencies Alkala -aygregake
eactie

Ac'l attack

- Saa watar

Carbonatlon
-tclhlevile attack



















































Unit L
speciaL Cendrete.

Eenleuceion:
*Concrete ny be wwed fr soma special Pmpsa fopr

whieh speeial Prpertias aac rore inportant £ar

hormal Conerete.

*Tn erdesbo achieve a speiak conervte, suttobleSuitable

Prnporeiens cherrical end mlnetal aln ebvas a

uaLd, 7his cenerete is caled as spectal coreee

Uses Sperial ceneraE

* SPeciel Cancrete is woed in eeéreme Weathea.

been nwed N lage sructuaes.

* Goat cohesiveness ieky in mixes vey hig

inder content.

* enfanable flexwal sbregh and easeie moduluo

Bettardzurg Shunkage and gniticantly owes ereap

Gcol Protectlon to stal reèrforcemené in high cklonda

env'onent.
* Exellent duuabilit5 in ag9re ssive sulyphate aavisvnnardis

Lew asistana £e de-icing sale scaling.
*Jowey heak eharacteristics.

*Pc Pipes Wh Scol asistana te eherrical abtak.

TyPes special cenerete

*Light werghe Cenerete

*Igh strogh onernta

*Fibra TeinforLad enerete

*Farv cemet
Ready mix anerete

*SIFCoN
Shortcrele
polyaer conerete

High peeforrmaint tonrte
*GsoPolyner erete



iht weght_conertba (2w
Forvm*D2Nsity vanies

*zt is mainly uaed ko realiue he dead weghe F nrk2 .

Wih ama lad eanyig capacity ika normal aneyete.

*TE is achieved ky using Lght waighé apgregate or yby
introducig ar bubbless in mortar or by emiteing #ires.

Cine aggregatee)

Densit ormal Conerela Vianles Prom 2loo 2o 26oo k=

SReS he weighb enernlte

iaht weight as9regate coneebe

*Aerator er callula feamad conemke2

No-fine Lightneighe coneret2

aht Waight aa923 ate cenereteL

aed z ectute #ha lensiy eF conerete.

Natmal ight mught ag97gate ArtiAical lighe Wk aggrefale

( Pumic
Gi) Dia komite
) scoria
y Volcanie cinder

( Saw dust

)ArbiHcial cinler
Coka bræze
(ii) Firarel sag

6loated clay
( Expanded shales 4 Slate

(Vi sinterel Fly ash
Ri' husk (ViExpardecl erliten

Aerator/cellulas/foarmed covertle
ntroducing an er

*This conerete is achieved by

into mortan So hat whan tha mix set.

handens, a uifom cellulan stnictue isJas
and
foamed.

Due lo his callutan sbnetn tha everall wei'ghe

Eha conerete is much nduwd.

Aluminium PoWders, zine ane used zo pvdued

kyodnegan gas.



No-finas ight noighk 9gate

* Omie Lhe fires Fvm Eha conyentional tonerete.

ZEs mens in His conerete tha Fine ag9ragate

ionletoly omited aad made only by cemse Iezate.

Th Tha main am is to Pvdue lage voids insila Zha

Coneree, and suitoble r Pavaneré consérucein.

Aduantages L'zht_ weight laepta

Raduted dead loal e cverete allows lorgea spn.

This Saves bobh labom

*screels 4 walls where timber has £e be attached ky

nailing.
casting Stnctunal skal o Poteet it against im

end ornsion as acovaying for architeckmat

Pmposes.

*Gelves heat insulcrtt'on en vofs.

*usel in nsulati'on Water oipes.

*onstnie= jen s Pantieien Walls and Parel Walls

frame spruemes.

Fixing bicks to 2ceève nails Pwm joinery , mainly

domastie or domest ie syre constniceioh.

Ganenal insulation Walls.

*Zt is also beèng wed r reinferad conereta,

gh strargt conerete(4sc) topressi ve

Shegh. onerebe ae 28 days Watar cunr

ha grrda F eenerete exceads M3s, #hen he

Conereee my be. called as Hgh Strength Conzete.

*High srengh Conerete can be defined y

when

*In general, Pmdluing F Hse is s dissieutt with tha

woe F tonventional makesîals ika camant, aJIregata

and water alona and it cen be achieed by using

chemical mineral admirtues ray one Hhe

Sollowing mehols.



( seading Smalt pzrantage finely 9vunel, Fully

dnated pertland ament fs added zo

Sresh conereta mix.

Gi) Re-vibration - *Mixing water to concret2 mix ereates
Continuous aaPilla channels, bleeding 4
aeeumulates Fwater at sema Seleeted

strangh es tonerele
Plates. AN ase redua kha

*Hensa controllecd re-vibatjon is 3ivan asteer

Suitabla ima and i2 is ineraasing Eha

StrengA F Lonerete.
G:1) Higk specd Slu17y mixing

ThS pmass involves advanled Prepanation F

Cament Nater sing miture Which is then blandad

Nith ag9regate zo Predu ca Hse,

yUse admiceuras
* High Strength can be achievel by edding chemical

admir&ures sueh as Supar Plast ici2a7 an
inera admixewes Sueh as sly aoh, silja funa, R.

( Tohibition TackS

*Enhibition (er) arresting erack is radal
impova2 ta shength - cnerete.

*NoTmally, 1t is achieed by replacng

ha Fina asgregate (Polythene e
ie meter)

ORS mm

3te 4mm Inn

Polythene is TacK arrester.acE as

*ey tis mathed ta St7ength is much împroved pto

os Nmm e) Ma

(Y SulPhur Im pregnation-

*satisfactoy Hse has baan PmluLtad by impregnatipg

w Strength Pomus cenereta by Sulphim,

honten onerete (dyeng

them at 20C or d4 homs). immersing in molben
Eha

Tha Pvass eonsist

Sulphur undey vacltum Sor a homs,

*By his ethad +ha strergh is Jmpronl p to

58 NIm(o) Mea



(yii) Use camentitious ggregake

* Seza kind F CIinkers ae used as ag9reg abe in

anerate f is called canrertitius aggregatte.

*Eample : ALAGG

I gives hi'yh Strengh e Ha corerete p

25 NJmmm with Vy lon Water amnt ratio F

.32

Fibre Reinforod Conerete (FRe)

zt is daFinel as Composize maberial

Consisting
cament, aggregata and

F mi xtue.ss

unifornby disPerselfibres.

*Fibre is a Small pieca F reinforing rakerial

Ppassing certain ehanactari'stics ProPeréjes,

The fiber is Fzen desenbed by a on verient

Porameter called aspecs ratio.

7he aspect ttio Ea ibTe is ta Tatiio

isLenqth 2o iks diameber.

Typical aspec Tatio Tage2s 30 o 15o

TyPes e5 ibre

shel Siber * ebon Si bre

* PolypmPylene ibar gaie fibTe

* Gelass siber (G FRc)

*Asbestes ibre

Natmal fibre
Ceir ibre
coton fibre
sisal Sibre
Jute Sibre

SibreNacess+ f FRC Wool

It increoses the tensile strengtA F Conerete.

* T redutaS tho ain vods and vwater vo ids tf inheTant

Porsity o gel.

Inereases Ra dmability F conerete
Fibers sueh as graphite anl sglass hwe ex dellent

Tesistona e erop.



dosommation is minimiznd.*Diferential
* It has bean ecogruzad that tha addition

Small1, elvsely spawd and uniformiy dispersed

Fibers c>nerete weuld aCE as Crack arresta.

*TE substatialy impvve its static and dynamie

Pmperties.

Factors asseeting Propexrties F FRC :

*Ralative fiber matrix seiffness
Volwme es fibers
Aspect rati o F he iber

*orientation c Sibers

Wo kabilty and empaceion F Conerete2

ize F Ceasa asg9regak

Miing

4Ferrvcament -
Ferre cement is tyre thin wal reinpredl

Conerete Commory consbrutted F kydeaulic

tament mortat, veinprud With closely spaad layers

Fceneinuous and relat'vely small size wie mah.

*The mesh may be made f retallle or othey

Suiteple mateials,

Maberials for Fene ament -
Cement merbar mix

skteten steel

*steel mash reinforrement

Advantages Ferreerert:
can be fomek into

*I is highy versakile ane
almose any shepe Fr a Wida Tanges uses.

Ro sasings on madeerials ces.
Suitability feT pre-castig.
Flexibility in eutting, drilinmg jointing.
Geeoed re resistanta.



Very aPmopiate Ser developing Ceunties labour
intensive

*Grood imper meability

low maintenanuo costs.
ReduCtion in self weighe f its sinple. teehnigaS

Te uires a ninimum SKilel Labou.

Reduceion in expensive2 Serm Work. So economy

SPad cn ba echieved,

Ony a few Simple hand zools Ne ea.ded{

build any stnzeture2s

* S#ructmas ae hghly Water Prref and higher Strargh

to weght ratio Zhan R.C.C.

ReasG mix eenerete (RM
site and then iz is

I is aa frmm the constnueeion
site by tha #ruck

delivered te he constrvction Coneidion

in a ready zo e eaoetica site use2

is catUed ready mix tonerete.

Aduantoges RMC

*Cenerete is Prdutec unedes contwlled eontitions

raw material.
Using consistent uality g

SPpod G onstruekion can be Vy fasE in case RMe is

sel,

Reduction in ement consurptlen by 1 to /22 Aue to

batter handling and Pmper miiy

*Tha mix design tha cwnerete can be sailos made to

Suit the plavig methods tha Centactor.

*RMe uses ulk cenment nstead Fag9ad comnt, dust,

Pollution will be r2dute ek,

* nservactiom g erergy and eSburas because T sawing

Camant.

Environ ment Pollution is reduwd dua to less proluttion

lamant.
*BetbeY duabihity of structue.



minimising human ewr 4 nduction in lepadney on

labom,

Timely deliveries in lage as well as small Pours.

*No hrd for Space for storing ha matinials.

*Raduced noise 4 au pollution;

Lass Consunption F Poto 4 diesel 4 less £ina loss

o bus iness.

6SIFCoN sly infiltradeol fibrous tonerete.

*sIFeeN i5 a high strergR, high Performana material

stecl
Containing a relatively high volume Periuntage stea!

Sibres and gives ducbility

Tha cmnt sluny is intvdilled evey tha steal fibreintoduted
emitted.

and Coanse a9regate. is

Advantnges S2FceN

Tensile Stergth is hizher han ordinaay FRC

In FRC thee is a risk F eusterin9

*Fibre content is Limited to 2 *e57 in FRC

*High flow ability and Passig abiliy.

*Evelertdunakilly, ener9y ahsorptien capacity,inpact

and abrasion resistan 4 oughness.

*Moduluo elasticity (E) Values is mere tomared witR

Plain cencrete,

*High dutcilhty.

Daslection ey es Compaud to onventional e will act nz

igid badg.



USag APPlication s sIFLeN

*Pauemert rehabilization 4£ P2 cast tonereba pvdutts.

¥Over Lays, bidge dacKS 4 pnteetive revetments

Sei5mic f explosi ve resistart stnebunes.

Security conerete applications.

Resractory applieations.

* Sea Proteceing works

Militmy aPplcations >anti-missile hangers, unden gund
Sheltars

Aerrspats lunching platfoms

Repain,
Tehabilitation f

Strghoning F Stuetwas.

Conerete mega Stnuctu2s osshere 4 long spn Stuctr

Solan bower.

shotcre te (e) runite

*pmcess conveying dry (os danp) Sand4 anment by

hose

means
Compressed an thaough materlal

before tha nateial
caled

a rezle where water is addd
tha

onstruction Sufau is called

is sprayed e

shoterete er iunite.

MeshodsS Wet mnix

Dry mix Cemant Sand is mixed haougkly

in dr state,

ve ru Conereta smixal wit water before

cenveying thneug dativery PiPe notSuitable

ike dy mix.

PressM
2on-Val v

Lpeitepor Waler
suPrjfor cag'ns waterWoazle E arnant

Air
CnyCS3O?

Moistare
ept ractor



Pro cadure F shotereke en sfaa

Thoughly elean all smfatas ke receive shoterete by

removing loose materials f ausk, Pressn Washin9

dampen she Smsaue Satmates smfau day Condition.

FIX wire mash to tha Canerete Smsate.

*Tha steal wire mesh has to be Plawd in position kaaping he

mesh Wih in lo £e /5 mm fwm ha Smfac2
inserted to Aasp tha

Lhat the weLd*Suitable fiing Pins ne o be

resh n pmper Pesitlon and o ensu re

mesh is rot disturbed during sheteretigg.

PrePare lanment - Sand /water mix Pour this ix into Pump

hose or lubncation before stating o PuP Lhe Pvdution

ixture.

When the pumped mixture reacha3 tha nozzle, £urn on

Compressed ain.

*APPly shoterete evenly to tengeted Smface. Built -uP

the dasired hieknss F shoteete in layers F about

3emm £hhck each.

* The Presenca e Ve ids con be Found by helow hammanng

Sound after the shoterete has attainal strangh aste

nond 3 lays.

Applieakion g shebcrecte

IL Can be usad te epan £he damaged Smfaa

Concrete.

*shotcrake repan can e ued Sor bridlge deck 2habilitation

*rapam Fire 4 eanthquah2 damaJe and dekonoration

Strengthaning walls.

To merine Stmibunes Can result from detoriovation F the

Concrete and # the reinfortoment.

Uhdlergwund excavations in wek.

*usec for tamporany Pntection g exposed roek Swmfatas

that will daterjorate when exposed te ain

*te onstruet conerete Swimmirg peols.



Poels well CemPacteShoterete Soers in tenks
Sub base.

8) Polyme Cencrete.



Teshnius feY Repai 4 Protection

Methods
Non-daestrucH ve Testing techniguAS Joad Test

Sor Stobility- EPoxy Iniection Shoring

wner Pining3,
Lechnigues lornvsion, h hib'tors

Cesosion Pxvteatron

Cermsion resiséant Steels- Loatings to

reinfortament, cathoouc pptection.

Cormsior pmteetion Tehnigues
- 7he follewieg mehods a Pvteeting SLeel wm tormsion.

*Corwsion inhibitrs

*Pwtecti ve oatings dor reinfrumnt-

Cathedie pwtection

lorosipn Resistantu stel

rrosion snhibeors

*It is a substante whr added n a Small

Conantration o an envionmant edutes the torwsipn

rate f metal exposed to hat evvienment,

oil extraceion and Pvassing industies

7HPes F armsioniohibizors

C) Anodie Inhibizors

* Forming a Pnteztie eida Flm 2n the Sumfata

the mital Causing lage anodic shif

tha Corwsion potential.

Shutt orus the metallie Sunsace into

Passivatien region.

*ehromates, nitrates tungstate, moly bdates
Some example.



(i) Cathodic Inhubitors:

act by slowing the cathodic reaction itsef or

Setectively Pantiipating oh cahedic awas t+ limis

the diffusion f veduiny Species ha Sunfata

AThe rates the cathodic veations Can be reduind

by the uoe f eathodic poisons.

*Zt Can also inerease žhe sustaptibility FB a

Sinte yduegus
Sustaptibiity F a

2he

metal tb ydnegers ndutd crackig sina ydeogun

Can also
ahserbed he matal durng a

Cormsion er eathadic chargiag.

auevus

The orrsin ates can be reduud by the use

OKJgerseaegAs thatE, react wih tissolvad ox/gen

Example: sulphite and bi suphite ions,

Gi) Mixe znhibitors

*miyed nhibitors work by reduing both ha Cathedic

and anodie reactions.

They at ypically #ilm forming doryouns hat caue

the formation Precipitates n he sumfale
hat cause

blothin9 both anodie 4 cathodie siges indirecty.

*Hard water s high in calcium and nagnesium

is less Corosive than seft Water (because g salt in hn

Warer

Most Cammen inhibizors Si licaes f Phesphates.

*Selium silicates, for example is woa in many

domes£ie waber Softeners to Prevent tha ocwrene

Tus wober.
* n asrated hot wate sy3em, m silieates

Pmtects SLeal, CePrer ane brass.

* Pvbectian is ne nenegys reliabte 4 daparels haav co?

PhosphateS rezuire exgen or effecti ve iahibition.
*silicakes phusphates lo not afford ha dagrea

Probection Ppvnad by ehnmates 4 nitrites.



*Thoy Vey woeful situations where non-toxic

additivies ane 7reguired,

2 Coatings o Rairforument

*rt is o Pwvida a durable barrier

materials Cchlorida).

to aggressi ve

to witstandfabicction raintortement cage 4
Pouring ¢ conerebe and Cempaction by vibratin9 naadle.

* Simple ament sluy toating s chaap mithod for

temporay Potecbion
in soraje.

ag uinsE nLstng g renpr tamne

* entral Electn chumical Resemch zostitute (¢ecRI)

Kanalkudi haue suggested a methnel Sos Drsbecian

Prevertion f Lorpsion jn Steel veinfortemant in lonvee

The steps in volved in he PviesS az

Derusting
*The teinforwments e cleaned wim a desisHng

cleanel wih a desuskna

*This is follewed withoue deloy y cleaný hz

Waste cloh and
Solution delay ey eleanirg

elaninS Poular

rods with wet Waste eloth and

Tha ds a rinsel tn running vater 4 a duid.

*

Water audid

Cphospkatiog:
Phosphate jely is applred to tiu bars wih

Sine brush.

aplied to ha bars with
is

*Th jelly is Left for 45-6o minutes and Ehen

removed by wek cloth.

*An Tnhibibor Solution is han
brushaol over ha

*An
Solution is ttan brushaol over hha

Phosphated sunfate.

ii) Cammane Coatig-
A s/ury 1s made by miing he 'nhibitor Sejuticn

with Porlland Camunt applied on thu. ban.

*A ealing solulien is bruaheel after the vds ae

an cuued,



The Sealing seltio has an insite emirg esfect.

*The sewnd coatg Sluny is than Pplied and tha
bars ane ain diad.

G) sealirg

*Twe ceats t Sealng olitions ae epplied to tia

Ms in orde the micn-Pres the mart cat
and bo make it inpermeable wmosive SalLs.

Fusien Bended poY Leatj2

Tt is ona th2 effecive methals eating

rebars.

I caniud ouk in a fettony and at hotE site E

wDTK.

Plants aæ desigrel to erat ha staigyk bns in

a coninuoua Pwuss.

*Iniially the bas sho blasted to rrere all mill

Scale 4 s ive ha Rine sfaa frish raird.

T ensures ar adeguabe bond b/n epoH Ste!

*The bar is hrated b taufly onbnlled enperature

bafore. Pussins thugh a spray booth.

ElecbosLatically charged poy Powden panheles

ara daposited 2verly on he Sunfala he Ban.

IE leoks, grenish n cloun.

Coating thieknass Vay from 13o to 3oo mie

epoxy coated bans have an ercellert prDtecéibn

Cornsion in AgresSive nvironmerk4.

mitabions.
* After the treatirert cutting 4 snding injw hu

Stee.

injme hu

site treatment is inaffeent.

induud Lcalisad severe cerwsion



bons Can not be weldad.

epo y is not r2sistan o UV roys F Sun.

Coaeing ge domaged duing vibration e Cenerebe

This treatment is veny costy. tnaanty bostly ae thag seel)

vi) Gtalvanisel Ringortumnt

consisks F deppin tha sbaal bans An mel Een

I

zinc,

*his result. ceatiy e zine bonded t» ha Sunfre

ine Sunfaca raacts with Calcim ydvxicte in a

Concrete Lo orm Pa
Stael. Calcium bydovKide in a

a Passiva layes and preverrbs

tomsion.

cathodie Prvtection -(cP)

S one tha weil known,and
exkensivey oel

Con crete
ertensively wel

well known and

mathcls Fer
preventicn F

Cornsjpn in Concete
Lountnes.

Structures in iar mora acluanal
monitoring reguired

hgh cost anl long term menitorng reguired

for tis nakhvcl, ta is not Vey muh ueed in Znlta.

vo baoic methods
Sppiying eleetncal ewmants rezuired

Two

cumens reguired

intensa with electo ehamica cesl aetion.

Thay . Cathodie Ptection wih Jalvanie anvdes

Cathooie Pntectionwih galvanie anvdes

Tmpressed eurrerk
Cathoolic Pwteetion,

.Cathdie Preteetion
wwth_galuanic anates

i's a
techniziue to Contro ha corrvsion

galvanie anades

conero Aa Corwsion

Fa matal Smfau y making it work as

a cathoole aF an electrvchenical cell.
7akiny iL Work as

achieved by plaung in ontact wih Ke eba

b PnecteoL anotta more 2aoily tbrvdel

metal o act as ha. anala F he elhcvchumicaaeeochimical
Cld.



t is also ealled sacrisiial anvd Cathdic protestin

system

*IE s high enegy eectns reguiyed tor Cabhodie

Pntecion ane Spplied by a Corrasion F* a

active metal.

*depand on ha differentes in Coosion Potential thal

a esLablisha ol by ta Corovsion reactiohs thoE

oec on diSferent metals ov alloys.an

Example o, natwnal corOsion potential F. ivn

is apou - o.5so Volts in Sea wakey,
is in Sea Waten

*Tra haeural corws/on Potents'al Znc

is-1. 2 volEs.

The two eetals au 2lectncaLly toneeted, the

becmes a seuna ef ragative
Cormsion of a zine becomes

Chage, which Prererts corresien F ie ion.

En pplicaion, wheue tha arvdes are bunied a

Specca backfi materal sumounds h aradehe arade

in order bo ensure that he arL il Pvelua he

despired output.

Sacificial aades aue hermally suppied wi

eithar Lead wires r cas4-* sbraps

faûli take then connecéion hastrucure
being pvtected.

The lead Wires ma attached e Shuctures hy

Low resistana 4 shovtd be nSulate £ Preenn-
hWelcding or mucharical conrectiDns.

inereased esistanta ear damage lue to comsion.

When cnoles wih Cast n Saps aae woed
strats weldacd directy he he Spuctuee o
the Straps Ca be wed as lpcubions %r altahrn-



Low resistan te mechanieally adaguate abtachmont is

ruired for Jeod Prtecbion and resistane

macharical damage,

tha th Pwtess Pmviding electrens for te cathudie

Protection a Less active metal ha hore

active metal corm des.

Hhe hore

The nore aetive metal Canvde) is s acnfiuh zo

Pwtect t Less ative metal athela)

he amounE G rrmsion dapands Dn he eeal burff
depanels Dn ha bretal btir

hOsd as an anale but iE i direcely phportional
but it is di'rectly Phportional

he amount ef cuntnt suYplied

The anodes in Sacnfical anvte eathedic Prvtectio

syshams mmst be periodica!ly inspeebed and replatec

Whun lensumta.

Topressed eurrert athodic
pwbection

Th
cathceliL

Pntection

Cathwdie pwbection
ePplicaton

an cleetrvd laidLonprses

impressed C
ment zo an

aboveSteel
reirfvrununt.

On he coneele
enwele and he stcel

This alect
Serves
whieh is
Serves as conneetek to he reztive

reintorumun acts as a cahucla.
Sour Ca

Eerminal $ a De sou

he external
anadee

Ln his PwtesS he exteal Anode S

Sjected to eormde tha Cathodic
reinforwncnt

iS Pmkectec agains
corvsivn n hna

n ane Cathedic Pvtectibn

Cathodie
relnprwment

hena
CorypsiDn

Ehe

n his Pnussea tha
negative ehlorde

ions Which me respon Sible for he damagec f a

Pa Ssivating
Stel towds hu anvle.Whu thay a4e. okicdaised

t sorm ehtuine. ga.

negati ve chloiAe

Silm, me dur dranv away fwm h V'cne

oxicised

he environman awnd ha slcel relntoramune nvarts

ba ck to atkaline cwnlition whlch Probects he steel.



Tha reccr davedepmert in torrvsipnether control methods

an RealkaliSatien an De salination.

Reatkalisatiopn Prass allowS maka he lonerete

alkalira ag aun and Paasivate reinforing Steal

by
electw-chuical mebhod.

by

tha hos atkaliniky oF tonvete to susFiienky kigh-

4 maintain passir layes on
Sussitienky hizh

Leved reform

ha skel. ehlorida ions au

Tn the
desalinationn Prowss

In

removed wm ha Conereke,
panticulomy frvm #a

Vicinity he
e lactrical method to restablish Ra pai

Layer on he

fnm H
by carkain

Skeel reinsorermen&

re stablish ha passi ve

Steet.

Corrosion Rasisting SLeak

Cornsion is not Susfiiently
mile Steel, ha o7si.

ffectee by CompusinI, Iraele

r sigriticanty
Level o SEresses.

resistana will hawe.

Substituke seals for ornsion rsistana will hawe

a signifieanty disserent
Compaetion.

weathe.ring

*Based en soma tmesphare, 4oryusion

ested n CenereLe,

Steel ceryect 9Pe were

Well in mos£ Corterb
Thas olicl not perform Wel mos4 Canént

that Ha
Thed is observed
containing ehloriele iE is observed hut

Simila1s ConireLe o
In

Weathring SLesl cornds in similas tonurete o

those ean cewsion at high ietd Strengh steel.

*Total amvunt g dorwsi'bn less h an would oeeu

under
Corwsion less h an would oeen

on hiz% yield steel under si milar en ditions, dep

Localized Pitting
deveteped, which couted ba

si milar con di'tjons, dasp

cwtel be more

SEntumally Weakred,
hasStaintess Skeat piPe has bean usel special

applicatEiens esPecially as Flames n Precast

members bu gencraly not expect we as a

Substitute for wilA shab s2eel am
stainess Staal shoutd not
r2sstant,

Concrole involring under omse



* shainless ntains relectivey Jowu lontent aFSeal

chtoide Levels delayad me Craceingcracing

for high strangtA Steels

Yey high torwsion resistena wOo Shawn by austeriHe

Stainless SLeel, An all a envirpnmanen vipn mant

Factors Influning lorrosion Rirpremenk

for RC Sthutt S

feetos
1. buneal nfluenting factors

PH Yalu
Moistur

*

chtende
*CoYbonation
*Ambient

Tenperoutm

* Severity ef
exposma

* uali F
oncreta

* Coven to he reintorumen-

IniHa Cunin
tendation

*Fermaten cracks.

Grunenal Acceleraing factors

* chlon da.s

SuPhates
chlenn

Elactical ehonges

*Methan Accds.



EpoX-Injection Gimuting

Cracks as ramaw as o.oo in. (o. 65mm can

be bonded by he inectlon F epoxy.as

The bechniqus
entry 4 Venting Ports at clas inter vals along

hacracks, sealing tha rack en expeSe

Smfaces, and injecting a epoxy wnde

gernally cons sLs F establisherp

PressuTe,

Fpoxy injection has bear SucesSfully wed n

Tha rapain e eracks in bui lding8, bridges dams
and othe Ey Pes Conerete séictures.

The Cause s
cerrecbed, îE wil Pbably recur haar ha

emginal crack.

Tha cacking has ea been

bele.
*Tha 2enenal Proeddure ene
Tha

given

clean a ereckS

Seal Ehe sursaes
ieeings in Sevteol èno drilled heles

Bonded flush Fitinga

* cecun the erackS
SEap Lo elean tte eracks have ban ontaminaFes

Contamin anks Suh as oil, Irease dirt or

Fine Ponbicles eF concrete pevert epoxy

Penebration 4 benling eclirte e
effecei veresS

Conkamination Shouled ba erroved by bacuumyY

or flu Shing with waker or tta Sreccally

esfeceive elearing Selutions,

*SeaL he Sunsalas
S faca

th 2pony from leaking oc before it hasracks shauud be Sealacl Kosp

9elled.
*4 Smsata Can be Sealea 9 Vyeng anqay

Pelyester or ettarsealinj mateial He

Surace e erack # allowing ié #ohartan.



Pemarent glessy eppeanarea alang ha

erack is objectionable t f hizh injection

Pressu S not eyuèred, a Ppable plastie
Smfate Seale2r may be Pplied albng tho fae

eracR,

Then +he swmfau
epose tte gloss- ra Sufaa.

Sealer can be. StnpPed away

Cemertitious Seals also be wsed Wheecan

aPPearance tre he completed work is imper-tant

* F extremely high injection Pressnes ane raadoel

a vack z can be eut out o a lepth

13 mm3 mm and width abou Zomm in V- shope

FHled wih an epoxy and SEruck Ff FIush

+he Sunfata,

*Enstall ho entry end vertiag Porbs. Twe

methods ae in Jenenal use

Fieei2 inseyted into dilled holes:

This matol was Lo be use, and is

eftan used R Conjunctjon wim V-3roovig

FHe Cracks.
Thre nethod erntails dilling a hoie into the

racks, approX. omm in dia meker /3 4

ASmm betow ha epex Re V-3woved Secéi=

Bended lush tietieg
when tha cracks ae noE V-gvoved a mathar

freguntly woed bo Pwvide an ertay Port

bon a fitting flush withfs bo
Concete faa over Ha Crack.

Tha Plush ittingg has an ereing a he tp
for the ad lesive o enter a flange atE he
bottom hat is bandet to ha Conérete.



*_Mir h epoy
¥This is done eitkar by batch or centinuous maHas

*n batch hixing, 4Fa adhesi ve cenpornbs

na Prenixed acuoroding fo ha manufacturers

nsenCEj pns, usually wh Hhe uwe s a hchanical

Stirre, sike a paint mixing Paddlee,

mie ony t a-momF
Care. musE be token

* adhasive that can be oed pricr o
Cemmanama o 9ellng tha materjal,

niect t epery
aur* hydraulic puumps, Pai nt eressura Pos, or

actuakad Caling guns may ba uoed.

Tha PresSure useder injection must be selected

caRfulg.
TncreasedPressure egten dees ieEle Eo acceleat

The raka g injecion.

I5 t eracg is vertica er înelined, the

injection poass shoud bagn b Puping epoxy

int tta ertry Port at +a lowest elevation

ntil +te epey Aevel reachas he nky Port

above
*For hoizokal cacks, tha injection Should ProL2el

ona end g ThaCrac zo Jfa o te in
Som
e Sam manner.

Can be maintais
*The rack is fu Ste2 Pressue

*IS tha Pressure can no& bz maintainal, Eh

epo xy i's Sti) flowing into nsilled Porions
Or Jeaking ou ta Crackk.

Remove tra sunfaca S2al

Aster a injectedepexy has curel, ha

SurfaCa Sea sheutd be Yameves by sinding
PY othar means as aPPropriake,



RoUting sealing

IE involves enlarging the cracks along ES exposed

Sunfate, fiing Finally seailing i with a Su'tob)e

matenial,

EL is ha simplest and mos tomman technigiasechnig2a

For sealing cracRS 4 is applicable for sealig

both Sine Pattern eracks langen isolated,



Nen-pestritive T2sting Techni2uas

*To evaluata ha Strargh, dmability 4 vhu Prophès

lonerebe wiheue Causing damaze.

NIT medhads ae relztivety easy t Peaform 4 anayis.f

test result hot so easy.

Tha Specimans au no loalad failara.

NDT o maaswe Sema oha PRpeuRas F onerete

estimate i stangh, Auuability 4 elash Parametes)

Vonouo Prpres-haurus, r23istana t ratreation

FPrjectiles, reboud number, rasonane Freginyf

traserie Pulse velociT to recty
ability th allow

indicake.

The electncal PperteS onerete B ability

absoTb, scatker and £ransmit X- rays and iamma

Yays, izs response o nutleaa activation and acousHe

emi Ssjon allow us 2o est imate is

content density, hieness

moistne

tisament onbent,

Metheds Nen-Destu tHve Tastig onereke

Tes
iadnbbion syre, inelude he wiWiams

Swsfa hardness

These aneF
identbefon fyre, inchude tha wTWiams

testing PiStol and
mpacthammers and eme

estimation on Lrete Strergh.

ozd Only for
estimation

Reboundes i
*The rebound hamme best

measures

rebounl f
Conerete and is Primarily oeol

es £he easžic
woeal

and for

estimativn z oncrete strgth
for
Coyauiv

inestigabons.

Pepetrati'on and Pull_ont teehnegwLs

*These ineluele the uwe ef Ha sinbihammer,

spit Pins, the windsor Probe and the Pullout tast

he Penetrtion
*These

tHa simbs hammer

*These measn he enettion and Pulvut

resistan te Lonerete and ae ed for Strena
and Pullvut



estimations, but tey can also be wed Jor

Comfartive Studies.

DYname orvibration Tests

*1hese Incluaa resonant fregueny and mechaniealmechanical

Sonie 4 erasorie pulse velotity methods

Thuse ae uoed e evaduate durabli'ty and

bniforu ty tonerete amd to estdmate l+s

Strengt and elaoie Pvpereies.

Combinedmethods!

*The Lembind mothods involving derasonie pulsaa

Veloiby and ebound hamieer hare been wed

ko estimate strengh F ontrete,

ultrasonic pulsa

hare bean uoed

Radioactive an_nnclean mthoels -

These 1nclude the X-ray f Gramma - rayy

Penetrabion #esEs Sor muasusmert af dansity

and ickness ooerete.
ane reution

*The neuton scattering and neutwn
Te

activation methods ane wed Ser boiséure a

Cenene corterb
detesmeination.

Magretic and electrical methads:

*The magnotic methads ae Pimarily bonesnad

reinforament in

with debermlning lover s reinforament in

Conerete, whereas he electrvcal methods,elechncal methods,
technigues,

including micowave absorptjon techniges,
measne noisture tantenE

have been uwed Eo measure moisture tentent

and Ehickr2sS F concrete.

ACOustie emission eehniguas

*These have bean weol to Stuely e initiabiora

andgmwh F eracks n conerete,in ConLrete,



Shorng

I is wed Ln onatruHn t deseribe hehe

Prouss F Spporti a stuctua nora

Prevent tollese
Z is med o suppor Aa beams and loors

in a building whi/e a olunn or wall is removed.

n his sibuatipn vertical Supports

a a tamporay replaument for

bui)ding colurnns

an oed

ey walls.

Shoring is ha consbuction a a enporay

Strctune siyport ampoyauly an wsae
Suetue,

7Tiese Suppost walls lakeraty.

the following Cirumsfartes

They can be ned undea he olowing cirumshrtey

whn walls bulge out
when walls Crack due o negual sebblerant

Soundabion and repans ae o be
camied ous to he cracked pMall

When an adjaant Stritua needs Pully
an

down.

#Whan operinings ae to be wwly made

Oy enlanged a wal.

Trenehes-
Dming excantion shonngSystems Pmvile safte

Sor workers ina branch¢ specd excauation.Speed excawaeion.
Pwviale Saftey

Shorog Shotd not be confused with shieldng.

Shoing is dasigned t Prewen eollapse where

Shielding s ony dasignad to Potect woYkonsPaotect workons
collapse whese

When Collapse occn.



conerete sinectuws Shoing9 Pnvidas £enyoraay

Support until tha Concrete becones hand

achieues Ha desired Stungth te suyPorz loads.

Ships

*TE is wed on boad whn darmge Aas beenhas bean

caused a vesset's inbegity, and to kold leak
-

hoid leak

Sopp ing devius. in plae edue or stp
Sopp ing3

or StoP

bewming wates.

Consisk $ mbey /o0 x/oomm and waed tn

Conjunhien wi th wedges, to furhen jam shoing
load. a

Plau, Pad Pieces SPreacl P load. aae

damae
a agemant amployec to Prevent a

Smictm, d t eitnes SoueSourelation Settlemn

O oheY reasons om ceNapse is caied Shøinis cal-ed shoir

wedis ed Sor fovidiN mporoy Suppos ts

thvm wich is nein Yemdalled.

TPes o sheng

1. Racing sheres
Cut in +Ra alls tRa buàldenp

Notches on Yoper y, wleane
and inelinad Pos ES

eal-ed
daolishing ha bulding R called piDetd-
derelishing S hores.
tirs Soyea. Rauk Sheres.

Hen2onta e Hying shores\

whith ne employed t supPor aw alls
Ra

SupPor E
w alls

adoining Proper ty while danmalis hingelamali S hing

bui)ding m colled honzonhal or yiy skorapy skorapor

bui&ing



3. VeTRcal Dead shores
a S wed to SupposE walls

temporaTy

a calledX Vesteal r Aaad shores.

Onder fining

In consimutt on

is

reno Vation, underpining

protasS g StrengHhaèng + oundaton g an

existing builing oY o+Ran stutma

A A miix e tuctwnal re>ins and
handeneY S

and
hendener is

injected into foundation aound benaoh footn-
31aund

benaaHh fockng

onOn enteTing t gound ha resin an
Sreund +he resin

n

hardner x and epandon
ns du *

a Chamical reottion.

Th
expanding S etmal resi'n mix $ls any

Stctmal resin mix flS any

Vords and crevia 3)
ompacbs ang weak soil

injectHon
Cempacts any Weak soi

and hAen, i a injectton is Cen

Taisecl anl
an,

S
CenHnwek

may be

the
Strictma above ma

+he
re -leelled.

This
relatively

new mulhad
ownderpining,ha

hew
muthad

been in eistente fov
appnximatey 3ojrsapppximatey Seyrs

been
tonstnchon oy

exlawahvn

iE oao not involveinvolve ay

set-up S known tto be2 a clen fasE anl

hon
di'sruptive

underpining meMo.


















































