CIULE 1
_ALAIN AN REINFORCED CONCRETE
Ylain Comerete

Cemerete ray be dulioed as eny solid mas mocle. by e s of 4 comepting i, e
mpcdients meticrally compoise smd, grave, oowanl and weter, Tha fhe mixing usectbar of sach
dupammts sl disccete mgterle com resub iooa sl frass (0F ey desieed shapch, witl wedl-
defimod mriperties, ik n wondor i ieclf Cocerete hus boen in nes as 2 buildhog, watarsl for more
lhan a humcdrsd ond Afty yeare, s suooms ol popailarily may e lprp=ly Alribulad ue
¢ Ly Cricability umaAer haesile cnvirmnments (inclulmy, begistance b wEter),

§2 b Exar winly whiclh il e be cast it g vomiety of shepes mad sias, aod
[2% oo el gtive ecaungmy g eamy fvanlsbility.

The mnin strength of comerete Ges w il compresioo-bcating doility, which BarpRss=:
st of Taditional maleriats Jiks buick nod stone mmonry. Adveeses i eomrme fechaoligy,
durmy the paet fonz degigles b particulng, bans raw ndo i pucessinle o o B owide rangs of
cowicrets gracdiee sarying in mass desty (1280 - 2308 Yp'rud] #md coopressive srangth {10 -100
hba].

Comerat: uay be pemarkably srony i sompreseion, i it is eqoully roinaichly weak in
bmrsion 1R tengie siengtn is pppeeauoetely ooc-loh of s ﬂu@ﬂﬂ@.‘: senpib. Renes, fhe
wse of plaln conrrete a8 @ stvciural metedial i Tionitod L huatbons whew wpiflcant trmeale
stressems and stradms do oot devclop, as in Todlow dor solilly hock wall construwction, el

prodestals and uees cowreic® applicatios [ damns, &1,

Beeim farced Cunerste

Copencte would Dot bawe gaimed ite prisent Siadas s & principal building material, but far tee
inventon of reinfopeed conevste, whicl 18 cumcrets with set] bars embeddod in it The idea of
rmnﬁmugmnn'ﬂcmmﬂ:ﬂhasrc&uﬂudmammmpnﬂmuuLma] . navimy bhe poteni) of
resisting, Gipnilisant bmsile s, which wez  mphesible. Thog, the wonstnaction of hoad-
Yeariny floomd membess, such 45 brams aoid gleba, became vieble with this news maverial, The
siec]l burs {mbﬂdmmﬂwmﬂmwnfm:mmmm]ummmﬁxﬂmmmwa
mup.-amtymmamﬂmmﬂullvulymupnﬂlhemmmmugﬁmm
crmcrerc, The bond botwsen stoch and the aarsoualding comipets cnames siradn compueibllit, Le.,

rl'u:mainatml_'p'pl:lmlm-ﬂlbub:lﬂcquu]mﬂmtmﬂmaﬂynmﬂgmnﬂﬂt.mmun
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reinfindny steel FrapRity gty o o malerial that jg ccherwisa bri
by Vit

inypliey (Rot iF o properly remfwesd heam e b0 Fail in keion, el
fortunately, be greceded by Lage deflections crused by the yickling of stk

ample warning nf the mpending collase i el
Tmaﬂumwmﬁﬂmﬁmuym'iudimﬂtrfmmﬂ“”“_ JdE 14 be

combd premibly ] 1o faihres ]
Re=mETil mivel o alao supplemion oo  bearing, comgmiaseve farses, = 17

eolutms grevwicied wilh lomgitndins] bars, Thess bars el fo be somfised by traovetse 3(eel D

in ordit 1o maintein e positions s & prenoad i Laboral fmekHng. The Taberal tiss Blss

sarve i ¢onfow: Lhe comerete, thedry enhencing its N e T Priad b aring CEPOCELY

CHURCTIVES OF STRICTURAL DESTOM

The desion af o gimlue st anisly lamy hasc Teqnimmenis:

E} EtnbRity [0 rvem cvertwiuing, stiding or bucktlns of the etroehoe, or parls of id. under e

aciin af Iosrlc
2] Birwnpth to meail cafidfy fve sinpaces maleosd by the Joads in the vomses sructurnd members:

and
A} Serviceabintyr 0 enguny salfsfaciory perforinams= ureler soviee il comdidons —  which

ingpliey prowiding aequate sfffmear and reinforosments 1 cantain welections, craclewddths aod
Wibridioes within seccepbhle limits, md Al providioy areprermrethilny awl dwrafdyyr (incladiop
COTART MR FEnCE), ol

There & twg otbwer Ginnaleratione (hat b extible designer noghl 4o her o i, wiv,
econoty ood scethetier. Onc can always dedipn 8 cuedve structae, which bas mwms-thip-
aclivmats sishility, stremgth and serviceability, b the ewring cosl of dhe smwlure may e

v owbitemt, A the: end prochucy, far fram acelbetis

DESIGN CODES ANT RANDBDOES

Parpesc of Codes
Eatmgnl boildmg eooes huowe bees formubded i differeg] coumeries be Lay down

gaidelines fior he desipn and comstnction of structures, The cades hewe evadved Mg the



el i witahonns of e purt strueturul ENE UKz, goinel vy e yeam, Tlose wedes uc
Pericfially iovised to bring thew in Jine with corren reesonch and wiben, curred eds.
"Il codea porve st leys Tour dioyiant Cuocriime;,

*  Firlly, they cosure ndogoie stroctgral saluty, by speclfyiug ooriiin essantioh minimom
Tequinameanca fir duuin.
Seamdly, fyy renler te sk of the desipnes Telaivdy vimpls often, 1he nals of
sophistivabed Armlyses nre sy available i the foom of o @meple formuls o chart,
Thirdly, the ciomlee =nprg uw A of doncilancy e dilfereot desigipers.
Fiwhlly, Uy have some Jopml validity, in thot they pemtact the stucual detigmer Ffrm
ALY Lishility ce b slruchgiul Lflures thot e emosed Ty fosdequets supervision andior

Fuel by i egial anrl constryction

Bazbe Cdhir for Dreign _
The deaipn poocelure:, describeed in this ook, cuoiiom 1o tbe oblmwinp Indise code for
ranforeed soncwete dekign, publisbed by the Burean of Lefian Steodards Menr Delhi:
[5 450 : 2 — Plag anel meindiwced comoerete Code of proctice (foartl covision)

Loaadiing Sin oukn rols
The leesks by be comyidens] | siractuml design are spesifizd in e following kaading slandardls

15 875 (Parte 1-8) : 1957 — Code of practics for desipn loads (othey o cathyuake) R

buildingzs sl strsciuns; aaaind reyisim)

It 1 : Dead loads

Mar: ¥ - Inposcd {live) loads

Fari 3 - Wind 1nads

Fart 4 ; Souw Jusks

Part ¥ - Special loads and lasd combimations

15 1R91 : 2062 — Critexiu For earbiuoske resistant desipn of 2toietunss {four b revision).

Desipn Handbools

The Brrea of Iehizm Stumbanks has also pablished tee foflowing lasdbooks, which serve as
useful supplemenls o thé 1975 wrsioa of the Code. Although the handixmks need 1o be updated
io bong them in line with the recentty rindsed {HHR) verrion) of dre Code:, marmy of the provisions

contince 1o he valid (especially with regard to structural dosips prowisinone).



EP 15 rvan — Dedlpt Afds ffrr HsinFres! Cancoeie) b T8 456 - LY75
Lt B Tl Ezplamstucy Hondheale on IS 4461 1078
3P 34 : 1987 — Mangboak an Cuvsrit: Rmenfoeyrenend and Thetailing
SF 23 : 1982 — Duoggn of Cuncrets Mives
Deyipn Philosophle
{hex the yeors, varioas dealyy philessphiss i cvolviad i Tt perta of the warld,
Will Tgard i reinfim:ad Cotome dealpre
I Wurking Streas Bt
2. Lo forstimr methud
F. Tanacl state hdethoed
Workmz Aty Mhethod
Thia toethad uf design wms de ablest one. [ ix based oo ths clastic Oy and pzmumes
that Foth ateed anel cromerim ACS clastic snd abey Hook™ lew. 1t menna thet the stress is dinsctly
Proporiiond 1 st gt the poimd o collmpas, Based on e dasic theuty, and gesmming thal
Llier romred Ind-mreemn stexet ol comcte is perfeed, parmiasillis smesses of the maerials o blacmal
ﬁ:hﬁﬁsﬂfﬂﬁsmﬁhﬂﬂfEHHEMpﬂmiwh]cglmm nre o cxeobal wwy whess W the
Sihore whiem /& jg sulrjected bn warsl cimbingtion of ok Inods,
Tn tfle method, Jbe abtimate stcugth of ommets md yickd stress of steel are divided by
Tectors af safely w0 oblxin pemnicgbile sbhme, Tiwaee tactars ol sul=ty Hke Dbe sotousL Lhe
wrerizigtics in mennfacboing of hese nuerials, AL fnx 15450, & lachor of safety of 3 s bo he
aed for bending campressive: stnmses in comcrete ancl 1.78 far vield sirengt of szl
The nai drewhacks of the wirkinp sroes methed ol desipr arc as followe:
(i) Itmm}nﬂmmiselmi:w]ﬁthism{wcuﬂmwmmtchﬁha?miu
clzstically even on Tonw Jevel of #rses,
(i) It wses Swdors of saltty [ stresses iy aod new fior loads. Hence, this inethod dues

oot give frue margin of safehr vt fespect 10 hads becamse we do sl know 1he
Tatfure boad.

(iff) Tt doed ool use any [scior of safety wilh respeet (o loads, It vveane, thers ia
provision i the nncertambies aseociated with ihe estitalion o Joads,

tiv) It docs not accoant fiw shrinkeme amed cretyr hich arc time dependent and plastic i

nature.
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(*1  “Thin netlid gives ueeonaniol secfigs,
(vl {wip 1t pays no sdiondice s cunditinna 1hal arize at the tiene of onl e
Limit 3abe maedliisl
The wbjust nf limit e disign is bored on fhe ooucepd nf oeficviy an acceplable
Iruhahiiny that @ inuare will w beomme onaesicabls i e lfsine for e o foc which it g
l-'"'Z-i's.l.l.lhiTlﬂlu:n.l.l.dh-l:nl:ll-l.:l.u-n.iﬂ.'mtndaﬂi:iyuﬂ!hn]m:hmutnm_minglnam.mitﬂumuﬂmm
i life sluny with apmodying e waviceahility reqidresmasy, Lo cosue propsy degras o) salil
Fuwl senvicenbificy, the design puwt incdoge a1 muleranl lioil dates
'Hn.-aim-n-fﬂ'-iammhudiaﬂmﬂummmﬂ:ma]db:ab]tluwjlka-duﬁ:Iynllllln:lam:l
HHMIiHﬂuMHnnuuuuughmﬂjmﬂumﬂuﬂmuldihnmﬂmfmumdcﬁﬁry
reyuirements of limiling d=flectian :nd erpekiog Limmil staue is defined 2% she aenepaald: Lioniv ul’
sty 0ok &t Hcabilily reqenirermenny beGuce Foihre,
lhir mulbud 3 hossd on the aciual sresssvaim owts of sieel md concrete. Tor
onaprcts, Hus drxastrain curve i woulicna, In Uhis moethad, porial safcty Do am applis
£t vhedym values of atreaccs. Inaigo hwuds are odtained by mualtiplvide partial safety Eactors of
load to the wurkiog hkds. This methed is more seotonisal s d wives thinmer szctinms,
Tloe bt et Luni st which zme wswally conssdered are the following:

1. The pltfmonty smengmth Hoobt side, or tho Wit slate of esllspse, winich d=gls with do
strength and stobiloty of the structure noder e mevino avuaduad il is expecstd to can .
This impics thit oo pat or whole of the snwhis chowdd Gl gpact wodkcs anoy
eombmotion of expected ovedasd

1 The servipepbiily Goil slule whick dbmls with coplitions such e doflectnn, omeking
o ihe strocturs woder serics beade, doeability (undet 3 givew ewvimoment o whack the
strscture bas been pleced), oversll sebility e resianse b collapse of 1be strovmze doe
ta an accident such 65 a pae axplesion), excesalve vihration, fice nodunee, Bime, ete
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The sieengthy, hat ome can safely asamoe e the mataniols (sles] sl cumenae) ae called

The teaan “churscberisiic srenmib’ means that vahee ol the soenath of the matedsl betow

which Dot more then 5 pracent of he test reaults ane caftectod o Bdl It iz dencted by B in
Himm’. The value of e for dilferent grades of conceele ana mecified in 1S 456-XKH), Table 2
CheracterHiw sbrexyih of sie=]

The charavterisbic strenpth of steed ja taken o the minfmwns yicld stresaL ke end prool

Btrcrs apoci izl i dhe redevomt Indian Standand Rpecilicadons. Tn cre ofmild steel it is Gken g

T yicld strempth and i case of IFTED bers. it @z 1aken a5 0200w n) praof edrea,
Characteristh had

This ferm: “whatracheriatic load ' mems, that vahas of Yom! which s g 25 [remecemt psbahiliy

afl ool bemg excesded doring the Life of the struchmre, Tl msgimmm working Ioed dhat the

struchore hes o Wnhotasl md for algeh it

1% b2 be desipped 38 alled the chareberstic bood.
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€ bparcteridic design bead = hl=n logd + K5
Choamearislic srength = Mean eeopth - K5

¥ ix laken o 165 m lubian Slamlars

% = S ppwianl Dreviakion (T5405- 2006 tabde &)

_THSIGN VALUES s 45¢rere TS L

Diiden sremyth of moterials
The strength W ba wasd fior degign ghould be the nelead value of de cloasdcadic

strengrh toe thes fmctior denoted by the partial sufeny facior Gof the mteTiok
T slesaiinn strenpl of—ber maleyials, I given by
=i
Tm

f — tharssteristic stngdh of the material
T —paniujmﬁ}-l'mwwwﬁmpmﬂmmhrmlmdﬂmﬁmﬁmuhtingmim
Parﬁalmfdjimfnrmnm'r___u
Parﬁalmfu;-l'xwfmm:':dﬂ_”
Deslm Loads

T design Lopds are obdained by maltplying Charsrtoristic: luads aud the Bppraprise
poctisd xalely farbers
Thoe descigns 1oad, Fy b5 given by

=Py

b — ¢learmoteriFic lomwl
.],r-EﬂﬂmﬁwrmwwupimmmumimcﬂfEMgMMMmuhmgmuﬂm.
STRESS - 3TRAIN REBLATIONSA BOR CONCRETE

Tor sxpesimental o achual sress-yloum tucve for coocecls is oy diffiepdt o usa in
desipn, Thercfore, IS code 456200 has sinplified ar iealized 11 a3 ahrwn in Fig,

+ low deaigo purpeses, the compressive strangth of conorede i tha dowcluee @ taken 7 0467
s the chemcreristic strenpth. The 007 fator s inmodocsd to account Bar the
dilliaczvice in Ihe strenoth indicated by o wibe Leg md e stenglh of conoete in woluw!
BLFUCATTE,

w The partizl askety facior ['rm peqaol b 1.5 35 upphied it sddithen 10 (ks 0,67 felor,



v The inlial preetivn of te cores i proesbolic, Afler o wrdn.nf .002 (2%, the s
beuedied cnnatani with increaning |oad, ol @ stroin af £.0095 ia veached sl e e
cuoend: 18 AgoHnad i Faoe failed

Stream-sTrarty e B oo
STEESS  STEATY RELATIONSHIE FOK STELRT.
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T IMTT STATE OF COLLAPSE : FTLEXUKE OR BENDTNG

AP e
Jlaii pectivmes monmal to ib BXis rermain plune sfter bending.

I Plans seetiony numaal v the zuda remaia plane alle: beoding.

3 The makinum =rads o goneeske 5t the notormans campresswin fibze 1s tak ea as 0,35 in
Temalarn,

5. The relafionehip betwean Uw compresive. Sess diEnluion D cumiEs gnd the striin m
conurels ey be assuroed o be: roctangke, apeanid, parabols of aoy wihet dhape wiich
remubts in predictinn of stremgh D substential agrcsment with the Tesults of sl An
acceMable siess stmin curde 1 given n Fig, For h=agt prposes, the commedsive
strenyth of concrete in tba struglure Shall be pemumed ta be (.67 Bmes the wharacbesiaic
sintith. The purtial safedy fuctory, = 15 ghull e spplicad inaddition to thia,

4. The wpside sirenpth of dur coucrebe 15 ipnoraed

5. The gtmesses in the reinforcement s Jerived fiom represenmetive strese-sman curve o
U type of stal necd . Typiesd cumves are grven in Fig 23, For design purposes the partio]
sty fackin Y aquad o 1,15 shull be applied

6. The musitinm strain in the esslon einforcoment in the sxclion at failore shail not be less

e
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+; = charscteristic sircrgth of ateed
F_= mnchies of clast ety ul' stee

TYPES OF R . C BEAMS
R.C.C. heams are of follawing s dypas:
(i1 Sinply Felnforsed Benma:
b b i witich steed riofueenul is ploas? o U iowsile zons enly ace calbel i
sinuely reinforeed Teams
(i} Drabhy Reinfomed Beams
Thi: Iescos in which reinfoccenient ia plaval iu the bosile 05 well 45 compnason soms
are callerl ux doubily reinfreed bezuse

{i#i} Tlanged Bemma ¢T bewis: snd I heams)
In mos feinlunied concret= srucmres, the slabh ad st ace ool mrpeedditnic. T, U

iy fucens a part of fhe flooc apatesit. Wi ika hem Bends, a pard af the slab abso beods slong
withr tee bhem. 50, (he imdciw cadsel: bearoe in 2 Anor system not ns T beams and the =nd bepms nx
L beams. Tle: birgos in which o nocticn of the sleb sete topdhier with Lhe bram fir ressting
cummmessive stresees % called ge Boanged lhaums Fiome shows dnply eeinforosd, dawbly

reinlanset and “1-1mm waLioms.

TR 2
r T"'I *_,.-.-a':-l"-..' rE_“m
PR i ¥ }
] ) ]
| |
Py A |
. a1 i .ol  ren | Baom
5 - minel} - . mend]
) Sttty reimforeed () Dby reinferced : fc) Tokuam
Typek of beamom,
L w4t A

It &5 thee dixtonee betorcin :ermmmﬂ-:-:lm[nrm'iu Form= md the s=alinnt tensibe fome



Effoitive depth
The effective Jupdh of Lo: beam is the disionce from the lensiom stiad $o rhe sdmes of the
compresiom fiber.
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AMALYRIS (W A SINGLY REINFORCED ERAM = 20 | P 19
: B Ry = TLOGTS 0,488,
e o gl
T I T ¥
f"'_l T K = 0L g“i.l .
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Birirn and sirafn dEiAbHiin o a sodr renforeed beaor x5 pes L5 456
Atrain Nxtribedmm
Toe =mumptiva {1) of e Umit state: theaory prves o Tirear smio distibulin zeoesy Qs
¢rmas sacticn ax showm io Fig (br K vAdes 9 =ema nt te= nevtral 2uis and masioum al the
extreme itres The vares s idit patats of the sirain dizgram ame
{2) Sdrain gt nerol s = (8
fii) Musnuty  of tmale  #iedin © @[ concrete ol oextemw dbee,coam — [EHEN
{it) Strafn gt eon=tent sesa of 047 £y — OIL
(L]t Stram i sied comespondiay to JeeRinmim shres 2 filure,

LI ¥ - |
-E..I -‘ﬂl‘-ﬂ'-;'ﬁiﬂm. Jl.r'ﬁ-

r
Frte [iytrTmbon

Thee stvess diagram ix shuwvn i Fig. (). Tt has o parabolic shape Fam Ao B aod dies
Fnesr [iiel B 1o O aferve the newbral axis. The vaeimrs snlient paims of e stosts diagrom ape




(1) Sirza i el axds (Foint Mg 0,
(i} Btress at O sipoin (Tuiat, B) = %‘5 0446 e 0,45 L

(i) Serizs at exmeme fibre (PL O} — 0446 £a —Q.43 §y,
[iv} Hdwthunmh'ilmh,m-mn:dcismumﬂimh:mk:ﬂ ol Lneci

_ 5
S TRl
Stress Hlook Parameters 15 450 FH 5o T-'Tﬁ-&él.
I | —
3 | B b T
'.u.[ - 361y
]
Srapsg BLOCR PaiaETERS

. ¥ur fhe siness-girio COrve of pomuzrcte the dedipm siress otk parsneiers T Lakfen ik

il Loty s pes B85 436 2.

hrﬂﬂfmuﬂ-i}lm‘t—'ﬂ.}&ﬁ:k:{.

Drepth of cenlme of comupressive fore Froam the cxtrems Gboe o camp

Newrral Asis Depih (z,)
Mewdral meis is the 4335 o which the sincesess wia e aoed o s sihrgteul =t the comire ol

el axis for 8 sogly reinforeed bean Is calenladel by

m=gion = 042 ®

wraviy of the seclisa. The depih iof
micing equelibriun of Lesils youl gorrmmesaive [hices

Jiag. 4.5 Conorcts: mne-block ponrmeaters in sompression.t
b = Width of secion

= Diepth of merufral 15

X
i = Tolal compreasion
1 = Tudal temsiv



Tia], Kneiom (7] = 047 f, - 4 1 e
Ttul enmpgmalon 13 = 035 :1; :,a a1 41,42 1, Pram tho tng extreme [1h (24

75 478 M ]
Bar enimrham off B
Tong| ewnilow o Totdl eamqmesion {- e qﬁj
NI LA, =036, 5 b E ;
g o DELL A b} Beehom
T Riafah

which la gtver o Classe C31,1 0F 15 cde
K | HRL A,

W 030 fx i
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