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UNIT-1

INTRODUCTION TO R.C.C.

The tensile strength of cement concrete is just about 10% of its
compressive strength . In other words, cement concrete is very
strong in compression. Steel is equally strong in tension as well as in
compression . Steel is high strength material as compared with
concrete.

The steel used in the form of bars to reinforce the concrete is called
reinforcement. (reinforcement is a term form military or police
organization . It means to increase the existing strength of concrete
as well as controls the effect of shrinkage and temperature changes.
The cement concrete reinforced with steel bars is known as
reinforced Cement concrete

SUITABILITY OF STEEL AS A REINFORCING MATERIAL
|t has high tensile strength
e|t is highly elastic.

|t can develop good bond with concrete as its co —
efficient of expansion is nearly equal to that of
concrete (i.e. 11.7 x 10-6/C.
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eit is easily available in India.

IR HY. 1 IR=T-

HIHC Sshic Pl doIdT dlehd ST JUITSd dTehd i
oTITHIT 10% & | GER Teal A, HIHAC chehle HUse H
S FSTI ¢ | TEIeT I=ATd o TTY-H1 TS H o7
3T &1 FSTecT & | Shshie T Jelell 7 EEel 3T AT
grelr AT g

shehlC &I HSTe el &h [T Helldl o T H SETATA
feraT SiTet Aol EElel GEdThLUT Shgollcl & | (FEelehioT
Teh o AT YT HITST oh &G H Teh 0eC & | SH
Hld Thshlc T HISIeT dTehd ol TGl & ATT-HTY
HehIdel R dTTATA IR & AT I [AI T HLeT
el

Il IR o ATY TdTeld HIHC Shshic I Tdfeld HIHS
Shehlc & T H ST ST &

U% ASTed AIHA & T J STIT AT ITLFAAI-

- SHH 3T deIdT dishd gldl &
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- g & ATIeR g |

- g hehie o TTY 3TST 98 [AhAd HT ThaT g
FiTeh SHeAT TAETR I[UTIeh ofaTeTeT shshic &h e &
(3747 11.7 x 10-6 /C.

. g R A 3T ¥ 3TAT B

LOADS ON STRUCTURE ( AS PER IS: 875)
°Dead load

Dealloadrefers toloadsthat relatively don't change over time, such as
theweightof. Allpermanent componentsof a building including walls,
Beam, columns, flooring material etc) Fixedpermanent equipment

Live load

Refers toloadsthat do, or can, change over time, such as people
walking around a building (occupancy) or movable objects such
as furniture

DEAD LOADS

- Concrete LIVE LOADS
- Steel - People
- Slass - Furniture

- Materials
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Wind loadson structural frames are calculated on the basis of
the elastic response of the whole building against
fluctuatingwindforces.Wind loadson components/cladding are
calculated on the basis of fluctuatingwindforces acting on a small
part.

*Snow loads

*Snow loadis the downward force on a building's roof by the
weight of accumulated snowand ice. The roof or the entire
structure can fail if thesnow loadexceeds the weight the building
was designed to shoulder. Or if the building was poorly designed

or constructed.

*Seismic loads ( Earthquake loads)

*Seismic loadis one of the basic concepts ofearthquake
engineeringwhich means application of anearthquake-
generated agitation to a building structure or its model. It
happens at contact surfaces of a structure either with the
ground, or with adjacent structures, or with gravity waves
from tsunami.

LT T A (ITSTH 5 3T 875)-
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SIS oIS 3 WIS I AT AT g Sl GAT o 1Y
39&TTehdl sTal SGeldT &, St féh 8T | Teh SAR & Hall
LU e o adH Srar, i, Picld, HeT AT 317
A &) A Tad TURR 3uehor

CIECKGIE

3 ol I T ar & Sl TAT & 1Y Ieoldr g, ar
d6ol ohdT g, o1 Toh oli9T Teh SHRA (Psol) IT T
TEIIT S TeiTeR o IR 3R FAT &

ogdl ohl AX

a8 elisgsl TeaFael e hl ITUTT SAR-TGIT aTel
JdeT Fell o Tl JX $aeT T e JicishdT &
MR R T ST & | T[98 5T gcaht / Folfsar T
IUTAT Uah e H 888 I ATATT et Tl IAR-IGId
dTel Idef doll oh ITUR WX I Slal g

- T AR
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- HX Teh SART ol Bd W AT a6 AR Th &
HR A 1 T 3R ToT & | S T R T Bl &
Tohal & e I AR 30 9R T 38« g Ta sara «r
) o Torw f3aTSsT fohaT 313 47| AT 319R SART WIS
ek I FBatss ar AfAa $rars ot

- U R (3T 81X |

- YT AN ${ehT SOl TT I RaT Y FHel TURVIAT A
T Ueh g Tt 31 g ordl 979 I3 AT 38 AIS el
o oI 8{ehT & 3cToT G Telel ol TTIANAT| TG Tehall
HITAT hT HYeh TcTgl U AT Al STHIA o |12, T
ool HLTAT3N & AT, AT GATH § IecarehyoT
AT H AT gIaT g |

Working stress method -

*Traditional method of design

*Simple conceptual basis: The structural material behaves in
a linear elastic manner, and that adequate safety can be
ensured by suitably restricting the stresses in the material
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induced by the expected ‘working loads’ (service loads) on
the structure.

*As the specified permissible (‘allowable’) stresses are kept
well below the material strength (i.e., in the initial phase of
the stress-strain curve), the assumption of linear elastic
behaviour is considered justifiable.

*The ratio of the strength of the material to the permissible
stress is often referred to as thefactor of safety.

*Still in use for the design of bridges, chimneys, water tanks
etc.

*Modular ratio is not a constant: increases with time due to
creep of concrete.

*Assumption of linear elastic behaviour not always justifiable.
*WSM does not account for behaviour under loads that
exceed service loads.

*WSM does not account for varying degrees of uncertainty in
different loads under combined loading.

*Uneconomical section design

LIMIT STATE METHOD

*A limit state is a state ofimpending failure, beyond which a
structure ceases to perform its intended function
satisfactorily, in terms of either strength or serviceability; i.e.,
it either collapses or becomes unserviceable.

*Unlike WSM, which bases calculations on service load
conditions alone, and unlike ULM, which bases calculations
on ultimate load conditions alone, LSM aims for a
comprehensive and rational solution to the design problem,
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by considering safety at ultimate loads and serviceability at
working loads.

A limit state is a state ofimpending failure, beyond which a
structure ceases to perform its intended function
satisfactorily, in terms of either strength or serviceability; i.e.,
it either collapses or becomes unserviceable.

*Unlike WSM, which bases calculations on service load
conditions alone, and unlike ULM, which bases calculations
on ultimate load conditions alone, LSM aims for a
comprehensive and rational solution to the design problem,
by considering safety at ultimate loads and serviceability at
working loads.

*LSM is described as a ‘semi-probabilistic’ method or a ‘Level
1 reliability’ method

*Code Recommendations for Limit States Design
*Characteristic Strength

5 percentile strength to be taken as ‘specified yield strength’
in case of steel.

*Characteristic load

*the load that “has a 95 percent probability of not being
exceeded during the life of the structure”

*In the absence of statistical data regarding loads, the
nominal values specified for dead, live and wind loads are to
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be taken from IS 875(Parts 1-3) :1987 and the values for
‘seismic loads’ (earthquake loads) from IS 1893 : 2002

MAXIMUM SHEAR STRESS-

When nominal shear stressTc exceeds the shear strength of
the concrete shear reinforcement is to be provided. but the
nominal shear stress shall not exceed the values of the
maximum shear stress in concrete are given Tv>Tcmaxif
then the section is to be redesigned i.e. the dimensions of
the beam are to be changed so that becomes less than
TLcmax.

S B
b xS,

A, 0.4
3

here

A, = total cross — sectional area of stirrup legs ef fective in shear

S, = stirrup spacing along the length of the member

b = breadth of the beam or breadth of the web of flanged beam and

fy = characteristic strength of stirrup reinforcement in N/mm
which shall not be taken greater than 415 N/mm?.

*When Tv exceeds Tc shear reinforcement is
provided in the beam. Shear reinforcement shall
be provided in the following forms :
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» Stirrups ( vertical and inclined)
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Fig. 5.6. Bent up bars alongwith stirrups.

» Combination of (a) and (b)
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Fig. 5.6. Bent up bars alongwith stirrups.
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S ENIEG IR IECIECGEIED

- TS AT TR GXAATCHS ATHIT Teh
TP FaeR dlieh A TagR Al &, 3R araal
H TATd 1 3T T W WAT e TAed
GIETT GIATTT HT ST Fehell &

o dfeh fAfése AT (EHRY) gfdeal @t
Fiftde afda & srhr A @1 ST §
(311, Fiddel-fahid dsh & TRIAS TOT
), 3@+ FIER SIdgR hr R A
SITIETT AT ST gl

- FHAA AT AR AR AFAT dAT H
T I FAT FIET & FRH & T H
Teffa fRar Sirar g

- gelt, faAferat, gt dr it 3nfg &
fearmser o forw 373fT off 3uaer & gl

- HIZYeR 3HeqdTd &R 76T §: shehic & WA
& HRUT AT & T & &l
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- Y@ dER c¥dgR $T grRum gaer 3Rd
el Bl &

-WSM 34ar1 #R & ¥k #AR drel SYdgR &
fov [9FAGR =T g1

-WSM T Aifsar & dgd fAffiesr st &
FATTTTar r Aeer-3re19r B3t & forw
fSFACR 71ET &

AT o fafe

- Teh AT ToT A eod [dBoldl I Teh
fEufa g, 99 316 Teh I&AT AT ar dieed
T FATETHAT & e H 39+ sieod FF &
TAYoleleh 9T & T d¢ T dal g I,
g AT dl &F Sl & AT 3q9Aed g i &l

- WSM & Taudid, St shael ddT dig &l
Ul 9T MUTET S TR §41daT g, 3R
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ULM & fa9dida, St shad 3ifa#d & fufaar
U IMUTAT T YR FATdT g, LSM T 368
3 AR I R IR F R R

QATETAAT W TdIR leh, 39S AT &

Uch cgI9eh 3R dehdeTd THATYTT &l gl .

- Teh HIAT ST 3HHeod [Aheldl &I Teh
Tyufa g, IS9s 319 Ue I3=@«r Ir ar died
T JATETHAAT & &7 H 39+ sfead 1 &r
TASSTeTeh &7 ¥ el a6 &Y &dl & I,
Ig AT ol G ST § AT U gl S gl

- WSM & faudid, St dhael ¥dr olig r
Eafd 9 T 1 3R §491ar 7, 3R
ULM & faodia, St ohaa 3ifasd s Tufaar
O 9MUTSAT &l YR §eITdl §, LSM &l 368T
IfAH RN TX FET 3R F R R
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QATETATT R a9 ek, S8 THEAT

Ush SAT9eh 3R dhIId AT il &l .

-LSM &l '35-ga7ed’ geufd a1 '&X 1
faeq@siaar gyeufd & ®9 # gfvla fhar
AT 7

-faffe weeg B & AT @I @

AR GIIGIEDTS

. T & AHS H 5 qdersd &I
Afése Aes BT & T H OR—T ST
SRy

fIAvar AR
. AR S "GIAT o Siidel o SiNlel IR o
gy &I 95 gfaerd HGeT g




- $R o TEY H AMETRIT 3HThal o T
A, #d, Sifdd 3R gad 61 & fav [Afdse
ATHATT AT IS 875 (H19T 1-3):1987 & foram
ST & 3R IS T '¥ehT #R' (3T AR) &
forT a7 forar Smar g1 1893 @ 2002

TR dH FHalal de1d

ST ATHATT Sl deIld GHI dhshlc Shleil
IR T el dlchd T 3OS §, o
gerel fohar ST 81 oifched ATHATT el
deITd Shshic H IR dH hadlal dod &
Hedl | 3T FET grem, v>Temaxif 1
ST & @l 37807 &l e & fSairset femar
ST § Il S1F o TATAT &l deoll ST &
drfeh Gemax & e &l

cFgvc A IVH g A@r g ar T A
3IEIUT FESIHUT YalT fhar ST g
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AT el Arfaf@d & & ger
EX I IRCILEN b
TN (FEATER 3R SThT g3)

S§¢-317 d”

(T) 31X (&) 1 I

Assumption in the theory of simple
bending for R.C.C.beam-

*The assumptions made in the Theory of Simple Bending are
as follows:
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*The material of the beam that is subjected to bending is
homogenous (same composition throughout) and
isotropic(same elastic properties in all directions).

*The beams have a symmetrical cross section and they are
subjected to bending only in the plane of symmetry.

*The beam is made up of a number of fibersthat run
longitudinally to each other and are all straight initially. On
bending, they do so in the form of circular arcs, with a
common centre of curvature.

*The effect of Shear stresses is neglected. The bamis
subjected to pure bending.

*No warping of the cross section takes place. That is,
transverse sections through the beam taken normal to the
axis of the beam remain plane after the beam is subjected to
bending.

*The dimensions of the beam are very small as compared to
the radius of curvature of the beam.

Balanced section

Reinforced concrete beam sections in which the tension steel
also reaches yield strain simultaneously as the concrete reaches
the failure strain in bending are called balanced sections.
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Over-reinforced beam

Reinforced concrete beam sections in which the failure strain in
concrete is reached earlier than the yield strain of steel is
reached, are calledover-reinforced beam sections.

Under reinforced beam

Reinforced concrete beam sections in which the steel
reaches yield strain at loads lower than the load at which
the concrete reaches failure strain are under reinforced
sections.

ST o T ael Sfehat o Agennd & aom
* WA bl & Aeerrd & Fr 315 Yo
SH UK o

-éﬂﬁaﬁram?frﬁsgaﬁé:mﬁ?r%ag

JHAET (T & IEaT 3T H) 31K rsaeits
(TS fE=m3ft & §AW WRIGR I[vT) ¢
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. §I7 H U FATHT HIF TFAT BT g 3R
d Shadl TATAAT & dol H Fhal & A
gld &l

deh od HI T Told & 3R L3 # gl
@Y g §1 g W, A Tohal & T
AT e & iy, MR IT & & H
AT A g

- 3TYEYUT Telldl o FHIG hl 3UGT hr STl
gl ST Y Fhel & HE §

. I JFAT I HIS dlAT-STAT T8l aicT &l
3T, S & ATETH F HIUEY Ws iF &
3787 OT AT ®9 ¥ o ST ST g, SiH

S[ehel & 16 FHAA BT &
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- @17 FT gohdl AT HT Joladt H §1F7 &
3T Sgd oic gid £

e w
ydfold shehic aiH @2 TSTH dalig Ta Y T
T2 39S dalld doh qg;;m-u g FlTeh Ponic hal

H Ta%eldr d=I1d deh qgudl g, ddfad us
FETdT & |

38 gaforag S

gdfold shehie a1H W3 [STH shehic H [Ahordr
JaITd TEXIT &hT 39T dodTd dah qéuﬁ @rqgﬁqur
SATAT &, I 3Na-HdTold &1 WS FeTSTdT g |

gdiold a1H & dad

gafold hehic fiH T@e A T 3T AR A A

AR 9T 39T dATd deh qgm-u g I W ahehie
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IEEERIGGICKE qgudl g gdford gaif & 37a9Td

giaTgl
s s

YeTeld shshic sTe W3 [oTdH dolld TeTel 3 U
AT 39T daITd deh qg;;m-u g FlTeh Ponic hal
H Ta%eldr d=I1d deh qgudl%",ﬁgﬁﬁm
CTIGINS

38 gaforag S

gdfold shehie a1H W3 [STH shehic H [Ahordr
JaITd TEXIT &hT 39T dodTd dah qéuﬁ @rqgﬁqur
SATAT &, I 3Na-HdTold &1 WS FeTSTdT g |

gdiold a1H & dad

gafold hehic fiH T@e A T 3T AR A A

AR 9T 39T dATd deh qgm-u g I W ahehie
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T eIl T cTeh g el g gaford g9t & 37d9a
T gl

DESIGN OF SINGLY REINFORCED
BEAM-

The Concrete beam whose only tension zone of cross-section area is
covered with steel rod is known as a singly reinforced beam.

A reinforced concrete (RC) has several members in the form of beams,
columns, slabs, and walls that are rigidly connected to a form of
a monolithic frame.

“‘Beams are members that are primarily subjected to flexure or bending and
often support slabs.”

Beams support the loads applied to them by slabs and their own weight by
internal moments and shears.

In a reinforced concrete beam of rectangular cross-section, if the
reinforcement is provided only in the tension zone, it is called a singly
reinforced rectangular beam.

In the Singly reinforced beam, the ultimate bending moment and the
tension due to bending are carried by the reinforcement. While the
compressions carried by the concrete.

Analysis Steps of Beams

Steps for the analysis of singly reinforced rectangular beams are as
follows:

Step(1)



https://winnerstroi.kiev.ua/en/osobennosti-karkasno-monolitnogo-stroitelstva.html#:~:text=Today%2C%20monolithic%20frame%20construction%20is,Only%20then%20do%20the%20walls.&text=The%20supporting%20elements%20in%20the%20frame%20are%20always%20columns.
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Calculate area of reinforcement steel (Ast)
Step(2)

Calculate depth of Neutral axis (xu) by using Horizontal equilibrium i.e. by
using the expression.

Compressive force in concrete = Tensile force in steel
Or,C=T

Or, 0.36fck bxu = fs Ast

fs. Ast

== = -
M= 036 fck b

Step(3) Calculate the limiting value of depth on neutral axis (xu,max) by
using clause 38.1 of code IS 456:2000.

Step(4)

Compare xu with xu,max and determine whether the section is balanced
section, under reinforced section or over reinforced section.

Step (5)

Find the moment of resistance (Mu) by using the expression for balanced
and under reinforced section and expression for over reinforced section

o Yafad d1H7 o1 f3s+-

Shehie ST ToTgeRT SPIg-Tarele &1 &l UhHATT dald & TET US T SHIglar g
38 ATt Pgepies 1T & &7 & ST ST &

Teh Jafold hshIc (IR H 1A, FlclH, Told 3R EaRT & T H 3 68T gid
g Sl Uh 3713 %A & ¥ H AT A S 81T ¢ |
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" T HGET BIdd & o ATT T § oledieldel AT 3ehat & 37elieT gl © 3R
3FER Tl T TATT LA g 1"

ST Fold GaNT 37 TR T9] HN 3R TR &701 3 ekt GarT 9l T &
aotel ol FHLYT HId & .

AR hIE-HeFRIeT o FaIfeld chshic 1A #, AT ESThIUT shalol ofelld &1 &
YeTeT fhdT ST &, df 38 Tehel YaTold AT S1H gl SITdT &

f&arer {gewhies o1 &, 3TAH 5]t o1 &70T 31X SJehel & SHROT el FrelehioT
SR foRaT STT & | STaIfeh o shshie ganT fhdT ST &

ST o faQeiyuT TRoT

Uehdl JaTeld 3TIATRR &1 & [IIV0T & TIUT 5T YK 8
T 1)

GLEIHIUT TVl & &1 I I0TAT Y (TTHCY)

TOT &)

&S TloTel T SUANT Feh TTelT HTHH el T STATIT leh TCEY 3787 (Xu)
I IS FT ITUTAT F |

enlc H UISH g = T H dogdl gl
gr, @ = &1

T, 0.36fck bxu = fs Ast

TROT (3) IS TSTY 456:2000 & WS 38.1 T IYATIT hieh ded 37eT
(xu,max) W IS & AT Hed T 01T Y|
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TIT 4)

XU T TefelT xu,max & &Y R TRl Y foh 37T HJfere Jregermer 8,
SToI 37T3TeT & 3cAeTel AT 31feeh Faferd 3eTsimaT & 3icraa|

=T (5)

Hferd 3R yaford ©s & forw 3iffeaiead 1 3uAier e 3R 31 yaford
TS & TIT HHAHTFA ol 3YANT ehleh TR & &T0T (THY) T YT ofaMT

MOMENT OF RESISTANCE FOR
SINGLY REINFORCED BEAM-

*The moment of resistance of the concrete section is the
moment of couple formed by the total tensile force (T) in the
steel acting at the centre of gravity of reinforcement and
the total compressive force (C) in the concrete acting at the
centre of gravity (c.g.) of the compressive stress diagram.
The moment of resistance is denoted by M.
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3ehol Tefeld SlTH o TorT STaIer shr &7oT

Shshlc WS oh FTARNET T &T0T TETel H el ol
ol (&) SR TS SIS T &T0T & S GEST0T &
TecATehYUT & ehg, H THTT T & 3N shshic H
ol HUISe o (HY) & g A AT RAT FAT &
mewm(cg)l gfaer s
&T0T ol UH GaRT fA&0d foham Srar g |

DOUBLY REINFORCED BEAM-

difference between singly and doubly
reinforced beam
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Vs

........

Difference Between Singly and Doubly Reinforced Beam

A Singly reinforced beam holds a steel bar in the tension zone, but in doubly
reinforced beams, steel bars are given in both zones, tension, and compression.
... While in the doubly reinforced beam, compression steel resists compressive
stresses and constitutes the addition moment of resistance.

sad Ydfeld-

f&arer 3R 39 PsehIes IF7 & 9T 37T

Ush Uchol Tdfold S dolld &9 H T Tilel
IR 3G §, offehel SR

gefeld s, ol 9] Gl 8131, Jdag 3R
qdisa # U 91w g

.. 9 eRP[A Yafeld §IF H, HUAA Tid
FATAT T AT FfaUe Har g AR gfader
o TARSFd &T9T FT ST AT o

In a cross-section of concrete beam, if the reinforcements are provided in
both the compression and tension zones, it is called a “Doubly reinforced
beam”



https://www.google.com/search?q=What+is+the+difference+between+singly+and+doubly+reinforced+beam?&tbm=isch&source=iu&ictx=1&vet=1&fir=Dn0vrFH1QoEzpM%252CrSgooGEaD3nq6M%252C_&usg=AI4_-kRS8Aey1RilTxW91-5xWZzv3UIgsw&sa=X&ved=2ahUKEwi0sOvr6s71AhUy83MBHZl3AEwQ9QF6BAgFEAE#imgrc=Dn0vrFH1QoEzpM
https://www.google.com/search?q=What+is+the+difference+between+singly+and+doubly+reinforced+beam?&tbm=isch&source=iu&ictx=1&vet=1&fir=Dn0vrFH1QoEzpM%252CrSgooGEaD3nq6M%252C_&usg=AI4_-kRS8Aey1RilTxW91-5xWZzv3UIgsw&sa=X&ved=2ahUKEwi0sOvr6s71AhUy83MBHZl3AEwQ9QF6BAgFEAE#imgrc=Dn0vrFH1QoEzpM
https://www.google.com/search?q=What+is+the+difference+between+singly+and+doubly+reinforced+beam?&tbm=isch&source=iu&ictx=1&vet=1&fir=Dn0vrFH1QoEzpM%252CrSgooGEaD3nq6M%252C_&usg=AI4_-kRS8Aey1RilTxW91-5xWZzv3UIgsw&sa=X&ved=2ahUKEwi0sOvr6s71AhUy83MBHZl3AEwQ9QF6BAgFEAE#imgrc=Dn0vrFH1QoEzpM
https://www.google.com/search?q=What+is+the+difference+between+singly+and+doubly+reinforced+beam?&tbm=isch&source=iu&ictx=1&vet=1&fir=Dn0vrFH1QoEzpM,rSgooGEaD3nq6M,_&usg=AI4_-kRS8Aey1RilTxW91-5xWZzv3UIgsw&sa=X&ved=2ahUKEwi0sOvr6s71AhUy83MBHZl3AEwQ9QF6BAgFEAE#imgrc=Dn0vrFH1QoEzpM
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This type of beam is mostly provided when the depth of the beam is restricted. and by
increasing the steel in the tension zone, the moment of resistance cannot be increased.

This type of beam is provided to increase the moment of resistance of
a beam having limited dimensions.

Analysis of Doubly reinforced beam

Analysis steps for doubly reinforced rectangular beams are summarized
below:

Step(1) Find the limiting value of depth of neutral axis (Xu,max) by using
the clause 38.1 of code IS 456:2000.

Step(2) Assuming fsc = fst = 0.87fy and considering force equilibrium,
find Xu;

_ Fstedst— fzc—fecldsc
- 0.3Ef ek b

xu

Where, fcc = compressive stress in concrete at the level of compressive steel
So, we can take

Fcc = 0.446fck

Step(3) Compare Xu with Xu,max, if Xu Xu,max, the section is bakanced or under
reinforced section. So, the assumption made in step(1) i.e. st = 0.87fy is OK.

If Xu>Xu,max, then the section is over reinforced section and
hence use strain compatibility method to find fst.

Step(4) Find the strain in compressive steel



https://en.wikipedia.org/wiki/Structural_analysis
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d
€. =0.0035(1 -
Xu
087 fy

And c, =——— +0.002
! Ez

Where, €, =maximum strain in the tensile reinforcement
€. =Young's modulus of steel

If €. =€, ,the assumption made in step (1) i.e. fsc= 0.87fy is OK, otherwise use strain compatibility
method to find fsc.

STEP(5) Find the moment of resistance (Mu) by using equation;

Mu = 0.36fck b xu (d-0.42xu) + (Fsc— Fcc)Asc(d-d')

shshlc ST o shid-Terlel H, ATE TS 3N ofeira aleil &1 7 FedehioT Jerel
T ST &, Y 38 "9 AshIEs ST FgT AT gl

9 YR FI S SAGTAR dF YETeT ST STl § STd 1o T agrs WA g1l 3R
I & H TET T ST AT & &TUT ! AgT SGIIT ST ohdT o

HITHT 3T dTel s1# o YTAIET oh &T0T i FGTeT o [olT SH TP I 13T HeTeT
T ST B

39 JdTold §1H &T faeeiyoT

alTet FeTlel ATIAThR S1H o ToIT [ oT TR0l st ERTer e fem I 8
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TXOT (1) IS IS 456:2000 & WS 38.1 T IUTIIT hich dcEd & (Xu,max) hr
IS T WA AT AT P

TROT (2) fsc = fst = 0.87fy HAleld §T 3R T TJelel R faIR FId §T, Xu AT
N

T8, fec = FIFAT T & TR W Sdhlc H FAf8g &
L g I RIS
UTHATET = 0.446fck

TROT (3) S Y JoeT S A Y, A, 3R S Sf, HFH, QeI 9k haT g3 g AT
gafold T2 & dgd & aY, TUT (1) ITeT st = 0.87fy H &I IS URUT S g

e S1>9f Herd, Tl Aereret 3T’ YS-hies Tl & 3R safeIv fst
Grotel & TIT FgoT ShrdTefaferl AYs &1 39T |

TIOT (4) HIATAT TS H Tl T Il 9T

STEP(5) HHIGUT ST 3YITIT hich ITAT T &T0T (Mu) AT hITSAT; Shshic sTH
o hIF-QeFereT H, Iie; IS 3R TeATa et 8131 & FESrroT TeleT fehdT STer
g, dl 38 "saof {gehies NI FgT Far gl
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ST YR T AIF SATETAR e YeTe T ST § ST d1eT et Ig3rs EfAd arl 3k
ToTTd &1 H TEToT T TGThT UTIRIE o &T0T &l oTgT SGTAT Sff HehdlT g |

HITHT 3T dTel s1eT o YTAIET oh &70T i FGTeT o [T SH TP I 19T JeTeT
T ST B

R EIGEIGEIREEGA M

alTet FeTlel ATITh R S1H o ToIT L@ oT TR0l st ERTer el fem I 8

TXT (1) PIS IS 456:2000 & WS 38.1 T IYINIT Feh dcEY 38T (Xu,max) hr
IS T WA AT AT P

TROT (2) fsc = fst = 0.87fy ATl §T 3R T TJelel R IR FId §T, Xu AT
a;

T8, fec = FIAT T & TR W Sdhic H FHAf8g &
GINGESRSCT R
UHRATET = 0.446fck

TROT (3) S T JoleT S A Y, A, 310R S Sf, HFH, QeIeT b fhaT g3m g AT
gafold T2 & dgd & aY, TXOT (1) ITeT st = 0.87fy H &I IS UROT S g

Ife S, Y Al 3aT YShIes e § 3 3afav fst
Grotel o foIT TooT FHEufe I AUS 1 39T HY|

TROT (4) FATHT TS H TeT T I 9T
STEP(5) IHIHIOT Sl 3TN dich YT T &70T (Mu) 3Td HIfAT;
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UNIT -2

‘REIFORCEMENT FOR A RCC COLUMN WITH
ISOLATED SQUARE FOOTING’

Definition of column

Column is defined as a vertical compressive member which is subjected to
a compressive force.

It shall called a column if its effective length will be three times the least
lateral dimension.

If the effective length of the column is not at least three times its lateral
dimension then it is known as Pedestal.

The inclined column subjected to axial loading is known as Strut.

Column & Struts




Shape of Cross Section of Column

e Square

« Rectangular
o Circular

. Pentagonal

« T-Shape

« L-Shape etc.

Materials of Column

o Timber

o Masonry

.« RC.C

« Steel Column

« Composite Column

Types of Loading on Column

1. Axially Loaded Column
2. Eccentrically Loaded Column

Eccentrically Loaded Column
further divided into two type

1. Uniaxial Loaded Column
2. Biaxial Loaded Column

Types of Column- Slenderness ratio

1. Short Columns
2. Long Column

DIPLOMA IN CIVIL
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Effective length of Compression
members

Types of Reinforcement in Column

Longitudinal Reinforcement

The Steel Rod placed longitudinally in a column is known as Longitudinal
reinforcement. It is also known as main rod of a column.

.
=

;.
i
i
=~

"n &‘.P’.:
nmaTm

Function of Longitudinal Reinforcement

It spread the compressive load to concrete.
It resists Tensile Stress

It Provides Ductility to column

It reduces the effect of shrinkage.

Lateral or Transverse Reinforcement

The steel rod provided along the lateral dimension of the column is known
as lateral or Transverse reinforcement.
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Longitudinal Reinforcement to RCC
column design — Specification As Per-
1S456-2000

Cover- The nominal cover for a longitudinal reinforcement bar in a column
should not be less than any of the following,

A) 40 mm
B) The diameter of the bars

Minimum Eccentricity:- The Minimum eccentricity to design a column,

Unsupported Length + Lateral Dimension
500 30

Emin =

Epmin = 20 mm

where, Unsupported Length is not effective length.

Requirement of Longitudinal
Reinforcement for RCC column design

1.The cross sectional area of longitudinal reinforcement in a column should
not less than 0.8 percent and more than 6 percent of the gross cross
sectional area of the column.

2.The minimum numbers of longitudinal bars in a column should not be
less than four in rectangular column and less than six in circular column.

3.The longitudinal bars should not be less tha 12 mm in diameter

4.The spacing of longitudinal bars should not be more than 300 mm.
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Requirement of Lateral Reinforcement of
Column

1.The diameter of lateral ties should be
greater among,
1.(%4)th of the diameter of the largest longitudinal bars.

2.6 mm

2. The Pitch or spacing of the lateral ties
should not be greater than the following.

1.Least lateral dimension of the column.

2.16 times the diameter of the smallest longitudinal bars.

3. The diameter of spiral or helical
reinforcement bars should be greater
among,

1.(1/4)th of the diameter of the largest longitudinal bar.
2.6 mm
3.300 mm

4.The pitch of spiral reinforcement should
not be more among,

1.75 mm

2.(1/6)th of the diameter of the core of concrete.
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Effective height of a column:

a) Effective held in position at both ends, but not against rotation L

b) Effective held in position and restrained against rotation at both ends 0.5 L / 0.67 L or
0.65L

c) Effective held in position at both ends, restrained against rotation at one end 0.70 L / 0.80
L Effective held in position and restrained against rotation at one end

d) the other end not held in position nor restrained against rotation 2.0 L
e) the other end restrained against rotation but not held in position L /1.2 L

f) the other partially restrained against rotation but not held in position 1.5 L

Helical reinforcement:

1. The diameter of the helical reinforcement should not be less than one fourth of the
diameter of the largest longitudinal bar, and in no case less than 6 mm.

2. Helical reinforcement should be of regular formation with the turn of the helix spaced
evenly and its ends should be anchored properly by providing one and a half extra turn of the
spiral bar.

3. If an increased load on the column on the strength of the helical reinforcement is allowed
for, its pitch should not exceed of the following

i. 75 mm
ii. One-sixth of the core diameter of the column
The pitch should not be less than the following distance: i. 25 mm

ii. Three times the dia of bar forming the helix
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3. If anincreased load on the column on the strength of helical reinforcement is not
allowed for, its pitch should not exceed of the following

i. the least lateral dimension of the compression member,
ii. sixteen times the smallest diameter of the longitudinal bar to be tied

iii. 300 mm

FITH hT TRITHI-
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UNIT 3

“DETAILS OF REINFORCEMENT
FOR A CANTILEVER BEAM”

Reinforced Concrete Cantilever Beam Design (Analysis and ACI 318-14)

Cantilever beams consist of one span with fixed support at one end and the other end is free.
There are numerous typical and practical applications of cantilever beams in buildings,
bridges, industrial and special structures.

This example will demonstrate the analysis and design of the rectangular reinforced concrete
cantilever beam StructurePoint shown below using ACI 318-14 provisions. Steps of the
structural analysis, flexural design, shear design, and deflection checks will be presented. The
results of hand calculations are then compared with the reference results and numerical
analysis results obtained from the spBeam engineering software program by

7. Cantilever Beam Analysis and Design — spBeam Software spBeam is widely used for
analysis, design and investigation of beams, and one-way slab systems (including standard
and wide module joist systems) per latest American (ACI 318-14) and Canadian (CSA
A23.3-14) codes. spBeam can be used for new designs or investigation of existing structural
members subjected to flexure, shear, and torsion loads. With capacity to integrate up to 20
spans and two cantilevers of wide variety of floor system types, spBeam is equipped to
provide cost-effective, accurate, and fast solutions to engineering challenges. spBeam
provides top and bottom bar details including development lengths and material quantities, as
well as live load patterning and immediate and long-term deflection results. Using the
moment redistribution feature engineers can deliver safe designs with savings in materials
and labor. Engaging this feature allows up to 20% reduction of negative moments over
supports reducing reinforcement congestions in these areas. Beam analysis and design
requires engineering judgment in most situations to properly simulate the behavior of the
targeted beam and take into account important design considerations such as: designing the
beam as rectangular or T-shaped sections; using the effective flange width or the center-to-
center distance between the beam and the adjacent beams. Regardless which of these options
is selected, spBeam provide users with options and flexibility to:

1. Design the beam as a rectangular cross-section or a T-shaped section.
2. Use the effective or full beam flange width.
3. Include the flanges effects in the deflection calculations.

4. Invoke moment redistribution to lower negative moments
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5. Using gross (uncracked) or effective (cracked) moment of inertia.

A cantilever beam is a rigid structural element supported at one end and free at the
other, the cantilever beam may be made of concrete or steel with one end cast or
anchored to a vertical support. It is a horizontal beam structure whose free end is
exposed to vertical load.

In this configuration, one end carries all the load as good anchor which is needed to
resist the bending moment, it is also called Encastre.

This beam carries a span over a period that undergoes both shear stress and bending
moments

Objective of Cantilever Beam:

. The bending force was induced in the beam’s material as a result of the external
load, own span load and external reactions of these loads.

Internally, the beams experience compressive, tensile and shear stresses as a
result of the loads applied to them.

We compared stress and natural frequency for different materials with the same
I, C and T cross-sectional beams.

Steel, stainless steel, and cast iron cantilever beams undergo static and modal
analysis.

To maintain the beam within a safe operating environment, it must be designed
with high stiffness and damping capacity.

Advantages of Cantilever Beam:

These beam enables erection with little disturbance in navigation.

2. The span can be longer than simple beams because beams can be added to the

oo b

cantilever arms.

The beam is resting on the arms, it is quite simple to maintain thermal expansion
and ground motion.

The cantilever arms are very stiff due to their depth.

They are very simple to construct.

Only one fixed support is required, support on the opposite side is not required.
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Disadvantages of Cantilever Beam:

e Like beams, they maintain shear shape along with resistance to large tensile and
compressive forces therefore relatively large in scale.
e Truss construction is used in large structures to reduce weight.

e A good example is a balcony, it is supported at one end only, the rest of the beams
extends over the open space, on the other hand, it has nothing to support.

e Other examples are a cantilever roof in a bus shelter, car park, or railway station.

e A good example is a balcony, it is supported at one end only, the rest of the beams
extends over the open space, on the other hand, it has nothing to support.

e Other examples are a cantilever roof in a bus shelter, car park, or railway station.

Design of Cantilever Beam

A cantilever beam under the action of the structural load is subjected to
moment and shear stresses.

The objective of any design process is to transfer these stresses safely to the
support.

The bending moment of a cantilever beam varies from zero at the free end to a
maximum value at the fixed end support . Hence during the design of cantilever
beams, the main reinforcement is provided to the upper fiber of the concrete beam to

withstand the tensile stress safely.

The maximum span of a cantilever beam is generally dependent on the following

factors:

1. The depth of the cantilever
2. The magnitude, type, and location of the load
3. The quality and type of material used

Usually, for small cantilever beams, the span is restricted to 2 to 3 m. But the span can
be increased either by increasing the depth or using a steel or pre-stressed structural

unit. The span can be constructed long, given that the structure can counteract the
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moments generated by the cantilever and safely transfer it to the ground. A detailed
analysis and design of the structure can help study the possibility of long spanned

cantilever beams.

The cantilever beam must be properly fixed to the wall or support to reduce the effect

of overturning.

Applications of Cantilever Beam in Construction

Cantilever beam structures are used in the following applications:

Construction of cantilever beams and balconies
Temporary cantilever support structures
Freestanding radio towers without guy-wires
Construction of cantilever beam for pergolas
LINTEL construction in buildings

o > w D E

CANTILEVER UNDER BEHSVE UNDER LOAD

A cantilever beam bends downwards when it is subjected to vertical loads. It can be
subjected to point load, uniform load, or varying load.

Irrespective of the type of load, it bends downwards by creating a convexity upwards.
This bending creates tension in the upper fiber and compression in the lower fibers.
Hence, during the design of cantilever beams, the main reinforcement is provided to

the upper fiber of the concrete beam, to withstand the tensile stress safely.

SehIS 3 "Teh Siehe STH o Tl FedlehoT o faaTor”

el fold dhshic hicalldT st [SollseT (faeeivoT 3R THIATS 318-14)
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UNIT-4

* REINFORCEMENT IN PLAN AND SECTION FOR A SIMPLY
SUPPORTED RCC ONE WAY SLAB AND TWO WAY SLAB’

REINFORCEMENT IN SLAB

Reinforcement detailing of a slab is done based on its support conditions. ... In one way slab
main reinforcement is parallel to shorter direction and the reinforcement parallel to longer
direction is called distribution steel. In two way slab main reinforcement is provided along
both direction.

One Way Slab:

One way slab is a slab which is supported by beams on the two opposite sides to carry
the load along one direction. The ratio of longer span (l) to shorter span (b) is equal or
greater than 2, considered as One way slab because this slab will bend in one direction
i.e in the direction along its shorter span

LongerSpan
ShortSpan —

Due to the huge difference in lengths, the load is not transferred to the shorter
beams. Main reinforcement is provided in shorter span and distribution
reinforcement in a longer span.

Two Way Slab:

Two way slab is a slab supported by beams on all the four sides and the loads are
carried by the supports along with both directions, it is known as two way slab. In two
way slab, the ratio of longer span (I) to shorter span (b) is less than 2.



https://www.google.com/search?sxsrf=APq-WBuckL03zhQUMMJGORKzM9yUAWMXXw:1643600782662&q=What+is+reinforcement+in+slab?&tbm=isch&source=iu&ictx=1&vet=1&fir=4YM5MBLg9d4-jM%252CixWeViGlTbB4VM%252C_&usg=AI4_-kQ04nwzoYbefZkTC8f3mQHv0xOrog&sa=X&sqi=2&ved=2ahUKEwiv5LWGitv1AhWvk4sKHQ3JBKwQ9QF6BAgUEAE#imgrc=4YM5MBLg9d4-jM
https://www.google.com/search?sxsrf=APq-WBuckL03zhQUMMJGORKzM9yUAWMXXw:1643600782662&q=What+is+reinforcement+in+slab?&tbm=isch&source=iu&ictx=1&vet=1&fir=4YM5MBLg9d4-jM%252CixWeViGlTbB4VM%252C_&usg=AI4_-kQ04nwzoYbefZkTC8f3mQHv0xOrog&sa=X&sqi=2&ved=2ahUKEwiv5LWGitv1AhWvk4sKHQ3JBKwQ9QF6BAgUEAE#imgrc=4YM5MBLg9d4-jM
https://civilread.com/different-types-of-loads/
https://civilread.com/different-types-of-loads/
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LongerSpan 1 5
ShorterSpan b h

Example: These types of slabs are used in constructing floors of a multi-storeyed
building.

Difference between One Way Slab and Two way slab:

One Way Slab Two Way Slab

Slabs are supported by the beams on the Slabs are supported by beams on all the four sides.
two opposite sides

Main reinforcement is provided on shorter Main reinforcement is provided in both sides due to
span due to bending bending occurs on both sides

Main Reinforcement is provided in only Main Reinforcement is provided along both the
direction for one way slabs directions in two way slabs.

Loads are carried along one direction in one  Loads are carried along both the directions in two
way slab. way slabs

1. Main Reinforcement
The main reinforcements are placed perpendicular to the supports of the slab i.e. they

are responsible for transferring loads to the supports as shown in Figure-3. The
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purpose of design calculation is to compute the required quantity of the primary

reinforcement.

The primary reinforcement can be computed using the flexural formula of the beam.
The process involves estimating loads on the slab and then calculating the applied
moment. One can find area of main reinforcement by equating applied moment to
resisting moment. This calculation procedure is discussed in the design procedure of

the one-way slab below.

Temperature and Shrinkage Reinforcement
Shrinkage and temperature reinforcements are provided to resist shrinkage and
temperature stresses in concrete. Slabs are joined rigidly to other parts of the structure

and cannot contract freely, this results in tension stresses known as shrinkage stresses.

A decrease in temperature relative to that at which the slab was cast, particularly in
outdoor structures such as bridges, may have an effect similar to shrinkage. This
means, the slab tends to contract and if restrained from doing so becomes subjected to

tensile stresses.

ACI Provision for Design of One-way Slab

1. Compressive Strength

The compressive strength of concrete is specified based on the following criteria.

1. Based on minimum compressive strength specified by ACI 318-19.
Based on the strength requirements of a structure under consideration.

Based on the durability requirements of the structure. Sometimes, the durability
requirements enforce the use of high concrete compressive strength.



https://theconstructor.org/concrete/design-requirements-concrete/39004/
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For solid non-prestressed slabs not supporting or attached to partitions or other
construction likely to be damaged by large deflections, overall slab thickness (h) shall
not be less than the limits in Table-1, unless the calculated deflection limits of 7.3.2

are satisfied.

Table 1: Minimum Thickness of solid non-prestressed One-way Slab

Support condition Minimum, h

Simply supported £/20

One end continuous 2/24

Both ends continuous £/28

Cantilever £/10
Notes:

1. Ifyield strength (f,) of other than 420 MPa, the values of Table-1 should be multiplied by
(0.4+1,/700).

2. If the slab is constructed with lightweight concrete having (wc) in the range of 1440 to
1840 kg/mé, the values in Table-1 shall be multiplied by the greater of (1.65 — 0.0003wc)
and (1.09).

3. The total slab thickness (h) is usually rounded to the next higher 10 mm. Best economy
is often achieved when the slab thickness is selected to match the nominal lumber
dimension.

4. Concrete Cover

The concrete protection below the reinforcement should follow the requirements of
ACI Code 20.5.1.3, calling for 20 mm below the bottom of the steel. In a typical slab,

25 mm below the center of the steel may be assumed.

Figure-4: Concrete Cover for Slabs
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4. Maximum Reinforcement Ratio
The maximum reinforcement ratio (p.«s) is computed by using the following

expression:

Where:

f,: yield strength of steel, MPa

fc': concrete compressive strength, MPa
epsilon, cu: concrete compressive strain which is equal to 0.003

B. is a constant that can be computed using Equation-3:

5. Minimum Reinforcement Ratio
The minimum primary reinforcement ratio is equal to the shrinkage and temperature

reinforcement computed using Equation 1; the usual minimums for flexural steel do

not apply.

6. Maximum and Minimum Spacing between Steel bars

1. The lateral maximum spacing of the bars, except those used only to control shrinkage and
temperature cracks, should not exceed 3 times the thickness (h) or 450 mm, whichever is
smaller.

2. The maximum spacing between shrinkage and temperature reinforcement bars is five
times the slab thickness or 450 mm, whichever is smaller.

3. The minimum distance is 25 mm, the diameter of steel bar, or (4/3* maximum aggregate
size).

7. Bar Size
The bar size should be selected so that the actual spacing is not less than about 1.5
times the slab thickness, to avoid excessive cost for bar fabrication and handling.

Also, to reduce cost, straight bars are usually used for slab reinforcement.
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Design Procedure

1.

Estimate live load based on the function of the slab. For instance, according to minimum
design loads for buildings and other structures, the live load of a slab for office use is 2.4
KN/mz,

Compute the self-weight of the slab and add it to the superimposed dead load if available.
The self-weight is equal to the concrete unit weight times thickness of the slab (h) which
is taken from Table-1 based on the span length.

Calculate ultimate distributed load on the slab using suitable load combination equation
provided by ACI 318-19.

4. Evaluate ultimate moment/applied moment (M.) using suitable structural analysis
methods such as the ACI coefficient method or use equations for cases like cantilever or
simply supported slabs.

Compute effective depth (d) which is equal to slab thickness (h), minimum (25 mm).
Calculate maximum reinforcement ratio using Equation-2.

Assume a reinforcement ratio. It is recommended to take 30% of the maximum
reinforcement ratio

8. Calculate effective depth from the assumed reinforcement ratio using Equation-4 to check
whether the minimum depth computed in Step-2 is adequate or not.

9. Assume a value for rectangular stress block and then compute reinforcement area using
Equation 5.

10. After that, calculate rectangular stress block by plugin reinforcement area in Step-9 into
Equation 6.

11. Take three trials to reach the correct reinforcement ratio.

12. Calculate shrinkage and temperature reinforcement using Equation-1.

13. Use Table-2 to estimate spacing for both main and secondary reinforcement computed in
Step-9 and Step-10, respectively.

14. Check shear strength of the slab.

Where:

d: effective depth measured from the top of slab cross section to the center of steel

bars, mm

M.: Applied or ultimate moment

P: reinforcement ratio

b: width of slab strip which is 1m.



https://theconstructor.org/structural-engg/load-factors-strength-reduction-concrete/76173/
https://theconstructor.org/structural-engg/load-factors-strength-reduction-concrete/76173/
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A.: area of reinforcement, mmz

a: depth of rectangular stress block, mm

Design of two way slab

The design of the RCC slab classified by the spanning as one
way and two-way slab.

We have calculated the one-way slab as per IS: 456-2000.
now, we will calculate and the design of a two-way slab.

To calculate the RCC slab manually is a lengthy process, |
suggest to use tools, which will save time.

In this article, we will calculate all the necessary steps
manually and provide a final reinforcement detail for a two-
way slab.



https://www.learneverything.in/2020/08/one-way-slab-design.html
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Two-way slab

, the ratio of longer to shorter span is less than two and the
slab is supported in all the four edges, then the slab is called a
two-way slab.

The slab will bend in both the direction.

Design steps for two-way slab

The steps for designing the two-way slab is similar to the one-
way slab design.

(1) Calculate the Effective depth and effective span.

(2) Calculate the total factored load on the slab.
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(3) Calculate the mid span moment using the formula given in
the Indian standard 456-2000 and Pages 90,91. and, check the
effective depth for flexure.

(4) Calculate the steel percentage, area of required steel, and
spacing of the bars along the shorter and the longer span and
provide the reinforcement detail.

(5) Perform the checks for cracking, deflection, development
length, and shear and draw a sketch.
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