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6. Design of Beam

6.1 Introduction:
In previous chapters, analysis and deSf9n of section were

covered. In this chapter, design of complete beam is going to be
discussed.

6.2 Effective Span:
Portion of beam that QFFGCLLI"VG{Y participates in bending is
called €Ffective span.
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6.2:1 Simply Supported Beam/Slab:
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6.2.2 Continuocus Beam.
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Caselll: If beam i1s continuous over Roller - rocker beon“n_q Ehen

Leff is cjc distance beltween bPC}rJD?S
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6.2.4 ng;d Frames:

Leff is C/c distance beltween celumns
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6.3 Longi tudinal Ref'nfomemf’nf;

631 Longiferfnal Tension Refm[brcc*mrfnf'

Ast, min 5 085 _(To prevent sudden failure
bd Fy and for duckility

Ast,mmax = 0-04bD ---- '(Prob)em 'n compach"on/')_

E-35.2 Lc,-ns:l'uduﬁaf Ccmpm:;sacn anfﬁ:cement_-
Asc.rrmn = No value, but atleagst 2- bars must be
provided in cempression zone for ductility

and to hold stirrups

Asc.max = 004 bD -~ (Prablem in compackion)

6.33 Side Face Reinforcement:
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For D>750mm, 01% of qross web aqrea is Provided as
gide face reinforcement, eqUaﬂ_y diskributed on both faces
with spacing nol mare than 300mm. It is provided to
take care of J'hn'nkayﬁ of concrete CJO”? fong ibudinal direction
(vertical cracks) and tlateral buskh"nj.
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6.4 Minimum Nominal Cover:

E " ?'I—_‘N—-—-
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Effeclival E@,, % T oo 115 55.-CG Line
Cover '".'I'clearfcver/ | c IE Ffective

Nominal cover favet
-Minimum neminal Cover :'syou-emed bj Fo!lowmﬁ critena,
1. Type of Structural Member ( Beam, slab, Footing, etc.)

2. Exposure condition (Mild, moderate,elc)
3. Fire resistance in terms of hours (30 min to 4hrs)

Slab Beam Column Pooh‘ng
IS 458 20 20 40 50
Sp34 20 25 40 50
.

\//‘-—-VJ

or dia.eof bar whichever i's 3rea}er.

6.5 Maximum Permissible Crack Widkh in RCC Structuse:

Exposure Condilon ‘Maximum Permissible
crack widbth
e Mild (Cracks are nol - 0.3mm
harm ful)
* Moderate ¢ Severe 0. 2mMmm

CCracks are harmful)
« Very Severe § Exbremc 0.1 rmm



€6 Horizontal Spacing of Rern force ment :
&.6.1 Minimum Horizontal Clear Sp@m';?j;
Maximum of }’o”owfng :
1) Dia.of bar if bars are of equal diq.
2) Dia. of farger dia. bar 'F bars are of unequal diaq.
3) Neminal size of coarse aggregote + 5mm .

6.6.2 Maximum Heorizenlal CJc -Spam"ng:

Fe 250 —» 300mmMm 0.0035
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Crack width of RCC Structure depends on
Skrain of Steel and
Shn’nko\ge of concrete
Higher strarn is required /n high grade steel foge{ desired]
stress.so this praduces wider cracks than lows grade skeel.
Now, cummulative effecl of shrinkage and strain of stee|
an crack width can be reduced by proeiding reduced SpPacing
of reinforcement for brgher grade

6.7 Arrangement of Loadrng for Maximumm BNV,
Casel: For maximum sagging span ynament

S

Loading should be applied on span under consideration
+ Alternakle spans.

Casell - Maximum Holgjjr)‘(} Support Moemeni:

v
Loadmj ahou!d be Opph’ﬁd on OdJ'OCE'J')f -SPQ"H

+ Rlternakte spans

Cas€lll : For Maximmum })039309 Span Moment :

loading should be applied on adjacent spans + Alternake spang



Casel¥. For Max:‘mum 5&93”)\9 ‘—SUQPOIt M(‘-‘f‘f)f’.l’)f"_

Lading should be applied on next lo adjacent spans
+ Alkernaltle spans.

68 LO.[E‘(CI.’ Sto_b{h‘ty OF Bedm..
1. Laterally Supported ot Ends :

i) 6ob
I'Uﬂsapporh?d F Minimum fzsob2
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g.Cantilever:
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6.9 E FFect of Shrl'nkageﬁ
6.9.1 Stress due to Shrinkage:
Case I Member s free to Shrink:
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Shrin k-agf’ with R/E

Concréent — Tension
R/IR —» Compression.

CoseIl' Member /5 not free to shrink:

et

Sleel — Tension
Concrete —= Tensjon.
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692 Deflechion due to Shﬂ'ﬂk@gt’"

Jfrrzf.z/zr/.,L_.f__.a_.z__.,g.,:_n;“z__J 0o 5 o

P~ ’AS")rll’}kq\(j.e'/:% #}

Due to presence of bottom stee|, bottern Fibres shrinks
Less than top fibres. This differentral shrinkage Produces
downwarddeflechian. DeflecH'on due ko shrinkage can be
eliminated by providing equal “f. of top ¢ boktom reinforcement
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6§10 Tolad DeFlection ofF Beans:

Shorl lerm Lon9 term
Short term modulus of Lonj term Modulus of
Elasticity is used Elagéicity is used,
4 |
1 —— A,
- o Y N——
N\t

6-11 Deflecticn Criteria.
611.1 Defleclion Limits:

»>The Final defleckion due to all foads mdud!r‘)g Hhe effect
of temperature | creep and &hrmkaﬁe and measured from
the cast level of the suppcrts ofF Floors, roofs and cther
horizental members shauld ot normaj{j exceeq

Leyy
250
This firmit@tion /s based on crack fimitakion with
which code s very much concemed and to avord pscyltodogica
fear of occupants or affect the appearancecF structure

(Dead load +Live Lload + Creep + Temp.+ Shrin kage)

2y The defleckion 1‘nclud1fz9 Hhe effcet of temperature, creep
and shn"ﬂkage accuring after erection of partitions and
bhe application of fim'shes, should not normaﬁfj Cxeeed

Lepy

er 2am hichever 15 .
Yoh r m w hever 15 less .
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~— DL+ Partitions 4+ Fipishes

Lepr . LL+ temp .+ Creep + Shrinkage
250 LE’F}:
(# 42 o somm)

€.112 Deflection Cenlrel:
Exact calculation of deflection and k’eepfng It wikhin
permissible timils need Lot of calculation.IS4S6 provides
a simplified approach to keep defleckion of beam within
permissible Zimits.
If __L_iﬁf_ rotfo satisfies Fo'fawrri? conditions bhen beam
is safe ?n deHeelion,

Supporlt cendition Values .
Canlilever ki
Simply Supported 20
Continuous 26

I
;H < ki Ky k5 kg (value)
where, k; = Mod 1 fication factor.

Ka, :?Depends on Span
= 1 (upto 10m)

_ (bfjond 10™m )

Span(m) NA Ffor canklleyer

Ko Depends on < of Tension ReinfercCement.

fg: Stress level of Steel - O'SEJCB A5[~,re(r
'qShpmvfdc‘d



0.6 1

6-12

Fs=120N/mm?2
~ 145N /mm?
AT190NImm?2
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/. of tension reinforcement.

Kz = Depends on % of Compression Reinforcement :
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0.05 1.60 1.50 2.00 2.50 3.00 =

% of Compression Reinforcement

ends on Ratio of Web width Lo F}cm‘ge Width:

.

0.3 10
_ hWeb yuidth
Plange wid th
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* Note:
L_:ﬂ_ < KiKk, k3 Kg (value)

d s LCF’L
K1K2K3 Kq (value)

~Since Kq s bigher for rectangular secton se depth
requirement to sabisfy deflection criteria is less for
red-angulor Seckion Han Flanged secHon.IkE means
flange seckion produces more defeckion.

= As °k of compression rerpForcement increases, ks
increases 1E means depth require menl to sakbisfy
defleckion criteria decreases. Im other wardc h@hcr
% of compression reinforcement produces less

deflection.

- Higher grade oF steel produces more deflection,

Fe 250
& 6.>8, >6
Fe 415 : v RN
Fe 500 5 Agao > D 415> Bysg
y R ... A i

= O e
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€.12 Design of Tf'mp{j Supporled Singly Reinfoerceqd Beamof
Ped—ongular Section:

Stepl:  Assume Suitable value of ab— ratic

(Larem,! E?urkh'nj) 0.3 < ali < e (un econemical)

E‘i?_ 3 & ( J:Qr exam)

Step2: Assume suitable value of d based on Pobiemi‘ng criteriq
«Thumb rule:

Letf . 4 < ten
15 10

«Defleckien crilteriq:

Left

; < Ky K, k3 Ky (value)
c

Where, Ky —depends onspan
Ky =1 (because % of tension reinforcement
is not known)
k’3:1 (-Singlj reinforced)
K= 1 (cmdongc_dacj
Select Sultable value of d based on above bweo criterig
ond ccleulake b and D C!.C{’orc‘f"ﬂsf\'f,
* Note:
Sincé Lef 15 not kpovwn so LCimr ar cfe

distance belween supperts can be used af Hhe
place of [ey im above caleulation for

orih mfna@ d esign).

Slep3: Calelate effeckive span.

Step4: Calwulate DL and design 8-M,



Step 5: Calculate d’ required For balanced seciion
BMuz My, irm -
BMuz Qbd?
— :??
d calcuwated here should be less Hhan assumed 'n
step2. atherwise seleci d 3uftabl\7 hf'gher than
calculated here and repeat Step3, Step4 and Steps

Step6: Since section size provided 1n Step2 is Larger than

required in step 5 so provided seckion (5 under
reinforced,

_ 0Sfeld ‘/' 4.6 BMy
Ast = ——— |1« {1 —
fj F{k bdi

Stept’ Ast calculated above should be within permissible fimils

StepS‘ Provide side face reinforcement ' requ{red,

Skep @ Apply check for deflection.
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Ex. Design a S!’mp’y “suppcetrted Si‘ngij re(n forced beam of
r'erl'Gﬂf}u’ﬂr SeCHon SPG'ﬂﬂin_g over Clear Span 11m and
res}l'ﬂ_q on 40omm Haick wadlen ene side and Soomm
on another side. Ik s subjected to superimposed LL of

SokN/m. M30, Fepoo, Seyvere exposure

Step1: D.-0.5 (Assurme)

Step2: Effective depth’
e Thumb rule,

Loy < Lo

11.45 %103 11.45x10°
o o
15 10

2 763.33 € d< 1145 mm

e Dellecl-ion Critera .

Lefs
d

< K, K'p_ Kj K4 (L’CHL!(")

11.-45x10° . [_10
d i11.45
= d>655.51mm

Providing d=800omm
b= 0.5d = 460m

) (1) 1) (1) (20)

4

=

A ;_ [

B e —— J_ J_.'L'.
i ..__a.,z'_f.'-‘l 5mm (seyere)

D= d +eallewance for reinfarcement+  Clea v cover

r Boo+ IO + 45
Cassumed) (Severe)

i 7:5":'_{-375? " }
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Step3: Effective span

Sletd = 11+08= 11.8m
Leff =Mipimum . %_1__} Lot B2 - 0.4 . 114 01-,5 = W45 m
2 7 2

-_:}h& ~'-TI45ml

Step4: Locd;‘n3~ DL,LL and Factored B-M.
DL 04X 0.875x1x25 =& T5kN/m
LL= 30kN/m
Toted Factored loads=tWyu= 1'5x(835+30)= 58 125kNIm

2
BMy (myid -Span)= Wé" :

58-125 X(i1,4 5)°
8

BMu= 952.54 EN-m J

Steps: 'd’ required for balanced seclkion
BMu<= Mu,prm
BMy = 0133 fex bd 2
952.54x10°= 0-123x 30 % 400 xd 2
={d=172.54mm <800 mm = ij

B

3!:686‘. Ast Rr}gurred.

A = 2 Shickd 1_J1_ 4.6BMg
B fy fek bad?

0-5X30x4060% 800 1_fl‘£ex cr59.54xvroe]
440 30X400 x800?

At = 3308 .7 5mm?<

SfeE?.‘ Permissible (ks for rern forcement.

. Ast,min 5 085 o _Ast.min > 0.85
bd ,fy 400x 800 500
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Aj!: ,in 7 54 4 rm?>

PLk i
° Ast < Mipimum/{ Ast, im= © 414(7{3)%”Mm’3

T 0414y ﬂ_ x 0.4&d00ox400
500

Ast 1im = 3656.45mMmM

v

") 0.04bD =0.04 x 400x800 =14 000MmM™.
Ast < 3656.45mm?

Erow-d,'ng 4-3Q¢ +1- 16¢> 1

Step 8. Side Face reinforcerment: Astz 0-1%bD
Ast=0-001x400x 875
Ast =350mm?
Atleast 2-bars on each side face are required to satishy
TAXIMUM . spacing criteria (500 mm)
Providing 2-12 ¢ on each side face

Stepq. Deflection Check:

ke 8 ety
1 T = Ky=087

K2 = Depends on % of Tension reinforce ment
Pz 8t iop
bD

A x 2-(— x 3974 1x Ex]ﬁz

. X100
ADOXBT5
Pz 1.06%,
Fs= 0'58{7 —/AJ—A‘SE”FE
Ast .provided
3308-75

= 0.58 x500%

4 x %x&lﬂ o Bpia
4



Detailing:

J?S:_ 280.72 N/mm?2

fs=280.72 N/mm?

Koz 0.85 —---—----(From graph 4 of TS456 Pi=1.06%
ks=1 ---- (Singly rerinforced)
Kg=gq -~ (Reckonguj'ar)
Now .,
Le pt < K Ky Kz kg (value)
1145 x103
< 08T x 085 x1x1x (20)
800
14,981 = 14.9F .=-. QK.
k—400MM-4
¥
2-120 A d
\ ) g8tsmm
A-32+1-16)
45mr%) C 080 o :
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