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~ pESIGN OF R.C.C. BEAMS
; (Limit State Method)

———

-~ =

12.1 lNTRODUCTlON
Beams are the flexural members which are provi :
caused due to external loading. Beams may be singly reinforced or doubly reinforced.

The R.C.C. beams in which the steel reinforcement is provided only in tension side, are
But in case of doubly reinforced beams, the main

as compression Zone, i.e. above and below

ded in the structures to resist bending,

known as singly reinforced beams.
reinforcement is provided in the tension zone as well
the neutral axis of the beam.

12.2 BASIC RULES FOR DESIGN OF BEAMS

| We have already discussed the theory of singly and doubly reinforced beams. While
designing R.C.C. beams, the following rules as per I'S : 456 — 2000 must be kept in mind.

fono\:s- Effective Span : Unless otherwise specified, the effective span of a beam shall be as
Si : i
bum(icrz]:e l;?ply- ;upported bea.m : The effective span of a simply supported beam (that is no!
. grally with its supports) is taken as the least of the following :
(i) centre to centre distance between supports |
(7i) clear span + effective depth of beam

(b) Cantil : 1
) s lee;ve;'1 bia;n : The effective span of a cantilever beam shall be taken as
gth of the overhang plus half the effective depth

— except where it forms the
end of i
cexih ¢l o€ upporthill Beatien a continuous beam where the length upt the

(¢) Continuous beam :
If the width of support is less tha L.
n 12 th of the clear span

In this case the effective span of th
eb .
supported beams. cam shall be taken as given in case Of simply

If the width of support is greater than 1
12 th of the clear span or 600 mm whichever is

less
In this case the effective span of the beam shall be takep 5
S under :

224



anv .
L d span with one end fixed and the othey contin ;
) Fof 11 be the clea uous or foy ; 25
e . ' .
) For end span w1th1 Oni T;‘:hfre?fan? other continuoys, the effective
i n plus ha € eltectiv S
( (o the clear Span p € depth of the beam or the ¢ Pan shall be equal

width of the discontinuous support, whichever s Jegs. ar span plys pare e
control of Deflection : The deflection of 3
| ’;he appearance or efficiency of the structure.
MThe sertical deflection limits may generally be assumed to be
o depth ratios are not greater than the values obtained as below :
.~ 0 Basic values of span to effective depth ratios for span upto 10 m
Cantilever beam =7
Simply supported beam = 20
Continuous beam = 26
() For span above 10m, the values in (a) may be multiplied by 10/span in meters, except
for cantilever in which case deflection calculations should be made.
() Depending on the area and the stress of steel for tension reinforcement, the values in (a)
or (b) shall be modified by multiplying with the modification factor (k) obtained from

Spang, the

structure or part thereof shaj adverse}
Cly

satisfied provideq that the

Fig. 12.1,
2.0
i \\ \\ \
~ 1.6 \\ N\ \\\
) .
g \\ \\\\\\\‘\ /=12
= s— 1 0
g 12 \. \\\ \/5:\_1:15\ [
I
g \\ \\_“_i]—‘g‘i—
o ™ /‘;:-:
w 0.8 \'\.:\ -:-240
3 . —7 5
E L
kS
= 04 f,= Steel Stress of Szervice
Load in N/mm .
0 04 08 12 16 20 24
PerCentag’e of Tensile Reinforcement —=
Area of steel required
Js=0.58f, —
" | Area of steel provide

Fi . : ent
8121 Modification Factor for Tensile Reinforcem
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: inforcement, the values in (a) or (5) g I
> [ tl a of compression rein : : b) shall p,
@ Elftfgrdl:%og;}le:ie ;;e multiplying with the modification factor (k) obtaineq fron
Fig. 12.2.

1.4 ////’
13 ]
1.2 /

1.1 /’

10, 05 10 15 20 25 3.0

Modification of Factor (k) —™

Percentage of Compressive Steel —
Fig. 12.2 : Modification Factor for Compressive Reinforcement

3. Slenderness Limits for Beams to Ensure Lateral Stability

(@) For asimply supported or continuous beam : The beam shall be so proportioned that

2
the clear distance between the lateral restraints does not exceed 60 b or

whichever is less,
where d is the effective depth of the beam

and b is the breadth of the compression face midway between the lateral restraints
(b) For a cantilever beam : For a cantilever beam, the clear distance from the free end of

2
the cantilever to the lateral restraint shall not exceed 25 b or LU,

' 4._ Beam Dimensions : The rough estimate of self weight of beam is made by assuming
dimensions of the beam i.e. breadth and depth.

whichever is less.

Breadth : The breadth of the beam should be sufficient to accommodate the required
reinforcement, Generally the breadth of the beam is kept L to 2 of its total depth
2 3 '

_ D 2D
ie. b=—1to=—=
5 to
Effective Depth : The effective depth of the beam may be ag
the beam, o

Hence effective depth of beam (d)= l

m of span
Total depth of beam ( D)y=4d+ Effect

| | ive co
(Effective COVer 1s assumed ag 40 m i

m (o 50 mm)
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2CC Beams (Limit State Method)
(RCC

e
peinforcement in Beams N
if;) Tension reinforcement
inimum reinforcement : The minim ion rej
) Minimu . um area of tension rej
Jéan by e ollowing. nforcement shaj| be not
Ay _0.85
bd  f,

where A, = Minimum area of tension reinforcement
b = Breadth of beam or breadth of the web of T-beam

d = Effective depth of beam

f, = Characteristic strength of reinforcement
(i) Maximum reinforcement : The maximum area of tension reinforcement shall not

1d0.04 b D (i.e., 4% of the cross-sectional area of beam).
NOTE : IS : 456 — 2000 has recommended the following amendment — ;
ng an

'The use of 4 percent reinforcement may involve practical difficulty in placi

| . 7 n
"Mpacting concrete, hence lower percentage is recommended. | .
mpression reinforcement sha

(b) Compression reinforcement : The maximum area of co
Wexceed 0.04 5D (i.e., 4% of the cross-sectional area of beam). _ eor effective tgteral
Compression reinforcement in beams shall be enclosed by stirrups for €

llnt.

nforcement may involve practica
percentage is recommended."

cing and

" .
The use Of 4 percent’ rel
side

(o .
Pacting concrete, hence lowe”

(©)  Side face reinforcemen

T .
*einforcement shall be provide

~ e

sanThe total area of such relnf‘i,rs faces a
Wb be distributed equally o7 .
e shear reinforcement in beams shall

- Chever ig less. y
: ent - design of shear reinforcement
0 @) Shear reinforce™ .on bars- The g I orce

t: in a beam exceeds 750 mm,

d along the two faces. s and

ment shall be not less than 0.1 percent of the web ;lr s
t a spacing not exceeding 300 mm Or web thic

be taken around the
has been discussed 11

iy es
Srmogt tension and compr

| Oy
APter- ¢
0. mert pars : The clear horizontal distance between two

. c€

s - ReinfoX een :

6. Spacing of R bet'o't jess than the maximum of the following :
- N

‘ ce
X istant
ad; (@) Horizontal v s sha oters are equal
Jacent parallel maitt a isar if dia™ ¢ djameters are unequal
e i :
(i) Diameter Of D | gest D | aximum size of coarse aggregates
; i
(i) Diameter © no
. re
(iii) 5 mm MO

i

Y 4
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Horizontal
distance

'k

Fig. 12.3 : Horizontal Distance Between Bars

(b) Vertical distance between bars : When number of longitudinal bars are larg , .
cannot be accommodated in a single row, then the longitudinal bars are provided in horm,,,
rows by provndmg minimum vertlcal dlstance with the help of a spacer bar. Normally spacer | bas
layer.

The minimum vertical distance between two rows of longitudinal bars should be maximyg
of the following :

(1) 15mm

(i) Py rd of nominal maximum size of aggregates

(iif) Maximum diameter of the longitudinal bar

: : : : % [ Spacer bar

- —— | (forvertical spacing)

—
Fig. 12.4 ; ve
| rtical Dlstance
7. I‘Vommal Cover tg Runtorcement Between "
Nommal Cover Nom

mal cover j
S the deg;j
n |
ar stirrups o columnl.& depth of the concrete cover to 4!

sf# 3

‘ﬁ.“ &
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e

dimension used in design and indicated in the drawings. It shall be not less than the
he bar in any case.
T

Anchor bars
(Compression steel) @

Shear stirrups

(1 is the
. :metél’ Of t

Nominal
d cover
Clear cover to— , j I//

tensile steel |

l

Fig. 12.5 : Nominal Covers to Reinforcement

Nominal cover is provided in R.C.C. structures for the following reasons :

() To protect the reinforcement against corrosion and fire.
(i) To develop the desired strength of the steel bar by ensuring proper bond between

concrete and steel.
Nominal Cover to meet Dur
i normal weight aggregate concrete W
liks depending on the condition of eXpO

Table — 12.1 : Nominal Cove
Nominal Concrete Cover (in mm) not less than

r_\—//
Exposure Conditions 2
Mild | 30

VT I

ability Requirement : Minimum values for the nominal cover
hich should be provided to all reinforcement, including
sure shall be as given in Table — 12.1.

r to meet Durability Requirements

_ Modera® 4s

_ Severr _—— el

| Very Severé _———— 75 -
R i e -

\ Extreme s

-— .

NOTES : e 12 mm diameter bar for mild exposure the noming| covey

) For main re 1f 5 .

may be reduced . / erwiseé actua
(i) Unless .s*peClﬁed of 1]0 mm and — 0 mn-

! . .
)+ nery severe reduction of 5 m
nominal cover b y and very S mm may

s seve
Andition
cond 5 and abO¢

| concrete cover Should not deviate Jfrom the requireq
Uire

be ,
Made, Whepe
iy Fop exposure

LS
concrete grade
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(V) For g longitudinal reinforc ing bar in a column nominal cover shall in any c.ase not pe
less than 40 mm, or Ie.;'s than the diameter of such bar. Such a. idige c'ovef-f o Provideq
i concrete column so as 1o prevent buckling of the main longituding] bars in
compression. ;
In the case of columns of minimum dimension of 200 mm or unde.i‘, iidse relnforcing
bars do not éxceed 12 rn;n, a nominal cover of 25 mm may be provided.

(V) For footings minimum cover shall be 50 mm. _

8. Curtailment of Tension Reinforcement : For curtailment, relnfor_cement shall exteng
beyond the point at which it is no longer required to resist flexure f.'or a dls'tance €qual to the
effective depth of the member or 12 times the diameter of the bar, whichever is greater except at
simple Supports or end of cantilever.

The detailed procedure has been discussed in Chapter-11.

9.  Unit weight of concrete : The unit weight of plain cement concrete (P.C.C.) is taken as

24000 N/m’ and for reinforced concrete (R.C.C.) it is taken as 25000 N/m’

12.3 DESIGN STEPS FOR SINGLY REINFORCED BEAMS

For the design of singly reinforced beam generally following steps are taken
Step 1. Assume approximate dimensions (b, D) of the beam
Effective depth (d) = LI’ g“ to 228
Total depth (D) =d + Effective cover
(Effective cover is assumed as 40 mm to 50 mm)

2
Breadth (b) = 2to -D

2 o
Step 2. Calculate the effective span (/)

Assume width of support (or bearing of beam),
the beam.

Step 3. Calculate the factored design load ()

Calculate the self weight (Dead load) of the beam per metre
Self weight of the beam/m = p x| X1 X 25000 N/m
(Here b and D are in meters)

Total u.d.l. (w)/m = Self wei
Factored design load (w,)/m =

if not given. Calculate the effective span of

ght/m + Live load/m
1.5 w/m
Step 4. Calculate the factored bending Moment (M,)
2
w,l

M, =—_

8
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fRCC. BeRS "
pesd , beam section
sign the .

step - D“’:)fam section as a balanced section

Desigh “TL , M., to My,iim. find effective depth of beam.

B\ Cq“ﬂ“n& u Mu’“m _ 0.148](;* bd2 (For Fe 250 Steel)
=0.138 fy bd" (For Fe 415 steel)
=0.133 £ b (For Fe 500 steel)

Fquate Mu =My, im

(depending upon the type of stee] used)
f'd.
Calculate the value o

Compare this '@ with the assumed value of '¢" in step 1.

» Ifd(calculated) is slightly less than or equal to ¢

(assumed), then proceed further,
and If d (calculated) is more than 4 (assumed), then redesign.
Redesign of the beam means assume the new in

and repeat all the steps till the ca]
equal to assumed value of 'q".
Step 6. Calculate the area of te
For a balanced section,

creased dimensions of beam i

n step 1
culated value of '¢ comes to be slightly les

s than or
nsile stee]l (Ay)

)
Ast = \0.36fc&é{_“'m/_ -

0.87f,
Yumax =0.53 ¢ (For Fe 250 steel)
=048 ¢ (For Fe 415 steel)
=046 d

| (For Fe 500 steel)
b = Breadth of beam (in mm)

ck =

Characteristics strength of concrete (in N/mm?) z
Step 1 5= Characteristicg strength of steel (in N/mm?) ,
+ Check fop Minimum apq maximum area of tensile steel

Where

Caleulate Minimum are, of tensile stee] (A = L

i) y
Alculage maximym

Step o € ACtua] ren
The . heck for shear
St d;talled Procedyre 1,
Thepde.t ek for deve)
Step 10 . Procedyre

¢k for ge

area of tensile steel = 0.045D N
of steel provided (Ay) satisfies both these limiting conditions.
and design shear reinforcement

as been discussed in Chapter-10.

Opment length

has been discussed in Chapter-11.

Pth of beam from deflection consideration

Cal

. 100A
Ulate e Percentage of stee] (p) = bd )
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Area of steel required
Area of steel provided

(iii) Calculate the values of modification factors ki, k. and £y
k, = Modification factor for tension reinforcement corresponding to the vaJyeg ofp,

and f, from Fig. Fig. 12.1.
k, = Modification factor for compression reinforcement from Fig. 12.2.

(And k. = 1, if no compression reinforcement is provided)
kr = Modification factor for flanged section -
(And ky= 1, for rectangular beam section)

(if) Calculate f; = 0.58 f,

[
(iV) (;)max =20. k,. kc. kf

/
(v) Find (—)
d provided

[ /
(vi) (—) should be less than (—) ,
d provided d max

This will satisfy the limit state of serviceability.
Step 11. Provide side face reinforcement along the two faces (if required)
If depth of beam exceeds 750 mm then provide side face reinforcement along the two faces.
Calculate A, = 0.1% of web area
. XbD
100
= Calculate the number of bars and distribute them equally on two faces at a spacing not
exceeding 300 mm or web thickness whichever is less.
Step 12. Draw neat sketches (Drawings)
Draw a neat sketch (longitudinal section and cross section) showing all the designed
parameters.

EXAMPLE. 12.1. Design a simply supported rectangular beam with the following datd:
Clear span =4.5m

Superimposed load = 15 kN/m
Live load = 12 kN/m
Use Fe-415 grade steel and M-20 grade concrete.
SOLUTION.
Given
Clear span of beam (L)= 4.5 m = 4500 mm
Superimposed load = 15 kN/m



peams (Limit State Method)
P _ 12 KN/m
s £, =415 Nimm?’
fa = 20 N/mm’
m qominal cOVer =720 mm
Ass:ctive cover =40 mm
Evidth of support at each end = 300 mm

ximate dimensions (b, D) of beam
span span
Effective depth (d) = —%6- to _PS__

_ 4500 4500

10 8
= 450 mm to 560 mm
Take effective depth (d) =500 mm
. Total depth of beam (D) = Effective depth + Effective cover
=500 + 40 =540

step - Assume appro

D 2
Breadth of beam (b) = 5 to 5D

= §f‘f_9 to z><54O
2 3

=770 mm to 360 mm

Take breadth of beam (b) =300 mm

Step 2. Calculate the effective span ()) of the beam

Bffective span of the beam will be the least of the following :
0.30 . 0.30

(i) clc distance between supports =4.5+ ——+ =

=48m

(i) clear span of beam ¥ offective depth =4.5+0.5=5.0m

Hence effective span of beam = 4.8 m

Step 3. Calculate the factored design load (w.)

Self weight of the beam/m = (b X DX 1) x 25000 N/m

= (—@—X—Sio—XI) % 25000
1000 1000
=4050 N/m
Superimposed load/m =15 kN/m = 15000 N/m
Live load/m = 12 KN/m = 12000 N/m

233

(For Fe 415 steel)
(For M 20 concrete)

Total w.d.l. per m run of the beam (w) = 4050 + 15000 + 12000 = 31050 N/
m
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=15XW

~1.5x 31

t
the factored ben 2
Step 4. Calculate wi?  46575%X48° _ 134136 N-m

M, = =7~ 8

Factored design load (/™ 050 = 46575 N/m

(M.)

— 134136% 10’ N-mm

Step 5. Design the beam section -
Design the beam as a balanced section. ’
o Mu,lim =0138ﬁ/, bd-
Equating M,, and M, jim,
M, =M, iim i
134136x10° = 0.138x20Xx300Xd"

3
= [P0 457 49 mm
0.138x20 %300
=410 mm (say)
< 500 mm (Assumed 'd")

(For Fe 415 Steg,

Hence O K
Hence adopt the following dimensions of the beam.
Effective depth (¢) =410 mm
Total depth (D) =410 + 40 = 450 mm
Breadth (d) = 300 mm
Step 6. Calculate the area of tensile steel (A,)
For a balanced section,

W, max
0.87_/‘\
where Xumax = 0.484

036/,b.x

| (For Fe 415 stec
A, = B30X20X300x0 48 x410
UAS-’X-HS
= 117736 mm?

Hence required area of tensil
Provide 20

C:[L‘C;’»,'\ ) 1177

| 36 mm
mm diameter longitud

inal stee| bars
Area of one 20 mm

?»(’_‘f,“ y

i
-

J.id‘n'lc‘f;“I bar

HTDET O bars

f(\:lxi,’ d
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(R
A 177.36
_ 7720575 =4 bars
314

_ 4x314 = 1256 mm’

A of steel prOVidCd
w° 1 Check for minimum and maximum area of tensile steel
siep ™ e sl (A) 0.85hd
o area of tensile steel (As) =
g Minme? 5,
: 0.85%300x410 _ 25 mir?
415
(i Maximum area of tensile steel = 0.04 bD
— 0.04%300%450 = 5400 mm’

rhus the actual area of steel provided (Ay = 1256 mm?) satisfies both these limiting

1 I

OndltIOIlSn
( - A

Anchor bar —-—r i ‘7’

410 mm
450 mm

=
S
B
B

Horizontal distance (clear distance) between adjacent steel bars

_ Breadth of beam — 2 (effective cover) — 3 (dia. of bar)
Number of spacings

B 300—2%x40—-3%20
= =53 mm

It should be more than the following
(i) Diameter of bar = 20 mm
(i) Size of aggregate * Smm=20+5=25mm
Hence O.K
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XX
X A

1 —t 4.8 m

[}

46575 N/m

L1 "“li)\;\_ 85698 N

|
|
|

| S—

o6 m ., g g4m- -] \\J

-
| 2.4 m =

The critical section (X-X) for shear is at a distance d (i.e. 410 mm) from the inner face of

Upport
(or)
0.41 + L 0.56 m from the centre of support
' 2
(or)

2.4-0.56 = 1.84 m from the centre of beam

w, [
Factored shear force (S.F.) at centre of support = —

_ 4657§><4.8 — 111780 N
Factored shear force at critica] section X-X, (V.)
_ 111780

= —" X1.84 = 85698
24 N

Nominal shear stress  (z,) = \2 _ 85698

—_—

= 2
bd 300x410 0.696 N/mm
Te,max = 2.8 N/mm?

(For M 20 concrete)

Ty < Ty Hencs O

Shear s'trength of concrete (z,) depends upon the grade of concrete and percentage of tension steel.
)poﬁ;tsssummg no longitudina] steel bar is bent.-

Up or curtailed ang all the bars are available at

p=100A, 100x1256

—_— 9

= 0
For bd m 1.02%

£ =1.00% and M 20 grade concrete, from Tabje — 10.1
Te =0.62 N/mm?

(Assume 1.00%)



F - geams (Limit State Method) 237
"‘N. gheaf stress (Tw) = Tv—Te
it =0.696 - 0.62 = 0.076 N/mm’
rce for shear reinforcement (V) = 7,,bd
et =0.076%300%x410 =9348 N
e 6™ ¢ 2 legged vertical stirrups of Fe 415 grade steel.
pro
A, = 2x% X 6 = 56.54 mm’
0.837f A,d
cal sti _ 2 yel
gpacing of vertical stirrups (S,) v,
0.87 X 415X 56.54 X 41
9348

plaximum spacing as per minimum shear reinforcement,
_ 087A,,f, _0.87x56.54 X415
T 04b 04X300
=170 mm
Maximum spacing is also given by least of the following
@ 075 d=0.75%x410 =307 mm
(i) 300 mm | '
- Provide 6 mm ¢ 2 legged stirrups @ 170 mm ¢/c throughout the length of the beam.
step 9. Check for development length :

087/,0_087x415x20
Development length (L) = ar,, | 4X192

v

=940 mm

1 Table — 11.1 S
FEGMES , Thay = 1.2 N/mm? for M 20 concrete and plain mild steel bars

Ty =12 X 1.6= 1.92 N/mm? for M 20 and Fe 415 steel
at the simple supports, the longitudinal steel bars must extend

L 940
e pot less than —31 = —3—-= 313 mm

and
Asper I S: 456 — 2000,

beyond the face of support by a distanc
le from face of support = Support width — end cover

=300 — 20 = 280 mm < 313 mm
Therefore, there 18 need to increase the embedded length of steel bar.
Provide 90° standard bend having a total anchorage value of 8 ¢ =8 X 20 = 160 mm
e length from centre of support, (Lo)

300
= (—‘2-——20—5(]))+ 160

Length availab

Now availabl

= (150—20—5%20)+ 160 = 190 mm



ISHAN'S RC.C. g,
90

face of support
300 L 190 340 mm -~ 3 |
) ction will confine the remforcemech

R o from (he 1nncel
(&

ovid
I mbedded Jength provie

“the ressive rea
mply suppor!cd, the comp
AN IS simply - ]3M] ) LO
L, * . [T ———
Henee M Vem of resistance prov1ded by 4—2 5 bars
M[ =Mom

Tyhsy
~0.87 Ay |47 S

\s the be

where

415><1256)
:0.87x415x1256(410—m

s 2
. =4X—X20° =12 2
M, = 14653110’ N-mm (Asll 4 4 56 mm

V = Factored shear force at the centre of support
_ 46575x%4.8 _ 111780 N
13M; | _ 13x146531x10’

0 111780
Thus 940 % 1895

Hence development length requirements are satisfied.
Step 10. Check for deflection

_ 100A; 100x1256

+ 190 = 1895 mm

1 =1.02¢
P T0d T S00xa10 - 02%
fi =058, (éfﬁaofsteelw
Area of steel provided
_ 1177
- (1256) 225 N/mm
Modification factors
k=1, =
kz | (()) (For?, =1.02% and £, = 275 N/mm’ from Fig, 12.1)
c : NO . ) ' .
B i Compressijon remforcement s provided)
( /) (" Beam is rectangular)
— = 20 k k -
a’max 1K Ky 20><1Xl><1:20
and di) 4800
i a0 - 1L7<2g
Provideq 410
Hence the beam satisfj
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