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LIMIT STATE DESIGN OF BEAMS

3.1 INTRODUCTION

Beam is a horizontal member of structure carrying transverse loads. Beams carry the floor
slab or roof slab and transfers all the loads including its self weight (Beam Self Weight) to the
columns or walls.

RCC beam is subjected to bending moments and shear force, due to the vertical external
load, bending compress the top fibres of the beam and elongates the bottom fibers. The strength of
the RCC beam depends upon the composite action of concrete and steel.

There are different types of RC beams are constructing in Civil Engineering field interms of
support conditions, i.e. Simply supported beams, cantilever beams, propped cantilever beams,
over hanging beams, continuous beams and fixed beams

Following are the topics are discussed in this module

Design of Rectangular and Flanged beams

Rectangular beams

v V

Simply supported beams Cantilever beams

v v v |

Singly reinforced beams  Doubly reinforced ~ Singly reinfored beams Doubly reinforced beam
beams
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Flanged beams

|
! v

T - beams L - beams
Simply supported beams Simply supported beams E '
EduKa_rtn‘rhl‘Ef:I‘?.Com
(1) Singly reinforced beams Singly reinforced beams

(2) Doubly reinforced beams

3.2 CONCEPTS OF COMBINED BENDING AND TORSION

Reinforced concrete structural elements are subjected to torsion in addition to bending moments
and shear forces depending on the loading and shape of the structural members.

Generally the torsion occurs in combination with the shear force and bending moment. Torsion
is caused by eccentricity of loading to the axis of the structural element.

Generally all beams are subjected to some torsional moment. However in many cases these
values are small. Normally torsion associated with flexure and shear develops in RC structures
such as L - beams, curved beams, circular girders, Frame structure, Grid structure. A beam with
cantilever slab, Ring beam of water tanks resting on columns.

Torsion produced in a beam is classified as

1. Primary torsion or Equilibrium torsion
2. Secondary torsion or compatibility torsion

1. Primary torsion / Equilibrium torsion
e Torsion which can be determined only by using the static equilibrium condition is called
primary torsion. Torsion induced in beams curved in plan and subjected to gravity loads and
also in beams where the transverse loads are Eccentric with respect to the shear centre.
e Example:- Small beam B, is cantilevered from Beam B . Beam B, is considered fixed at
columns. Here negative moment of beam B, will be the torsional moment of beam B (Refer
fig. 3.1 (C))
2. Secondary torsion / Compatibility torsion
e Secondary torsion is induced in a structural member by rotation (twist) applied at one or
more point along the length of member, through inter connected members, instead of by
directly applied load.
e Twisting moment induced in this case is proportional to the torsional stiffness of the member.
e These moments are generally statistically indeterminate and their value is obtained using
compatibility equation, this is the reason these torsion are called compatibility torsion.
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3.2.1 Effect of torsional moment

Torsional moment induces shear stresses in the beam, because of the torsion, if beam fails in
diagonal tension forming spiral cracks around the beam.

-1 Column

I l¢—— Beam B,

: : Ring beam
| [—===

1

) e

1|

1 |

1 |

] | BeamB,

_‘ (d) Ring beam of water tank
(a) L-beam (b) Curved beam (c) Cantilever B, supported on B, resting on column

Fig. 3.1 : Types of Elements subjected to torsion

3.2.2 Design of beam section for Torsion

The simplified approach recommended by 1S:456-2000 for the design of the rectangular beam
section, subjected to torsion combined with flexure and shear, does not require determination of
torsional reinforcement separately from that required for flexure and shear. Instead, the total
longitudinal reinforcement is determined for a fictitious equivalent bending moment which is a
function of flexural moment and torsion. Similarly, the transverse reinforcement is determined for
afictitious equivalent shear which is obtained from actual shear and torsion. In the flanged sections
the contribution of flange is neglected i.e., the rectangular web portion alone is considered. Where
the depth of web of a beam exceeds 450mm, the side face reinforcement shall be provided along
the two faces. The total area of such reinforcement shall not be less than 0.1% of the web area and
shall be distributed equally on two faces at a spacing not exceeding 300mm or web thickness
whichever is less.

Refer IS: 456-2000 for calculation of reinforcements, in terms of
Shear and Torsion

Equivalent moment

Torsional reinforcement. - In the form of longitudinal bars

Transverse reinforcement (stirrups) - In the form of links or hoops

Sk R =

Side face reinforcement

The longitudinal reinforcement helps in reducing the crack width through dowel action and
stirrups crossing the cracks resist shear due to vertical loads and torsion

£

EduKannada.Com
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3.3 DESIGN PROBLEMS

Data : Clear span (/), Live load, type of supports, Grade of concrete and steel

Design : Cross sectional dimension (b, d and D), Area of steel reinforcement (Longitudinal
steel and transverse steel [strirrups]), check for deflection control, Development length (if required)

Design steps : - Rectangular beams (Simply supported and cantilever beams)
1. Selection of cross sectional dimensions

(a) Effective depth of beam (d) - (IS:456-2000, clause 23.2.1)

Assume effective depth of beam,

clear span l
10 t0 20 = 10020 — For simply supported beam

d = 7 For cantilever beam
Span .
SI. No. | Span range — (! Loading type
P 8 depth ratio (/d) sp
1. 3t0o4m 15 t0 20 Light ;;
2. 5to 10 m 12to 15 Medium to heavy E’
3. >10m 10to 12 Heavy EONRAnnada S

(b) Overall depth of beam (D)

D = Effective depth + Effective cover
Le., D=d+d
. , diameter
Effective cover, d = Nominal cover + T
or d = 50 mm, Assume if not given in problem

(c) Breadth / Widht of beam (b)

2
b = 31 times of effective depth to 3 times of effective depth
1 2
e 3 o3

(Generally width of beams used, 150 mm, 200 mm, 230 mm, 250 mm and 300 mm)
2. Calculation of Effective span (L) - (IS:456-2000, clause 22.2)
(a) For simply supported beam
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/< Clear span () VI < €«— Wall thickness

| Effective span (L) |

Total span (L)

Fig. 3.2 : simply supported beam

Should be least of the following two :
(i) L =clear span (/) + bearing (wall thickness)
(i1) L = clear span (/) + effective depth (d)

(b) For cantilever beam

Column '\/

N [

Clear span () |

A |

Fig. 3.3 : Cantilever beam

) Effective depth(d)
Effective span (L) = clear span (/) + 5
3. Load Calculation
1. Self weight of beam = b x D x RCC density = kN/m
2. Live load (Given) = kN/m
Total load, W = kN/m
Factored load, W =15x W = kN/m
4. Calculation of maximum bending moment / Design moment
w,L | | ?
M = For simply supported beam carrying UDL E/
u 8
Edqun{p\ﬁfle.Com
A%

For cantilever beam carrying UDL
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5. Check for effective depth

Equating factored moment = Limiting moment of resistance

M, =0.148f, bd Fe 250 (Mild steel)

u

Fe 415 (HYSD bars)

u

M, =0.138f, b

M, =0.133f, b

u

Fe 500 (HYSD bars)

M

u

dwq = 10138, fb For Fe 415 steel

if d,<d Hence design is safe

provided?

ifd >d Design is not safe, revise the depth

req provided?

6. Calculation of main reinforcement
(a)if M, <M, — section is under reinforced

Hence singly reinforced section is to be designed
Refer, IS : 456-2000, G-1.1(b)

. |: (f\ Asr J:|
M, =087f A,d|1-| =
' fckbd

solve for'Ay

required

Now, Assume suitable diameter of bars

(8mm, 10mm, 12mm, 16mm, 20mm, 25mm,......)

T 2
Area of one bar, a, = Z¢

A
No. of bars = —* (Minimum number of bars should be two)

st

L— Hanger bars or Anchor bars
(Assume suitable diameter)

[— Tension bars

Calculate 'Ay; 40" = No. of bars X a,

(b) it M,>M, section is over reinforced
Hence Doubly reinforced section is to be designed

(1) Area of compression reinforcement (A )



Limit State Design of Beams

145

Refer IS : 456-2000, G-1.2

Mu - Muhm = fsc Asc (d - d')
M, - M“um
A'n' - .fsc (d - d')

Find f. '

0.0035(x, —d)

fr( = S.V(, x E.r ) Where SS(\ -

Uyim

Sy = XE;%0.87f,

Ui

For Fe 250 (Mild steel)

where £ = young's modulus of steel =2 x 10° N/mm?

00035(x, —d')

Now, € =

Refer IS : 456 — 2000, Fig 23 A, using graph, (referring €  value)
Find 'f, ' for Fe 415 and For Fe500 (Refer clause 2.7, Note 3a or 3b)

Now solve for 'Ay. ' (Area of compression reinforcement)

Assume suitable diameter of bars

(¢ = 8mm, 10mm, 12mm, 16mm, 20mm, 25mm,......)

T 2
Area of one bar, a,. = Zd)

ASC
No. of bars= —
a

Ne

Calculate A,

Cprm'ided
(2) Area of tension reinforcement (A )
Refer, 1S:456:2000, G-1.1(a)

x, O08TfA,

4 036fbdr P AT A X

=X

u Uiy

0367,bx,,
A ="og7y, o Find'A
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Now, Refer, IS:456-2000, ANNEX - G, G- 1.2
_ Ascf:vc
w087y,  Find'Ay
. Total tension reinforcement, A, = A, + A,
Assume suitable diameter of bars

(6 =8mm, 10mm, 12mm, 16mm, 20mm, 25mm,....)

T >
Area of one bar, a,, = Zq)

AS
No.of bars = a_r calculate 'Ay

2% provid
st

"= No.of bars x a_
ed st

A, (Top reinforcement)

A, (Bottom reinforcement)

#* Check of shear reinforcement - clause 26.5.1.1 (a)
Ay _ 0.5‘35 LA - 0.85‘ bd
b d f‘ min. f‘
(i) If A, > A, Hence (ok)
(i) If A, <A,, , Hence use A, for calculation of No.of bars

7. Design of shear reinforcement
e Design of shear force

W L
V,= # For simply supported beam carrying UDL
V=WL For cantilever beam carrying UDL

Vv
e Shear stress / Nominal shear stress, T = ﬁ [clause 40.1]
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1)

)

1004,
—— [Table 19]
bd

Percentage of tension steel reinforcement, p, =

Calculation of 't
Refer IS:456 — 2000, Table No.19
using p and f,, value, note down the value of 't

Design shear strength T,
Refer 1S:456-2000, Table No.20
using f, value, note down the value of T,

Comparisons

If T < t — Shear reinforcement is not required. As per 1S:456-2000, Minimum shear

reinforcement should be provided in the form of stirrups

Refer, clause 26.5.1.6

ﬁ> 04

bS, ~ 087,

v

Spacing of stirrups should be least of the following three

08714,
" 04b

T
Here, A,, =2 X Z¢2 [Area for 2-Legged vertical stirrups]

Assume 6mm, 8mm or 10mm dia bars for vertical stirrups

Find 'S

'S " should not be greater than 0.75 d
ie., S *0.75d, if greater than 0.75 d
then consider, § =0.75d

Here d = Effective depth

. 'S" should not be greater than 300 mm

ie., S * 300 mm, if greater than 300 mm

then consder, Sv =300 mm

.. Provide 2L —— mm ¢ bars @ —— mm c/c

if T >t — shear reinforcement is required

(i) calculate shear carried by concrete, V| =1t bd
(i1) calculate shear carried by stirrups, V. =V —-V
ie, V =V —1tbd [Refer, clause 40.4]
V=V +V

u uc us

C uc
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Spacing of stirrups should be least of the following three

087f,A,,d
V.= S— [clause 40.4 (a)]
0.87f,A,d
1.§ = v

us

T
A, =2X Zq)2 [Area for 2-Legged vertical stirrups]

Assume 6mm, 8mm or 10mm dia bars for vertical stirrups
Find 'S

2.'S ' should not be greater than 0.75d i.e., S *0.75d

3.'S ' should not be greater than 300 mm i.e., § > 300 mm

. Provide 2. —— mm ¢ bars @ —— mm c/c
(3) ift, < T, —— Design is safe
(4) ift >t —— Design is not safe, revise the depth

8. Check for deflection control
(a) Note down the percentage of steel provided

100A4,,
p, = T"’” —— For singly reinforced beam
100A,,
P= == and p, For doubly reinforced beam

(b) Stress in steel, Refer 1S:456-2000, Fig 4,

0.58 o Asrmq red
£ = P8

provided

read out modification factor (k) from curve using f and p, (Fig 4 of IS : 456-2000)
'k is required for singly reinforced beam
read out modification factor (k) from curve, using p_(Fig 5 of 1S:456-2000)
k and k_are required for doubly reinforced beam
% For simply supported beam

L k._, -~ No flanged section
(1) (Zj =20><kr><kc><kf |: 7= g

Here, k =1 and kf: 1

k._, - No compression steel
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L
" (—) =20 Xk, x1x1=20k, For singly reinforced beam

Here, kf= 1

L
" (—) =20xk, Xk, x1=20xk, Xk, For doubly reinforced beam

d

#* For cantilever beam

() -,

(5) =Txk, Xk,

L L
2 () or () where, L = Effective span ; d = Effective depth
actual provided

For singly reinforced beam

For doubly reinforced beam

d d
L L
if| > —— Design is safe ; Hence Deflection Control is satisfied
d max. d provided
L L
if | <l —— Design is not safe ; Hence Deflection control is not satisfied
d max. d provided

then, revise the depth
9. Development Length or Anchorage length at support
e For contilever beams only,
Refer 1S:456-2000, clause 26.2.1

, _ %o, |
d = at,, where, G.v=0.87f‘,
087f,
=L, = 110
47,

't,, depends on grade of concrete [clause 26.2.1.1]
— For deformed bars (Fe 415 and Fe 500), 't, | values shall be increased by 60%
For example for M, concrete, T, = 1.2 N/mm?

> “bd
087f,0 . .
L, =—————— —— [For deformed bars increased by 60% i.c., 1.6]
4x12x%x1.6
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10. Reinforcement details

Top bars
1. Longitudinal section | M ID
_ e (<€ Wall support
Bottom bars

2. Cross section ¢ Stirrup

b

3.4 WORKED EXAMPLES ON DESIGN OF SINGLY REINFORCED
RECTANGULAR BEAMS [SIMPLY SUPPORTED AND CANTILEVER
BEAMS]

1. A simply supported RC beam supports a service live load of 8 kN/m over a clear span of
3m. Support width is 200 mm. Adopt M, grade concrete and Fe 415 grade steel. Design
the beam for flexure and shear. Check the beam depth for control of deflection using
empirical method. Sketch the reinforcement details.

Solution :
Given :
clear span, / = 3m
service live load = 8 kN/m
support width =200 mm
f,=20N/mm’ and f, = 415 N/mm’
Step : 1 Selection of cross - sectional dimensions
(a) Effective depth of beam (d)

d_w For =3 L—lSt 20
= 5 , Forl= = 0

[ 3000
=—=——=200
1e., d 5 5 mm

Say,d=250mm or025m[..d .,
(b) Overall depth of beam (D)

D=d+d (Assume d' =50 mm)

.. D=250+50=300 mmor 0.3 m
(¢) Width of beam (b)

=250 mm]

b:lxd to z><d
3 3
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sb= % X 250=166.66 mm

Say, b =200 mm or 0.2 m
. Beam size = b x D =200 x 300 mm
Step : 2 Calculation of Effective span (L) : Should be least of the following two
(1) L =1+ support width = 3000 + 200 = 3200 mm or 3.2 m
(i) L =1+ effective depth (d) = 3000 + 250 = 3250 mm or 3.25 m
S L=32m
Step : 3 Load calculation
1. Self weight of beam = b x D x density of RCC
0.2x0.3x%x25
1.5 kN/m
2. Live load (Given) = 8.0 kN/m
Total load, W = 9.5 kN/m
.. Factored load, W =1.5x W=1.5x9.5=14.25kN/m
Step : 4 Calculation of maximum bending moment

W' 1425x327

! 8
Step : 5 Check for effective depth
M, =0138f bd’

iy

M =1824kN/m or 18.24 x10° N.mm

For Fe 415 steel

Equating, M, =M

Uyim

6
o [ M :\/ 1824x10° o oo
77\ 0138£,b  \0138%20%200

Aoy <d providea (250mm), Design is safe, (ok)

req

Step : 6 Calculation of main reinforcement
M, =0138f,bd’
M, =0138x20x200x 250° =34.5kN.m or 34.5 x 10° N.mm

“ M, >M, or M, <M, —— section is under reinforced
lim lim

Hence singly reinforced section is to be designed
Refer IS:456-2000, G-1.1(b)
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. |: (f\ Asr J:|
M,=087f A,dl1-|—
' fckbd

1824 10° = 087 x415x 2504, | 1| 1A
20 % 200 250

3745A2 —902625A,, +1824 x10° =0
By solving quadratic equation, we get

A =222.64 mm’
e Check for minimum reinforcement — IS: 456-2000, clause 26.5.1.1(a)

St

085
bd

_ 085bd _ 085x200%250 _} ) 46,2
w7, 415

= st

A, > A, Hence (ok)

Now Assume 12 mm ¢ bars

T T
<. Area of one bar, @, =—0° = ZX 12% =113.09mm*

A, 22264
No. of bars = — = =196 say 2 No's
a, 11309
Compression reinforcement - Top
. =2x11309 =226.18mm’ o
st Tension reinforcement - Bottom

provided
*. Provide 2-12 mm ¢ bars at tension reinforcement and 2-10 mm ¢ bars (Hanger bars) at
compression reinforcement (Assume)
Step : 7 Design of shear reinforcement
e Design of shear force

WL _1425x32
u 2 -

=228kN

v, 228x10°
Nominal shear stress, T, = —% = —————=0.45N / mm*
o ominal shear Stress bd 200 % 250 mm

1004, 100x226.18

e Percentage of tension steel reinforcement, p, = d 200x 250 =0.45%
X
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e Calculation of T,
Refer 1S:456-2000, Table No-19
using p = 0.45% and f,, = 20 N/mm’

p(%) T (N/mm?)
0.25 0.36
0.45 ?
0.50 0.48
By using interpolation, we get
- T =0.45 N/mm?

'

e Design shear strength "7,

Refer table - 20
using f, = 20 N/mm?

" T, =28 N/mm’

e Comparisons

(a) Since t =1 —— Hence, shear reinforcement is taken by concrete
.. provide minimum shear reinforcement as per 1S:456-2000, clause 26.5.1.6
Spacing of stirrups should be least of the following three

087f,A,
1. S - - -
! 0.4b
Assume 2L — vertical stirrups of 8 mm ¢ bars

oA, =2 ><§><82 = 10053 mm?

087 x415% 10053
T T 04 %200
2.8$075d, . S =075x250=187.5 mm
3.5 %300mm, - S =300 mm

Sv = 187.5 mm, say Sv =175 mm
*. Provide 2L — 8 mm ¢ bars @ 175 mm c/c

=453.70 mm

(b) T, >T,, Designis safe (ok)
Step : 8 Check for deflection control
(a) Note down the percentage of steel provided
p,=0.45%
(b) Stress in steel, Refer 1S:456-2000, Fig 4
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A, 22264
f=058f,| —r |=058x415x 0
: 1A 22618

St prov

=236.93 N/mm?

read out the modification factor (k) from curve using
f,=236.93 N/mm® and p, = 0.45% (Fig 4 of 1S:456-2000)

nk=13

L
1. (ijx' =20 x kt X k(_ X kf

k.=1and kf =1 (-- No compression steel and no flanged section)

. (Ej =20%x13x1x1=26

) (L) 3200,
d provided 250

(). ~)
— > —
d max. d provided

Hence deflection control is satisfied, (ok)
Step : 9 Reinforcement details

L=3200 mm . Cross section (C/S)

(Hanger bars) _ (Hanger bars)
2-10mm ¢ Stirrups 2-10 mm ¢
2L-8 ¢ @ 175mm c/c
Clear
cover\{ | |
A 4 D=300 Stirrups 2L-8 ¢ @
Clear | | mm 175 mm clc
cover L
2
:,i\{'alll( —> Tension Jreinforcement b=200mm
ICkness _ L 2-12mml ¢ L 2-12mm ¢bars
200mm | = 3000 mm 200mm (Tension reinforcement)
T T 1
|
I

Longitudinal section (L/S)

2. Design a reinforced beam of clear span of Sm to support a working live load of 15 kN/m.
Adopt M, grade concrete and Fe-415 steel-sketch the reinforcement details.

Solution :

20

Given : clear span, / = 5Sm
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working live load = 15 kN/m
support width = 300 mm (Assume)
£, =20 N/mm’ and f, = 415 N/mm’
Step : 1 Selection of cross-sectional dimensions
(a) Effective depth of beam (d)

clear span
=2 to15 forspanrange5to 10 m

_clearspan [ 5000
T 12 12

say d =450 mm or 0.45 m [.. dpmvidcd
(b) Overall depth of beam (D)

D=d+d (Assume d' =50 mm)

- D =450+ 50=500 mm or 0.5 m
(c) Width of beam (b)

d =416.66 mm

=450 mm]

1 2
b=-xd o 2xd
3 403

2
b= §><4SO: 300 mm or 0.3m

- Beam size = b x D =300 x 500 mm
Step : 2 Calculation of effective span (L)
should be least of the following two
(1) L =1+ support width = 5000 + 300 = 5300 mm or 5.3 m
(i1) L =1+ effective depth (d) = 5000 + 450 = 5450 mm or 5.45 m
S L=53m
Step : 3 Load calculation
1. Self weight of beam = b x D x RCC density

=0.3x0.5x%x25
= 3.75kN/m
2. Live Load (Given) = 15kN/m
Total load, W = 18.75 kN/m

. Factored load, W = 1.5x W=1.5x18.75=28.12 kN/m
Step : 4 Calculation of Maximum bending moment

W, 2812x53

MM
8 8

=98.73 kN.m or 98.73 x 10° N.mm
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Step : 5 Check for effective depth

M, =0138f bd’

),

For Fe 415 steel

Equating, M, =M

Wiy

6
o =\/ 9873x10°
41 0138/,6  V0.138% 20300

d <d__ (450 mm), Design is safe, (ok)

req prov

Step : 6 Calculation of main reinforcement

M, =0138f bd* =0138x20x300x 450> = 167.67kN.m or 167.67 x 10° N.mm

M, >M, section is under reinforced

Hence singly reinforced section is to be designed
Refer IS : 456 — 2000, G-1.1(b)

. |: (f\ Asr J:|
M,=087f A,dl1-|=
' fckbd

98.73x 10° = 087 x 415 450AS,[1 - (MH

20x300x 450

2497 A —1624725A, +98.73x10° =0

s A, =678.40 mm?
e Check for minimum reinforcement - clause 26.5.1.1 (a)
A, 085

bd  f,

~ 085hd  085x300x450
e f 415

=276.50mm>

~ A, > A, Hence (ok)

Now Assume 20 mm ¢ bars
. T 2 T 2 2
.. Area of one bar, a,, = Zq; = x20” =31415mm

.. No. of bars = Ay = 07840 =216 say 3
a 314.15

st

A,  =3x314.15=94245mm’

provided
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.. provide 3 —20 mm ¢ bars at tension reinforcement (bottom) and 2-12 mm ¢ bars (Hanger
bars) at compression reinforcement (Assume)

Step : 7 Design of shear reinforcement
e Design of shear force

WL 2812x53

Vv, =7451kN
2
3
e Nominal shear stress, T, = L = M =0.55 N/mm?
bd  300x450

1004, = 100x 94245
bd 300 %450
p,=0.7%

e Percentage of tension steel reinforcement, p, = =0.698%

e Calculation of T
Refer IS : 456 — 2000, Table No. 19, using p, = 0.7% and f, = 20 N/mm?
T.=0.54 N/mm* (by interpolation)

e Design shear strength ‘T, ', Refer table No.-20

using f, =20 N/mm?, T, ~=2.8 N/mm’
e Comparisons
(a) t,> 1 —— Hence shear reinforcement is required
(1) Calculate shear carried by concrete, V. =1 bd = 0.54 x 300 x 450 = 72900N
~V, . =T729kN

(ii) Calculate shear carried by stirrups, V. =V -V =74.51-729=1.61 kN
Spacing of stirrups should be least of the following three

087f,A,d
Vs = S— [clause 40.4(a)]
0.87f.A, . d
1, 5, = et
\%

us

Assume 2L — vertical stirrups of 8mm ¢ bars
T g2
A =2X " X8 =10053mm?

087 x415x 10053 x 450
=S =
v 1.61x10°
2. 8%0.75d, .. S =0.75d=0.75x 450 = 337.5 mm
3.5 %300mm .. S =300mm

v

=10144.94 mm
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say S =300 mm
.. Provide 2L — 8mm ¢ bars @ 300 mm c/c
(b) 7.
Step : 8 Check for deflection control

(a) Note down the percentage of steel provided, p, = 0.7 %
(b) Stress in steel, Refer IS : 456 — 2000, Fig 4

>1, —— Design is safe, (ok)

AS
f,=058f,| —= | =058 x415x 67840
'l A 94245

St prov

= 17326 N/mm?

read out the modification factor (k)
k=14
r
L
1. (j =20Xk, Xk, Xk,
max.

k.=1 and kf= 1 (-- No compression steel and no flanged section)

" (Ej =20x14x1x1=28

SO =
d provided 450

().~ )
— > J—
d max. d provided

Hence deflection control is satisfied (ok)

Step : 9 Reinforcement details

(Hanger bars)
2-12
mm ¢bars (Hanger bars)

Stirrups i
2L-8 ¢ @ 300mm clc /\212mm¢
Clear\I _

cover | |
A 4 D=500 Stirrups

Clear mm
cover i I | 1 2L-8o@

/ 300 mm c/c

/ Tension Jreinforcement b=300"ﬁ‘ﬁ§7L

— — 3-20mml ¢ bars —
,300mm Clear span [ = 5000 mm __ ,300mm 3-20mm ¢bars
T I |

(Tension reinforcement)

‘ L=5300 mm |
| |

Longitudinal section (L/S) Cross section (C/S)
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3. Design a cantilever beam of clear span 3.25m, service load is 15 kN/m. Use M20 concrete

and Fe 415 steel. Sketch the reinforcement details.
Solution :
Given : clear span, [ =3.25 m, live load = 15 kN/m
f,=20N/mm* and f, = 415 N/mm’
Step : 1 Selection of cross - sectional dimensions
(a) Effective depth of beam (d)

J= clear span _ 1 _ 3250 — 46428mm
7 7 7
say, d=500mmor0.5m [.. dpmvidcd
(b) Overall depth of beam (D)
D=d+d (Assumed =50 mm)
- D =500+ 50 =550 mm or 0.55m
(c) Width of beam (b)

=500 mm]

b:lxd to g><d
3 3
1
. b:§><500:166.66mm

b= % x500=333.33mm

s Provide b =250 mm or 0.25 m
Beam size = b x D =250 x 550 mm
Step : 2 Calculation of effective span (L)

effective depth (d)
2

Effective span (L) = clear span (/) +

s L= 3.25+% =35m

Step : 3 Load calculation
1. Self weight of beam = b x D x density of RCC
=0.25 x0.55 x 25 =3.437 kN/m

=~ 3.44 kN/m
2. Live load (Given) = 15.0 kN/m
Total load, W = 18.44 kN/m

. Factored W =1.5xW=1.5x%18.44=27.66 kN/m
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Step : 4 Calculation of Maximum bending moment

W, 2766%35
u 2
Step : 5 Check for effective depth

=16941 kN.m or 169.41 x 10° N.mm

M, =0138f bd’

u);

For Fe 415 steel

Equating7 Mu = Muhm

6
d | M :\/ 16941x10° oo
7013876 V0.138x20%250

d <d (500 mm), Design is safe, (ok)

req provided

Step : 6 Calculation of main reinforcement

M, =0138f,bd> =0138%20x250x 500> = 172.5 kN.m

u);

M, >M,

u

Section is under reinforced

Hence singly reinforced section is to be designed
Refer 1S:456-2000, G-1.1(b)

. |: (f\ Asr J:|
M,=087f A,dl1-|—
' fckbd

169.41x10° = 087 x 415% 5004, | 1— (“BA“)
20% 250% 500

2996A2 —180525A,, +16941x10° =0
A =1162.84 mm’
e Check for minimum reinforcement - clause 26.5.1.1(a)

~ 085hd _ 0.85x250x500

" =256.02 mm?
min 1y 415

A, > A, Hence (ok)

Now Assume 20 mm ¢ bars

. Area of one bar, g, = Eq)z =T %20% =314.15 mm?
S 4 4

No. of bars = As

a

116284
31415

=370 say 4

st
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iy =4X31415=12566 mm?

.. Provide 4-20 mm ¢ bars at tension reinforcement (Top) and 2-12 mm ¢ bars at compression
reinforcement (Bottom)-[ Assume]

Step : 7 Design of shear reinforcement
e Design of shear force
V =W L=2766x3.5=96.81 kN

u

e Nominal shear stress, T, =—-=-————=0.7IN/ mm*
bd  250x500

V, 96.81x10°

1004, "~ 100x1256.6

_ prov

e Percentage of tensile steel reinforcement, p, = b 250 % 500

sp, = 1%
e Calculation of T, Refer IS:456-2000, table No. 19
using p,= 1% and f, = 20 N/mm’
T = 0.62 N/mm’
e Design shear strength, 't. ', Refer table No.-20

using f, =20 N/mm?

e = 2.8 N/mm’
e Comparisons
(a) T >t —— Hence shear reinforcement is required
(i) Calculate shear carried by concrete, V=1 bd = 0.62 x 250 x 500 = 77500 N
~V, =T15kN

(ii) Calculate shear carried by stirrups, V. =V -V =96.81-77.5=19.31kN
spacing of stirrups should be least of the following three
087f,A,d
Y

us

LS
Assume 2L — 8mm ¢ vertical stirrups
T o2
SA, =2 XZ x 8° =10053 mm’

. g _ 087x415x10053x 500
S 19.31x10°

2.8 %0.75d, .S =0.75x 500 =375 mm
3.8 300 mm, .. S =300mm

v

=939.83

say S =300 mm
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.. Provide 2L-8mm ¢ bars @ 300 mm c/c

(b) T,
Step : 8 Check for deflection control

>1,, —Design is safe (ok)

max

(a) Note down the percentage of steel provided, p, = 1%
(b) stress in steel, Refer 1S:450-2000, Fig 4

AS
=058, | =058 x415% 10282 _ 525 74 Njmm
: AS,W 1256.6
read out the modification factor (k)
k=115
L f—
1. |— =Txk, Xk, Xk k.=ky=1

" (5) =7x115x1x1=805
d max

( L) 3500
2.5 = =7
d provided 400

[).14)
O e B
d max d provided

Hence deflection control is satisfied, (ok)

Step : 9 Development length or Anchorage length at supports
Refer 1S:456-2000, clause 26.2.1

_ %o,

47,

L, where 6 = 0.87 f,

[ - 037f,¢
¢ 47,

T,,= 1.2 N/mm*> — from clause 26.2.1.1
For deformed bars increased by 60%
ie, 1,=12x1.6

087 x415%20
L, =——=94023 S
Now, i Ax12x16 mm say 950mm

The main tension reinforcement is extended into the column to a length of 500 mm and bent
down at 90° and extended upto 8 ¢ and 290 mm

e, L,=500+8x 20+ 290 =950 mm
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Step : 10 Reinforcement details

ﬂ/ (Tension reinforcement)
4-20mm ¢ bars
RCC
500 mm e /
column | " Clear span=/=3.25m |

| l |
90° bend\y 4
S
8¢=160mm
/I ( }=550mm Stirrups

l
290mm A

T2-12mm ¢ bars
(Hanger bars) b=250mm
2L-8mm ¢ @ 300mm c/c |<——n]
% (stirrups)
C/S of beam
L/S of beam

600 mm

(Assume)

3.5 WORKED EXAMPLES ON DESIGN OF DOUBLY REINFORCED
RECTANGULAR BEAMS [SIMPLY SUPPORTED AND CANTILEVER
BEAMS]

1. Design a simply supported beam of effective span 8m subjected to super imposed loads
of 35 kN/m. The beam dimensions and other data are b = 300mm, D = 700mm, M,
grade concrete and Fe 415 steel

Solution:
Given : Effective span, L = 8m or 8000 mm
Super imposed load = 35 kN/m
Width of beam, b = 300 mm
Overall Depth of beam, D = 700 mm
£, =20 N/mm’
f, =415 N/mm?
Step: 1 Selection of cross sectional dimensions
Effective depth, d =D —d' Assume d' = 50 mm
o d=700-50=650 mm
Step : 2 Load calculation
1. Self weight of beam = 0.3 x 0.7 x 25
=5.25kN/m
2. Super imposed load (Given) = 35 kN/m
Total load, W = 40.25 kN/m
. Factored load, W =1.5x W=1.5x40.25 = 60.38 kN/m
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Step : 3 Calculation of maximum BM

_W,L*  6038x8’
u 8 -

M, =01387,bd*> =0138x20x300x 650° = 34983 kN.m

u

=483.04 kN.m or 483.04 x 10° N.mm

M,>M, —— section is over reinforced

.. The beam is designed as doubly reinforced beam section
Note : Depth required is not considered for doubly reinforced beams
Step : 4 Calculation of main reinforcement
(1) Area of compression reinforcement (A )
Refer 1S:456-2000, G-1.2

Mu - Muhm = f.\'cA.\'c(d _dv)

M, -M

A — — lm
ARy

Ujim

0.0035(x, —d')

X

Now &, = from 1S:456-2000, G-1.2

X
Hnax

X =
Uipax i

X
_; =048 for Fe 415 steel

x, =048xd=048x650=312mm

u ‘e

~0.0035(312 - 50)
312
Refer 1S:456-2000, Fig 23A,

f.. =085f, =085x415= 35275 N/mm?

=0.00293 = 0.0030

Now, €,

| (483.04 x 109 —349.83 x 106) (2035
= = . 2
N 352.75(650 - 50) mm

Assume 16 mm ¢ bars

Area of one bar, a_ = g x 16> =20106mm?
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A, 62938

S = = = 3.13 S
No. of bars p 20106 , say 4

sc

=4x%201.06 =804.24 mm*

Scprm'ided
Provide 4 — 16mm ¢ bars at compression reinforcement (Top)
(2) Area of tension reinforcement (A )

Refer 1S:456 — 2000, G-1.1(a)
x, 087f,A,

d  036f.bd

Here x, =x, ~ and A, =A,

036f,bx,  036x20%300x312

A, = = 186655 mm’
L087/, 087 x 415

Now Refer, G-1.2

A 6938X352T5_ (1o
T 087f,  087x415

. Total tension reinforcement, A, = A, + A,
=1866.55 + 614.91
A, =2481.46 mm’

Assume 25 mm ¢ bars
T
Area of one bar, a, = yis 25 =490.87 mm?

A, 248146
a., 49087

st

No. of bars =

=505 say 5

T ited = 5x490.87 = 2454.35 mm?
.. Provide 5 — 25 mm ¢ bars at tension reinforcement
[out of 5 bar, 3 bars in first layer and 2 bars in second layer]
Note : Check for minimum reinforcement is not required in doubly reinforced beams.

Step 5 : Design of shear reinforcement

WL 6038x8
2 2

e Design of shear force, V, = =241.52 kN

V. 24152x10°

e Nominal shear stress, T, = —* = —————=123N/mm’

bd  300x650
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1004, 100x 245435

bd 300 % 650
sop,=1.25%
e Calculation of 't ', Refer IS:456-2000, Table No.19 for p, = 1.25% and f, = 20 N/mm*
T.=0.67 N/mm?

e Percentage of tension steel reinforcement, p, =

e Design shear strength T, Refer table No.20

using f, =20 N/mm’, T, =2.8N/mm’
e Comparisons
(a) t,>1t —— Hence shear reinforcement is required
(1) Calculate shear carried by concrete
V. .=1bd=0.67x 300 x 650 = 130.65 kN
(i) Calculate shear carried by stirrups
V.=V -V =241.52-130.65=110.87 kN

us u

spacing of stirrups should be least of the following three

087f,A,d

V

us

LS For 2L-8mm ¢ bars, A_ = 100.53 mm?
0.87 x415% 10053 x 650
- 11087 % 10°
2. 8 %0.75d, .. S =0.75x650=487.5mm
3. §,*#300 mm .. § =300mm, sayS =200mm
.. Provide 2L-8mm ¢ bars @ 200 mm c/c

=21279mm

(b) T, >T, Design is safe, (ok)
Step : 6 Check for deflection control

(a) Note down the percentage of steel provided
p,=1.25 % —— Tension steel percentage

1004,. = 100x 804.24

bd 300 650
(b) Stress in steel, refer 1S:456-2000, Fig 4

p.= =0.41% —— Compression steel percentage

AS
f,=058f,| —= | =058 x415x 248146
| A 245435

St prov

=24335 N/mm?

readout the modification factor (k ), using p, and f,
- k,=0.95
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Similarly, readout the modification factor (k ), using p_(Fig 5, 1S:456-2000)
Sk =1.13

L
1. (—) =20xk, Xk, Xk,
max.

kf= 1 (- No flanged section)

(E) =20x095x1.13x1=2147

L
5 (j _ 80991539
provided

d 650
L L

RN > , Hence deflection control is satisfied, (ok)
d max. d provided

Step : 7 Reinforcement details

Compression reinforcement (Compression reinforcement)
4-16mm ¢ bars 4-16mm ¢

Stirrups
2-25mm ¢
| | in second layer
) =) ) 5

——Supporting bar
Stirrups

Supporting 2L-8mm ¢ @ b=300 mm 3-25mm ¢ bars

bars in first layer
Wall 200 mm c/c Tension reinforcement 3
support -

L 5-25 mm ¢ bars
I =8m I C/S of beam

d

wuwooz

L/S of beam

2. Design a RC beam supported on two walls 500 m thick, spaced at a clear distance of 6m.
The beam carries a super-imposed load of 30 kN/m. Use M20 grade concrete and Fe 415
steel.

Solution :

Given : clear span, / = 6m or 6000 mm, wall thick = 500 mm
super imposed load = 30 kN/m
[, =20 N/mm’
f, =415 N/mm’
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Step : 1 Selection of cross - sectional dimensions
(a) Effective depth of beam (d)

clearspan [ 6000
d= m :H: m =42857 mm
say, d =450 mm
(b) Overall depth of beam (D)
D=d+d (Assume d' =50 mm)
D =450 + 50 = 500 mm or 0.5 m
(¢) Width of beam (b)

bzlxd to 2><d
3 3

b:%x450:300mm or 0.3m

.. Size of beam = b x D = 300 x 500 mm
Step : 2 Calculation of effective span (L)
Should be least of the following two
(i) L =1+ support width = 6000 + 500 = 6500 mm
(i) L=1+d=6000 + 450 = 6450 mm
S L=6450 mm or 6.45m
Step : 3 Load calculation
1. Self weigth of beam = 0.3 x 0.5 x 25
=3.75 kN/m
2. Super imposed load (Given) = 30.0 kN/m
Total load, W = 33.75 kN/m
. Factored load, W =1.5x W = 1.5 x 33.75 = 50.62 kN/m
Step : 4 Calculation of Maximum BM

W I? 5062x6.45>
M, = 8 = g =26323 kN.m or 263.23 x 10° N.mm

M, =0138f,bd* =0138x20x300x 450> =167.67kN.m or 167.67x10°N.mm

M,>M, —— section is over reinforced

.. The beam is designed as doubly reinforced beam section
Step : 5 Calculation of main reinforcement
(1) Area of compression reinforcement (A )
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)

M, - M

Uyim

A - lm
sc fsc(d_dy)

0.0035(x, —d'
NOW £-:S(‘ = x = xulml = 'xM

max

max

_xdax =048 = x, =048xd=048x450=216mm

~0.0035(216 —50)
¥ 216
Refer 1S:456-2000, Fig 23A

.. =083f, = 083x415=344.45N/mm’

=0.00268

(263.23 x10° —167.67 x 106)

A, = = 69356 mm’
344.45(450-50)

Assume 20 mm ¢ bars

Area of one bar, a_ = g x 20% = 314.15mm?>

Ne

. No. of bars = A, _ 69356

a 314.15

Ne

=220, say3

A

5Cy

_ =3x31415=94245mm’

Provide 3 — 20 mm ¢ bars at compression reinforcement (Top)

Area of tension reinforcement (A )

~036f,bx,  036x20x300x216

A = =1292.23 mm?
sty 087f, 087x415 e
Now refer, G-1.2
A f _ 693.56 x 34445 — 66187 mm?

" 087f, 087x415

. Total tension reinforcement, A, = A;, + A, =1292.23+661.67
A =1953.90 mm’

Assume 25 mm ¢ bars

T
Area of one bar, a,, = s 252 =490.87 mm?
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A

st

195390

No.of bars = -
490.87

=398, say 4
a

st

Ay, =4x49087 =196348 mm’

. Provide 4 - 25 mm ¢ bars at tension reinforcement

Step : 6 Design of shear reinforcement
_ WL 50.62x6.45

. V= =163.25kN
3
ooV 16325x10° Lo
bd  300x450
1004,
o o 00, 100196348 o
bd 300 450

e Calculate 't, Refer table 19, for p = 1.45% and f, = 20 N/mm?
. 7.=0.71 N/mm* (By interpolation method)

e T, = 28 N/mm* for f, =20 N/mm? (refer table 20)

e Comparisons
(a) t,> 1t — Hence shear reinforcement is required
(1) V,.=1,bd=0.71x300x450=95.85 kN

) Vv, =V, -V, =16325-9585=67.4 kN
Spacing of stirrups should be least of the following three
087f,A,d
1. S, = v A =100.53 mm* for 2L-8mm ¢ bars
_ 087x415x 100.?3><450 —24233mm
674 x10°

2. 8§ *0.75d, .. S =0.75x450=337.5mm
3.8 *300d, ..S§ =300mm
say S =225mm
.. Provide 2L-8mm ¢ bars @ 225 mm c/c
(b) T >T,,Designis safe, (ok)
Step 7 : Check for deflection control
(a) Note down the percentage of steel

p, =145% —— Tension steel percentage
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1004, 100x 94245

rov

bd 300x 450
(b) Stress in steel

0.69%

pP.=

AS
f,=058f,| —x= |=058 w415 % 23320
| A 196348

st prov

=239.52 N/mm?

read out the modification factor (k ), using p, and f,
sk =09
Similarly readout the modification factor (k ), using p_ (Fig. 5 of IS : 456-2000)

L
1. (—) =20xk, Xk, Xk, Soko=1.19, k=1
max.

=20x09x%x1.19=2142

2 (b)) =S -1ass
d )y, 450

(). ~4)
= > —
d max. d provided

Hence deflection control is satisfied (ok)
Step 8 : Reinforcement details

stirrups
2L-8mm ¢ @ Compression reinforcement
225 mm c/c 3-20 mm ¢ bars
N
| I ”
v D=500mm f— Stirrups
Wall |
thickness
\"/ Vv
Tension reinforcement 4-25 mm ¢ bars
- 4-25 mm ¢ bars — b=300mm
500mm 1=6000 mm 500mm |
|

! ' ! C/S of beam
L/S of beam
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3. A cantilever beam of 4m, Effective Span carries a service live load of 40 kN/m. The
width of the beam is 230 mm. Design the beam for flexure and shear. Sketch the details
of reinforcement, use M20 and Fe 415 steel.

Solution :
Given : Effective span, L = 4m,
Service load = 40 kN/m
width of beam, » = 230 mm
f,,=20N/mm’ and f = 415 N/mm’
Step : 1 Selection of cross - sectional dimensions
(a) Effective depth of beam (d)
Span length L 4000
== T3
(b) Overall depth of beam (D)
D=d+d" =575+ 50=625mm (Assume d' = 50 mm)
Step : 2 Load Calculation
Self weight of beam = b x D x RCC density
= 0.23 x0.625 x 25
=3.59 kN/m
Live load (Given) = 40.0 kN/m
Total Load, W = 43.59 kN/m
Factored load, W = 1.5x W=1.5x43.59 = 65.38 kN/m
Step : 3 Calculation of Maximum Bending Moment

=571.42 mm, say 575 mm

_ W, L* 6538x4°

M, 5 = 5 =523.04 kN.m or 523.04 x 10° N.mm
v = 0138 f b’ = 0.138 x 20 x 230 x 575" = 209.88 kN.m
M,>M, — section is over reinforced

.. The beam is designed as doubly reinforced beam section
Step : 4 Calculation of Main reinforcement
(1) Area of compression reinforcement (A )
Refer IS : 456 - 2000, G-1.2

M _Muhm :fA (d_dl)

u sc¢sc

U

 M,-M

Hlim

A = —— m
C fd-d)
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Now, g, = = — from G-1.2
x”nax
xll
% = 0.48 for Fe 415 steel Xy O Xy
x, =048d=0.48 x575=276 mm

max

_ 00035276-50) _
= g, = 76 =0.

Refer IS : 456 - 2000, Fig 23 A
’ ‘f.;(,

0.84f =0.84 x 415 = 348.6 N/mm’

(52304 x10° —209.88 x10°)

A = —1711.11 mm?
348.6 x (575 - 50) 7HITmm

Assume 25 mm ¢ bars

T 2
. Area of one bar, a_ " X257 =490.87 mm?

A 171111
. No. of bars = —<=
a 490.87

Ne

=3.48, say 4

4 x490.87 = 1963.48 mm’?

scprovndcd
Provide 4-25mm ¢ bars at compression reinforcement (Bottom)
(2) Area of tension reinforcement (A )
Refer IS : 456 - 2000, G-1.1 (a)

x 0.87f,A,
—- = — Here x,=x, A, =A,,
d = 036f,bd o E
0.36f,bx,  036x20x230x276
. = i = 1265.90 mm?
! 0.87f, 0.87x 415
Now refer, G - 1.2
A, f. 171111x3486
- = =1652.10 mm?

T 087f, 087x415

. Total tension reinforcement, A = A, + A, =1265.90 + 1652.10
A, = 2918 mm’

s

Assume 25 mm ¢ bars
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No. of bars = 2= 218 5o/ v
0. of bars = a, 49087 =5.94, say
o= 204522 mm?

provided
Provide 6 — 25 mm ¢ bars at Tension reinforcement (Top)
[out of 6 bars, 3 bars in first layer and another 3 bars in second layer]
Step : 5 Design of shear reinforcement
e Design of shear force, V = W L = 65.38 x 4 =261.52 kN

26152 x10°
e Nominal shear stress, T, = A = 26152107 =1.97 N/mm?
bd  230x575

1004, = 100x 294522
bd  230x575
Lp=222%
e Calculation of T, Refer Table No.19 of IS : 456 - 2000, for p, = 2.22% and f,, = 20 N/mm?
7. = 0.80 N'mm* (By interpolation)

e Percentage of tension steel reinforcement, p, =

¢ Design shear strength, T, = 2.8N/mm’ [From Table No. 20]
e Comparisons
(a) t,>1t —— Hence shear reinforcement is required
(1) Calculate shear carried by concrete
V =1bd=0.80x230x575=105.8 kN
(i) Calculate shear carried by stirrups
V.=V -V =261.52-105.8=155.72kN

us u

spacing of stirrups should be least of the following three

0.87f,A,d
LS =—"T—"
V 2

us

A =100.53 mm* for 2L-8mm ¢ vertical stirrups

0.87x415%x100.53 %575
oo 155.72x10°
2. 8§ *0.75d, .. S =0.75%575=431.25mm
3. 8§ 300 mm .. S =300mm
say § =125 mm
.. Provide 2L-8mm ¢ bars @ 125 mm c/c

=134.02 mm

(b) T. >7, .. Design is safe, (ok)

Cnax
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Step : 6 Check for deflection control
(a) Note down the percentage of steel provided
p, =2.22% —— Tension steel percentage

1004,. = 100x1963.48

bd 230x 575
(b) Stress in steel, Refer IS : 456-2000, Fig 4

p. = =148% —— Compression steel percentage

AS
£ =058f,| —= |=0.58x415x 2918
' A 2945.22

st prov

=238.47 N/mm?

read out the modification factor (k ), using p, and f,

Sk =08
t
Similarly, read out the modification factor (k ) using p_(From Fig. 5)
soko=1.33
L
L. (—) =T Xk, Xk, Xk k. =1
max
=7x0.8x1.33x1
=17.45
2. (L) = 4000 _ 6.95
d provided 575

[).4)
e D
d max d provided

Hence deflection control is satisfied, (ok)
Step : 7 Development length or Anchorage length at support
Refer IS : 456 - 2000, Clause 26.2.1

08719
L, = 4,
T = 1.2 N/mm?> —— From clause 26.2.1.1

bd

For deformed bar (Fe 415) increased by 60%
e, T = 12x1.6

> “bd
0.87x415%25

L = s ;
¢ = T axloxle = 117529 mm, say 1200 mm
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The Main tension reinforcement is extended into the column to a length of 500mm and bent
down at 90° and extended upto 8 ¢ and S00mm

= L,=500+8 ¢+ 500 =500+ 8 x 25 + 500 = 1200mm

-_/\/_.

RCC )
column —» Supporting  (Tension reinforcement)
- bars 6-25mm ¢ bars 3-25mm ¢ (First layer)
mm
8¢=200mm | [+~— Supporting hanger bar
0 g, AN A pporting hang
7T = ™ v 3-25mm ¢
500mml [ A . D=625 mm (second layer)
‘ ‘ Stirrups
2L-8mm ¢ @ 4-25mm ¢ bars b=230mm
, 125mm c/c (Compression reinforcement)
C/S of beam

‘ 600 mrn‘ (Assume)

L=4000 mm

L/S of beam

3.6 DESIGN STEPS — FLANGED BEAMS (T-BEAMS) - SIMPLY
SUPPORTED BEAM

Refer IS : 456 - 2000, clause 23.1
1. Selection of cross sectional dimensions
(a) Effective depth of beam (d)
(b) Overall depth of beam (D)
(c) Width of web (b, )
Nominal width of T-beams varies from 150 to 400 mm (Generally 300 mm)
(d) Flange thickness (Df)
The flange thickness is generally the same as the thickness of the slab between the ribs or

}same as rectangular beam

webs. The slab thickness depends upon the spacing of ribs, type of loading and SLH_
depth ratio

Generally the thickness of the slab varies from a minimum of 100mm to a maximum of
250 mm

(e) Effective width of flange (hf)

The effective width of flange should, in no case be greater than the breadth or width of the
web (b,) plus half the sum of the clear distance to the adjacent beams on either side.

Refer IS : 456 - 2000, clause 23.1.2 (a)

For T-beams, b, = (lij +b, +6D;
- 6
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Where [ = distance between points of Zero moments in the beam
Effective span (/) = should be least of the following two

(1) [, = clear span + bearing

(ii) 1, = clear span + effective depth

) 0

TFIange

A

Fig : 3.4 T-beam (C/S)

2. Load Calculation
1. Self weight of beam = (b, x D, + b x D ) x RCC density

= kN/m
2. Live load (Given) on slab= kN/m
Total load, W = kN/m
Factored load, W = 1.5x W= kN/m
3. Calculation of maximum bending moment
y o Wds
“ 8

4. Calculation of moment capacity of flange
Assume Neutral axis lies within the flange, x < D,
M, =036f,bD(d-042D)
Since M < Muf, Df> X,

Neutral axis lies within the flange. In this case, the beam can be treated as a normal rectangular
beam of width b = b and depth d

Hence singly reinforced section is to be designed
5. Calculation of Main reinforcement
alfM < M, — section is to be designed as singly reinforced.
b.IfM > M, - section is to be designed as doubly reinforced.
Procedure is same as rectangular beam procedure for calculation of A , Number of bars
and A,

provided
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6.

Design of Shear reinforcement
Here use b  instead of b

Procedure is same as rectangular beam procedure
Check for deflection control

1. (A) = 20xktxk(_xkf

Here K_ is calculated using IS : 456 - 2000, Fig. 6

Remaining procedure is same

. Reinforcement details

1. Longitudinal section ID

A " Y4

f

2. Cross section | ‘

D;

3.7 WORKED EXAMPLES ON DESIGN OF T - BEAMS (SIMPLY SUPPORTED
BEAM)

1. A floor of a hall measures 16m x 10m to the faces of the supporting walls. The floor
consists of three beams spaced at 4m c/c and the slab thickness is 150 mm. The floor
carries a live lead of 4 kN/m”. Design the intermediate T - beam. Use M20 concrete and
Fe 415 steel. The support width may be assumed as 300mm.

Solution:

Given : /= 10m, support width = 300mm, LL = 4kN/m?

Slab depth = D, = 150mm, Beam spaced = 4m c/c, f,, = 20 N/mm? and f, = 415 N/mm?

Hall measures = 16m x 6m
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| 4m clc | 4m clc | 4m clc | 4m clc

Intermediate

/beam

Beams

" \/

Beams
N X
wall
I 16m
Step : 1 Selection of cross-sectional dimensions
(a) Effective depth of beam (d)
span length 10000
d = = =660.67, Say 700mm

15 15
(b) Overall depth of beam (D)
D = d+d' =700+ 50 =750mm (Assume d'= 50mm)

(c) Width of web (b ) : Assume b = 300mm
(d) Flange thickness (D f) : D = 150mm (Given)
(e) Effective width of flange (b 2

Effective span (/) : should be least of the following two

(1) ;= Clear span + bearing = 10000 + 300 = 10,300mm or 10.3m

(ii) I, = clear span + Effective depth (d) = 1000 + 700 = 10,700mm or 10.7m

Say [, = 10.3 m
Refer IS : 456-2000, Clause 23.1.2 (a)
For T - beam,

6
- Say b, = 3000mm or 3m

l 10300
@=(§)+mﬂﬁDf=( )+xm+6wazzm656mm

wall
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| b,=3000mm |
I |

D,=150mm

750mm

D
D,=600mm

b,=300mm

Step : 2 Load Calculation
1. Self weight of beam

[(b,x D,) + (b, x D,)] xRCC density
(3% 0.15+0.3 x 0.6) x 25

= 15.75kN/m ) 5
i ) Live load on slab= 4 kN/ m
2. Live load (Given) = 4 x1 =4kN/m .
Consider
Total load, W = 19.75kN/m P dth
. Factored load, W, = 1.5x W=1.5x 1975 er meter widt 2
— 2962 kN/m L. LL =4X 1=4kN / m

u

Step : 3 Calculation of Maximum BM

Wis 29.62x10.3*
= = =392.79 kN.m
u 8 8
Step : 4 Calculation of moment capacity of flange
M, =036f,bx (d-042x)

Assuming N — A (Neutral Axis) lies with in the flange

Sox, < Df
Consider x, = Df
Here Df = 150mm
Muf = 0.36_)‘('_kthf (d-0.42 Df)
= 0.36 x 20 x 3000 x 150 (700 — 0.42 x 150)
= 2063.88 kN.m

Since Muf > M,
:>Df > x,
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Hence Neutral axis lies with in the flange. In this case the beam can be treated as a normal
rectangular beam of width b,= b and depth d

Hence singly reinforced section is to be designed
Step : 5 Calculation of Main reinforcement

M 392.79x10°
_ u = =21780mm<d .
ey =\ 0.1381,b, \/0.138 % 20 X 3000 provided (700mm)

Hence design is safe

[
M, =087fA,d| "= 75

415A,
6 _ 1_ st
39279 x 10° =0.87x 415 x 700 A l: (—20 %3000 700 )]

5 249A7 —252735 A, +392.79x 10°=0
A, =1578.71 mm?

st

Assume 25mm ¢ bars

A, 157871
.. No. of bars = =T =3.21,say 4
Ay Z X 252

TC
s = EXGX 25% = 1963.49mm?

.. Provide 4-25 mm ¢ bars at tension side and 2-12mm ¢ bars at compression side (Anchor
bars) - [Assume]
Step : 6 Design of Shear reinforcement
Wi, 29.62x10.3
22

=152.54 kN

e Design of shear force, V =

: . Frace J— _ 2
e Nominal shear stress, T = bd 300700 — 0.72 N/mm

w

V, 15254x10°

1004, 100 x 1963.49

R provided

e Percentage of tension steel reinforcement, p, = b d = 300 %700

93%

e Calculation of T, Refer table 19 of IS : 456-2000
for p,=0.93% and f, = 20 N/mm?
. 1T.=0.60 N/mm*(By interpolation)
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e Design shear strength, T. = 2.8 N/mm?* (From table 20)
e Comparisons
T,> T, — Hence shear reinforcement is required
(1) Calculate shear carried by concrete
V. =1tb d=0.6x300x700=126 kN
(i) Calculate shear carried by stirrups
V.=V -V =15254-126=26.54 kN

Spacing of stirrups should be least of the following three

0.87f,A,,d
1 S = V.
A = 100.53 mm’ for 2L — 8mm ¢ vertical stirrups
L§ = 0.87)(415)(100.533)(700 957 32mm
: 26.54x10
2. S ¥ 0.75d, . § =0.75x700 = 525mm
3. S % 300mm, . $ =300mm

Say, § = 300mm
Hence provide 2L — 8mm ¢ bars @ 300 mm c/c
Step : 7 Check for deflection control
(a) Note down the percentage of steel provided
p, = 0.93%
(b) Stress in steel, Refer IS: 456-2000, Fig. 4

" =058f As# =0.58 x 415 1578. 193.53 N/mm?
Jo = O8I 70 | 7 098 X 81X g3 49 = 19323 Rimm
read out the modification factor (k) using p, and f
coko=1.22
N o w300
ow, ratio b, = 3000 =

read out the reduction factor (kf) using by referring IS : 456-2000, Fig. 6.
: b

i

sk, =038
L
1 fd
o (@

20 x kt X k(_ X kf k(_ =1 " No compression reinforcement

20x1.22x1%x0.8=19.52
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d provided - 700 - ‘

(7).~ ()
| — >
d max. d provided
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Hence deflection control is satisfied
Step : 8 Reinforcement details
(Anchor bars)

f—12mm¢ bars

1.4

)
A ) D=750mm

2L-8mm ¢ r l€«—Wall support
| bars @300mm c/c 4-25mm ¢ bars

(Main bars)
1,=10.3m

NN

300mm

7

L/S of T-beam

(Anchor bars)

b=3000mm
2-12mm ¢ bars /

A
—_ VAN

o —

D=750mm

[ €«—2L-8mm ¢ bars @
300mm c/c

b, =300mm

4-25mm ¢ bars
(Main bars)

C/S of T-beam

2. Design the T-beam as per 1S:456-2000. The beam is subjected to an ultimate moment

of 400kN-m. Use M20 concrete and Fe 415 steel. Following are the parameters
which are used for design.

bf =800 mm, b = 200 mm, Df =100mm, d = 400 mm
Solution:
Given : M = 400 kN-m, f{'k =20 N/mm?, ]“ =415 N/mm?, b = 800 mm, b =200 mm,
D = 100mm and d = 400mm
Step : 1 Calculate limiting depth of neutral axis

X

u max

=0.48 =x =048 x400 = 192mm

umax
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Step : 2 Calculate moment capacity of flange
M, = 036f,bx, (d-0.42x)
Assuming N — A (Neutral Axis) lies with in the flange
Sx, < Df
Here D, = 100mm
0.36f,b.D,(d—0.42D,)
0.36 x 20 x 800 x 100 (400 — 0.42 x 100)
M, = 206.20 kN.m
Since M, <M,

:>Df :[>xu

=>M
uf

ie., Df < x, (Hence Assumption is wrong)
. N-A lies outside the flange.
Step : 3 Calculate limiting moment of resistance

M =036 = (1 _gan e Ve b 2 0asr (b —p D d-
w Y T - Y. d fck w +0. fck( - W) f _7

=0.36 x 0.48 (1 —0.42 x 0.48) x 20 x 200 x 400* + 0.45 x 20 (800 —200) 100

(400 — @)
2
M, =27729x10°N-mm or 277.29 kN-m
Step : 4 Calculation of Area of steel reinforcement
(1) Area of compression steel (A )
0.0035(x, e —d )
S . | Assume d' = 50mm

umax

0.0035(192 - 50)
= =258 x 107
192
Now using € , note down the value of_fw_ from 1S:456-2000, Fig. 23A

f,. = 0.84f =0.84 x 415 = 348.6 N/mm’

M,~M,  400x10°-277.29 x10°
7 fo(d-d) 3486 (400-50)

=1005.73 mm?

Now, Assume 20mm dia bars

.. No. Of bars — &z 100573

asc E X 202
4

=3.20 say 4
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Provide 4-20mm ¢ bar @ compression side (Top)
(2) Area of tension steel (A )
Area of steel corresponding to balanced section

M, =087fA, (d-042x, )

Him

277.29x 10° = 0.87 x 415 A,, (400 —0.42 x 192)
. Ay = 2404.84 mm?
A, 3486x1005.73
A = Lehe =971.04mm>

= 087f, 0.87x415

. Total A, = A, +A, =2404.84+971.04=3375.88 mm

Assume 28mm ¢ bars

A, 337588
.. No. of bars = —= =5.48 say 6

Ay Ex282
4

.. Provide 6-28mm ¢ bars @ Tension side (Bottom)
Step : 5 Reinforcement details

Supporting

bars NQOmmq)bars (Compression bars)

( N
AT\ \\

a 2

3
y = )
y
(Assume) l€«—Wall support
A 2L-8mm ¢ 6-28mm o¢bars |
bars @ 300mm c/c
|
|

D=450mm

(Tension bars)
l

| 0

L/S of T-beam

4-20mmo bars b=800mm
(Compression bars) /
A

_ Z\ —_
‘ | | lD,=100mm
D=450mm (Assume)
Supporting 2L-8mm ¢
bars bars @300mm c/c
B b, = 200mm

6-28mm ¢bars
(Tension bars)

C/S of T-beam
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3.8 DESIGN STEPS - FLANGED BEAMS (L -BEAMS) - SIMPLY SUPPORTED BEAM

Refer IS : 456 - 2000, clause 23.1
1. Selection of cross-sectional dimensions
(a) Effective depth of beam (d)
(b) Overall depth of beam (D) | Procedure is same
(c) Width of web (b,) as T - beams
(d) Flange thickness (D f)
(e) Effective width of flange (b : ), Refer clause 23.1.2 (b)

(llj +b +3D
12 w f

should be least of the following two

For L- beams, hf

Effective Span (/)
(1) [, = clear span + bearing
(i) [, = clear span + Effective depth

b

w

2. Load calculation is same as T - beams
3. Calculation of maximum bending moment =

(i) At support section, M, = 5
Wl
(ii) At centre of span section, M, = 2‘—’40

4. Calculation of Torsional moment at support section
Torsional moment is produced due to dead load of slab and live load on it
Load = Factored load — [Self weight of web x Rcc density] = —— kN/m
. Total ultimate load on slab = Load x Effective span (/ ) = ———kN

Total ultimate load on slab
2

Total ultimate shear force, V, =
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b A | [€«—Column support

.| by
-, Ultimate Torsional moment, T =V, x l:?f — b?W:|

5. Calculation of Equivalent Bending moment and shear force
Refer IS : 456-2000, Clause 41.4.2

e Equivalent Bending moment
Mel = Mu + Mt
Where, Mu = BM at the cross section

D
1+—
M =T b
1T
Find M,

e Equivalent Shear Force
Refer clause 41.3.1

<
Il

vora(B)
e u+ : h

Where V = Shear force at support section

_ W1
ie., .V, = ;0
6. Calculation of Main longitudinal reinforcement

M"llm = 0138 -ﬁkbwd ?
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If M, <M, —section is under reinforced

w My = 087SAd | Ty

Find A _, No. of bars and Ay

(a) At support section

provided

(b) At centre of span section

using 'M ', Find A , No. of bars and A,

provided
7. Calculation of side face reinforcement
Refer clause 26.5.1.7

Where the depth of the web in a beam exceeds 450 mm side face reinforcement shall be
provided along the two faces. The total area of such reinforcement shall be not less than 0.1
percent of the web area.

0.1
i.e. A :—XbWXD
e 100

st

Find No. of bars
8. Design of shear reinforcement or Transverse reinforcement
Refer clause 41.3.1

Ve
e Equivalent Nominal shear stress, Tve = bd
1004,
proivided
e Percentage of steel, Pr = b d

Calculation of T,
read out the value of T_using p and f, from table 19 of IS : 456-2000

e Design shear strength, T. using f,, table 20 of IS : 456-2000

e Comparisons

Shear reinforcement is not required. Hence provide minimum shear
reinforcement as per clause 26.5.1.6

(@ Ift <7

(b) If T,>T, shear reinforcement is required

.. Both longitudinal and transverse reinforcement shall be provided in
accordance with clause 41.4

(c) Ift <7, - Designis safe, (OK)

(d) If T,> T, - Designisnot safe, Hence revise the section
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e If Shear reinforcement is required, then refer clause 41.4.3
Spacing of stirrups shall not exceeds the least of

LS, VS,

I. A, = + , solve S
bd,(0871,) 25d,(087f,)
(T,,—7,)b.S,
2. Av=""1o7,  ,solveS o ,
0.87f, v Where, y, = Longer dimension of the stirrup

bl = c/c distance between corner bars in

3. S, = x, = shorter dimension of the stirrup ’
the direction of width of the beam

v

Xty

4. S = d, = c/c distance between corner bars in
' 4 the direction of the depth of the

5.8 »0.75d beam

6. S *300mm

9. Check for deflection control: Same as T - beams

;

10. Reinforcement details

1. Longitudinal section

b
2. Cross - section 'f “tl&
D

3.9 WORKED EXAMPLES ON DESIGN OF L - BEAMS, ANALYSIS AND
DESIGN FOR COMBINED BENDING AND TORSION

1. A reinforced concrete beam of rectangular section having a width of 230mm and
overall depth of 450mm is reinforced with 4-25mm ¢ bars distributed at each of the
corners at an effective cover of 50mm in the direction of depth and side covers of
25mm in the direction of width. 8mm ¢, 2 - Legged torsional strength of the section
adopting Fe - 500 HYSD bars for the following cases

(a) Torsional strength, if V = 0
(b) Torsional strength, if V = 150 kN
(¢) Torsional strength, if V = 200 kN
Solution :

Given Data

b =230mm, D =450mm, d ' = 50 mm, SV = l25mm,f;_ =500 N/mm?
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| D=230mm _,
/‘tﬁ
|I
D=450mm d,
2L-8mmo¢ vertical
stirrups
d'=50mm_I_ 1
Side coverj
25mm

b=b-2 (side cover + stirrup dia + 251;m ¢)

25
=230-2 (25+8+2) = 139mm

a’1 = D -2 x Effective cover = 450 — 2 x 50 = 350mm
Case (a) : Calculate Torsional strength, if V, = 0
Refer IS : 456-2000, Clause 41.4.3

1,8 V.S

u-yv u-y

v~ b,d,(087,) " 2.54,(087f,)

T
A =2x Z x 82 =100.53 mm?
S = 125mmc/c
= 0)“ =500 N/mm?
Awbldl(o-87fy) 100.53 %139 x 350 x 0.87 x 500
I, = S - 125

v

17.02 kN.m or 17.02 x 10° N.mm
Case (b) : Calculate Torsional strength, if V, =150 kN

T, x125 150%x10* x 125
100.53 = +
139x350%0.87%x 500  2.5x350% 0.87 % 500
100.53 = 5.90 x 10°T, + 49.26

8.68 kN.m or 8.68 x 10° N.mm

u
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Case (c) : Calculate Torsional strength, if V = 200kN

100.53

100.53

u

1257, . 200%x10* x 125
139x 350 x 0.87x 500  2.5x350% 0.87 x 500
5.90 x 107 + 65.68
5.90 x 10° N.mm or 5.90 kN.m

Comment: As Shear force increase with decrease in Torsional strength

2. A RC beam of rectangular section with a width of 300mm and overall depth 600mm is
reinforced with 4 bars of 25mm diameter on the tension side at an Effective depth of
550mm. The section is subjected to a unfactored BM of 150 kN.m. If f, = 25N/mm’ and
fy = 415 N/mm?, Calculate the ultimate torsional resistance that can be allowed on the

section.
Solution:
Given Data :

b =300mm, D = 600mm, d = 550 mm, M = 150 kN.m
f.,=25N/mm?* and f, = 415N/mm’

b4
A, =4x 7 x 25% = 1963.49 mm?

M =15xM=15x150=225kN.m
Step : 1 Depth of Neutral axis, G - 1.1 (a)

0871,A,

_ 0.87x415%x1963.49 0.47

Xu
7=

X

u

036f,bd 036x25x300x550
0.47 x d = 0.47 x 550 = 262.56 mm

Step : 2 Limiting values of the depth of neutral axis

Clause 38.1,
a2 0.48
=0
.. x"max =
X > X

Uinax u

for Fe 415 steel

0.48 x 550 =264 mm

Hence section is under reinforced

Step : 3 Calculation of Equivalent ultimate moment capacity of section

M, = 087fA d1-| =2~
! v fibd
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0.87 x 415 x 1963.49 x 550 [1_(wﬂ

25x300x 550

M, = 312.88kN.m

Step : 4 Calculation of ultimate torsional resistance
Clause 41.4.2

M"'l = Mu + Mt
(5)
M = u
! 1.7

31288 = 225+,

312.88 = 225+ 1767,
T = 49.93kN.m

u

3. A rectangular beam 230 x 550 mm deep is subjected to a sagging ultimate BM of 40kN.m,
ultimate SF of 30 kN and ultimate Torsional moment of 11.5 kN.m at a given section.
Design the reinforcement if M20 grade concrete and Fe 415 steel are used. Sketch the
details.

Solution:
Given, M, = 40kN.m, V, =30 kN, 7, = 11.5 kN.m
f,,=20N/mm?*, f =415N/mm’ b =230mm, D = 550mm
Assume d'=50 mm .. d =D —d ' =550 - 50 = 500 mm
Step : 1 Calculation of Equivalent BM and limiting moment
Refer IS: 456-2000, Clause 41.4.2

M“l = Mu + Mt

D 550
1+ ; 1+ %
—— =40+ 115| ——

— 40+ T
0+T.\ 717 17

M, = 62.94kN.m or 62.94 x 10° N.mm
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M, = 0.138f, bd=0.138 x 20 x 230 x 500° = 158.7 kN.m
Since M,

Hence the beam is designed like singly reinforced section

.. > M - Section is under reinforced

Since M, > M, there is no need of compression reinforcement due to twisting moments
Step : 2 Calculation of Main longitudinal reinforcement
Now Refer IS : 456-2000, G 1.1 (b)

, o
= 0874A, 0|1 5

415A
0 1= — 77t
62.94x 10° = 0.87x415x 500 A l: (20 %230 X 500):'

32.57 A2 — 180525 A_+62.94 x 10°=0
A 373.86 mm?

st

Assume 12mm ¢ bars

Area of one bar, a,

TC
Z><122 = 113.09 mm>

A, 37386
No. of bars = P 113.09 = 3.30, say 4

st

4% 113.09 =452.36 mm?

Provide 4 — 12 mm ¢ bars at Tension face or reinforcement and

st provided

Provide 2 — 12 mm ¢ bars at Compression reinforcement (Hanger bars)
Step : 3 Calculation of side face reinforcement

As the depth of the section is more than 450mm, side face reinforcement of 0.10% of the web
section is to be provided

ol

A Xbx D=~y 230 x 550 = 126.5 mm’
“ 7100 100 ¢ <7 X 2P0 = b

Assume 10 mm ¢ bars

T
Area of oné bar, a, = " x10% = 78.53 mm?
|
A 126.5

No. of bars = —-=—"-=1.61, say 2
a 78.53

.. Provide 2-10 mm ¢ bars on each face

st
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Step : 4 Calculation of Equivalent shear force
Clause 41.3

_ T, 115
Equivalent Shear, V, = V, + 1.6 | 7~ |= 30+1.6x% 023 )= 10KN

Step : 5 Design of shear reinforcement or transverse reinforcement
Refer clause 41.3.1

v, 110x10°

e Equivalent nominal shear stess, T = —~=————— =0.95 N/mm?
" bd 230x500

pro

bd 230 %500

1004, 100 x 452.
o 100%45236 0

e Percentage of steel, p =

e Calculation of T,
using p = 0.39% and f,, = 20 N/mm’ from table 19 of IS: 456 -2000,
T, = 0.42 N/mm’

e Design shear strength, T, —=2.8 N/mm?* from table 20

e Comparisons

(a) t,> T, — Shear reinforcement is required

Refer IS: 456-200, clause 41.4.3
Spacing of stirrups shall not exceed the least of

18 V.S

l u-v u-v

A = —+ N
v bd (087f,) 2.5d,(087f,)

Assume 2L — vertical 8 mm ¢ stirrups

sV

T
LA = 2XZXS2 =100.53 mm?
Assume 25 mm clear cover allround
Where, h1 = c/c distance between corner bars in the direction of the width of the beam

longitudinal diameter
2

b

1

b — 2 x clear cover — 2 X stirrup ¢ — 2 x

~b

1

12
230-2 [25 +8+7] = 152mm

d, = c/c distance between corner bars in the direction of the depth of the beam

d =D-2 [25+8+122}:550—2[39] =472mm
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100.53

100.53

v

6. S
Say S

>
>

11.5x10°S, 30x10°S,

+
152x472x087x415 2.5x472x0.87x415

0.448 +0.07 S,
197.11mm

(T,. —7,)bS,
087,

(0.95-0.42)%x 2308,
0.87x415
297.75 mm

x, = shorter dimension of stirrup

b-2 [clear cover + 5

8
230-2 [25 +2] =172mm

172 mm
X tn
4
longer dimension of stirrup

D-2 [clear cover + 5

8
550 -2 [25+2] =492 mm

172+ 492
e
0.75d, . S,=0.75 x 500 = 375mm
300 mm ... § =300mm

150 mm

=166 mm

Provide 2L - 8 mm ¢ bars @ 150 mm c/c

stirrup diameter

stirrup diameter]

J
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Step : 6 Reinforcement details

(Compression reinforcement)

2-12mm ¢ bars Side face reinforcement
2-10mm ¢bars on
each face
r &' Al
y D=550mm
A
\ J 1
/ <€— Wall thickness
i 2L-8mm pbars @  4-12mm ¢ bars —
150 mm c/c (Tension reinforcement)
| =—————— L=Effective length ———=|
L/S of beam
b = 230mm Compression reinforcement
[=———] 2-12mm ¢ bars

(Anchor or Hanger bar)

Side face reinforcement
2-10mm ¢ bars on
each face

D=550mm

j— Stirrups 2L-8mm
1 dbars @ 150mm c/c

\Z

4-12mm ¢ bars
(Tension reinforcement)

C/S of beam

4. Design a L - beam for an office floor to suit the following date
Clear span (/) = 7m, thickness of flange (Df) = 150mm, live load = 4 KN/m?
Spacing of beams = 3m, f, = 20 N/mm?, f,=415 N/mm? and
Width of column = 300 mm
Solution
Given: [ = 7m, Df= 150mm, LL = 4 kN/m?, f, = 20N/mm?, f‘ =415 N/mm?,
Spacing of beams = 3m and width of column = 300mm
Step :1 Section of Cross-sectional dimensions
(a) Effective depth of beam (d)

Clear span

21015 for span range 5 to 10m





