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KCE 601 ; Design of Concrete Structures
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UNIT

Design of Beam

CONTENTS

Part-1

Part-2 :

Part.3

Part-4

Part-5 :

Part-6

Introduction to Various ...

Design Philosophies

Design of Rectangular ...

Simply Reinforced Section of
Working Stress Method

Design of Rectangular ...

Doubly Reinforced Section
by Working Stress Method

Assumptions in Limit .o

State Design, Method Design ;Jf
Rectangular Singly Reinforced
Beam by Limit State Method

Design of Rectangular.........ccccouennneee 1-27A to 1-33A
Doubly Reinforced Beam

by Limit State Method

Design T-beams, L-beams,....... 1-33

by Limit State Method 3 i

e 1=2A t0 1-TA

1-7A to 1-13A

......... 1-13A to 1-18A

e 1=18A to 1-27A

1-1A(CE-6)

1-2 A (CE-D) Dexsign of Beam

_PART-1 |

Introduction te Variows Design Philosophies,

T CONCEPT OUTLINE

Derign philosophies : There are three design phalosaphies
Working eteess design,
Ultimate load design, and

Limit state design
tio : It is the ratio between the moduli of elanticity of

ot 1

i

"

i
Modular Ita
steel and concrete
Neutral Axis : It is an imaginary plane which divides the cross.
section of the beamanto the tension and compression zones [ying on

the opposite side of the plane. It 18 denoted by 'n’, it 15 caleulated by

following given formula :
{

bn'
——=mA,ld-n) i

Questions-Answers

i sk ) ]|

Long Answer Type and Medium Answer Type Questions

Que 1.1 I What are various design philosophies 7 Explain any

one of these in detail. [ARTU 2014-13, Marks 05 |
OR

Discuss the salient features of working stress method and ultimate

load method. [AKTU 2016-17, Marks 10|
OR

Write assumption made in working stress methed.

[AKTU 2017-18, Marks 10|
Answer |

There are three basic design philosophies :

A Working Stress Method (WSM) :

1. This method is based on the elastic theory and assumes that both steel
and concrete are elastic and obey Hook's law. It means that the stress
is directly proportional to strain up to the point of collapse.

2. According to this method, the bond between steel and concret
e stresses of the materials are obtained.

e i3 perfect,

permissibl
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i

C.

1-3A(CE.q,

\ssumptions Following are the assumptions of WSM :

4 v -

\ section which is plane before bending remains plane after bending
All tensile stresses are taken up by steel and none by concrete,

The moduli of elasticity of steel (E ) and concrete (E ) are constant,

0 .
,where 6, _is the permissibjo

The modular ratio (m) has the value 328
b

compressive strength of concrete in bending in N/mm?,

There are no initial stresses in steel and concrete.

Advantages : Following are the advantages of the WSM :

Itis simple.

As the working stresses are low, the serviceability requirements are

automatically satisfied and there 1s no need to check them.

Reasonably reliable.

Limitations : Following are the limitations of working stress method :

Concrete behaves inelastically on low level of stresses.

It does not use any factor of safety with respect to loads.

It does not account for shrinkage and creep which are time dependent

and plastic in nature.

This method gives uneconomical sections.

Ultimate Load Factor Method :

In this method, ultimate or collapse load is used as design load.

The ultimate loads are obtained by increasing the working/service

loads suitably by some factor. These factors which are multiplied by

the working loads to obtain ultimate loads are called as load factors.

These load factors give the exact margins of safety in terms of load.

This m¢~lhod uses the real stress-strain curve of conerete and steel and
takes into account the plastic behaviour of these materials.

Load factor = Qlliﬁ{(!ga_d

Working load
Advantages: Following are the advantages of ULM :
This method is more realistic

as compared to WSM.
Th

is method is more economical as compared to WSM

Lnlnitntions: Following are the limitations of ULM -
This method gives v '

g ery thin sections w
deformations and crac e

: hlch Ieads to 5
king, thus making th excessive

€ structure unserviceable.
are used for materia] s

o fact stresses.

Limit State Method :

No factors of safety

—— T ——

1-4 A (CE-6)

Design of Beam

1. Thisis the most rational method which takes into account the ultimate
strength of the structure and aleo the serviceability requirements

9 It isajudicious combination of working stress and ultimate load methods
of design

3. Thismethod is based on the concept of safety at ultimate load (ultimate
load method) and serviceability at working loads (working stress
method).

4 The twoimportant limit states to be considered in design are -

Limit state of collapse.

-

Limit state of gerviceability.

i

5 This method is based upon the probabilistic variation in the loads and
mnaterial properties. Limit state method takes into account the
uncertainties associated with loads and material properties, thus uses
partial factors of safety to obtain design loads and design stresses.

Que 1.2. | What is neutral axis ? Determine the location of neutral

axis.

Answer l

Neutral Axis : It is an imaginary plane which divides the cross-section
of a beam into the tension and compression zones lying on the opposite
side of the plane.
Location of Neutral Axis : The neutral axis of a beam can be
determined by two methods.

A 1" method:

i This method is applied when stresses developed in concrete and steel
are known
Let, ¢ = Compressive stress in the extreme fibre of concrete.

t = Tensile stress in steel reinforcement,

n = kd = Depth of neutral axis (NA) below the top of the beam.
k = Neutral axis factor.

ii. From the stress diagram, we have

¢ n
t/im d-n
_n
t d-n
n me mo,,

d mec+t mo, +0,

iii. The permissible values of ¢ and ¢ are c,_and o, respectively. From
eq.(1.2.1)
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C.

————

Assumptions : Following are the assumptions of WSM :

A section which is plane before hending remains plane after bending,
All tensile stresses are taken up by steel and none by conerete,

The moduli of elasticity of stecl (E) and concerete () are constant,

The modular ratio (m) has the value 72~—8-Q~ ywheroe o, is the permissible
i ebe

compressive strength of concrete in bending in N/mm?,

There are no initial stresses in steel and conerete.

Advantages : Following arc the advantages of the WSM

It is simple.

As the working stresses are low, the serviceability requirements are
automatically satisfied and there is no need to check them.
Reasonably reliable.

Limitations : Following are the limitations of working stress method :
Concrete behaves inelastically on low level of stresses.

It does not use any factor of safety with respect to loads.

It does not account for shrinkage and creep which are time dependent
and plastic in nature,

This method gives uneconomical sections,
Ultimate Load Factor Method :
In this method, ultimate or collapse load is used as design load.

The ultimate loads are obtained by increasing the working/service
loads suitably by some factor. These factors which are multiplied by
the working loads to obtain ultimate loads are called as load factors.

These load factors give the exact margins of safety in terms of load.
This method uses the real stress-strain curve of concrete and steel and
takes into account the plastic behaviour of these materials,

Collapse load

Load factor = m
Advantages : Following are the advantages of ULM :
This method is more realistic as compared to WSM.
This method is more economical as compared to WSM.
Limitations : Following are the limitations of ULM :
This method gives very thin sections which leads to excessive
deformations and cracking, thus making the structure unserviceable.
No factors of safety are used for material stresses.
Limit State Method :

1-4 A (CE-0) Design of Beam

1, This is the most rational method which takes into account the ultimate
gtrength of the structure and also the serviceability requirements.

9, Itisajudicious combination of working stress and ultimate load methods
of design.

g, This method is based on the concept of gafety at ultimate load (ultimate

Joad method) and serviceability at working loads (working stress
method),

4. The two important limit states to be considered in design are :
i, Limit state of collapse.

ii. Limit state of serviceability.

5. 'This method is based upon the probabilistic variation in the loads and
material properties, Limit state method takes into account the
uncertainties associated with loads and material properties, thus uses
partial factors of safety to obtain design loads and design stresses.

Que 1.2 l What is neutral axis ? Determine the location of neutral

axis.

Answer |

Neutral Axis : It is an imaginary plane which divides the cross-section
of a beam into the tension and compression zones lying on the opposite
gide of the plane.

Location of Neutral Axis : The neutral axis of a beam can be
determined by two methods.

A. 1*method :

i, 'This method is applied when stresses developed in concrete and steel
are known.

Let, ¢ = Compressive stress in the extreme fibre of concrete.

¢ = Tensile stress in steel reinforcement,

n = kd = Depth of neutral axis (NA) below the top of the beam.
. = Neutral axis factor.

fi. From the stress diagram, we have

e e
tim d-n
L) ol L
t d-n
po R__me _ mo,,.

n
d mec+t mo, +0,

ii. The permissible values of ¢ and ¢ are ¢, and o, respectively. From
eq.(1.2.1)
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DTSSR B e
R s
kd
‘Areain 1n

d—kd/3'

=kd
/compresmon ‘_ Eia'ﬁmlin“l {

Tension zone

Area of

4 steel = d-kd
(7

l p—t—i  k—o/m—
b [Fig.12.1.

Lever arm

B. 2*method:

i This method is based on the assumption that the neutral .axis of a
homogenous beam always passes through the center of gravity of t}‘te
section, Hence, the moments of area above and below the neutral axis
(moment being taken about the neutral axis) must be equal,

" ji, Taking the moments of area in compression and the tension, about the
neutral axis, we have,

bn % =mA(d-n)

iii. Above equation will give two values of n, only positive value of n
should be considered.

Que 1.3, | Explain the following terms :

A. Balanced section.
B. Under-reinforced section.

C. Over-reinforced section.

| AKTU 2014-15, Marks 05 |

OR
Write formula to determine the moment of resistance of over
reinforced section and under reinforced section. With diagram of

section, I AKTU 2017-18, Marks 101
OR

What is critical section and critical neutral axis ?

[AKTU 2017-18, Marks 10
Answer |

A. Balanced Section :

1. Abalanced section is

that in which stress in con

crete and steel
ue at the same time. e

their permissible val

1-6A (CE-6)

/_———f

3.

-

I=H

= aE

/ ¥
l II ”
' /]

eo0e0o —

Design of Beam

The percentage of steel corresponding to this section is called as

balanced steel and the neutral axis is called as critical neutral axis (n)
as shown in Fig. 1.3.1, (b)
Bgs: oo /Oy
d-n, a,/m

For a balanced section, the moment of resistance is calculated as -

M='—’¢bnc[d-ﬂ)
Ty 2 3

M=a,A, (d—”;—')
Cebe

U c
}d—b_’l | ch,

o, | Gehe |-

{0yt [T |- >io,/mie
@ - ®) o

Fig.1.3.1.

Under Reinforced Section:
In this section, the percentage of steel provided is less than that provided

in balanced section. So the actual neutral axis will shift upwards i.e.,
n, > n as shown in Fig. 1.3.1 ().

In under reinforced section the stress in steel first reaches its
permissible value, while the concrete is under stressed.

The moment of resistance of this section is calculated as :

n
Mr= GdA‘ (d—g)

Properties of Under Reinforced Section :

Steel is fully stressed while concrete not.

Ductile failure.

The moment of resistance is less than balanced section.
Over Reinforced Section :

In an over reinforced section the percentage of steel pruv_ided is greater
than the balanced section. So the actual neutral axis shift downwards
i.e., n>n, asshowninFig. 1.3.1(d).
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. of Structure : N |
= tion, stress in concrete reac%es‘tlttls perglt’s?[.)l]e l‘)'ﬂlue whil]
this section e e 1s brittle and it fails by cry
2. geellis not fully stressed. Con¢ ﬂhing
i i tion is calculated as :
fresistance of this sec ;
3. The moment 0 o (d E—]
M i -2- O e n 3
4 Properties of Over Reinforced Section :
i Concrete is fully stressed while steel is not.
i - The percentage of steel is more than the balanced section, so th,
section is uneco nomical.
i Sudden failure.

' Design 6fRectangulai' Singly Reinforced Sections by Working

1-7A (CE'G)

OO

Stress Method.

[‘_

CONCEPT OUTLINE

Moment of Resistance : The applied bending moments is equal to .
the resisting moment on the section provided by the internal stress.
This is called the ultimate moment of resistance. It is denoted by ‘M.

Singly Reinforced Section ; A beam or slab reinforced with main
steel provided only in tension zone called singly reinforced section.

\ o Questions-Answers

‘ Long Answer Type and Medium Answer Type Quesytions

Que 14. 1 Describe the procedure to determine the moments of

resistance and design of section of singly reinforce.

Answer - I

A.  ToDetermine the Moment of Resistance of the Given Section ;!

Procedure:

L For the given grade of concrete and steel, determine the permissible

stressesi.e.,o »anda,.

il. Calculate modular ratio m.

{-8A(CE-0)
——

i

iv.

vi.

LN =W

Design of Beam

Determine critical neutral axis (n)

may, - n;
o, d-n,

Determine actual neutral axis (n)

b
?=mA“ (d~n)

Compare nand n.

If n = n, the section is balanced and the moment of resistance can be
calculated by any of the following equation

1 ( n
MI—‘ Zac/:cbnr d—‘g]

M=o, A,,(d-%)

s

or

If n <n,, the sectionis under reinforced and the moment of resistance is
calculated as

n

M=o, 4,(d-2
3

. Ifn>n, the section is over reinforced and

1 n
M = ‘2“7::,: bn, (d—ué-)

To Design the Section for Given Loading :
Determine the permissible stresses for materials from
Determine design constant &, j and R.
Assume suitable value of b/d ratio and calculate the moment of resistance
using

M = Rnd*
For the given loads and approximate self weight, compute the maximum
bending moment (M).
Determine d by equating M and M,

M=M

Rbd*=M

M
d= ,/—
Rb

Calculate b from assumed g ratio B— varies from % to g]

Calculate (A,) area of steel as follows :

M=gc,A, Jd
_ M
Y o, Jd

Provide suitable number of bars for the required area of steel, 4.
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——i %

__1—5—-' The moment of resistance of rectangular rcinfol_ch.
Que 1.0

: ive depth ‘d’ cm is ‘0,9 2

th'd’ and effective ) d?, 1
concrete b?athfcl:t:f:i(:le fibre of concrete and in the steel dg not
the stress in the fmm? respectively and the modular ratig

N .

exceed 5 Nflmtm:::il:elﬁge ratio of depth of the neutral axis from (hq
eqltla}:: 2:);piession fibre to the effective depth of the beam ang
outsl

the ratio of area of tension steel to the effective area of the beam,
e
The beam is reinforced for tension only. mTU 2016-16, M@!

Answer I

Given : Modular ratio, m =18,0,, = 5 N/mm?, o, = 140 N/mm?

Moment of resistance, M, = 0.9 bd?
A

1 . gy =? d. =2 =2
To Find: == and -2y o
1. Asin the given question, reinforcement is provided only in tension side,

Hence, from MOR of singly reinforced beam,

1 n
MOR= 5 b cmn(d "g)

0.9bd? = %bexn(d-%)

09x2 _ 3(1_1)

5 d\" 3d
n
2. As —=A
sume 7
0.36 = A(l—%)
0.36 x 3=[34-A?
A?Z-3A+1.08=0

A=n/d=258 and 0.42
3. n/dshould not greater than 1, 50 0.42 is acceptable value.

Hence, % =042
4. Force of compression = Force of tension
1
5 bl = UuAn
5.

Multiply with ‘@’ on both side, we get
1
Eb Og.nd=0, A, d

As_ O4n 5x042
bd ~ 2xo,d T 2x140 - 1OX107

1-10 A (CE-6) Design of Beam

W A beam section 230 mm x 300 mm effective depth is

reinforced with 2 bars of 12 mm diameter. Determine its moment
capacity and stresses developed in concrete and steel used concrete

{s M 20 and steel Fe 415. | AKTU 2013-14, Marks 10]

Answer |

Given : Width of beam, b'= 230 mm,

Effective depth of beam, d = 300 mm, Number of bar = 2,
Diameter of bar, ¢ = 12 mm,

a,. =T N/mm? for M20, 6, = 230 N/mm? for Fe415.

To Find : Moment capacity and stress in concrete.

1. Areaof Reinforcement : Area of reinforcement,

A,=2x g x12* = 226.2 mm?

2 Position of Actual Neutral Axis : Equating moment of the area of

concrete in compression to the equivalent area of steel in tension
about the neutral axis. We have,

bn?
T=mA“ (d—n)

% n® = 13.33 x 226.2 (300 - n)

n? + 26.22n - 7866 = 0
n = 76.54 mm

3. Position of Critical Neutral Axis: The depth of critical neutral axis

(n,) for the balanced section is given by,

n._  mo,,

d mo, +o,
m, _ 13.33x7
300 13.33x7+230

n, = 86.58 mm

Moment of Resistance : The section is under reinforced (n < n) the
moment of resistance is given by,

76.54
M=o0,4, (d -%) = 230 x 226.2 [300— —3-]

M =14.28 kN-m

5. Stress in Concrete and Steel :

Stress in steel, o, = 230 N/mm?

Stress in concrete,
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Ogen 11

e

o,,/m_ d-n

76.54 ) 230 _
O = (300—76.54 *13.33 = 9 N/mm?

Que 1.7. | Cross section of a sjngly reinforced concrete beam jg

300 mm wide and 500 mm deep. To centre of reinforcement whic},

consist of 4 bars of 16 mm diameter. If stresses in concrete and steg] |

are not to exceed 7 N/mm? and 140 N/mm?, respectively. Determine
the moment of resistance of beam. Take m = 13.33.

[AKTU 2017-18, Marks 10

swer

Procedure : Same as Q. 1.6, Page 1-10A, Unit-1.

Position of Neutral axis, n = 156.65 mm

Position of critical neutral axis n_= 200 m (Beam design as a under
reinforcement)

ifi. - Moment of resistance, m = 50.418 kKN-m

|

B

:

Que 1.8. ' | A singly reinforced concrete beam in 300 mm wide and

450 mm deep to the centre of reinforcement which consists of 4 bars
of 16 mm diameter. If safe stress in concrete and steel are 7 N/mm?
and 230 N/mm?, respectively. Find moment of resistance of section.

-6
1-12A (OE-6) Design of Beam

150n? + 10720.65 n - 4824293.63 = 0
n=147.13 mm

g Positionof Critical Neutral Axis: The depth of criti i
(n) for the balanced section is given by, pakortacsl neteelingla

R _ MGy

d mo, +o,
n__ 13387
450  13.33x7+230

n,=129.87 mm

n <n, hence, section is over reinforced.
4 Moment of Resistance of the Section : Section is over reinforced.
The moment of resistance of beam is given by,

1 n
Lonog (¢- 5)
% % 300 x 147.13 x 7[450 % 1;‘%3&)

M_ = 61942392.09 N-mm = 61.94 kN-m.
Que 1.9. I A singly reinforced rectangular beam 350 mm wide has

aspan of 6.25 m and carries aload of 16.3 kN/m. If stresses in concrete
and steel shall not exceed 7 N/mm? and 230 N/mm?, Find the effective
depth and area of tensile reinforcement. Take m = 13.33.

[AKTU 2017-18, Marks 10|

Take m = 13.33. [AKTU 2017-18, Marks 10|

|

Answer

Given : Width of beam, b = 300 mm, Effective depth of beam,
d = 450 mm, Modular ratio, m = 13.33, Stress in concrete,

o, = 7N/mm?, Stress in steel, o, = 230 N/mm*

To Find : Moment of resistance.

1. Area of Reinforcement, A : Area of four 16 r‘nm ¢ bars,

A= 4x E x16? = 804,25 mm?

2. Position of Actual Neutral Axis : Equating moment of the area of
concrete in compression to the equivalent area of steel in tension
about the neutral axis, we get

b 2
—;—‘=mA,,(d—n)

300 x n*

= 13.33 x 804.25 x (450 — n)

‘Answer

Given : Width of beam, b = 350 mm,
Effective span, / = 6.25 m, Service load = 16.3 kN/m, :
Stress in concrete, 6, = 7 N/mmz, Stress in steel, ¢, = 230 N/mm?.

To Find : Effective depth and tensile reinforcement.

1. Moment due to Service Load:

_ wl _163x625" _ 7959 kN-m

Moment, T g 8
n _ MO g =__13'§3_.>i— =0.289
2. Valueofk: k=4 = mo, +o, 1333x7+230

3. Valueofj:

~ k 0.289
Lever arm factor, Jj= 1-——3—: 1- =Y =0.904

4. ValueofR:
Co-efficient of resisting moment,

_1 o1 240904 x0.289=09144
R= —2-6ka 2
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Depth of Section :
5 P Rd®

=M, :
g Mo _ 79.59 x 10° <3
= VRb ~{0.9144 x350 ~ 298686 mm

Provide, d = 500 mm
6. AreaofReinforcement:
Assume that section is design as under reinforced sectiop,
N M, 79.59 x10°
' = Jdo, 0904 x500 x 230 - 1096 mm?
i ~Assume 16 mm diameter bars are provided, number of bar

765.6
% x 162

=

=38=4

iii. Provide 4# 16 mm ¢ bars.

500
mm

4-16¢

30

—350 mm—
‘Fig.1.9.1.

PART-3
: Design of Rectangular Doubly Reinforced Sections by Working
i ; Stress Method.

H“(CN) i

{
1

|
|

CONCEPT QUTLINE

Doubly Reinforced Beam : A beam or slab reinforced with main

t one S Sald to be dOUbI
steel both 1n tension and compression zones 1 Yy

Positi s ’
mc;z;:::; (:fNNeutral Axis : Equating the moment of compressive
o ut NA to the moment of tensile area about NA we have
n '
5 +(15m- DA_(n-d) =mA_(d-n)

Moment of Resistance of Doubly Reinforced Beam:

M=bnZacfg_ 1
L Al (d 3)+(1.5m—l)Amt:’(d—d')

-14 A (CE-G
1-14 A ( ) Donign of Boam

]

: ,'Qubn(lénl-Ahywerg ‘

Long Answer Typo and Modlum Answer Typo Questions

Que 1.10. I What is doubly reinforced soction and under what

condition it is provided ?
on
Under what circumstances a doubly reinforced beam is designed 7

[ AKTU 2014-15, Marks 05 |

{Answer
1. Doubly Reinforced Section : A beam or slab reinforced with main
steel both intension and compression zones ia said to be doubly reinforced.
9. A doubly reinforced scction is generally provided under the following
. conditions:
When the depth and breadth of the beam are restricted and it haa to

resist greater bending moment than a singly reinforced beam of that
section would do.

-

ii. When the beam is continuous over several supports, the section of the
beam at the supports is usually designed as a doubly reinforced-section.

iii. When the member is subjected to eccentric loading.

iv. When the bending moment in the member reverses according to the
loading conditions e.g., the wall of an underground RCC storage
reservoir, brackets etc.

v. When the member is subjected to shocks impact or accidental lateral thrust.
Que 1.11, I Explain the design procedure of doubly reinforced beam.

‘Answer |

Design Procedure : Following are the steps for designing of a doubly
reinforced beam :

1. - Find the position of the actual neutral axis of the section. This is given by

2
b'—z‘ +(m,-DA(n—-d") =mAd-n)

2. Find the position of the critical axis (r) by the equation
B.L = _——mc“""
d mo, to,

3. Ifthe actual neutral axis lies above the critical neutral axis, the stress in
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. PR 2., 1=0 ﬁl‘st d

ins its maximum permissible value (ie,t=o,

tensile steel attains its :; . misilovalus i =) st nd

ing v . .
ke °°?:§33:$§mg compression steel (¢') will be given by,
concre

c=——"—x

m  (d-n)

Stress in concrete surrounding steel in compression is given by,

(n-d')
P L
n

c =

Having known the value of ¢ and ¢’, the moment of resistance of the
section can be obtained by taking the moments of all the forces about
the tensile steel. This is given by the equation.

M = bns(d —E] +(m,-DA, cd-d)
ShENE

It may be noted that the value of (c) in the expression is different from

permissible compression stressin concretei.e., o,

5. Ifthe actual neutral axis lies below the critical neutral axis or coincides
with it, the stress in concrete attains its maximum permissible value
first and hence the moment of resistance of the section is obtained by,

M= bngfzﬁ(d—%)ﬂl.t}m—1)A,cc’(d—d’)

Que 1.12, l A doubly reinforced rectangular beam is 300 mm wide

and 500 mm deep to centre of tension steel. It is reinforced with
4 bars of 18 mm dia. as compressive steel at an effective cover of 40
mm and with 4 bars of 20 mm dia. as tensile steel. If stresses in
concrete and steel are not to exceed 7 N/mm? and 230 N/mm?,
respectively. Find moment of resistance of section. Take m = 13.33.

AKTU 2017-18, Marks 10
Answer |

Given : Width of beam, b = 300 mm, Effective depth of beam,
d = 500 mm, Diameter of compression steel = 18 mm,

Diameter of tension steel = 20 mm, Modular ratio, m = 13.33,
Stress in concrete, o, = 7 N/mm?, Stress in steel, o, = 230 N/mm?

To Find : Moment of resistance.

1. Actual Neutral Axis : Equating the moment of the area of concrete
and equivalent concrete area of compression steel to the moment of the

eq:ﬂvalent concrete area of steel in tension about the neutral axis, we
ge

1-16 A (CE-6) Design of Beam
bn’ _ "=
5 +(m,-DA, (n-d)=mA, (d-n) .(112.1)

Area of compression steel,

A =4x %(18)’= 1017.88 mm?
Area of tension steel,

A, =4x %(20)’ = 1256.64 mm?
Substituting the values in eq. (1,12,1), we get
§9_Q

jil.
n?+ (1,5 x 13.33 - 1) x 1017.88 x (n — 40)

= 13.33 x 1256.64 (500 —n)
150n? + 19334.63n — 773385.224 = 8375505.6 — 16751.01n

160n* + 36085.64n — 9148890.824 = 0
n=154.42mm

9. Critical Neutral Axis :

n__mo, __1333x7
d” mo, +o, 1333x7+230

n = 0.289 x 500 = 144.5 mm

3, Since the actual NAlies below the critical NA, the stress in concrete will
first reach its maximum permissible value.

Hence the stress in concrete surrounding compression steel is given by,
12 Ooe (n_ ') = —1— (154.42 - 40)
L TV A

¢'= 5.187 N/mm*

4, Moment of Resistance :

M,=bn i’g—f(d ‘%) +(L5m-1A_cd-d)

= 300 x 154.42 x %(500 - 1543'42)

+(1.5 x 13.33 1) x 1017.88 x 5.187 (500 — 40)
= 72.725 x 10° + 46.133 x 10°
M =118.86kN-m
Que 1,13, I Design a rectangular beam section to carry 160 kN-m
moment with M 20 concrete and Fe 415 steel. The overall depth of

[AKTU 2013-14, Marks 10

the beam is restricted to 270 mm.
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‘Answer w3 R
re Given: Mohlenf, M = 160 kN-m, Overall erth, D =270 mm
Find ; Design rectangular beam. : .
§Zte : In this question moment is not suitable to this depth. So we
I" assume the moment as 16 kN-m
. Assume width of beam, b = 200 mm
Effective depth of beam, d = 270 — 30 = 240 mm

i. Calculation for k, jand R :
mo, _ 13337
mo,, +o, 13.33x7+230

ii. Liver arm factor, j=1- % =1- 9? =0.904

i k= =0.289

iii. Coefficient of moment,

) R=%ccbtxjxk:%x7x0.904x0-289=0-914
2. Moment of Reinforced for Balanced Section :
M, = Rbd? = 0.914 x 200 x 240 = 10.53 kN-m
3. Moment of Resistance for Compression Zone :
M=M +M,
‘ M,=M-M,=16-10.53 =5.47 kN-m

4. Areaof Steel for Tension Reinforcement :
L Ag=Ay +Ay,

& M, S M,

s, (d _ %c) o,(d-d')
Assumed'=0.1d =240 x 0.1 =24 mm
d'= 25 mm

5.47 x 10°

oo 10.53 x 10°
- +
230 [240 —240 0_2:;*_9] 230 x (240 — 25)

st

= 211.1+110.62 = 321.72 mm?
ii. Use12mm ¢bar, :

Number of bar = 3272 =2.84=3
T 2
Z x12
Provide 3# 12 mm ¢ bar in tension zone.
5. AreaofSteel for Compression Reinforcement :

1-18 A (CE-6) Design of Beam

! T = o M T
e " ¢'(m,+1)(d-d)

= = (n,-d)= Ll (69.36 —25) = 4.447 N/mm?
n, 69.36

(]

m=15x%13.33=20

c

6
s 5.47 10

= =9
" 4.47T % (20— 1)(240 - 25)
= 300 mm? '

99.09

i Usel2mmé bar,
300
n
= %12
4 x
Provide 3# 12mm ¢ bar in compression zone.

t ¥ 25mm

240
mm

3412 mm ¢

/N

le— 200 mm —{
Fig.1.13.1.

Number of bar = =265=3

30 mm

Que 1.14. l A beam of reinforcement concrete is 300 mm wide and

450 mm deep to centre of tension steel. It is reinforced v:rith 4 ba.rs'of
16 mm dia. as compressive steel and 4 bars of 25 mm dia. as tensile
steel. Determine the moment of resistance of section. Cover to centre
of compressions steel = 50 mm use M20 concrete and Fe 415 steel.

Take m=13.33. [AETU 2017-18, Marks 10 |

‘Answer I

Procedure : Same as Q. 1.12, Page 1-15A, Unit-1.
Moment of resistance, M_ = 105.54 kN-m

- [PART-4 | s
Assumptions in Limit State Design, Design of Rectangular
! Singly Reinforced Beam by Limit State Method. . . -
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cONC EPT O UTLINE where, f., = Characteristic strength of concrete.
ans the acceptable limits for the safety ang ] g, The tensile strength of the concrete is ignored.
Limit State : It i s before failure. 6. The stresses in the reinforcement are_taken from the stress-strain
serviceability requlremeTh ® ore two types of limit state " curve for the type of steel used. For design purpose, the partial safety
Types of Limit Stateu! qsrand factor (r, ) equal to 1.15 shall be applied.
i  Limit stﬂt: Off:Z n?i}:;ai)ility 7. The maximum strain in the tension reinforcement in the section at
e imi (1] e ) I
léh L,:telfizﬁc Strength : It means that value of the strength of failure shall not be leas o
arac
; : an 6 % of the results are expecte fa

material below which not more tha pected to 141;’) 3 +0.002
gg.ctored Load : A factored load is obtained by multiplying n f, = Characteristics strength of steel

characteristic load by an appropriate partial safety factor.

E, = Modulus of elasticity of steel.
Relation between Strength of Steel and Neutral Axis ¢

B. Derivation :

i in Fi ign stress block
For the stress-strain curve in Fig. 1.15.2, the design stress
f’(Nlmmz) 250 415 o0 660 : parameters are as shown in Fig. 1.15.1:
053d | 0.48d | 0.46d 0.44d 0.446
Xy 0.0035 bl Parabolic L
[y T curve ™
£ 042z, 1
bt Questions-Answers 4 <——t,,6 4 i
’ 098/ ¢ 0.67,,
Long Answer Type and Medium Answer Type Questions 4 ‘L 7] .
Que 1.15. ‘ What are the assumptions for the design of reinforce
concrete section for limit state of collapse in bending ? Derive the Str:?ir?o-j-» s
stress block parameters for a rectangular cross section. z
Fig. 1.15.1. Stress block parameters. Fig. 1.15.2. Stress-strain
IAKTU 2015-16, Marks l(ﬂ curve for concrete.
Answer l 2. Let x, = Heiglﬁt og tge recta;oipla;fta; ;;; ;hf:u:-;i:ttk
£ ! = Height of the paraboiic Sires =
A A§sumptlons : Following are the assumption for design of % = Heighto ’ ’ 3
reinforcement concrete section by limit state method : Now s L 4 : x,= £ x,and x, = -.7‘.
L Plane sections normal to the axis remain plane after bending. o 0'00-35 ’ he st b;lock
9 The maxi e ; ] 3. Area of the parabolic part of the stress
aximum strain in concrete at the outermost compression fibre is 4
taken as 0.0035 in bending. = 2 x 0.446 f,, x 7%= 0.17 fy %,
3. The relationship between the stress-strain distribution i i :
: I in concrete 1s t of the stress block
a;sumed to be parabolic. For design purpose, the compressive strength £ et T
(c)o sf?:;et;h is aijtuiz:ieci;o bt;a 0.67 times the characteristic strength of = 0.446 f,, x 3 x,=019f, x,
rete. The partial safety factor (, ) = 1.5 shall be applied in additi o ’
; fothic app ;ed in addition 5. The total area of the stress block = (0.17 + 0.19)f,x,=0.36f,x,

Maximum compressive stress in concrete where, f,, = Characteristic compressive strength of concrete.

_ 0.67f, x, = Depth of neutral axis.
15 1
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Que 1.16. I What is meant by limit state ? Discuss the ‘"fferem
hmlt st‘z;t‘é to be considered in reinforced concrete design,

AKTU 2014-15, Marks 05
i AnSWe'

i,imit State : The acceptable limit for the safety and serviceability
requirements before failure occurs is known as limit state.
The various types of limit states are :

1. Limit State of Collapse :

i This limit state refers to the strength of the structure. A structure or
its part should be strong enough to resist the applied design loads, This
is called limit state of collapse.

i The limit state of collapse includes the design for axial forces, flexure,
shear, torsion, buckling, etc.

iil. The strength of each section must be more than the applied stresses
on that section due to all expected combination of loads.

2. Limit State of Serviceability :

i The structure or its part thereof shall be serviceable during its expected

life span. The serviceability corresponds to the deflection and cracking
of the structure.

a. Deflection : Excessive deflections that can reduce the efficiency
of the structure must be avoided.

b. Cracking : Concrete structures have innumerable cracks,
however if the crack widths are larger, the appearance of the
structure will be affected.

3. Limit State of Vibration : Excessiv
alarm or actual dama
the structure.

4 Limit State of Fatigue : Effects of fatigue should be considered
thereby deflections or stresses may have to be limited. ’
Limit State of Impact Resistance :
elements which may be subjected to im:
must always be considered for structur
: Limit State of Durability :
i The -y - . 2
perfo(i;r;:;llgalioan important factor influencing the long-term

_ e vibration causes discomfort,
ge, or interferes with the proper functioning of

The structure or structural

pact explosion or earthquake
al collapse.

of the design.
The c_lurability of reinfo
pr'c)\flding adequate ¢
minimum cement, con

reed concrete sty
ucture can be e
over to reinf, nhanced by

crnlorcement bars, specifying the
tent and minimum water-cement ratio)., ¢

1-22 A (CE-6) Design of Beam

7. Limit State of Fire Resistance : For a structural element, which
may be subjected to fire, the conditions considered are :

Resistance to structural collapse,
Ttesistance to penetration of flames, and
iii. Resistance to heat penetration.

Que 1.17, | A beam of rectangular section 300 mm wide and 500 mm

effective depth is provided with 4 bars of 18 mm dia. as tensile steel.
Find depth of neutral axis, use M20 concrete and Fe 250 steel.

| AKTU 2017-18, Marks 10|
{Answer I

Given : Width of beam, b = 300 mm, Effective depth of beam,
d = 500 mm, Diameter of bars = 18 mm, Number of bars = 4,

fa=20 N/mm?, f, = 250 N/mm?
To Find : Depth of neutral axis.

Area of steel,

o

A ,=4x % x 18% =1017.87 = 1018 mm?,

2. - Equating tensile and compressive forces,
0.36f,bx,=087f A,
0.36 x 20 x 300 x, = 0.87 x 250 x 1018
x, = 102.5 mm

Que 1.18. I A rectangular beam 200 mm wide and 400 mm effective

depth is reinforced with 3 bars of 16 mm diameter. If grade of concre.t.e
is M20 and grade of steel Fe 415, determine bending moment capacity

[AKTU 2013-14, Marks 10 |

of the beam.

‘Answer I

Given : Effective depth, d = 400 mm, Width of beam, b = 200 mm,
Reinforcement diameter, ¢ = 16 mm, Number of bars = 3
To Find : Bending moment capacity.

1. Area of reinforcement,
A, = 37 x(16)=603.19 mm’
2. Percentage of steel,
A 6031 n0-075%

Pe= 34 T 200x 400
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Neutral axis and depth ratio,

x, 0871 A, f [ A, ]
LRl i S DS | .
4 = 038f,bd = AT 1P bd P
415 0.75
= 2. —x—— =0.334
241755 * 100
4,  We know that,
Tame 0405
s Mg
xu max X
5 T > 7", Hence beam is under reinforced.
6. Moment of resistance is given by,
f, A
.M,‘ 0.87f A, ( fdxbd
3 11_1_5)( 603.19 ]
=0.87 x 415 x 603.19 x409 20 —‘—_200 <400

= 73.484 kN-m
7. Bending moment capacity, M, = 73.484 x 10°N-mm
Que 1.19. | A rectangular beam section is 20 cm wide and 35 cm

deep upto the centre of reinforcement. Determine the reinforcement
required at the bottom if it has to resist a factored moment of

A 5kN-m

B. 40 kN-m. Use M 25 mix concrete and TOR steel.

[AKTU 2016-17, Marks 10
Answer_| )

Given : Width of beam, b = 20 cm, Effective depﬂi, d= 35 cm
f,=415MPa, f,, = 25 MPa : ;
To Find : Required reinforcement at the bottom. .

A Casel:
1. Factored bending moment,
M, =5kN-m
Moment of resistance,
M, jin=0.138f, bd?

= 0.138 x 25 x 200 x 3502 = 84.52 kN-m

2. The actual factored moment, M, = 5 kN-m, is less than the limiting

moment of resistance, the section must be designed as an under-
reinforced section.

1-24 A (CE-6) Design of Beam

3. Letthe depth of the neutral axis be x
0.36 £, bx, (d=0.42x,) =5 x 10°

0.36 % 25 X 200 x x, (350 ~0.42 x,) = 6 x 108
350 x, - 0.42 %, = 2771.78

x, = 8.02 mm

» therefore

4. Equating the total tension to total compression
0.87f,A,=0.36f,bx,
0.87 x 416 x A, = 0.36 x 25 x 200 x 8.02
Area of tension steel,

A,, = 39.98 = 40 mm?

Minimum area of steel,
bd 0.85 % 200 = 350
Ay=0.85x 7;—_ T
= 143.37 ~ 144 mm?

Hence provide 2 bars of 10 mm ¢ (4,, = 157 mm?)
5. Reinforcement details are shown in Fig. 1.19.1(a).

350 mm 350 mm
2#10mm ¢ 4#12mm ¢
50 mmT 50 mm
l¢-200 mm-»| 4200 mm»
(@ (b)
|Fig.1.19.1.
Casell':
1. Factored bending moment, M, = 40 kN-m
Mu, lim > Mu

0.36 x f,bx,(d-0.42x) =40 x 106
0.36 x 25x 200 (350 — 0.42 x,) x x, = 40 x 105
350 x, — 0.42 22, = 22222.23
Depth of neutral axis,
x, = 69.25 mm

2. Area of tension steel,

_ 0.36x25x200x69.25

A, = = 345.20 mm?
0.87x415
Minimum area of steel, A, = 0.85 x —bﬂ = 0.85x 200x 350
f 415

= 143.37 ~ 144 mm?
Hence provide 4# 12 mm diameter bars (Area = 452.39 mm?).

3. Reinforcement details are shownin Fig. 1.19.1(b).
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Que 1.20. I Design a reinforced concrete beam subjected to a BM of

20 kN-m. Use M20 concrete Fe 415 reinforcement. Keep the width of
the beam equal to half the effective depth.

[AKTU 2015-16, Marks 10]

Given : Bending moment = 20 kN-m, Width of beam, b =d/2
' f,, = 20 N/mm?, f, = 415 N/mm’ ;
To Find : Design of reinforced concrete beam.’
1. ForFe4l5, M, =0.138f bd*

1.5 x 20 x 10°= 0.138 %20 x%xd2
Effective depth, d =279.09 mm ~280 mm
Width, b = 140 mm
Let us provide (150 x 300) mm size of concrete beam.
2. M, =036xfbx,,, (d-042c,,.)
M . =0.36 x 20 x 150 x 0.48 x 300 (300 — 0.42 x 0.48 x 300)
M, =37.25kN-m

3. Hence, the section is under-reinforced.

0.87
m, = 087f A, [d ARR W)

415 A, )
0.36 x 20 x 150

ulim

ulim

30 x 10°=0.87x 415 A, (300 -0.42 % 0.87

A, = 326.2mm’
|=150 mm =

380 mm

20 mm |

4. Check:

A _ 0.85x150x300
- s =92.17 mm? < 326 2 mm?, (safe).

1-26 A (CE-6) Design of Beam

5. Provide 12 mm ¢ bars,

Number of bar = 826
T 2
Z x 12

=288~3

Que 1.21. I Design a singly reinforced concrete beam of width 300
mm, subjected to an ultimate moment of 250 kN-m. Assume

f,, = 25 MPa and f, = 415 MPa. [AKTU 2016-17, Marks 10 |

{Answer I

1 Procedure Same as Q. 1.20, Page 1-25A, Unit-1.
Ans. i Effective depth of beam d = 500 m
ii. Area of reinforcement A, = 1707.5 mm?
Que 1.22. | Asingly reinforced beam 250 mm wide is 400 mm deep to

the centre of tensile reinforcement, determine the limiting moment
of resistance of beam section and limiting area of reinforcement.

Use M20 concrete and Fe250 steel. [AKTU 2017-18, Marks 10 I

;Alnswer |

Given : Width of; . l;eaiﬁ, b = 250 mm, Effectwe depth of beam,
d = 400 mm, f,, = 20 N/mm’ and f,'= 250 N/mm?
ToFind: M, , . and A .

1. Limiting bendmg moment for Fe250 steel isgiven by,
M, =0149f, bd?
M, . =0149x "20 x 250 x 400°= 119.2 kN-m

2. Limiting depth of neutral axis, x, = 0.53 x 400 = 212 mm

400
mm

4-25¢

50

F— 250 mm—>
Fig.1.22.1.

3. Areaof tension steel corresponding to M, |,

M, =087xfA,(d-042x)
119.2 x 10° = 0.87 x 250 x A, (400 — 0.42 x 212)

A, = 1762.43 mm?
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Provide 4-25 mm bars in tension zone.
A, provided=4x T x 25

- 1963.5 mm? > 1762.43 mm®
5. Reinforcement details: It is shown in Fig. 1.22.1.

NRCR—— L

Destgn of . Rectangular Doubly Reinforced Beam by Limit
State Method.

L

aealesm ol

CONCEPT OUTLINE

—

Force of compression : 0.36 f; b x, + fioAg

Force of tension : 0.87f, Ay

Moment of resistance :
M =036f,bx,d- 0.42x,) + (.~ f) A, d-d)
f " 0.446 f ck

dl
fs(—‘ = 700 LI—Z) )

Questions-Answers

.Long Answer Type and Medfqm’Answer Type Questions

Que 1.23. | Discuss the procedure of moment of resistance for
doubly reinforced section.

{Answer l
Procedure : Following are the steps of to calculate MOR of doubly
reinforced section :

- d
For the given of steel and " ratio, determine f, .

2. Determine the depth of neutral axis (x ),
e 087fA,-f.A.,
X 0.36 ;b
Determine x, __and type of beam by comparing x,andx

The moment of resistance of the section is calculated as :

=

u max”

1-28 A (CE-6) Design of Beam

M, =0.36f,bx, (d-042x)+(f, -
Neglecting [ since it is very small,

M, =036f,bx, (d-042c)+f A, (d-d)
Ifx, <%, e undcr-rcmforced section and M, is calculated by above

cquutlon ‘
Ifx, > X, pao over-reinforced section and M, is calculated by using

,in the above equation.

fJA, (d-d)

ii.
X, _x

Que 1.24, | Discuss the design procedure of doubly reinforced beams
by limit state method.

‘Answer |

Procedure : Following are the step to design a doubly reinforcement
beam : ’

1. Determine the value of f, for d'/d ratio.

2. Determinex, . ie.,limiting depth of neutral axis and M

M., =036f,b(d-042z,,)
. Mu lim
3. DetermineA, : A, = 5. 87/' @-042% )
4. DetermineM ,andA : M, =M -M
; M,
A 0877, [d-d)
5. DetermineA,: A=A +A,

Choose suitable diameter of bar and prowde them.
6. Determine area of Compression Steel (4,):
A =M
* f.d-d)
Provide A, by choosing suitable diameter of the bar.

Que 1.25. | Determine the ultimate moment of resistance of a doubly
reinforced beam section with the following data : b = 350 mm,
d =550 mm,d’ =60mm,A.,=5—32mm¢bars,Au_=3—25mm¢bars,

f,=415 MPa and f,, = 25 MPa. [AKTU 2016-17, Marks 10 |

Answer |

Given : Width of beam, b = 850 mm, Effective depth of beam,
d = 550 mm, Cover, d' = 60 mm, Area of reinforcement in tension
zone, A, = 5 x (3.14/4)x 32% ='4021.24 mm?, Area of reinforcement
in compresswn zone, A, = 3 x (3.14/4) x 257 = 1472.62 mm?

To Find : Ultimate moment of resistance.
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Design of Structure-II
ain at the level of compression steel,

tion of f,: Str
1 Calowlatlon® e 48xd=048x550=264mm
max
g 0.0035 (264 —60) _¢,0027
sC
= 351 N/mm?

4
For ¢, = 0.0027, from IS code and interpolation, f.

2 Position of Neutral axis :
Total force of compression = Total force of tension
C=C,+Cy=T

1
0.36 1 b, max * oc =fe) Asc= 087 f,Aq

0.36 x25%x 350 x x, + (351 —0.446 x 25) x 1472.6
x, = 302.03 mm

3. Position of Critical Neutral Axis :

Maximum depth of neutral axis, (+ for Fe 415=0.48 d)
%, o= 048 d = 0.48 x 550 = 264 mm

u,
1. 2 >% 205 hence, the section is over reinforced.

Moment of resistance (M) is calculated by taking

L 264 mm

9 = 0.87 x 415 x 4021.24

5. Ultimate moment of resistance,

M, =036f,bx, (@-042z) +f, A, (d-d)
036 95 x 350 x 264 (550 - 0.42 x 264) + 351 x 1472.62 (550 - 60)

M, =618.44 x 106 N-mm = 618.45 kN-m

Que 1.26. | Determine reinforcement of a rectangular beam

300 mm wide and 400 mm effective depth. The beam is subjected to
a factored bending moment of 150 kN-m. Use M 20 concrete and

[ARTU 2013-14, Marks 10

Fe 250 steel.

Answer I
Given : Size of beam = 300 mm x 400 mm, Factored BM = 150 kN-m.
Tq Find : Area of reinforcement.’

1. Limiting bending moment,

M,,.=0.148f, bd® (for Fe250)
. M, =0.148 x 20 x 300 x 4002 = 142.08 kN-m
2. Factored moment = 150 kN-m, M > M
u ulim

So it is designed by doubly reinforced beam
x,=0.53 x400 =212 mm
4. Areaof tension steel corresponding to M
plim

; 087f A, =036f,bx

Design of Beam

1-30A (CE-6)

0.87 x 260 x A, = 0.36 x 20 x 300 x 212
A, =2105.38 mm?
dv
— =01
d

5 I
d' = 0.1 x 400 = 40 mm, £, = 217 N/mm?

g Area of compression steel,
M - M, i = . A.~f.A) (d-d")
A = (150 - 142.08) x 10°
= (217-0.446x20X400-40)
= 105,73 mm?®
7. Area of tension steel, A,
0.87f, A"z =f A,
i 217 x 105.73
"2 0.87 x 250

g. Total areaof tension steel,
) A=A, +A,= 2105.38 + 105.5 = 2210.88 mm?

A =105.73 mm?

9. Provide 28 mm ¢, bars in tension,
2210.88 _36=4

r 2
A (28)

[+ f,=0.446f,)

=105.5 mm?’

Number of bar =

10. Provide 12mm ¢, bars in compression,
10578 _ 9,93 =2

n 2
1 (12)

Number of bar =

11. Provide 4-28 mm bars in tension and 2-12 mm bars in compression.

Que 1.27. | Design thesection of a doubly reinforced beam to resist

ébendingmoment of 185 kN-m. The section of the beam is restricted
m effective cover. Use M20 grade

to 350 mm x 700 mm., Assume 50 m
[ARTU 2014-15, Marks 10 |

of concrete and Fe 415 steel.

fAnswer ; l
Given : Bending moment, M = 185 kN-m,

Width of beam, B = 350 mm, Depth of beam, D =700 mm,

Effective cover, d’ =50 mm.
To Find : Design doubly reinforcement beam.

1. Factored bending moment, M, = 1.5 % 185 = 277.5kN-m
2. Limiting moment of resistance (M, ;)



Design of Structurc-l 1-m A(Cn,m ‘
« \\
M, .= 0361, bx,,.(d-042x, )
i  =048d= 0.48 x 6560 = 312 mm
umn l(l & 70() - ri() - r
= 0.36 x 20 x 350 x 312 (650 - 0,42 ,-,1’2”;' M
M, = 408027110.4 = 408,027 x 10 N-mp,
As, M, . > M, so there is no need to design this beam g doub)
whim " ,y

reinforced beam. . ‘
Hence this beam is design as singly reinforced beam,

3. Required reinforcement :

- M"
"= 087/, (d-042x

U"llll)
: 277.6 x 10°
“= 0.87% 416650 - 0.42x 312) ~ 118102 mm:
1481.02
nx20%/4
5. Provide 5 bars of 20 mm ¢ in tension zone.
|-350 mm -

A

4. Provide 20 mm ¢ bars, number of bar = =4T1=5

650 mm
5-20mm ¢

50 mm
Fig. 1.27.1. *

Que 1.28. I Design a rectangular beam for an effective span 6 m,

’;‘(1]1: super'imposed load or live load 80 kN/m and the size is limited to
mm width and 700 mm overall depth. Use M20 concrete mix and

Fe4l
e 415 steel. | AKTU 2016-16, Marks 10|

‘Answer
Given : Overall depth, D = 700 mm, Width of beam, b =300 mm

Superimposed load = 80 kN/m, Span of beam, ] = 6 m
To Find : Design of a rectangular beam, :

Moment due to superimposed load, M = w§l‘ - 20 67
2. Dead load of beam = )

. =360kN-m
0.3x0.7x265= 5.25 kN

Moment due to deaq 5.25 x 6
load = 2:20 %67
8 =23.625 kN-m

1-32 A (CE-6) Design of Beam
4, Totnl moment = 360 + 23,625 = 383,625 kN-m

5 Factored moment, M, = 383625 2 1.5 = 575,44 kN-m

6. Limiting bending moment, M, | =0.138f bd

10.

11.

12

13.

14,

15.

= 0,138 ¥ 20 = 300 » 6507
M, .= M98 kN-m
M, > M, ,, Hence, section in over reinforced.
Area of tension steel corresponding to M,,,
0.87f,A,,=0.36f, bx
L m
0.87 2416 2 A = 0.26 2 20 2 300 2 0,48 » 650

A, = 186655 mm#
The remaining bending moment has to be: resisted by a couple consisting
of compression steel and the corresponding tension steel

d
It =0.1,d' = 0.1 %650 = 65 mm

d
From IS code, [, = 353 N/mm?
Provided 50 mm cover on compression side for compressive
reinforcement.

" _Mu, lim = (fr - 0446 fa’ (d - d’) Az

(575.44 — 349.83) x 10° = (353 — 0.446 x 20) (850 -50) A

A, =1092.82 mm?
Corresponding tension steel, A

0.87f,4,,= 1,4, *
1.5 35321092.82
“  0.87x415

Total area of tension steel,

A, = A". + A"Z = 1866.55 + 1068.45 = 2935 mm*
Area of compression steel,

A, =1092.82 mm?
Provide 5-28 mm ¢ bars in tension (A = 3078 mm? > 2935 mm?) and
4-20 mm ¢ bars in compression (A_ = 1256 mm?)
Check:
Maximum tension steel
= 0.04 bD = 0.04 x 300 x 700

= 8400 mm? > 3078 mm*

Reinforcement Details :

50
4-20¢

=1068.45 mm?

650 mm

S

I50 mm

t———>
300 mm

Fig. 128.1.,
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beam at midspan
The superimpose

25 cm x 40 cm overall. Assume suitable data.

1-33A (CE-G)
— 9

Que 1.29 I Design a doubly reinforced section for a rectangyly,

having a simply supported effective span of 4 i
dload is 40 kN/m and section of beam is limiteq to

[AK'I‘U 2016-17, Marks 19

Procedure : Same as Q. 1.28, Page 1-314, Unit-1,

Xy, max = 173 mm, M, = 127.5 kN-m 360 mm| 2 # 16 mm ¢
M =895 kN-m
A, =Ay +A,,=8625+330 4#20mm ¢

= 1192.5 mm? .4\
A, = 346.33 mm?

40 mm

onwery] . 7 70 i
“~_

{Fig. 1.29.1))

b S PART-6
i Design of T-beams, L-beams, Cantilever beams by Limit
Sy : State Method. ;

{

CONCEPT OUTLINE

are called as T-beams and the end beams are called as L-beams.

Irbeam/

T | — l \

r Lol B i

T-beams and L-beams
Effective Width of the Flan
Lacts Integrally with the beam and exten

T-beam

T-Beam and L-Beam : The intermediate beams supporting the slab

i - ?Slab

ge (b) : It is that portion of slab which
ds on either side of the beam

d

forming the compression zone.

Questions-Answers

Long Answer Type and Medium Answer Type Questions

1-34 A (CE-0) Design of Beam

Que 1.30 I Discuss the analysis procedure of flanged beams
(T-beams and L-beams) by limit state method,

3 Answer |

Analysis of T-beam by Limit State Method : Limit state method can
be applied to T-beam following the same principles considered for
rectangular beams,

Let, b, = Flange width,
D, = Flange thickness,
d = Effective depth,
b, = Widthof rib.
A, = Area of tensile reinforcement.
Various types of problems asgociated with flanged beams
Case-1: When the Neutral Axis Lies within the Flange :

i, Equating total tension to total compression

0.36f,b,x,= 0.87f A,
0.87f A
x = —f’—", D, > x,,then
“~ 0.36f,b,
b 0.0035 0446/
Tl E
d
R : 0.87f,
0.87f,
bu = +0.002 Stress diagram
'\
Strain diagram
'Fig. 1.30.1.

ii. Ultimate moment of resistance,
M, =0.36f,bx, (d—0.42 x,)
= 0.87(,4,(d - 0.42x)
Case-II: When the Neutral Axis Lies Outside the Flange and the
Beam Section is Balanced Section : .
In the geometry of the stress diagram at ultimate condition, the stressis
uniform for a depth of (3/7)x, ..
i When, D, < (GT4D: - .
a. Equating total compression to total tension,

0.36f, b, %, o + 0.446f,(b,—b,) D, = 08T, A, o
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miting moment of resistance is given by,
M =036f, b, %, max d-042x, )

wli
+0.446(, x (b ~b,) D,(d - Dg)
2

b. Theli

3
il %en D[ > ',ixu, max ,
a.  Equating total compression to total tension,

0.36f, b % maxt 0446 f, (b, -b,)y, =087[ A, .,
wherc‘, Y= Height of equivalent stri)ss’f;llock,
y,=015x, . +065D,

b. Above equation is used to determine A, me

u, max

5 Thelimiting moment of resistance,
M, =036f,b, (d=-042x

u i

)

U, max’

+0.446 £, (b,~b,) y,((z _l;_)

Case-III : When the Neutral Axis Lies Out Side of Flange the
Section is under Reinforced :

fe— b — 0446 f, 04461, |

3,4
1 t —7—1" max __'g—xu max
: : T

X, max

. %’xumx %y max
% RS LI AU T

0.87f,
Fig. 1.31.2.

i WhenD, <3z,

a. For this case the stress in the flange is uniform. Equating total
compression to total tension,

0.36f, b,x,+0.446 f, (b,~b,) D,= 0.87f A,
b.  This equation is used to determine the value of x.
Also verify the conditionx, <x, .

c¢. Ultimate moment of resistance,
M,=036f,b,z,+(d-042x) + 0446, (b,—b, D, x ( _Bf_]
2
il D, > ﬁ:c
7 “,

a.  For this case, stress in flange is not uniform.
b. Total compression = total tension,

1-36 A (CE-6) Design of Beam

0.36/,b,x, + 0.446 [, (b,—b ) y,= 087f A,
where y,=0.15x_+ 0.65 D,
Also, verify x, < x

umax’

¢, Ultimate moment of resistance,

M, =036/, bx, (d=042x,)+ 0461, (b-b)y, [d - Zf—)

Que 1.31. | A T-beam, casted with M 20 concrete and Fe 415 steel,

has following dimensions.

width of flange = 2400 mm

Depth of flange = 100 mm

width of web =260 mm

Overnll depth of beam =450 mm

Effective cover to reinforcement = 50 mm

Tension reinforcement = 2 hars of 16 mm diameter
Determine moment of resistance of the heam.

[ARTU 2013-14, Marks 10 |
Answer I

Given : b,=2400 mm, b, = 250 mm, D,: 100 mm, D = 450 mm,
J = 450 — £0 = 400 mm, ¢ = 16 mm, Number of bar = 2
To Find : Moment of resistance.

1. Areaofsteel, A =2xnx 164 = 402.12 mm?*

Assuming neutral axis lie within the flange, equating total compression
to total tension
0.36 x f,b,x, = 0.87 A.f,
- 0.87 x 402.12 < 415
7 0.36 x 20 x 2400
Hence NA lies in the flange.
3. X, o = 0-48 %400 = 192 mm

u, m

x =8.4mm< D,(IOO mm)

x, <X, .., hence the section is under reinforced

4, Moment of resistance,
M=087f A, (d-0.42x)
= 0.87 x 415 x 402.12 (400 — 0.42 x 8.4)
Moment of resistance, M = 57.562 kN-m

- Que 1.32. I Analyze a T-beam for the following data b, = 1500 mm,

Dr =100 mm, D = 600 mm, b, = 300 mm, for = 150 N/mm?,
f, =415 N/mm?, A, =8bars of 20 mm dia with effective cover 65 mm.

[AKTU 2014-15, Marks 10|
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q

st flange, bp= 1600MT, 8

o l"“,e: fv:;:,ge 'D,i 100 xgm,‘Overall depth of beam, D = 600 mp,
T Depth 0 5 Sl T 9ol 2
Width of web, b, = 300mm, f; = 150 N/mm?*, f; 415 N/mm?,
A - 8 pars of 20 mm diameter, Effective cover = 66 mm

: Tz Find : Moment of resistance of T-beam

’ Néte :f,, given in the question is wrong

So we assume £ = 15 N/mm?
Let us assume that it is under reinforced section and neutral axis lieg

within the flange
0.36f, bpx = 0.87f, A,
- 0.36 x 15 x 1500 x = 0.87 x 415 x 8 x (n/4) x 202

x = 112,03 mm
The value of x, is more than 100 mm, hence our assumption was wrong

the neutral axis lie in the web.
' D
100 _ 4 187-0.19<0.20

S AN

d 535
D, 100
e =0.89>0.43

3. Equating compression and tension force :
0.36f,,b,x, +0.446 f, (b~b,)(0.15x + 0.65 D) = 0.87f, A
0.36 x 15 x 300 x, + 0.446 x 15 (1500 - 300) (0.15 = +°0.65 x 100)
=0.87 x 415 x 8 x (n/4)x 202 7
1620 x, + 8028(0.15 x, + 65) = 907417.62
* =136.53 mm

y lim = 0-48d = 0.48 x 535 = 256.8 mm

X, <X, jy,» Hence section is under reinforced.
4. Moment of resistance with respect to concrete,

=036fub,%,d-0422) + 0446, (b,- b, ) y(d-05y)
%=0.152, 4065 D, '

=0.15% 136.53+0.65x 100 % 100=85.48 + 100mm

= 0.36 x 15 x 300 x 136
53 (535 —
(1500-300)x85.48(535-0.5(53855.482'42 e e b

M’_ =4435 kN-m

LiVerarm z=d 0
W= == 5 = L
5. MORw.r.ttension - 0.87f A }:z 535-0.5x 85.48 = 492.26 mm
Yy st

: ' =0.87x 415 g x>(n/4
) x 202
M, = 44668 kN-m s

S R,

Design of Beam

1-88A (CE-6)

Que 1.33. ' A T-beam of flange width 1400 mm, flange thickness
100 nm, rib width 300 mm and effective depth 500 mm has to be

gigned as 2 balanced section. Find the reinforcement required
n:d limiting moment of resistance. Use M 20 concrete and Fe 250

[AKTU 2017-18, Marks 10 |

steel.

IAnswer '

Given ¢ Width of flange, b.= 1400 rhm, ﬁicﬂhess of ﬂaﬁée; ‘

D= 100 mm, Width of weé, b, = 800 mm, Effective depth of web,

J = 600 mm, /,, = 20 N/mm?, £, = 250 N/mm’ gt
T Find : Limiting moment of resistance and rquired ;einfqtcementf

Since the section is balanced,

! x,=7, . =053d =053 x500 =265 mm
2. g‘xu,mnx = g % 265 = 113.6 mm
But, D, = 100 mm
3
D/ < 7xu,mnx

The stress in the flange is uniform.
Equating total compression and total tension forces

0.36£,b,%, nax* 0.446 f,, (b,— b,) D, = 0.87/; A i
0.36 x 20 x 300 x 265 + 0.446 x 20 (1400 — 300) x 100
= 0.87x 2504, .
572400 + 981200 = 0.87 x 2504, .
Area of reinforcement, 4,, ;. =7 142.988 mm?
5. Limiting moment of resistance,
M, =036f,bx . (d-042x, )

d D,
+0.446 f, (b,—bw)D,(d—?’J

= 0.36 x 20 x 300 x 265(500 — 0.42 x 263) + 0.446
x 20 (1400 - 300) x 100 x (500 — 50)

M, . = 664.032kN-m

'Que 1.34. l A T-beam floor consists of 150 mm thick RC slab

monolithic with 300 mm wide beams. The beams are spaced at 3.5 m
centre to centre and their effective span is 6 m. If the superimposed
loads on the slab is 5 kN/m?, Design an intermediate T-beam. Use

M 20 mix and Fe 250 grade steel. [AKTU 2015-16, Marks 13|

(R a ety
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e

(Ilvon :Dopth of slab, d = 160 mm, Wit{th of bunm bw

7 3500 mm,
e cing ofbenm n 3.6 m -
P g!t;“:mt‘ivo npnn, Lﬂ- Gm= 6000 mm Live load w § kN/m?

" ToFind: Design of {ntermediate T-boam,

300 n\m, 5% «"’
(i3 o
<

1. Loads: :
Dead load of slab = 0,15 x 25 = 3,76 kN/m?
Supcrimposed load on slab = b kN/m?*
Total load on slab = 8,76 kN/m?

2. Load per meter run of bonm = Load on slab per unit arca x Centyo to
" centre distance between beams

=876 x 3.5 =
3. Effective width of flange,

30.6 kN/m

b= -l(u;-q‘b“ﬁsl)/=§?+30+6x15=220cm
\]

Maximum value of flange width

= 350 cm > 220 em
Therefore, effective width of flange, b, =220 cm

4. Letusadopt overall depth D of beam equul to0 40 cm and effective cover
equal to 40 mm so that effective depth is 36 ¢m,

[Assume width of web = 300 mm)]
5. Dead load of web of beam
= Width of web x Depth of web,
x Density of concrete
= 0.30 x 0.25 x 25 = 1.875 kN/m
Total load on beam per meter run = 30.6 + 1.875 = 32,475 kN/m
6. Factored maximum bending moment,
M, = 1.5 x wl*8 = 1.5 x 32.475 x 6 2/8 = 219.2 kN-m
7. Letus assume that neutral axis lies in the flange, that is

. 087f, A, __0.87x250 A,
‘036f, b, 0.36 x 20 x 2200
Factored BM = Force of tension x Lever arm (z)
219.2x 10°= 0.87f A, (d- 0.42x)

219.2x 10° = 0.87 x 250 A,, (360 — 042x00137A)
. = 62565, 24, +175100 520 =0

A, = 2938 mm*
Provide 5 - 28 mm ¢ bars (A, = 3079 mm? > 2938 mm?)

=0.01374,

1-40A (CE-0) L Design of Beam
——
0. And x, = 0.0137 x 3079 = 42,18 mm « 160 mm

Noutral axia lics in the flange,

bd
10, Minimum aren of tension nteel, A = 0.85 2l

4

= ()86 » = 367 mm?* < 3079 mm?

11, Maximum aren of tension steel, A" =0.04b D
= (.04 % 300 » 400 = 4800 mm? > 2079 mm?

Quo 1.36. I A cantllever beam project 2.5 m beyond the fixed end

and earries nsupérimposed load of 10 kN/m, Design the cantilever
using M20 grade concrete and Fe 415 steel. Take width of support

[AKTU 2014-15, Marks 10 |

= 3060 mm.

'Answer |

Given : Length of cantilever beam = 2.5 m, Live load = 10 kN/m,
[, = 20 N/mm?, f, =415 N/mm?, Width of support = 250 mm.
To Find : Design of cantilever beam,

" Effective length of beam = 2500 + 350/ 2
Minimum depth of beam,

d= L5268 _a00 14 mm
777

Adopt overall depth 500 mm at the fixed end.

3. Width of beam, b = g = % =250 mm

= 2675 mm

e

4. The depth of beam can be reduced to a minimum of 200 mm at free end.
Dead load of beam = (ﬂ-}‘l?-) x0.25% 2525 =5.46 = 5.5 kN

25[05+2402
5.  CG of dead load of beam = 31 05+02

= 1.07 m from the fixed end.
6. TFactored bending moment

2
= 1.5 % 5,5 x 10T+ 1.5 x 10 % =55.7kN-m
1. Check for depth :
0.138 f,, bd? = 55.7 x 10°
55.7 x 10°
i \10.138 % 20 % 250
d =284.12 mm



. 1414
11 (Cy 4

pth at fixed end and 200 mm at free g, X

mm de

e adopt 400 _

g;fn;ive depth of fixed ends =400 -30-10 =360 mm
e =

Effective depth at free end = 200 - 30 - 10 = 160 mm

036]“‘* bxu.mnx
8 Area of tension steel, Ay = 0877,

0.36 x 20 x 250 x 0.48 x 360
= 0.87 x 415
A, =8615 mm?
Provide 3 # 20 mm ¢ at top and 2 # 10 mm ¢ bar along the bottop,

bd
9. Minimum tension steel area, A;=0.85x —
] y

0.85 x 250 x (M)
= 0 =133.1 mm?
133.1 mm? < 861.5 mm?
E 3-20mm
3-20 mm }— [— N[ <2 4200
400 T2 10 mm
2-10mm—A7 N i “300
2
R Fig. 13517
©O©

Behaviour of RC Beam

UNIT .
in Shear

—
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Shear Strength of Beams With and Wuha.ut Reinforcemeny |
Minimum and Maximum Shear Reinforcement. ' |
bk |
CONCEPT OUTLINE el
SRS

Behaviour of RC Beam iy, Sh
6,

Shear Stress : A beam loaded with transverse loads is subjecteq to
shear force and bending moment. The shear force at any section j,
equal to the rate of change of bending moment.

Stress Based Approach : It is parabolic in the compression zgpe
with zero at the top and maximum at the neutral axis. The value of
chear-stress is constant in the tensile zone and is equal to the maximum,
shear-stress (g) because the concrete, below the neutral axis (tensila
zone) is assumed to be cracked and neglected.

Minimum Shear Reinforcement : If 1, <7, the minimum or nomina|
shear reinforcement in the form of stirrups shall be provided in all the
beams. !

Maximum Shear Reinforcement : Maximum area of tension

reinforcement should not exceed 4 % of the gross cross-sectional area
i.e.,0.04 bD, where D = Overall depth of section.

\ Questions-Answers

\ Long Answer Type and Medium Answer Type Questions

Que 2.1 ‘ Explain behaviour of RC beam in shear.
Answer | ‘
1

2,

Behaviour of RC Beam in Shear :

RCCis a composite material s istributi i
theary o men e o o the exact shear distribution as per elastic

Itis shown in Fig. i
o ig. 2.1.1by the hatched portion of the curve. It is parabolic

¢ compression zone wi .
neutral axis, with zero at the top and maximum at the

The value 1)
{ Slleal stress is constan n Ule tel 'ﬂle zone aﬂd 15 eq
ti ns

axis (tensile zone) is axssumedbemuse the concrete, below the neutra

1 to be cracked and neglected.

The maximum value of shear

‘(" = _V._
bdj

stressas per elastic theory is given by,
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where, V = Shear force at the gection.
b and d = Breath and depth of the section.
J = Lever arm depth factor,

it

<« Elastic theory

....................

i 000
—p—> ja—g—
IFig. 2.1.1. Shear-stress distribution in RCC beam.
. 18 Code Approach:

1. AsperIScode456: 2000 the stress based approach does not represent
the true behaviour of the RCC beam in shear. Hence, the equation for

shear stressi.e.,q = b—YIJ has been simplified.

9. 1S code recommends the use of nominal shear stress (7 ) for RCC beams.
The nominal shear stress (t) or average shear stress distribution is
shownin Fig. 2.1.1is given by,

v
1 = —
‘" bd
Que 2.2. | Study the shear strength of beam according to these

points :
A.  Without shear reinforcement.’
B. With shear reinforcement.

Answer_ |
A. Without Shear Reinforcement :

1. The design-shear strength t_of concrete in beams without shear
reinforcement based on the percentage of longitudinal reinforcement
and grade of concrete.

2. The value of ‘¢ for different percentage of steel and different grade of
concrete is shown in Table 2.2.1.

Table 2.2.1. 1, of concrete (N/mm?).

100 A, Grade of Concrete
bd
M15 M20 M25 M30 M35 M40
0.20 0.32 0.32 0.33 0.33 0.34 0.34
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3. The design shear strength t, is given by,
0.85 J0.80 7, (J1+6p) 1)
= 6D

08/,

= —%<1

4 ~hpro P= %80 p,
= 100 A,
= B d
5. For solid slabs the design shear strength for concrete shall be % 1,
where *'is depend on overall depth of slab.
B. With Shear Reinforcement :

When nominal shear stress (r) in beam exceeds 1, then shear |
reinforcement is provided. T, max Will depend on grade of concrete which
should be taken from Table 2.2.2.

2. T .. alsoobtained as,

T o= 0.62.F,

', max

Table 2.2.2. ¢

e max

Mi5 J M20 ,M25 ’ M30 l M35 | M4o

2.5 I 2.8 ]3.1 J 3.5 ’ 3.7 4.0

(N/mm?)

Concrete Grade

T, max (W/mm?)

Qqe 23. , Write a short note on :

A. Minimum shear reinforcement in beam.

B. Maximum shear stress in beam.

Answer

Minimum Shear Reinforcement in Beam :

When the nominal shear stress t, is less than the design shear strength

() or shear strength of concrete, then no shear reinforcement is to be

designed.

2. But in such cases minimum shear reinforcement is to be provided in
the form of stirrups such as :

¥

oS

A, 04
bs, ~ 0.87f,

where, A = Total cross-sectional area of stirrup legs effective in shear.
8, = Spacing of stirrups along the length of the member.,
b = Breadth of the beam or breadth of web of the flanged
beam.
f,= C}?aracteristic compressive strength of the stirrup
:«;gxrt:');:lf.;;n:.(ent in N/mm? which shall not be greater than
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However, in members of minor importance, such as lintels or where
1 . i
<% % this provision need not be complied with.

Maximum Shear Btress in Beam

If the shear strength of the concrete beam is less than the nominal
ghear stress (1)) due to the loads coming on the heam, then sghear
reinforcement is to be provided.,

The nominal shear stress in the beams with shear reinforcement shall
not exceed maximum shear stress (v, ),

If nominal shear is greater than the maximum shear stress then the
gection is to be redesigned.

PART-2

Design of Beam in Shear.

B.

Questions-Answers
Long Answer Type and Medium Answer Type Questions

Que 2.4. I Describe the critical sections for shear design.

Answer I

Critical Section for Shear Design : The critical section for shear is
that section at which the shear force is maximum. As per C1.22.6 of
IS 456:2000 the critical sections for shear design are taken as :

Critical section oceur at a distance ‘@’ from the face of the support

1 .
where the support offers a compressive reaction Fig. 2.4.1.
: d X
d RCC Beam
2X RCCBeam et
Diagonal
crack
|
Wall )I{ RCC Column X
(b)

(a) - —— "
Fig. 2.4.1, Critical section at (XX) at distance d from the face of the support.|

Critical section occurs at the face of the support where the support

offers a tensile reaction Fig. 2.4.2. ‘
3. Critical section occur at the face of the support when there is a

2,
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trated load between the face of the support and the distance ‘¢
concen
(Fig.2.4.2).
XX
| | I
Bracket ‘l—_}_‘
RCC H i
Column % X x
.
(a) (b)

[Fig. 2.4.2. Critical section at the face of the support.
Que 2.5. I Explain the design steps for shear reinforcement.

Answer I ' ;

" The following steps to be considered while designing the shear
reinforcement :

Determine the factored or ultimate design shear force V",
Determine the nominal shear stress on the section ‘7’ by dividing V, by
bdie.,

1=V, /bd

3. Compute the percentage of tension reinforcement provided in the
section. Based on this percentage of tension steel, determine the shear
strength of concrete ‘1 for the given concrete mix and hence the shear
resisting capacity of the reinforcement concrete section, V. =tbd.

4. Compare r witht _ . Ift >t _
beam.

5. Compare V, with V_(or t, with 7). IfV, <V, no shear design is required.
Provide nominal reinforcement in the form of vertical stirrups through
the beam of the spacing ‘S’ is given by, :

A, _ 04 A_x0.87f
—= > orS <— -
S, < 087F, ' 04b
Where A_ is the total cross-sectional area of stirrup legs.

. Tedesign the cross-section of the

If V, >V, provide shear reinforcement for resisting the design shear
force V' given by,

Vﬂk &= Vh - V"
Choose the diameter of the stirrup bar (generally 6, 8, 10 or 12 mm) and
the type of stirrup. Determine the spacing of the stirrup as follows :
L Forvertical stirrups,

g 08Tf,Ad 087f A,
v v, - (t,-t)b

The maximum spacing of vertical stirrups shéuld not exceed 0.75 d or
300 mm.

Design of Structure-II 2-7A (CE-6)

For inclined stirrups,
,  087f Ad
S = —1

. —" (81N o + o8 o)

il

i, Forbentup bars, if the tension steel is available for shear, bent up the
pars from tension steel at 46” at distance ‘¢ from the support. Compute
the shear force taken by bent up bars,

1
sV
(3"

V=0, A sine=087f A sina

Here, A, is the total cross-sectional area of bent-up hars.

Design the vertical stirrups for the shear force
Vy=V,-V,

Where, V,,=087f A sina

8, Check whether the spacing of stirrups obtained above satisfies the code
design requirements.

i S¢* 0.756 d (Spacing governed by the depth of beam).

A, x087f, )
e —_GT (Based on the minimum shear reinforcement).

i, S,% 60 mm (Suggested for better compaction of concrete).

9. Find the distance from the support up to which the design stirrups are
required, for the rest of the portion provides minimum shear
reinforcement.

+ Que2.6. l A simply supported RC beam section 250 mm x 500 mm

effective depth is reinforced with 4 bars of 22 mm dia as tension
steel. If the beam is subjected to a factored shear of 65 kN at t.;he
support. Find the nominal shear stress at the support and design
the shear reinforcement. Use M20 grade concrete and Fe415 steel.

[AKTU 2014-15, Marks 10 |
Answer l

Given: Width of beam = 250 mm, Effective depth of beam = 500 mm.
Area of steel = 4 x (x/4) x 22* = 1520.53 mm?. \
Factored shear force, V, = 65 kN, f,, = 20 N/mm?, f, =415 N/mm?®.

To Find : Shear stress and design shear reinforcement.

1. Percentage of area of steel,

p o 1004, 100 152058 _;p1c s
d bd 250 x 500
2. Shear strength of concrete, T, = 0.66 N/mm? (from IS code 456 : 2000)
vV, 65x10 c
3. Nominal shear stress, 1, = +* = =0.52 N/mm?*

bd ~ 250 x 500
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4 Maximum shear stress, t .. = 2.8 N/mm?(for M20 grade concrete)
TR R LT

5. Minimum shear reinforcement is provided.

6. Use 8 mm diameter 2-legged shear stirrups,

A, =2 x (/4) x 8 = 100.5 mm?

§ o 0.87f, A, _ 0.87 x 415 x 100.5

> 0.4b 0.4 x 250
= 362.8mm < 0.75d = 0.75 x 500 = 375
= 375 mm or 300mm (whichever is less)

7. Provide 8 mm diameter 2-legged stirrups @ 300 mm c/c spacing.

Qqe 2.7. | A concrete beam is 300 mm wide and 600 mm effective

Design of Structure-II 2-9 A (CE-6)

Spacing of shear stirrups,

_ 087/, A, xd _ 0.87x 415 x 100.6 x 600

v V. 34800
But code requires that,
a 8, # 300 mm
B S, # 0.75d=0.75 x 600 = 450 mm
Minimum shear reinforcement,
A 0.4 x 300 x 300
= 0.87 x 415

8. Hence provide 8 mm ¢ 2-legged vertical stirrups @ 300 mm c/c.

Que 2.8. | A RCbeam has an effective depth of 400 mm and breadth

it

= 626.23 mm c/c

= 99.71 mm?

of 300 mm. It contains 3-25 mm Fe 500 grade bars in tension.

i i ith 4 f 25 i i
depth and is reinforced wit bars o mm diameter bars in ® etermine the shear reinforcement needed for a factored SF of

tension zone. Design shear reinforcement at a section experiencing.
shear force of 100 kN. Use M 20 concrete and Fe 415 steel.

[ AKTU 2013-14, Marks 10|

[Answer

Given : WIdth 6f beam, b E 306>mm, Effe;:tive d‘ept}'1, d = 600 mm,
Reinforcement = 4-25 mm ¢ bar, Shear force, V' = 100 kN.
To Find : Design shear reinforcement.

1. Area of reinforcement,
A, =4 x(n/4) x 25% = 1963.5 mm?

2. Shear force = 100 kN
Factored shear force = 1.5 x 100 = 150 kN
. 150 x10°
3. Nominal shear stress, 1, = 300 %600 ~ 0.833 N/mm?
4. Percentage of area of steel,
A 1963.5
p,= b_('il x 100 = m x100=1.09=1.1%

Shear strength of concrete, t_= 0.64 N/mm? (From IS code 456’: 2000)
Maximum shear strength of concrete,

T max = 2.8 N/mm?(For M20 grade concrete)
<<t . =0.64<0.83<2.8N/mm?
7. Shear Reinforcement :
i  Shear force taken by stirrups,
V.=V - t.bd = 150 x 10%- 0.64 x 300 x 600
= 34800 N
Use 8 mm diameter 2-legged vertical stirrups,

oo

B

A, =2x 45 x 8 = 100.6 mm?

250 kN if M30 mix is used. [ AKTU 2015-16, Marks 10 |

|Answer |

Given : Width, b = 300 mm, Effective deptﬂ, d=400mm
‘Area of steel, A_ = 3 x (v/4) x 25% = 1472.62 mm?, f,, = 30 N/mm?
f, = 500 N/mm?, ?‘actored shear force, V, = 250 kN

To Find : Shear reinforcement . = =
1472.62
300 x 400

1. Percentage of area of steel, = x100=1.227%

2. From IS code 456 : 2000,
By interpolation shear stress of concrete,

(0.71-0.66) = 2
= T O (1,227 -1.00) = 0.7054 N/mm
%= 066+ {105 1.00) "

3. For M30 grade concrete, 7, ., = 3.5 N/mm?

4. Nominal shear stress,

3
o = Yo _ 2506107 _ 4 083 Nimms
v~ bd~ 300x400
TC £ TII < Tf max

V. =1bd= 0.7054 x 300 x 400 = 84.65 x 10° N
5. Shear force resist by concrete,
Vlll = Vﬂ = VI’
V,= (250 — 84.65) x 10°= 165.35 kN
6. Adopt 10 mm ¢ 2-legged stirrups,
LA, =2x(nd)x 102 = 157.08 mm?

0.87f,A,d
7. Spacing, S, = ——Vf—’—w—

us
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_ 087x 500x157.08x400 _ e g o
3 165.35x10°
By code, spacing should not be more than

i 300mm
i 075d=075x 400 = 300 mm
8. Provided 10mm ¢-2-legged stirrup @160 mm

Que 2.9. | A rectangular beam of size 250 mm width and 500 mm

effective depth is reinforced with four bars of 25 mm diameter,
Determine the required vertical shear reinforcement to resist
factored shear force of

A 80kN B. 300kN, and C. 600 kN.

Consider concrete of grade M 20 and steel of grade Fe 415.

[AKTU 2016-17, Marks 10]
Answer_|

Given : Width of beam, b = 250 mm, Effective depth, d = 500 mm,
Area of reinforcement, A , = 4 x (n/4) x 25% = 1963.50 mm?
To Find : Vertical shear reinforcement.

A Casel:
1. Factored shear force, V, = 80 kN
: 80 x 10°
2. Nomi h = ———l 2
ominal shear stress, T, 250 % 500 0.64 N/mm

A 1963.50
3. Perc = = =
entage of steel, p, i x 100 YT x 100 = 1.57 %
For p = 1.57 %, shear strength of concrete,
7, = 0.73 N/mm?
4, Maximum shear strength of concrete,
T, max = 2:8 N/mm?
T, < T, < T, ma Hence provide nominal shear reinforcement.
5. Spacing of shear stirrups,
s 0.87f,4,
v 04b
6. Provide 8 mmdiameter 2-legged shear stirrups.

Ay =2x % x 8% = 100.53 mm?
s - 0.87x415x100.53

| A —mo_ =362.9 mm
7. Spacing of stirrups should be minimum of following :

L 300 mm .

i

0.75 x Depth of beam = 0.75 x 500 = 375 mm

Behaviour of RC Beam in Sheg,
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Provide 8 mm diameter 2-legged stirrups @ 300 mm c/c spacing.

B. Case In:
1. Factored shear force, V, = 300 kN
3
9. Nominal ghear stress, t, = ;2(())—:;8_6 = 2.4 N/mm?

3, Percentage of steel, p,=167%
4. Shear strength of concrete for p, = 1.57 %
i 1, = 0.73 N/mm?

tC. max > tU > tt
5. Designshear strength,
¢ V,, = V,-1bd =300 x 10° - 0.73 x 250 x 500

= 206760 N
6. Use8mm ¢ 4-legged stirrups,
A, = 4 x (/4) x 82 = 201.06 mm*

7. Spacing of vertical stirrups,

§ = 0.87 x 415 x 201.06 x 500 _ 173.87 mm
’ 208750
Provide 8 mm ¢, 4-legged stirrups @170 mm ¢/c spacing.
C. Caselll:
1. Factored shear force, V, = 600 kN

600 x 10°
i = — "~ =48N/mm?
9. Nominal shear stress, 1, 250 x500 'mm

3. Percentageof steel, p,=157%
Forp,=1.57%, 7,=0.73 N/mm?

T, max = 2:8 N/mm?
y Ty > tc, ax X
4. Hence the section should be redesign means dimensions of beam will be

change.

Que 2.10. |A cantilever beam is 230 mm wide and 400 mm deep at

fixed end. Its span is 3 m and it carriesa UDL 18 kN/m inch}sive ?f
self weight. Two bars of 20 mm diameter have been provxdefl in
tension zone. Design required shear reinforcement if concreteis of

grade M20. [AKTU 2013-14, Marks 10 |

‘Answer

Given Data : Width of beam, b = 230 mm.

Depth of beam, D = 400 mm. Spam, [ = 3m.

Intensity of UDL = 18 kN/m, Reinforcement = 2-20 mm §.
To Find : Shear reinforcement.

1.  Area of reinforcement,

A, =2x(n/4)x 20°= 628.32 mm?
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" Development Length, Anchorage Bond, Flexural Bond.

Behaviour of RC B, 3
912 (CE6) °am in Shegy |
9 Bending moment of cantilever beam of span 3 m,
3 " p
M= wl® _18x3" _ g1 kN-m
2 2
3 Factored BM, M, = 81 x 1.5 =121.5 kN-m
4 Shear force, V=18x 3=54 kN
5. Factored shear force = 1.5 x54=81kN
81x10° :
1 B ——mmm 5 88 N/ 3
6. Nominal shear stress, T,= o=y 0 'mm
1004, 100x628.32 _
7. Percentageof steel, p,= »d - 230x400 0.683 % .
8. Shear strength of section for p, = 0.683 % and M20
=048+ 256048 (4 683-0.50)=0.538~0.54 N/mm?
¢ 0.75-0.50
9. Maximum shear strength for M20 grade;
Ty g = 2.8 N/mm?®
1,<1,<1,., =>054< 0.88<2.8
Hence, shear reinforcement may be provided.
10. Design shear strength :
V, =V,-1bd = 81x10°-0.54 x 230 x 400 = 31320 N
11. Use 8 mm 2-legged stirrups.
A, =2 x(n/4) x 8 = 100.6 mm*
12. Spacing of vertical shear stirrups,
0.87f,A,d 0.87x415 x 100.6 x 400
S = y = : -
5 V. 31320 463.88 mm
13. According to IS code 456 : 2000, spacing
i 8§, # 300 mm
i S, £0.75xd=0.75 x 400 = 300 mm
14. Provide 8 mm 2-legged vertical stirrups @ 300 mm c/c
15.

Minimum area of shear reinforcement,

A, = 04x230x300

0BT <415 =76.44 < 100.6 mm?

[ParT3 ]
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CONCEPT OQUTLINE

Development Length : It is an e
: . mbedded length of the bar i
to develop the design strength of reinforcement at critical seii&fea

3. To avoid slipping, T < T,4 % Zn% x Ly
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pond : The force which prevents the relative movement between
conereto and steel is known as bond.
Anchorage Bond :

" 0.87f, ¢

41,
¢ = Diameter of bar in mm.

1,, = Bond stress,
The 1S code requires that :
i 1, value may be increase by 60 "70 for deformed bar in tension.
i 25 % further increment for bar in compression.
Flexural Bond :
Inasimple beam, at the critical sections i.e., at the face of the support,
at points of inflection and at points of high shear force, high bond
stress may develop due to the large variations in bending moment.
These bond stresses are called as flexural bond stresses and should

pe checked carefully at all critical sections.

Questions-Answers

d

Long Answer Type and Medium Answer Type Questions

Que 2.11. | What is bond strength of concrete ? Derive expression

for bond stress in reinforced concrete. rA_KTU 2013-14, Marks lﬂ

‘Answer I

1. Letus consider a steel bar embedded in concrete. The bar is subjected
to a tensile force T. Due to this tensile force, the steel bar will tend to
come out and slip out of the concrete. This tendency of slipping is
resisted by the bond stress developed over the surface of the bar.

cothdc o

I

Ly
a—
Fig.2.11.1.

2. Bond strength (t,,) is the shear stress developed along the contact

surface between the reinforcing steel and the surrounding concrete,
. which prevents the bar from slipping out of concrete.

[ Surface area = 2:(% x Lﬂ,]
(2111
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Behaviour of RC Beam in Sheq,
shear strength, 1= 087, 4,= 0.87f, x () x ¢f (211
0.87f, x (n/4) $i< 1, x 2p x $/2)x L,
i 0.87f,%
Lt
Tha
where, L= Development length of steel bar,

f. = Characteristic strength of the bar.

y

1,, = Design bond stress in limit state method,
&= Diameter of bar.

4. L,iscalled the development length. It is the minimum length of bar
which must be embedded in concrete beyond any section to develop j,
full strength.

5. This is also called as anchorage length in case of axial tension or axig)
compression and development length in case of flexural tension or
flexural compression.

6. The permissible bond stress 1,, depends upon the grade of concrete

and type of steel. The values of permissible bond stress are given i
clause 26.2.1.1 of IS 456 : 2000.

7. Note:
i.  For deformed bars 1, is 60 % more than that of plain bars.

It is easier to pull a bar than to push it inside. Therefore, permissible
bond stress for plain and deformed bars in compression i
25 % more than that for the bars in tension.

8. Development length in compression,

_ _087f9 _ 087f9
‘7 41.251,) 5t

Que 2,12, l What do you mean by development length ? And also
explain the factors affecting the development length.

Answer I

s taken ag

1 g\iv'::?féne}lt Length : Development length is an embedded length of
o e g:i]:):)e,d to develop the design strength of reinforcement at the
2. l:;ctc.)rs Affecting the Development Length : Various factors
) ecting the development length are as follows :
i ?;:aieitgsc:agﬁite : Since bond resistance is essentially an interfacial
" cor;crete. on of shear strength of concrete, and hence, of grade
" Higher the grade, greater is the strength.

Diameter 3 :
s ;"; ?::s.auGlree:te; is the bar diameter lesser is the bond
Jeodln b gt v urface area because larger diameter of bar

Design of Structure-I1 FASAICEY

i, Nature of Stress : Sim_:e ‘thc transverse compression from concrete
increases the grip and frictional resistance, bond strength is higher for
bars in compression than in tension.

iv. Bends and Hooks: The increase in bond resistance at bends is due to
increase in frictional resistance on account of confinement of concrete
inside the bend by radial component of the bar tension. The increase in

pond is measured in terms of additional anchorage length provided by
the bar bend.

v. Cover : If the cover is inadequate or when the horizontal distance
petween two parallel main reinforcing bars is less, the splitting occurs

resulting in ultimate cracking and in reduction in bond strength to a
large extent.

vi. Curtailment of Bars in Tension Zone : The curtailment of bars in

tension zone creates a condition of differential strains in adjacent bars
effecting loss of shear and bond.

vii. Grouping of Bars: Bond- reduces for bundled bars due to reduction in
surface area.
Que 2.13. I A simply supported RC beam of size 300 mm x 500 mm

effective depth is reinforced with 4 bars of 16 mm dia. Determine
the anchorage length of the bar at the simply supported end.if it is
subjected to a factored shear force of 350 kN at the centre of 300 mm

. wide masonry support. Use M20 grade of concrete and Fe415 steel.

[AKTU 2014-15, Marks 10 |

Answer I

Given : Size of beam = 300 mm x 500 mm.
Area of steel = 4 x (n/4) x 167 = 804.25 mm?.
Factored shear force = 350 kN.

Grade of concrete, M20, f, = 20 N/mm?,
Grade of steel, Fe415, f, = 415 N/mm?,

To Find : Anchorage length of bar.

0.87f, A, 0.87x415x804.25
036f,b  0.36x20x300
x, = 134.43 mm

2. Maximum depth of neutral axis, x, ., =048d

%, pae = 0.48 x 500 = 240 mm
3. Moment of resistance = 0.87f, A, (d - 0.42x,)

- = 0.87 x 415 x 804.25 (500 — 0.42 x 134.43)
= 128.79 kN-m

4. For M20 and Fe415 HYSD steel

1. Depth of neutral axis,x, =
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1,,= 1.6 % 1.2 = 1.92 N/mm? ’
0.87f,%
5. Development length, L, = -
0.87x415x ¢
4= Aw1Ee AR AT X 16 = ghy A

6. Anchorage length, L, = Greaterof d or 12 ¢

d=5000r 12 x 16 =192
L, = 500 mm

7. L,<13(M,/N+L,

—
|| §o v gty i e

128.79 x 10°
350 x 10°

752 < 978.36
Hence anchorage length, L, = 500 mm

PART-4 | i T

Failure of Beam under Shear, Concept of Equivalent Shéar .
? and Moments. g

752< 1.3 x +500°

_enlinidme ()
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' CONCEPT OUTLINE

Mode of Shear Failure :

L Diagonal tension failure.

il. Flexuralshear failure,

iii. Diagonal compression failure. .

The equivalent ultimate moment is given by,

M, = M + M,

The equivalent ultimate shear is given by,

= V.=V, +16T/b

Questions-Answers

u«mg AnSWeplType gud Medi;"m Answer Type Questions

Que 2.14. l Describe the modes of failure in shear of RC beam.
Answer I

2-17 A (CE-6)

Crack

7
i
'Fig, 2.14.1. Diagonal tension failure,

2. Flexural Shear Failure ; Flexural failure occurs under large bending
moment and less shear force. Such type of failure in RC beams in the
forms of crack at 90° with the horizontal is shown in Fig. 2.14.2.

Crack

.

Al

Fig. 2.14.2. Flexural shear failure.

3. Diagonal Compression Failure : Diagonal compressiqn failure occurs
under large shear force. It is characterized by the crus.hmg of concrete.
Normally, it occurs in beams which are reinforced against heavy shear
as shown in Fig. 2.14.3.

‘Fig. 2.14.3. Diagonal compression failure.

Que 2.15. | What do you mean by torsion in beam ? Explain the

equivalent shear and moment when RCC member subjected to
torsion. .

Answer
Torsion in Beams : Reinforced concrete sectiong are also subjt_ected to
torsional moments which cause twisting or warping of the section.
The reinforcements for the beam consist of the following :

i Longitudinal reinforcement determined for an equiva]ent ulti.:n:;:;
bending moment which is based on the actual bending momen

torsion.
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1

Behaviour of RC Beam in Sheqy

Web reinforcement determined for an equivalent ultimate shear whigy,
is based on the actual shear and torsion.

Equivalent Shear Force : The equivalent ultimate shear is given by,

T

V= 6
=V, +1 b
where, V,= Ultimate shear force.

Equivalent Moment : The equivalent ultimate moment is given by,

M= M,+M,
D
and MFT.\:“F]
1.7

M, = Actual ultimate moment.

where, T, = Ultimate torsion.

D = Overall depth of the beam.
b = Width of the beam.

If the numerical value of M, exceeds the numerical value of M, then the
longitudinal reinforcement shall be provided on the flexural compression
face, such that the beam can also reach an equivalent ultimate moment

M, =M, - M, the moment M, being taken as acting in the opposite
sense to the moment M .

Que 2.16. I Determine the shear stress in a 250 mm x 400 mm

effective depth rectangular section. If the shear force is 10 kN and
torsional moment is 2 kN-m at factored loads.

Assume 0.25 % tension steel at the given section. State whether
torsional reinforcement is required or not. Use M20 grade concrete

and Fe415 steel.

‘Answer

Given : Factored shear force, V, = 10 kN. -
Factored torsional moment, T, = 2 kN-m. .

Width of beam = 250 mm. Effective depth of beam = 400 mm, -
Tq Find : Shear stress ‘

Equivalent shear force, V=V + 1.6 %

2
=10+16x —— =228
* 025 -

[AKTU 2014-15, Marks 10]

Design of Structure-11

2.
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Equivalent nominal shear stress,

V, 228x10°
= i m =0.228 N/mm?
Shear strength of M20 concrete at 0.25 % tension steel,
1, = 0.36 N/mm?
Since 1, > T, no torsional reinforcement is required,

Depth of beam is less than 450 mm, no side torsional reinforcement is
required.

Minimum shear reinforcement should be provided, that is
A 0.4

A

b, 0.87 g,
Use 8 mm ¢ 2-lcgg’cd stirrups of Fe415 steel

A, =2x(/4) x 82 = 100.6 mm',f; =415 N-mm?
S < 100.6 x 0.87 x 415
i 0.4 x 250
Spacing should not be exceed of following :
a. 0.75xd=0.75 x 400 = 300 mm
b. 300 mm

=363.2 mm

ii. Hence provide 8 mm 2-legged Fe415 grade steel stirrups @ 300 mm c/c.

Que 2,17, | Design the torsional reinforcement in a rectangular

beam section, 350 mm wide and 750 mm deep, subjected to an ultimate
twisting moment of 140 kN-m, combined with an ultimate BM of 200
kN-m and an ultimate SF of 110 kN. Assume M25 concrete and Fedl5

grade of steel.

Answer l

[ AKTU 2015-16, Marks 15

Given : Width of beam = 350 mm, Depth of beam, D = 750 mm,
Factored twisting moment, T, =140 kN-m, Factored bending moment,
M, =200 kN-m, Factored shear force, V,=110kN.

£ =25 N/mm?, f, = 415 N/mm?, :

To Find : Design of torsional reinforcement.

Assuming 50 mm effective cover all around the beam.
Effective depth, d = 750 — 50 = 700 mm.

.2 Design of Longitudinal Reinforcement :
i

Effective bending moment due to torsion, M, = T, (1 + D/b)Y1.7
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- 140 x (1 + T50/350)/1.7 = 259 kN-m

i Equivalent bending moments for design, M, =M, x M

kN- F :
_959+200 = 459 m (Flexural tensiOn at bOttOm)
59kN-m  (Flexural tension at top)
i Design of Bottom Steel :

M, 459x10°
R,= 2’ = 350 (T00F 2.676 N/mm?

o Mu.l‘\m
(R] < —IF—' =0.1389x25 =3472

Behaviour of RC Beap, ;
m ip S}l :
ty

Percentage of steel, p, = é’i=—ﬁi 1-/1-4.598 R /.
bd 2f,[ R‘ "‘]

25
= _r[1-,/1-4.593x2.676/25j = 0.866x I

2x415
(4,),.,; =0.866 x 102 x 350 x 700 = 2122m
Provide 2-28 § and 225 ¢ bars at bottom |
| [A, = (616 x 2) + (491 x 2) = 2214
iv. Design of Top Steel :
M, 59x10°

2= W=m =0.344

Ploas _ 25 4.598 x 0.344
100 s
2x415 25
= 0.097 x 10°2 (very low)
v. Provide minimum reinforcement :
A, 085

bd - m=0.205 x 102
A)

Proe 848 v A 0.205 x 102 x 350 x 700 = 502 mm? ;
i mm § (4, =201 x 3 = 603 mm?) bar at t '
ide Face Reinforcement : =

As D > 450 mm, si .
» side face reinforcement for torsion is required.

). ,=0
rega = 0.0016D = 0,001 x 350 x 750 = 263 mm®

Provide 4 - 10
(A =
The (vertica])Q’spa“cinmin 4=314 mm?), two bars on each side facé
300 mm, as requieq o o een longitudinal ; o
25 required by the Code, al bars will be less th

Design of Structure-11 221 A (CE-6)

ji.

iv.

The designed cross-section is shown in Fig. 2.17.1.

50
124 T

b-Stirrups 750

@ 85
2-284 5 ¢fe
2-254
50 —I°

350
‘Fig. 2.17.1.

Design of Transverse Reinforcement :
Equivalent nominal shear stress,
. /. 16T, /b _ 110x 10° + 1.6 x (140 x 10°)/ 350
& bd 350 x 700
= 3.06 N'mm?*<t, ., =31 N/mm? (For M25 concrete)
Shear strength of concrete

9214 x 100
For = gggxm00 o
From IS code,
T = 0.618 MPa (For M25 concrete)

As torsional shear is relatively high, following equation is likely to
govern the design of stirrups
Assuming 10 mm ¢ 9-legged stirrups, A,, = 78.5 x 2 = 157 mm*.
A, d,(0.87f,)

T./b+V,/25
With 50 mm effective cover assumed all around,

d, = 750~ 50 x 2 = 650 mm

b, = 350 — 50 x 2 = 250 mm

S)_. = 157 x 650 x (0.87 x 415)
Vread = (140 x 10° 7 250) +(110 x 10°/2.5)

(8)reqa =

= 61.0 mm (low)
Alternatively, providing 12 mm ¢ 2-legged stirrups,
A, =113x 2 = 226 mm*

226
(). = 610% g7 = 87800



JLIRSRERE =

2-22 A (CE-6) Behaviour of RC Beam in Shq,
e r
v. Further, applying equation,
ﬁ
gy = 0.87 f,A., ' 0.87 x 416 x 226
St = T b = =95.6mm
(r,-t)b (3.06-0.618)x 350 m
vi. Maximum spacing requirements :
x, =250 + 28 +12 =290 mm
(§) J(x, +3,)/4=(290 + 650 +34)/4 = 243 m UNIT Desi .
: m esign of Solid Slabs

300 mm

Provide 12 mm ¢ 2-legged stirrups @ 85 mm c/e.

5. Check for Cover: With 50 mm effective cover, 12 mm ¢ stirrups and
28 mm ¢ longitudinal bars, clear cover to stirrups is 50 — 12 -28/2=
24 mm, > 20 mm (safe). X
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I i eommiei et e,
- Design of One Wq&, Continuous and Cantilever Solid Sl gl
esig) - by Limit State Design Method, ; _»qb

it

CONGCEPT OUTLINE

; N,
One-way Slab: When length of slabis more than twice of the breadth
the slab is known as one way slab, this may be simply supported o;

Design of Solig Slab

continuous. J

ok Quééﬁ_ogﬁ}hswe}s . %

" Long Answer Type and Medium Answer Type Questions

_Qus 3.1, What are the difference between one way slab and two
‘way slab ?
Aaswer. |
S.No. One Way Slab Two Way Slab
1L | /)>20 ari)<20
2. T'he bending takes place in one | The bending takes place in both
direction only i.e., shorter span. | directions.
Depth required is more. Depth required is less.

Main steel reinforcement is
provided along shorter span.

5. | Less economical as thickness is
more and the amount of steel is
also more.

Main steel reinforcement is
provided along both the spans.

More economical as the
thickness of slab is less and the
amount of steel required is less.

s 3.2, l Write the recommendation of IS : 456-2000 for design of

slabs. And also explain the reinforcement of slabs.
‘Answer.

IS : 456-2000 recommendations for
A Effective Span:
L For simply su
following :

design of slabs are as follows :

pported slab the effective span is taken as smaller of the

Design of Structure-II

L

-

3-3A(CE-6)

Centre to centre distance of supports.
Clear distance between the supports plus the effective depth.

Deflection Control :
For slabs, the vertical deflection limits are specified by maximum //d

ratio.
1/d for spans up to 10 m

Types of Slab /| Cantilever | Simply supported | Continuous

1I/d Ratio 7 20 26

For two-way slabs of small spans (up to 3.5 m) with mild steel
reinforcement, the shorter span to overall depth ratios may be assumed
to satisfy the deflection limits of loading class up to 3000 N/m?.

Simply supported : 35

Continuous slab : 40

For high strength deformed bars the above given values should be

multiplied by 0.8.
Reinforcement in Slabs :

Minimum Reinforcement : The area of reinforcement in either
direction in a slab should not be less than 0.15 % of the total cross-
sectional area in case of mild steel reinforcement. In the case of high
strength deformed bars, this value can be reduced to 0.12 %.

Maximum Diameter to Reinforcement : The maximum diameter of
the reinforcing bar in a slab should not exceed 1/8" of the total thickness
of the slab.

Distribution Reinforcement : Distribution reinforcement is provided
in the longer span of one way slab. This steel is as per the minimum

reinforcement criteria.

Spacing of Reinforcements :

Minimum Distance between Bars :

The minimum horizontal distance between two parallel main bars shall

not be less than:

a.  The diameter of the bar (largest diameter bar is to be considered).

b, 5 mm more than the nominal maximum size of coarse aggregate
used in concrete.

The vertical distance between two layers of main reinforcement shall be

more than :

a. 15mmor

b. (23)rd the nominal maximum size of aggregate.

Maximum Distancebetween Bars in Tension :

The spacing of main steel in a slab should not exceed the following :

a. 3times the effective depth of slab. '

b. 300 mm.
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ed to act as distribution steel or bayg

5 4 vid
i The spacing of the bars pro d shrinkage stresses shall nog

provided for preventing temperature an

exceed the following :
a.  5times the effective depth of slab or
b. 450 mm.

E Cover : Nominal cover to be providedina slab is 20 mm.
F. Bent-up Bars : Some of the main reinforcement in slabs is gfznerally
: bent-up near the supports to take up negative moment which may

develop due to partial fixity. ) l
0.1
H_il—l_p{ > 50% bars bent up —————
* L] : L ] L] T ‘:! L] * * [ * o
i T " Distribution i
1 ;
: Main steel steel E
R Wall of beam .
1 1 !
i )
L]
O] I
d Fig. 3.2.1.° P

G. Shear Design : Slabs are safe in shear (nominal shear stress is very
low since b is large) therefore no shear reinforcement is provided in
slabs except that the alternate bars are bent-up near the supports.

Que 3.3.- I Write the design procedure for one-way slab.

Answer l
The following steps may be adopted in the design of a simply supported
one-way slab : .
Step 1 : Effective Span : The effective span to be taken as centre to
centre distance between bearings.
Step 2.: Thickness of the Slab : The thickness of slab is governed by
deflection consideration rather than flexural strength consideration.

Step 3 : Actual Effective Span of Slab : Actual effective span of the
slab is the lesser of the following :

L Distance between centres of bearings.
i Clear span + effective depth.

Step 4 : Loads on the Slab : Estimate the total loa

squEro meter 1 d on the slab, per

Step 5: Factored Load and Facto i
: red Bending M s
L Thefactored load, S

nof Structure-11

Desiss 3-5A (CE-6)

W,=16W
Factored moment is given by,
2

Wi
M, = 8 where, [ = Effective span of the slab.
Step 6: Required Effective Depth :
. The required effective depth to be obtained by equating the limiti
moment resistance to the factored bending m':ne::. R
Effective depth from flexural strength consideration :
Effective depth required, d, = %"-

Step 7: Area of Steel Required Per Metre Width of Slab :
Area of steel required per m width, A .

M

u,lim

=

= 0.87f,x A, xd (1 T fz"_A«_)
b . f,‘ xbd
Step 8 : Spacing of Reinforcements :
By assuming diameter of bar, the spacing of bars are computed as,
Area of one bar xb
. A req
Provide 8 mm diameter bars of Fe415 or 10 mm diameter bars to 12 mm
diameter bars of Fe250.
Step 9 : Check for Serviceability : Find the percentage of steel
provided. This should not be greater than the percentage of steel
assumed initially. However if the percentage of steel exceed the values
assumed initially then find the actual modification factor corresponding
to the percentage of steel provided and find the depth required for
" serviceability.
Step 10 : Distribution Steel : Provide distribution steel running at
right angles to the main steel. The distribution steel shall be 0.12 % of
the gross area of the slab when Fe415 steel is used and 0.15 % of the
gross area of the slab when Fe250 steel is used.
Step 11 : Check for Shear : Generally shear stresses in a slab are quite
low. However if it is desired to check for shear, the nominal shear stress
7, at the support should be lesser of design shear strength.
Step 12 : Check for Development Length:
According to IS : 456-2000, the condition to be satisfied is
L,<13WM /V)+L,,
Step 13: Anchorage Length : All bars must be taken into the support
at least for a distance equal to L,/ 3.

Que 34 l Design a simply supported roof slab for a room

7.5 m x 3.5 m clear in size. The slab is carrying an imposed load of
5 kN/m?. Use M20 grade concrete and Fe415 steel.

[AKTU 2014-15, Marks 10|

Spacing of bars =
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= 7.5 9 hence it is a one-way slab.

i b b
i depth,
Assumxngfotal epth, 150 mm
d=150—20

- 20 mm and diameter

_5=125mm

Clear cove of main bar = 10 mm .
Effective Span Length (p:1t should be least of the following :
a Centre to centre distance = 3.5+ 02=37m

b. Clear span + effective depth=35+ 0.1?5 =3.625m
Effective span,l = 3.625 m

2. DesignLoad (w), Factored Moment
i Load for 1 m widthof slab:

Self weight of slab = 25 bD =25 x

Live load = 5 kN/m
Totalload = 5 + 3.75 =8.75 kN/m

it Design load, w, = 1.5 x 8.75 =13.125 kN/m

2 13.125 x(3.625)°
i Factored moment, M, = %—l— = 13—-—"8(——) =21.60 kN-m

(M), and Shear Force (V)

1% 0.15=3.75 kN/m

iv.  Factored shear force, .
v = ‘_”LEZ%’ﬂ = 22.97kN

3. ' Check for Effective Depth of Slab :
Effective depth required, (s For Fe415 and M20, R, = 2.76)

d = Mu=’21.6x10” ‘
e " VRb \2.76x1000

= 88.5 mm < 125 mm
Hence provide 125 mm thick slab of one way slab.
4. Areaof Tensile Steel (4 ) : :

ko M, 0.87fA,,d[1_ﬁ-£]
o _ ' f.bd
216 x 10°= 0.87x415x A, x125{1_§Aﬂ_X§E_]
x1000x 125

! ; A, =5242 mm? :
i Using 10 mm diameter bars,

pesign of Structure-1l 3-7A (CE-6)
, A,=(/4) x10* = 78,6 mm?
i gpacing of 10 mm diameter bars
: o 1000x4,  1000x785 ..o -
A, oA e
provide 10 mm diameter bar @ 150 mm c/c, A = 624.2 mm”.
l 3
i Bending alternate bars at 510 mm [7 = i’]zé =517 mm] from centre
of support or 410 mm from the face of support [_‘521 uz2_ 262.1)
2 ‘
5 pistribution Steel : |
Distribution reinforcement is provided in the longer directioni.e., 7.5 m, |
= 0.12 % of cross-sectional area
0.12
= 1 L 2
100 x1000x150 =180 mm
Using 6 mm diameter bar
1000 x A, 1000x28.3
i S§=_— " "*="——""-o=157.
Spacing, A 180 22 mm
Provide 6 mm diameter bar @ 150 mm ¢/c in the longer direction.
6. Check for Shear: ;
i Factored shear force,
V,=22970N
i Nominal shear stress 1,
V. 22970
= Ju=_222—_-0.184 N/mm®
%= Bd " 1000x125 e
i Design shear strength of concrete (t):
100x A 100x 262.1
= st — =0.
# bd 1000x125 i
For percentage of steel and M20 concrete
0.36-0.28
= 0.28+(——] 0.21-0.15) = 0. 2
T, 025-0.15 ( ) 9328Nlmm
1, < 1, hence design is safe.
7. Check for Deflection:
: 100A, 100x524.2
= st - =0.42%
i P= T T 1000x125
.. A, required 524.2 .
n = 0.58f | 2 B0 |- 0.58%415) —— | = 240 N/mm?
f Iy [ A,, provide ] [524.2]
lll. For p,=0.4 %, and f, = 240 N/mm’, k, = 1.55
. ard,,. = 20 x k,=20x1.55=31
3625
V: (l / d)pmvided = —E‘ =29 -
vi. U ), > D)y Hence design is safe.
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b
g Check for Development Length : N Design of Structure-II
. Moment of resistance at support by 10 mm diame ‘ —‘—\w
" @300 mm c/c. °F bay, /‘:—I
Reinforcement at supports, | A R
524.2 ; procedure : Same as Q. 3.4, Page 3-5A, Unit-3
Provide, Ay = o Atkd mm | Bffectivelength=3.15m, ‘
FA 2. Factored moment = 13.5 kN-m
M = 087f,Ad [1— ’_'} 5 Factored shear force = 17.13 kN
. f..bd 4, Provide effective depth = 150 mm
- 08T x415x262.1x 125 |1 _416x2621 7/ & K¢ Ll
i m] ; Requ‘l(;ed prea o'fremforcement =260.5 mm?
ii Factored shear force N iy | - PFUVfde ';"a:"_;e".‘fo’cef“em e iy e
e eToN g. Providedistri ution reinforcement, 6 mm ¢ bars 150 mm ¢/¢
= 315 mm ’
ji. Providing no hooks, g /= 6 mm @ 150 mm e 8™ @ 180 mm ofe
0 = 0 E v .=-
. M, 1130x10° 2 / S
iv. V+l°——wo——=492mm et — 29 0 9 9 0 9 2 9 9 9 9 §
mm
L - Q87 _ 0.87x415x10 . —— T'Smm@ls"mmdc %
47 4, . 4x12x16 470 mm - in N
a 5 3.15m i
vt > L i Fig. 3.5 %
ig. 3.5.1.
Hence slab is safe. . "
9, Re;r;;orcement Details : Que 3.6. | Design a one way slab, with a clear span of 4.0 m, simply
mm supported on 230 mm thick masonry walls and subjected i
to
g ] — 6 mm @ 150 mm c/c 10 mm @;150 mmele | load of 4 kN/m? and a surface finish of 1 kN/m? Assunie M25 mii :1:;
: E Fe415 grade steel. [ AKTU 2015-16, Marks 10 |
- o
) Answer I
520 mm
Z T_ S e @150 mm. oo % Procedure : Same as Q. 3.4, Page 3-5A, Unit-3.
? - 35m =§ 1. Provide effective length = 4.15 mm
e 3.625 m 2. Factored moment = 29.88 kN-m
Fig. 3.4.1. ' 3. Factored shear = 28.8 kN
QueTE.] T ) 4. i Required depth = 93.06 mm
gallery is connecting t f ii ]
gallery is resting over two longitudi £ hmablecks e SIab? u Frovideseliective depthu 130 mm
supporting a live load of 3 kN/m? I)g'l s inal beams. The slab is| 5. i Required main reinforcement area = 700 mm*
details with neat sketch mt Design gallery slab and show the ii. Provi in rei
ches. Use M 20 concrete, ii. Provide main reinforcement, 10 mm ¢ base @ 110 mm c/c
I Tl 6 Pronte i
TU 2013-14, ks 10 fxe ae il
3.14, Mar 6. Provide distribution reinforcement, 6 mm ¢ bars @ 180 mm c/e.
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0A ¥ al,! : ‘ >
E J Rise:The vertical ;‘e'ght, ‘;f astepis called rise or riser. It varies from
,f_‘fﬂﬂd — 6 mm @180 mm e 10mm @110 . 50 mm to 180 mm for residential building and 120 o 150 mm for public
% hu:]dlﬂg

E 5 Tread
a N Going
- ‘-2 Ve 4—»{_;4.- Nosing
I 10 mm @ 110 mm c/c 2
4m s
4.15m
j— —>]
Fig. 3.6.1.
PART-2 i +— Landing
! Design of RCC Staircases. !
& Fig. 3.7.1.
CONCEPT OUTLINE R ‘ .
— Tread : The bonzontal dlsta'mce between two risers on a step is called as
Stair Slabs : The staircase is used to give an access to different tread. The width of a tread is kept as 200 mm to 250 mm for residential
floors of a building. puilding and 200 to 300 mm for public building.
Classification of Stairs : There are many types of staircases 5. Going and Nosing : The horizontal distance between two risers is
providedin building. - : i known as going and the portion projecting out from the riser surface is
i  Straight stair. i Dog-legged stair.  iii. Open well stair. called as nosing. Nosing is provided when the available horizontal distance
for atread is less.
Questions-Answers . Head Room : It is the clear height available between one flight and

-other above it.
7. Soffit: It is the bottom surface of the waist slab.

Que 3.8. I Design a dog legged staircase for an office buildingin a

Que 3.7. | Define the staircase and also define the terminolog room measuring 3.0 m x 6.0 m (clear dimensions). Floor to floor
height is 3.5 m. The building is a public building liable to

S i overcrowding. Stairs are supported on brick walls 230 mm thick at
Answer 1 the end of landings. Use M20 concrete Fe 415 steel.

Staircase : Answer |

Long Answer Type and Medium Answer Type Questions

i  Astaircase is a means of giving access to different floors or levels of
building. Given : Dimension of room =3 m x 6 m
i Staircases are used in almost all buildings. It consists of a number Floor to floor height = 3.5 m, Width of wall = 230 mm grade M20 and
steps arranged in a way that a person can move from one level | Fe 415.
another. To Find : Design dog legged staircase.
Following are the different parts include in staircase : L Proportioning of Various Dimensions of Staircase :

L f:iglit :Flight dis the length of the staircase between two landings. 1§ {  Aoil2bie width of staircase = 3.0 m
e sloping and portion (slab) of the stairs. The number of stepsin}  j T - = . .
flight varies from 3 to 12. P il g;)gn}ic::lngg flights of dog logged staircase, let us assume width of each
2 Landing: Landingis the intermediate, horizontal portion provided ! i Space bet;veex:the two flights =3.0-2x 1.35=0.30 m

staircage. It is provided for relaxing while climbing entering or existi
astaircase.
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vi.
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Design ofsﬂlid Si

1o floor height =3.6m

Floor : ieht h flight will ha i
be two flights, each 11 ve a height
s there vill 3.50/2=176m of
Assuing height of isers a8 150mm 25 it s a public building
50
Number of risers = 150 =11.66 say 12
ber of treads required = Number of risers ~1=19_;_ .
N width of each tread = 300 mm 1ay
Total going = 300 x 11 = 3300 mm = 3.30
Total length available = 6.0 m
g S 6.00 - 3.30
Width of each landing = — 1.35m = 135¢ mm,
——————— 8000 ————
1 !
"9,1234567891011
- .
i
583 30% 12
2 |23|22]21|20[19[18[17(16]15{14]13
&
(o i
'230!‘ 1350 . 3300 " 1350
e T b=t
Fig. 3.8.1, All dimension in mm.
Design of Staircase :
Effective span of flight = Centre to centre distance of walls
.23 0. :
= 6.00+ 0—2§+—223- = 6,23 m = 6230 mm
300
150
325 mm
Fig. 3.8.2.
Thickness of waist slah = 1/20 of span (approx.) -

6.23
= 20 x 1000 =311.5 mm

Let us take d = 300 mm and D = 325 mm.

Loads:
Weight of waist slab in plan (per m width of flight)

’ I3 7
B 25 = 0,326 [1.4 159
D1+ %25 = 032514 225 25 = 9.1 KN/m

Des

vas
=

e

~E g

A

Ra

o

1=

j=

ig

a of Structure-1 3-13 A (CE-6)

Weight of steps (per m width of flight)

_ 25RT _1 0.15x030
oT "2 g3 25=1875kNMm

Total dead load = 9.1 + 1.875 = 10.975 kN/m
Live load = 5 kN/m? = 5 kN/m per m width of staircase
Total load DL + LL = w = 10.975 + 5 = 15.975 kN/m = 16 kN/m
Factored load, w, = 16 x 1.5 = 24 kN/m
For landing, DL = 0.325 x 25 x 1.0 = 8.125 kN/m
LL = 1 x5.0kN/m?= 5.0 kN/m per m width of landing
Total, DL + LL = 13.125 kN/m :
Factored load = 1.5 x 13,125 kN/m = 19,70 kN/m

Load Diagram of the Stairs Shall be as Follows :

n

24 kN/m
19.70 kN/m 19.70 kN/m
L TR
1.465 L 3.30 L 1465 *
023\ gL Rp
(135+ T) 6.23
Fig.383.
Design Moment :
Reaction at supports,

(2x19.70x1.465) +(24x8.30) _ 0oy

RA=RB= 2

6.23 1.465+3.30
BM at mid span, M, = [68.5 = )- [19.70 % 1.465 x (——2——)]
3.30 3.30
—[24x 5“4 ) = 112 kN-m

Maximum BM allowed for a singly reinforced section with Fe 415 bars.

1
=0.1381,bd 2=0.138 x 20 x 1000 x 3002 x —

Mu lim 106
= 248.4 kN-m > 112 kN-m.

Hence section can be designed as singly reinforced.

Area of Reinforcement : '
(. A, f)

=0, 1-txx
M, 08'7fyA5,dL bdxfa}
A 415
2 5 = (. 300|171 - — ¢ x=—|=1121 mm*
112 x 10° = 0.87x 415 x A x [ 1000)(300x 20)

Using 16 mm bars, A, = (W4) x 16* = 201 mm?

Spacing = 202 x 1000 =179.3 mm

1121




Design of Solig

3-14A (CE-®) Slay,
. @170 .
p{ow%e %g;“:t‘etl 0.12 % of area = 0.12/100 x 1000 x 325 -,
ji. Distri>! 78.5 "0
785 1000 =201 mm o

Spacing of 10¢ bars = g5
Provide 10 mm ¢ @200 mm cle.
7 Dcve]opment Length :

800 minimum

800 m\r;/:\/ﬁ = \-‘E;I_azs

#16@ 170 mm c/c

-# 10 @ 200 c/c

L #16@ 170 mm c/c
#10 @ 200 c/c

325 mm thick waist slab
#10@ 200 c/c

1350 mm 3300 13,50 mm
1 > ||
Fig. 3.8.4.
L< $0.87f,) 16x0.87x415
= gn T dxlexlz  o2mm

Providing 800 mm length of bars at points where L, is required as showy,

inFig. 3.84.
PART-3

Design of Lintel and Chajja.

CONCEPT DUTLINE

Lintel : The 'linte'l is a beam which supports brick or other masonry
over an opening like door, window, ventilator etc.

Chajja : A chajja is a projecting or overhanging eaves or cover of a
roof, usually supported on large carved brackets.

Questions-Answers

Long Answer Type and Medium Answer Type Questions

ue 3.9. i z
Qu I Describe the different types of action of load on lintel.

])cﬂilln l)f

ture-11
Structure 3-15A (CE-6)

el

t— = —>]
te——

Action of Loads on Lintel :

The brick masonry transfers its load by arch action. Hence, the load on
a lintel from masonry shall usually be of a triangular nhap;!,

For good masonry work the height of the triangle is taken as one-half
the base, i-e., hase ﬂnu]e of a triangle is conasidered as 45°, For second
class masonry work this angle may be considered az 607,

Different cases of loads on a lintel are shown in Fig. 3.9.1. To get the
nerfect arch action the following conditions should be satisfied :

f H>1.25h
/

Fig. 3.9,1. Examples of lintel loading.

The height of masonry above lintel should be at least 1.25 times the
height of a triangle considered above.

The length of the masonry wall on either side of lintel should be more
than 1 /2 where [ is the span of lintel.

If the above conditions are not satisfied, a rectangular load should be
considered over the lintel.

Fig. 3.9.1(a) shows a usual case where the height of masonry (H) above
lintel is greater than 1.25 h and the length on either side of a lintel is
greater than [ /2. The perfect arch action can be observed in this case
and a triangular loading can be considered above the lintel.

In Fig. 3.9.1(c), H > 1.25 h but the length of wall on one of the side of the
opening is less than [/ 2. The perfect arch action cannot be observed. In
such a case, a rectangular load of masonry of height [ should be

considered.



Desi
A(CE®) 81 of Sty 8y
T, H> 125k but the length of wall on cithe,
InFig: 3:9'11(55 \han /2. In such a case, arectangular logq o = oty
opening is 1€ ~wall (i H) should be considered. Mag,

of full height .
: g cantilever slab having an overhang . (3

4 Desi
1000 N/m? on the cantilevep, U

Bl : sity of & . ‘
Take live IO;‘:_;;Stle)nbarS- Assume weight of finishing a¢ th:etM %
Op of

3-16

Answer | et i
e hang length = 1.25 m, Load = 1000 N/m?,
5 gﬁﬁ;’: Joad = 800 N/m?, Use grade M20 and HYSD.
' o Find : Design cantilever slab. :

2 Deslgn Constants : For £, =20 N/mm?, f, = 415 N/mm? !
BM and SF : Assume the cantilever to be of average total thickneg

s

100 mm. of
Dead weight = 0.1 x 1 X 2500
Dead weight of finish = 800 N/m,
Total weight = 4300 N

wI? 4300(1.25)°
o ek 3359 N-m = 3.359 x 10° N-mp

oy ,
Bl

0 = 2500 N/m
Live load per m? = 1000 N/m

2
Vv, = wL=4300x 1.25=5375 N

: _ M [ 3.359x10°

3. Design of Section:d = r = =

& 01387, 5 0.138x 20 x1000 ~ > ™m
Hence provide overall depth of beam, D = 150 mm

Keeping nominal cover of = 20 mm, and using 8 mm ¢ bars,
d =150 - 20 - 8/2 = 126 mm. Reduce D = 100 mm at free end.

4, Reinforcement:

i 3.359x 10°= 0.87 x 415 x A, x 126 (1

A, 415
1000 x 126 x 20]
g A, = 74.76 mm?

Minimum area of reinforcement = 0.12 % of X-éectional area

_ 0.12 x 1000 x 150
Choosing 8 mm ¢ bars, A. = (11/4100

» A, =(n/4) x 82 =50.3 mm?2.
S 1000 4, 1000 x 50.3

A, 180

fi. Maximum permissible spaci
. pacing = 3d or 300 mm which i ler
Hence provide 8 mm ¢ bars @ 250 mm c/c. Actua‘l'v e |

A = 1000 X50.3
S T ——
250

. Spacin,
& =280 mm

=201.2 mm?.

Design of

5.

Structure-11 3-17 A (CE-6)

Embedment of Reinforcement in the Support :
In order ttl) ;lclvclop fk;ultl]t]er:iqiilc strength at the face of the support, each
should be embedded into the
I[j:r: e 45 x 6 = 360 mm. support by a length equal to
This could be best achieved by providing one bend of 90° where anchorage
value of this bend =8¢ = 8 x 8 = 64 mm.
Thus, total anchorage value achieved
=(300-20)+ 64 + (150 -2 x 20~ 4) = 450 mm > L,
Check for Shear ¢ ' 1
Neglecting the taper and taking an average,
vV __ 5315
bd ~ 1000x110
This is much less than the permissible value of
1, = 1.3 x 0.18 = 0.234 N/mm? for M 20 concrete for

d=110mm, 1 = = 0.049 N/mm?

- 200, 1002169 =0.15%. Hence safe.

p=—t=—"""
! bd  1000x110

Distribution Reinforcement :
_ 0.126D _0.12x1000 D

# 100 100
= 1.2 D mm? = 1.2 x 150 = 180 mm?

Using 8 mm ¢ bars, each having A, = 50.27 mm?.
1000 A, 1000 x 50.23
i S= - =
Spacing, A, 180 280 mm :
However, provide these @ 280 mm c/c. The section of the cantilever slab
is shown in Fig. 3.10.1.

A
mut L - —3s Y
: mm ¢ @ 300 mm c/c

:W //-—— 1250 mm ———*

Fig. 3.10.1.

PART-4

Design of Two Way Slabs by Limit State Methdd. A

r—Smm¢@250mmdc
v —v——v—v—v—v— 100 mm

CONCEPT DUTLINE

Two Way Slab : The ratio of length to breadth of slab is less than 2.
The slab is known as two-way slab. Two-way slabs are supported on

four sides.
Design Procedure of Two Way Slab :
The design of two-way slab can be carried out as per the steps given

below :




: effective span- :
Determlnihthi]timate Joad in kN/m for one meter width of slab,

e
LL+FF)
W =15@D+LL
ts (a,, o) along short
Obtaindesig:lmoment coefficients (¢, &) along short and 1,

span.

gﬂiﬂ:ﬁﬁ%";‘}’éa of steel at mid-span and at support.
a .

:"; -Check for deflection.

vu Provided torsional‘steel.

vul Provided distribution steel.

. Check for shear. :

1% Check for development length.

_j___,//—”"'//—";\\

Qu@stiéns-AnswerS

Answer Type and Medium Answer Type Questions .

Que 3.1L llnternal dimensions of aroom are 3 m x 4m, it is resting

The live load on slab is 4 KN/m? Design the
d Fe 415 steel. Show reinforcement by

[AKTU 2013-14, Mark

over beams 300 mm wide.
slab with M 20 concrete an

neat sketches.

‘Answer I

Given : Dimensions of room =3 m'x 4 m.
Width of beam = 300 mm, Live load = 4 kN/m?,
To Find : Design slab. ;

L DepthofSlab: [ =3m,/ =4m,([/l)=133<2
Assume, depth = (Span/25) = (3000/25) = 120 mm

Take effective depth slab, d = 125 mm

Overall depth of slab, D = 150 mm

Effective Span :

ggﬁiﬁ:i span = Clear span + Effective depth = 3 + 0.125 = 3.125 m
(Wbichevef?:l_escs’le?r span + Width of bearing = 3 + 0.3 = 3.3 m
TAnic of above two values is taken as effective span.)

o

Self weight of slab = ()

f =0.15x25=

; Live load on slab = 4,09 kN;jm23.75 i
otal working load, y = 7.75 kN/m?

Design ultimate load, W =15x775= 11.625 kNy,
T5=11, 'm?

)

4

Design of So; dg) ' .
by

WD

Desigh of

ii.

jid.

-

7

gtructure-II 3-19 A (CE-6)

The moment coefficients for (/1) 4/3 =13 [From IS codel

a, = 0.079, u,= 0.056

Ultimate moment in short span,
M, = uwf?,=0.079 x 11.625 » (3,125/ =8.97 kN-m

Ultimate moment in longer span,
M, =aw/l?=0056x11625x (3.125/ =6.36 kN-m

Ultimate shear force in short span,
V., =05w,(,=0.5x11.625x 3.125 = 18.164 kN

Check for Depth
M,,..=0138f, bd

d = ——8:27—7126—‘ 57.008 125
ar. "4_\}0.138420x10"" 008 mm < 122 mm-

The effective depth selected is sufficient to resist the design ultimate

moment.
Reinforcement along Short Span :
Ultimate moment,
A,
M =087TA[fdl1-—*=
u !ff’ [ bd/‘tk}

A, =415
6= 0. 1 e A ———
8.97 x 10 0.87xA, x 415 x 25[l 1000 x 125 % 20j\

A, =205.78 mm?
Minimum reinforcement,

012 .
A, = 100 % 1000 x 150 = 180 mm
Use 10 mm diameter bars,
x/4(10)* x 1000
i = ——— ———— =38166
Spacing, S 20578 mm

Spacing in tension should not be more then:
3 x Effective depth of slab = 3 x 125 = 375 mm

300 mm
Hence, provide 10 mm ¢ bars @ 300 mm c/c provide, A = 261.8 mm?®

Reinforcement along Long Span :

A, x415
6 ——
6.36 x 106 = 0.87x415x A, x 125[1 20 % 125 x 1000
A, =14438
Hence, A, =180 mm? provide in long span provide 10 mm ¢
: bars @ 450 mm c/c distance in long span.
Check for Shear :

Considering the short span/_and unit width of slab, the shear stressis
given by,



Design of Solid g
3-20A (CE-®) *\I-u'l“
V. 18.164 x 1000
B A
%= b " T1000x126 - 016 N/mma
= 100 A‘L - 100 x 261.8
ii. + Porcentago of steel, P bd 1000 <125 ™ 0.209 %
g S:466 ormissible shear stress,
Pomis” ‘:’ =kt = .26 x 0.32 = 0.40 N/mm?
il t'>r1, Hence the slab is safe against shear force.
9. éhock for Deflection : Considering unit width of slab in the short
gpan direction l,
i (1 )y = 20 and
k=117, forp,= 0.20
i. (/d),,, =20x17=34

. Torsion Reinforceme

o (/ d)poviaos = 3126/125 = 25 < 34
Hence deflection control is satisfied.
nt at Corners :

Area of reinforcement in each of the four layers = (0.75 x 205.78)

= 164,336 mm?,
Distance over which torsion reinforcement is provided = (1/6 short

span) = (0.2 x 3000) = 600 mm.
Provide 6 mm diameter bars @ 100 mm ¢/c for alength of 600 mm at a]]

four corners in 4 layers.

. Reinforcements in Edgoe Strips :

A, = 0.12 percent of cross-sectional area = (0.0012 x 10° x 150)

=180 mm*m
Provide 10 mm diameter bars @ 300 mm (4, = 262 mm?) in all edge

strips.

ww ¢z

_ /10§-300cke 104 - 450 c/c /104-300c/c
,I : H
[24]
[N / RS
l . ] (] (] ) 2 (] T [ ] ] ] [ ] (] ] (] i ] [ ] [} ] ] ‘[g
by
H—Wa 10mm-300ce |e—tR0 1
m >
|¢—— 3.126 m >
(a) Section along short span. ;
/10¢-450 cle /10¢-300 c/e
Y > / /
20 o ¢ nénnn-n.n....ol
R —
I 620 mm IO¢'450 c/e | 520 mm
[*—4m -
[¢——4.125m

(b) Section along long span.
\Fig. 8.11.1,

P

I
ructur® 3-21A (CE-6)

pesian of %

/I Design a RC slab for a room measuring 6 m x 7m alze

Que 8.2 ly supported 11 th
QUEST L gimply U on a e four edges,
¢ slab nd carries a super imposed load of 35‘(;)0 Nl‘j’l:’t,hi::l::::

Th

wn it
peld do finish etc. Use M20 grade concrete and Fe415 steel,
0

f noor
[ARTU 201415, Marks 10

W/MW

“ procedure: Same as Q. 3.11, Page 3-18A, Unit-3.
gth, [ = 6.185 m and l, =17.185m

Effective len

;, ifoitient M, = 34.14 kN-m and M, = 28.12 kN-m
3. — depth, d = 112.2 mm, But provide effective depth as 160 mm
4. Reinforcement along short span :
.L. 1 middle strip — 8 mm ¢ bars @120 c/c.
; Inedge strip— 8 mm ¢ mm @ 210 mm c/c.
5 Reinforcement along long span :
i In middle strip— 10 mm ¢ bars @ 150 mm c/c.
i Inedge strip— 8 mm ¢ bars @ 210 mm c/c.
6. Torsional reinforcement — 8 mm ¢ bars @ 210 mm c/c.
_ L/ 8p-210ckc 104~ 120 e /80210l
5 /’—‘—'—'1 5
= &
g .'.l‘l.lll.!lllﬂl.llJ_lg
® 884
TS gmm-120ce
l¢— 6 +
|— 6.185 m— —»|
(a) Section along short span.
/8¢-2 10 c/c 810*1)-120 cle
l-----‘-l’-/l-------‘---n_n_'l
L 6
H—m 10¢-150 c/c H—lo-’“’—tgg'*l
le—— Tm =
|¢——7.185m —]

(b) Section along long span.
Fig. 3.12.1.

Que 3.13. | Design a SS slab to cover aroom of internal dimensions
all around. It carries live

of 4m x 6 m and 230 mm thick brick walls
load of 3 kN/m? and floor finish of 1 kN/m?. Use M 20 concrete and



3-22A (CED Desikn of Solid g,
——

Fe 415 steel: Consider that the slab corners are preventeq fro

e 415 ¢

lifting- —U 201616, Marics 75

‘Answer

Procedure: Same as
Effective depth =140 mm
Effective length, [, = 4.14m and/ = 6.14 mm.

Moment, M, = 20.6 kN-m and M, = 13 kN-m
Shear force, V,, = 28 kN

Reinforcement along short span :
In middle strip — 8 mm ¢ bars @110 mm c/c.

In edge strip—8 mm ¢ bars @ 300 mm c/c.

Reinforcement along Long span :
In middle strip — 8 mm ¢ bars @180 mm c/c.

In edge strip— 8 mm ¢ bars @ 300 mm c/c.

Q. 3.11, Page 3-184, Unit-3.

LA B I

/8¢—300 cle

JS¢—SOO cle /8¢—110 c/e

-

8 Le o ¢ o o o aPe o o o ¢ ¢ o o '8 o o @ e 3
SIS gmm- 110 eIy
|l&——3m >
|j¢—— 3.14m >

(a) Section along short span.

18 ¢-300 c/c /8 ¢-120 c/c

AT/ A

!

g 8¢-180ck STmm ],
—— 6 m S
je—— 6.14 m J
(b) Section along long span.

Fig.3.13.1.

Que 8.14. | Ahallmeasures 10 m x 6 m inside and has walls 400 mm

thick. Design a suitable reinfo:
- rced concrete T beam roof to carry a
superimposed load of 2 kN/m? Use M 20 grade concrete and F:zﬁ

grade steel. .
ee [AKTU 2016-17, Marks 10|

—
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Tawwer |

w B

—
3

n ¢ Dimensions = 10 m x 6 m, Thickness of wall = 400 mm,

fvel
g rimposed load =2 kN/m?,

Su

Top;lnd ¢ Design of T-beam roof,

Let us keep end spans of slab slightly less than the middle span so that
npproximut‘vly cqual maximum BM is induced in all the three spans.
Assuming the width of web (b,) of T-beam as 300 mm, the following
gpans of the slab are selected :

End span = 3 m (clear)

Intermediate span = 3.4 m (clear).
The clear span of each T-beam will be 6 m while the RC slab monolithic
with the beam will be continuous over the three spans. For

M20-Fe 415 combination, we have
£, = 20 N/mm? £, = 415 N/mm?

xl‘, max 7m
= =0.479

d  1100+0.87 x415

R,=036f, x"';“ (1—0.416 "-;")

= 0.36 x 20 x 0.479 (1-0.416 x 0.479) = 2.761
Design of Continuous Slab :

Fixation of D and d:
For stiffness, L/d = 26 for continuous slab. Using an under-reinforced

section and p, = 0.25 %, we have modification factor = 1.6.
Also, assuming total thickness of slab = 100 mm and effective depth as

80 mm, effective end span = 3+(1/2)x0.08=304m
—s@———w= 73 mm for end spans

Hgrioe = 26x16 26x16

_ 3400
T 26x16
Let us keep D = 100 mm. Using 8 mm ¢ bars and a nominal cover of 15
mm, available d =100 -15-4 = 81 mm.
Dead load /m?, w,; = 0.1 x 1x1x 25000 = 2500 N/m?
Superimposed load/m?, w, = 2000 N/m?
Computation of BM and Effective Depth from Flexure :
For End Span : Near middle of end span
a. Moment due to dead load = w; 2L = 2500;93'0# x 1000
= 1.925 x 105 N-mm

2 2
b. Moment due to live load = w‘l(f = M x 1000

= 1.848 x 10 N-mm

= 82 mm for intermediate span.
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3..24A(CE-8) by
- M = 3.773 x 108 N-mm,

i

iii.

Total moment, = m,
:; Factored moment, M, = 1.5 x 3.778 x 10° = 5.66 x 10 N-mm

For Intermediate Span (at the Middle) :
Moment due to dead load,
w, L' _ 2600 x 3.4* 3 .
M= B = =g * 1000= 1806 x 10°N-mm,
b, Moment due tolive load,
2 2
w, L " 2000 ;3.4 1000 = 027 10 Ninmes

T 1
¢. Total moment, M = 3.733 x 10 N-mm

Factored moment, M, = 15X 3.733 x 105= 5.6 x 10° Nem
At Support next to End Support :
a. Moment due to dead load,

2 « v §
w, L’ _ 2500 x 3.047, 1000 = 2,310 x 10° Nemm
10 10
b. Moment due to live load,
2 2
M,= w,L _ 2000 x 3.04
9 9

¢. Total moment,

a.

AI&I =

% 1000 = 2.054 x 10° N-mm

M = 2.310 x 108 + 2.054 x 106
= 4.364 x 106 N-mm
d. Factored moment, M, =105 x4.364 x 108 = 6.546 x 10° N-mm

Hence M, = 6.546 x10% N-mm

: M, 6.546 x 10°
e.” Overall depth, D= [+ = | ———— =48,
\} R b5 \2.761x1000 &7 mm

However, from deflection point of view, we provide D = 100 mm and
d =81 mm.
Computation of Reinforcement :

0. y
5/:,[1_ 1_4.6Mw]bd

Axl £ 2
f, fubd

=0.5x20 1- 1_4.(:'»><6.54t”>><10li 2
I 20 %1000 x B1% x 1000 x 81 = 238.5 mm

1000 A, 1000 x 50.3
" . A, 238.52
Bowever provide 8 mm ¢ bars @ 200 c/c at the middle of each span.
u%n_d3up alternative bars from the bottom at a distance of
=3040/5 = 600 mm from the centre of intermediate support and at
%: 7 =450 mm from the end support.
us reinforcement available at each in i i
termediate support will be
8 mm ¢ bars @ 200 mm c/c. Actual A, provided = 1000 E%O.S /200 =

251.5 mm? and p, (%) = 251.5 x 100
1.5 mm =251. /(1 =
Distribution reinrforcement: (10001002025 %.

Spacing of 8 mm ¢ bars, S, = =210.9 mm

ign nfStruv:tul""II Cicetdidhnd
Pef
0.12 x 1000
A= TD =1.2D=1.2x 100 = 120 mm?

e gmm &, 5, = 1000 x 50.3/ 120 = 419 mm. Hence provide 8 mm ¢

bap @400 mm .

Check for Shear: 5
i e orce V=04w,L+0.45w, L at the outer support,
b ghe = (0.4 % 2500 + 0.45 x 2000) x 3.04 = 5776 N

d shear foree,
Factore V, = 1.6 x 5776 = 8664 N

iii.

-

E:

inal shear stress,
oy 1 = X-L _ 8664
©~ bd 1000 » 81
This i8 much less ?ha" the permissible value of 1.3 x 0.28 N/mm? even
for a minimum reinforcement of 0.15 %. Hence safe.
Check for Development Length at the End Support :
Atthe end supports alternate bars are bent up. Hence available area of

steel, A, =(1/2)x2515= 125.7 mm?,

0.87 f, A, 0.87x415x125.7
x = = =6.3 mm
u= 036xf,b 0.36x20x1000
M, = 0.87]‘;,AS, (d-0416x)= 0.87x415x 125.7(81-0.416 x6.3)
= 3.56 x 10° N-mm
Ld=47¢=47x 8 =376 mm
Taking the bars straight into supports, without any bend or hook,

L= -l'—‘x'=%-—20(say)=180mm

2

=0.11 N/mm?

M, _ 3.56 x 10° o =
1.3 V. +Ly=13x 2661 +180=534+180=714mm >L,.
Hence code requirements are satisfied.
Design of T-Beams :
Determination of b, and D :
Let the width of web, b, = 300 mm.

Effective span, /= 6.4 m

Effective flange, b, = (,/6)+b,+6D
— 6900/ 6 + %00 + € x 100 = 196 mm

i, Assume overall depth, D =1/15=6000/15 =400 mm for the purpose of

computation of dead load. Hence depth of web
= 400 - 100 = 300 mm.

Computation of Load and BM :

Load from slab = (w, + w.,)[3 34, 0.3}

= (2500 + 2000) 3.5 = 15750 N/m
Weight of web = 0.3 x 0.3 x 25000 = 2250 N/m
Total load, w = 15750 + 2250 = 18000 N/m;
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" Hence provide D = 450 mm. so that using main bars of 2

Design of 8y); iy

Factored loa d,w,= 18000 x 1.5 = 27000 N/m

Factoredbendi.ngmoment, . 2
_ wh) _2100x64°, 454,

¥ 8
= 138.24 x 106 N-mm
Calculation of Effective Depth and Total Depth ;
' 138.24 g
d = Mu x 10 L 408 il
\R,b, \2.761x300
Provide 400 mm effective depth

Let

Ty

stirrups of 8 mm ¢ and nominal cover of 25 mm.
Due to this increased depth, weight of web
= 0.3 x 0.35 x 25000 = 2625 N/m,

and total weight
w = 15750 + 2625 = 18375 N/mm.

Hence w, =15x18375= 27565 N/m
Moment, M, = 275612.5 (6.4)2/ 8= 141.1 x 105 N-m
Determination of Reinforcement :
Assumex, = Df= 100 mm
M, \n=036,bD;(d-0.416 D)
= 0.36 x 20 x 1966 x 100 (407 — 0.416 x 100)
= 517.5 x 108 kN-m
Since M > M, NA falls inside the flange, i.e., x, < D,.

u, lim

05f 46M
A, = —¢1- 1- D\ bd
G [ \/ fdbfd’} &
6
- 0.5%20 1- 1_4.6)(141.1)(10 « 1967 x 407 = 986 =
415 20 x 1967 (407)*

Using 20 mm ¢ bars, number of bars = 986 / 314.16 = 3.14. Howex
provide 4 bars of 20 mm ¢ giving actual area of steel,
A, = 314.16 x 4 = 1256.6 mm?

Check for Shear and Design of Shear Reinforcement :

Bend 2 bars up at 45° at a distance of 1.414 (0.9d)=1.414 x 0.9 x4
= 500 mm from the face of the support.

The critical section for shear is at a distance of d (=407) from the fact

the support or at a distance of (400/2) + 407 ~ 600 mm from the cer
of the support, where SF is given by,

_w,L 27560
(A=Y S —"2\"6'447560 x 0.6 = 71656 N
Nominal shear stress,

r,

ignof gtructure-1T FEIACES)
pest
V. 71656
= 4 " =, 2
WS B d " 300x407 00 v/mm
tage ofstee]y
percentad 1004, _ 100(2x314.16)
Pe="p d T 300x407 e
Hence, from code 1, = 0.48 N/mm?.

T shear reinforcement is necessary.
Vv _=1,b,d=0.48 x 300 x 407 = 58608 N

uc

V,, = 71656 — 58608 = 13048 N

art from shear resistance of bent up bars, the shear resistance of
minal stirrups = 0.4b, d=0.4x300x407=48840 N.
nHoence provide only nominal shear stirrups consisting of 8 mm ¢, 2

Since T, 7

]egged stirrups at spacing,

= 2.175 4, f, _ 2.175%100.5x 415

- b, 300

Hence provide 8 mm ¢, 2-legged stirrups @ 300 mm c¢/c throughout.

Provide 2-12 mm ¢ bars at top as anchor bars.

Check for Development Length at Supports :

At supports,
1.3M,/V)+

As.‘l =

=302.4 mm

v

Ly2L,

2 x 314.16 = 628.32 mm?

0.87 f, A, _ 0.87 x 415 x 628.32 _ 105 mm
0.36f,b, 0.36 x 20 x 300

0.87f,A,, (d-0.416x,)
= 0.87 x 415 x 628.32 (407 — 0.416 x 105)
82.42 x 105 N-mm

Neutral axis, x, =

M,

1}

Ve w?zL _ 2756__2" 64 _gs102N
i Taking the bars straight into the support, without any hook or bend.
L, , 400 _
Ly= Z-x'=27-30 =170 mm
L, = 47 ¢ = 47 x 20 = 940 mm
6
13 M _ 1.3x824x10° o0 19154170 =1385mm> L,
7 58192
7. Details of Reinforcement :
= 2}) mm ¢ -%l;cr)no fni]lejcged stirrups & 12 i § holiding burs
T
P ITL Fe [T [T
T Tl soamiben ! g o
¢ 6 m Tl 04
0.4

(a) L-section of the beam
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gmm¢@ 8mm¢@
gmm @ 400 mm /e 200mmee 8mm ¢ @
0 400 mm ¢/¢ \ 760, «350» [ 400 mm cle 850
e
gam$@ 14— 680> 8 mm

200 mm ¢ 600— ¥4 = 20 mm ¢ 200 mm c/c 680 1
m 4 |
-<¢— 3000 mm —{300 l¢— 3400 mm \‘mﬁm‘

(b) L-section of the slab
[Fig. 3.14.1.

100

'Que 8.16. | Design a continuous two-way slab system Show\
;‘:;3151 1t is subjected to an imposed load of 3 kN/m? angq

. \
finish of 1 kN/m% Consider M 25 concrete, grade Fe 415 steg
moderate environment. Assume that the supporting bean,

230 mm x 500 mm. AKTU 2016-17, Marj
[Answer | ‘

" Given : Imposed load = 3 kN/m?, Surface finish load = 1kN/m!
Width of beam = 230 mm, Depth of beam = 450 mm s
. To Find : Design of continuous two way slab,
L Note:

Figure is not given in the question. So, assume dimension of twoy
slabis 4 m x 5 m as shown in Fig. 3.15.1.

T

5m

[Fig.3.15.1.
FromFig. 3.15.1. l,11,=5/4=125<2
Hence this slab is a two way slab.

- 4 M —p]

Assuming é =253d= 42% =160 mm
. Overall depth, D=160+20mm =180 mm |

-+ Cover =200

3. EffectiveSpan:
A Effective span in X-direction, ]
1..- Centre to centre =4+ 0.285 =4.23m
m Clear span + Effective depth=4+0,16 = 4 16 m
i Similarly effective span ; i ot 1. &

paninY-d i =
< Dot iy irection, ly =5.16m
L Self weight of slab =
. 0 sab—0.18x1x25=4.5kN/m

Floor finishing load = 1 x 1=1kN/m

orStructurc-II

pesign SBiicie
Liveload = 3 x 1 =3 kN/m
ﬁL Totalload = 8.5 kN/m
iv. Fnctorcd or design load = 1.5 x 8.6 = 12,75 kN/m,
g ginco the slab is suppor ted on all four side and its edge is continuous. It
w ;<)rrcspon(ling to case-1 of IS code.
Moment Coefficients :

b. For negative moment coefficient at continuous edge,
By

(0.047 - 0.043)

= 0.043 + — - x(1.25-1.2)=0.045
U.I = 0.043 + (1'3 E: 1.2) )(( )

. [or positive moment coefficient at mid span,
il.

(0.036 - 0.032)

- T (13-12 1'25— 4 = U
0,= 00824 =0 a7y X} 1.2) = 0.034

.+ For negative moment coefficient at continuous edge, «, = 0.032
iii. ; :
iv. For positive moment coefficient at mid-span, a, =0.024
6. Design Moment and Shear :

i,

iv.

-

Negative moment at continuous edge,

M,=0oWw, 1,2=0.045x 12.75 x 4.16? = 9.93 kN-m
Positive moment at mid-span,

M, =o.w, 1,.2=0.034 x 12.75 x 4.16>=75kN-m
Negative moment at continuous edge,

M, =ow, l,.2=0.032x 12.75 x 4.16? =7.06 kN-m
Positive moment at mid-span,

M, = o w, I} =0024x 1275 x 416* =53 kN-m
Maximum shear force,

I, 4.16 _
V,=w,5=1275x === 2652 kN

Minimum Depth Required (d, )

6
g - [993x10° .oy
T4 4/3.45 x 1000

. mm

(- R,=345forM25 and Fe 415)
d,qumed > Greq Hence safe

Design of Main Reinforcement : )
Along Shorter Span in X-Direction (Middle Strip) :
a.  Width of middle strip =(3/ 4)ly =(3/4)x5.16=38Tm

-3.87
b.  Width of edge strip = (?E_Zﬁ) =0.65m

. Area of reinforcement along shorter span,

1 A
Mu= 0‘87fyAstd 'bdfd




D .
E-6) ©518m of Syjig S,

3-30A(C
(5= 087 x 415 x A xlso[l_ A 2ilg
9.93 x 1 st 1000 : 160 : ]
A= 173.28 mm? 25
Minimum reinforcement, :

& 012x1000x180 . o

e = 100 o
e. Using8mm ¢ bars, ,

/4 x8x1000 =939, mm

Spacing, S, = 216
f Provide8mm ¢ bars @230 mm ¢/c in middle strip of width, e
ii. AlongLonger Span Y.Direction (Middle Strip) : 0

a  Widthof middle strip=(3/4)x4.16=3.12m

: 4.16-3.12)
b, Width of edge strip= L——z——— =‘0.52 m

M= 5.3kN-m
¢. Provide minimum reinforcement at middle strip.
4 Provide 8 mm ¢ bars @230 mm c/c in middle strip of width 3,12,
iii. Reinforcementin Edge Strip:

a  Maximum bending moment in X-direction and Y-direction j
9.93 kN-m and 7.06 kN-m respectively.

b. So, provide minimum reinforcement = 216 mm?
Using 8 mm ¢ bars,

Spacing, g - 1000x(x /4)x 8
v 216
¢. Provide 8 mm ¢ bars @ 230 mm c/c in the middle strip of width
0.65 m along X-direction and 0.52 m in Y-direction.
d. Provide A, at middle strip,
Asl, provided = '%W_ =218.5 mm?

9. Check for Shear:

=232.7 mm.

i, Nominal shear stress, t, = :_;I
_ 26.52x10°

1,8 ————= 2
v= 7000 x 160 0.166 N/mm

ii. Percentage of steel, P = M _ 100x218.5

bd 1000 x 160
For p, =0.14 % and M 25 concrete
ii. Shear strength of section,

ey 1, = 0.29 N/mm?
» T > 1, hence, shear reinforcement is not required

=0.14 %

of structure-II

3-31A(CE-6)

Desig?
r Deflection
eel,p,=0.14 %

f,=0.58f, [_ﬁﬂ.]

Ad. provided

Check fo
.10' percentage of st
1

175.08

- 058 x 415 | 1208 | 193 N/mm?
3 [213.5] —

=0.14 %, f,=193 N/mm?Z, from IS code

'or P
&odification factor, k, =2
—l— =20x2=40
(_l_) i 4.16 x 1000 _ o
d provided 160
3.~ @
d max d provided
iv. Hence slab is safe in deflection.
111 Arrangement of the Reinforcement :
650 mm 8 mm @ 230 mm dc 8 mm @ 230 mm cle
g
E r"'—"_'-‘\‘\‘ m—ﬁ—l‘\ g
(=]
§h4.-4-- a 2 s o a e il a o sl ¢S
b
L #8 mm @ 230 mm c/c %
- 40m Y
F_ 416 m JI
(a) Section along short span
520 mm
)4——»? — 8 mm @230 mm e Bmmf@ 230 mm c/c
180 mm
oo / ]
LA w A O L - \_J v \_J \_J L A_J \J LA @ A_J A \_J
N
Z hto i . L 8§ mm @ 230 mm ¢/c §
_pciom o N
5.16 m |

<
-

(b) Section along long span
Fig. 3.15.1.

Que 3.16. l Design slab for a room which is

3.5 m x 5 m. The two

adjacent edges are continuous. The slab is supporting live load of
4 kN/m? and floor finish of 1 kN/m2. Use M 25 concrete and Fe 415

steel; design the slab.

[AKTU 2018-14, Marks 10|




Design '
3-32A (CE-6) fSolig Slay,
r .
m": Same as Q. 3.15, Page 3-284, Unit-3,

Moment, M,_ = 18.55 kN-m and ,, = 8.972 kN-m

N i long short span :
vide reinforcement along s
4 };r ® iddle strip— 10 mm  bars @ 190 mm c/c.
ili In edge strip— 10 mm ¢ bars @ 300 mm c/c.
3, Provide reinforcement along long span :
i Inmiddlestrip— 8 mm ¢ bars @ 190 mm c/c.
i Inedgestrip—8mm¢ bars @ 300 mm c/c.
4 Torsional reinforcement — 8 mm ¢ bars @ 120 mm c/c,
Details of Reinforcement :
/10¢-300€/C 86— 190 c/c
;I N\ / : 3
3 o]
: ‘/‘--l_.-"| (=}
Elnn.n 'y t}..nn.. "'°_-l§
—] 5
520 mm 0mm-190¢e |e—2Z0mm L
3.5m _
|«—— 3.66 m =
(a) Section along short span.
! 8¢-300 c/c 104-190 c/c
*
R [T 8-190 c/c |e—l40mm |_, l
[ bm
l<——5.16m -

=Ty
(b) Section along long span.
Fig. 3.16.1.

Que 3.17. ] Ahallin a building has afloor consisting of continuous

slab cast monolithically with simply supported 230 mm wide beams
isix‘):;cled ;t 3.5lm c/e. The clear span of the beam is 6 m, Assuming the
ove 50311{Nonzs ab as 3.0 kN/m? and partition plus load due to finishes

s 1. /m? design the slab with M 25 grade concrete and Fe 415

steel.
i [AKTU 2016-17, Marks 10

Answer |

Procedure : Same as Q. 3.15, Page 3-28A, Unit-3.
Effective depth = 140 mm

2 Eﬂ"e_ctive length, l! =3.66mand/ =6.14 m
Design moment along short span

D

i
it.
4.
i
il
b.

160 mm

osign of Structure-11

3-33 A (CE-g)

Negative moment at edge, M, =10 kN-m
Positive moment at middle, M, =7.65 kN-m
Design moment along long span :

Negative moment at edge, M, = 5.6 kN-m
Positive moment at middle, M, =4.1kN-m
Rvinﬁhrcomont along short span :

[n edge strip — 8 mm ¢ bars 240 mm c/c,
At middle strip— 8 mm ¢ bars 260 mm c/c.
Reinforcement along long span :

In edge strip — 8 mm ¢ bars 250 mm c/c.
In middle strip — 8 mm ¢ bars 260 mm c/c,

550 mm

l*—‘_"< 8 mm @ 2560 mm c/c

8 mm?ZGO mm c/e

g
g
)
=
2 8 mm @ 240 mm c/c §
|e— 3.5 mm ol
3.66 m: I—]I
(a) Scction along short span
ks 8 mm @ 260 mm c/c
f— — 8 mm @250 mm c/c n
T— 8 mm @ 250 mm c/c %
6 m -
| A 6.14 m =!
i (b) Section along long span
Fig. 3.17.1.

Serviceability Limit State, Control of I?eﬂec;ion, Control of
Deflection, Cracking and Vibrations.



T QUTLINE 7t

CONCEPT OUTLINE

4 rviceability : It consi_stof
mtgetget:t?ofms?i Vibration. iii. Cracking.
” of Deflection : Deflection are two types:
i shortterm deﬂec!:ion.
il term deflection.
" l’Il‘,;i! deflection, A=4,+8,+ /‘5‘
A =Short term elastic deflection,
A = Long term deflection due to creep,
A = Long term deflection due to shrinkage. ;
Control of Deflection on Site : Apart from tl_le theoretical calculationg
to control the deflection, the following techniques are applied on site,
i Cambering.
i Controlling concrete work.
fii  Removal of forms.
iv.  Controlling temporary loads.
Cracking : Cracking in reinforced concrete members occurs mainly
due to shrinkage and loads.

Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que 318l Discuss the limit state of serviceability. Also discuss

the required checks in slab design.
OR
Explain the importance of serviceability limit state in the structural
design of reinforced concrete flexural members.
OR
Explain the following term :
a. Limit states of serviceability condition,
b. Short-term deflection, and
c. Long-term deflection.

Answer I

A Serviceability of Limit State :

L Astructure must fulfill three basic requirements, namely, structural,

fmqi?nal and aesthetic, during its life span under normal service
conditions.

Excessive deflection and cracking of the concrete adversely affect the

i}zf:arame and efficiency of the structure and cause discomfort the

Desi
3.

L

4.

D.

of Structure-II
e 3-35A (CE-g)
Excessive deformation may lead to local 4

cracking leads to corrosion and adversely aﬂemge :%:ﬁiejgixcess“e
ce.

flection that occursin case of 5
rgl,roiei o ot RCstructure can be divided into the
Short term deflection.
Long term deflection.
Short Term Deflection :
The short term or instantaneous deflection occurs due to initjal elastic

deformation of member under dead load and permanent imposed load
under service condition. oa

The factors affecting the short term deflection are as under :

Span and supporting conditions,

Magnitude and distribution of live load.

Cross-sectional dimension.

Tension and compression reinforcements.

Stress in steel.

Grade of concrete.

Long Term Deflection :

Long term deflection occurs due to creep and shrinkage under sustained
Joad and additional elastic deflection due to temporary live loads.

It is about two to three times larger than the short-term deflection.
The main factors that affect long term deflection are as follows :

i  Age of concrete at the time of loading.

i Humidity and temperature condition at the time of curing.

i All other factors affecting creep and shrinkage.

This type of deflection causes local damage like cracking of partition
walls etc.

Total Deflection : The total deflection inclusive of short-term and
long-term deflection is a quantity which requires overall control.

Que 3.19. | How can we calculate the short term and long term

defl

ection ?
OR

What do you understand by the term “Limit state of se.rviceahilitf’ 2
Explain the method of calculating long term deflection.

Answer |

A
B.

[AKTU 2014-15, Marks 5 10 |

Limit State of Serviceability : Refer Q.3.18, Page 3-344, Unit-3.
Short Term Deflection (&) :



Desi ;
3-36A (CE-6) esign of Solid S,
1. The short term deflection may be calculated by the conventiong
" methods for elastic deflection.
2, Inthe above formula the value of E is taken as:
E_ = 5000 L
where = Characteristics strength of concrete,
3. The m;ment of inertia used in the formula is the effective moment of
" inertia whichis obtained as follows :
I
I - cr
4 M) .z ( x) b
2- er. — 1 sy |
125 “a\ a/)h
but I I, <I,
where, I =MOI of the cracked section.
[gr = MOI of the gross section neglecting the reinforcement,
o, 1,
M_ = Cracking moment =
t
M = Maximum moment under service loads.
x = Depth of NA.
¥, = Distance from the centroidal axis of the cross-section to
the extreme fibre to tension.
z = Lever arm = d — (x/3) (by elastic theory).
b, = Breadth of web.
b.= Breadth of compression face or flange.
o, = Modulus of rupture of concrete.
=07 \/?; N /mm?*
5. For continuous beams, a weighted average value of Ir” is used by

modifying the values of I, I, and M, as follows :
X =k, [é%&] +(1-k)X,
where, k, = A coefficient taken form table 3.19.1.
M+ M,
MFl + MFZ
Table 3.19.1 : For values of 2,.

k,=

0t0 0.5 0.6 |07 |08 |09 |10 |11 |12 13 |14

0 0.03 (0.08|0.16 |03 |05 |0.73| 091 | 097 1.0

M|, M, = Support moments.

M,

£y My, = Fixed end moments.

X = Valuesof [, I or M_, as appropriate.
X, = Value of X at mid-span.
X_ = Effective value of X,

fsu-ucturo-ll

Desmn o 3-87A (CE.0)
X, X,= Values of X at supports,

Term Deflection :

Lonﬂ 3 3
[)oﬂf-‘c“"n due to Shrinkage :
ion due to shrinkage occurs over a |
Dcnectmn [t . °T nlong period
deponds upon the environmental conditiong (hur(r)lr[dl:ltnyn:m:
ne

tompcrnturc) at the time of curing of concreto,
The deﬂcction;luc l;)u“hrmkngu A, is given by,
A=k L7
s 4 Ve \ LA310.1)
where, ky = A constant depending on the support ¢ :
" _ 0.5 for cantilevers, porkeanditon.

= 0,126 for simply supported,
= 0.086 for continuous at one end.
= 0.063 for continuous members,

v, = Shrinkage curvature = k, S

D
e, = Ultimate shrinkage strain of concrete = 0.0003
D = Total depth of the section.
(p,-p)
k, = 0.72 ﬂj——”— $1;for0.25<(p,~p) < 1.0
(]

(pl = pr)

k= 0.65 <1;for(p,-p)21.0

_ 1004, 1004,
P= g P Tha
Deflection due to Creep :
The effect of creep is to increase the compressive strainin concrete.
The strain in tension steel also increases depending upon the reduction
in the lever arm.

This leads to increase in deflection and depends mainly on the magnitude
of permanent load on the structure.
The deflection due to creep A, may be obtained as follows :

A = A‘i = Ar-
where, A, = Initial plus creep deflection due to permanent loads obtained
using an elastic analysis with an effective modulus of elasticity

(- 55)
1+0

where, 0 = 2.2; for 7 days.
= 1.6; for 28 days.
= 1.1; for 365 days.
A = Short-term deflection due to permanent loads using E..

, L =Span
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Donign of Soliq Sy
Em—

Qued 20, | A rectangulnr contilover boam of span 3,5 s 09 o
u " oy

ling moment at the fixed end duo to uniformly Ainty|
2::::";(‘:2‘;::\({‘79 100 kN-m out of which 40 % momauny {, (lllmtml

permanent londs. Check the beam for defloction, Assumg ‘;;1‘ ;:

Given ¢ Span = 3.6 m, Arca = 300 mm x 500 mm,
Bending moment = 100 kN-m.
To Find : Check the beam for deflection.

concrete.

1. Totaldeflection is given by,
A=A+ A+ A,

! : wl' ML
2. Elasticdeflection, A, = SET - 4Kl
Assume 3 — 26 mm ¢ bars in tension at an effective cover of 50 mn,
3. E=E = 5000425 = 26000 N/mm?
D ]
4. ] = M=31,25x 108 mm?
Ar 92
6. 0, = 077, =3.6 N/mm?
o, 1, 36x31.26x10"
- = A =43.75 x 10°N-
: My Y, 250 6x 10" N-mm

7. Depth of Neutral Axis
i.  Take the moment of effective arcas about the ncutral axis which is, say,
at distance x from the extreme compression fibre :

300 x x(%) =mx3 x-}(ZB)l x(d - x)

Al n
ii. Modular ratio, m = !EL = M =
E. 25000

2
300 x ‘? = 8 x 1472.62 (450 - x)

x=1562.8mm

8. Lever arm, z = 450 - l—rif—s =399.07 mm.
300 x (152.8)’
) I, = 390« ‘L‘QJ + 8 x 1472,62 (450 - 162.8)"
=13.97x 10% = 14 x 108 mm!
10. - 14x10°
‘ 1,2_4&7%1,0"(,399-97.)( __1_5&§)x1
100x10° \ 450 450

D

1. Pl

3

—

‘, = 14.83 x 10 mm?

mnufﬂlruct,ur(..][
|H/

3-39A (CE.g)

Iy<l,
utic doflection,

A w ML 100 10"« (3500
O ABL,  4x25000%14.83 210" 8.26 mm

ghrinkoge deflection,
¥ /\, = I(‘,‘ W, I*
f,g:’ = 0,5, L= 1'”')00 mm

L1004, 100x1472.62
Pe® =5 300x 450 - L09%

100x A ;
P= bd =0 (- A, =0)

0.72 x 1,09

= =075 .
ky -—\7-‘-—1’09 075 <1
. 0.75 % 0,000

v, =k, % i ;00 03 45x107

A, = 0.6 x 4.5 x 1077 x (3500)% = 2,756 mm
~ Creep deflection,

A«' = Arl = Aun
Creep coefficient,
Let us assume that age of the concrete at loading is 28 days,

Creep gocfficient, 0 = 1.6
E = E. 25000

= = =9615.38 N/mm?
“ 140 1+1.6
: : E  2x10°
. Modular ratio, m= E, = 961638 - 20.8
. Letrecalculate, I
a 150 x% = 20.6 x 1472.62 (450 - x)
x =217.77Tmm
: 217.77
b, Lever arm, z = 460 - 5 = 377.41
b I = 300 x(217.77)°
cr 3
+20.8 x 1472.62 (450 - 217.77)*
= 26.85 x 10® mm?
. 26.85x10°

For= — 51510 (377.41)(1_ zy_v*/)
- 450

12= 1 00x10° 450




0A (CE-6)

34 gnofsolids
— 96.57 x 103 mm* ¥ L. 14}‘
M’ LZ /
V. ) Ad - 4EM I;ﬂ-
(0:4 x 100 x 10°) x (3500)?
= 4x9615.38x2657x10° ~ +8mnm
ML
vi. Acl—4E‘Ie£ UNIT
_ (0.4x100x 10°%) x (3500)* ¥
4250007 14.83x10° - 5-3mm
vii. Deflection due to creep, —_—
A, =48-33=15mm K'/ . ﬁ
14, Totaldeflection, A=4,+ A+ A, C ONTENTS
= 8.26 + 2.756 + 1.5 = 12.516 mm

3500 Pal‘t'l . Effective Height ................ 4-2A to 4-5A

L :
issi flection= —= —— =14 mm of Columns, Assumptions,
15. Total permissible deflection 250~ 250 s

Design of Columns

Hence, the beam is safe in deflection.

©e0

part-2 : Design of Short Column ................ 4-5A to 4-13A -
Under Axial Compression ;

Part-3 : Requirements () QIR . 5 k0 4-13A to 4-17A
Reinforcement for Column

‘ - Design of Column with Helical
Reinforcement

Part-4 : Design of Short ... 4-17A to 4-21A
Column Under Axial
Load and Uniaxial Bending

Part-5 : Design of Column......cccvvicuneiceicunn 4-21A to 4-25A
Under Bi-axial :
Loading by Design Charts

4-1 A (CE-6)
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fstructure 4-3A (CE-g)

4-2A (CE-®) Design or ign®
OI“YI] Dcs!ﬂ | hof
. = : . 4 | isthe offective length of column. Effective length o
et : : whcrch; the Table 4.1.1. of columns jg
N e .
. give leA.L1. Effective length of compression members

{ Effective Height of Columns, Assumptions, Minimum Ecconty i Tal < il
N ) ) nd -\ﬁ
e Cn}'. | D"‘r::n‘;rf“ of Symbol Value of Rec‘n;:mended
. cONC EPT O UTLINE Bl:‘],".“ion Effective El’fe:»:'“
e N O~
Column : A column may be defined as an element used primg; |y el in ',u:ilinn mea o
. : . . ¢ ffoc ¥ i .
support axial compressive load and with aheight of at least thye n! ! :ll\l;ll r-‘-‘”."'i:.:lh"zﬁ?:ﬁ mgrm 0.65/
its least lateral dimension. € timgg e ation " — —
. T held in !N)RI jor
Colunmn may be l‘ectangula:, square, circular or pOlygon in cross sect} ]”ll:y:;:(mi(ln. n'nlrnl“"dm] 4 ; b 0.80/
1 i = 1 A +on at one end.
Classification of Columns : A columns may be classified b o, * st ot tie”
different criteria such as: ased op el Told in ;L)(l.t:ilmn - o
3 ands, but . 100
A Based on the Shape of the Cross Section : :.'N'f;'::]..l.h huainst rotation e e [
i Rectangular column. ii. Square column vl held in position
& Cireul 1 ) . Fl ‘:I re,“;ninl\d pgainst ™ 1.00! 1201
iii. Circular column. iv. Polygonal column. ::alion atone cml.dnnd at : ya
: strained ogaing /
B. Based on Slenderness Ratio : A column may be classified lhrl:::;: ;5: i in
. . ro
short or long column depending on its effective slenderneﬂs pasition-
i 53 | e
ratio. . Eectively held in position
C. Based on Type of Loading : o restrained against = 1501
i 2 [ rotation in one_end. and ﬂ'.' r-i,
i.  Axiallyloaded column the other partially restrained ya
i - : against rotation but not held /
ii. Acolumnsubjected toaxialload and uniaxial bending, and in position-
s t]
iii. A column subjected to axial load and biaxial bendin Effectively held in position
D. Based g at one end but not restrained 2001 o
. Based on Pattern of Lateral Reinforcement : : against rotation anddat the 1
i i ) other end restrained against 7
: Tied ot o, rotation but not held in /
ii. Spiral column. position.
Effectively held in position
and restrained against s 200!
tation, at one end but 2004
rotation, at on
Q = not he.Id \l;x pos‘itix:n not
uesti -, restrained against rotation
flonssnamer ) at the other end.

Long Answer Type and Medium An y
swer Type Questions
3 - Que 4.2, ‘ What are the assumptions for the limit state of collapse

in compression ?

Que 4.1. | Discuss effective length of columns. An
| swer I

Answer | e l .
sumptions : The following assumptions are made for the limit state
of collapse in compression :

1. We know that Euler's buckling load for columns with different end 1

conditions works ou i
orks out to be of the form Plane sections normal to the axis remain plane after bending.

* . . > |

fe= T Z:le relationship between stress-strain distribution in concrete 13

& i 0 :;lgjfd to be parabolic. The maximum compressive stress is equal to
’ ck*®




¥

re-11 '
4-4A (CE-6) Design of ¢, nof structt 14-5A (CE-6)
g el | and [, = Unsupported length of the co]
3. Thetensile strength of concrete is ignored. * ¥ fthe tweditection l‘cﬂpcctiv‘:l!;n for bending
4‘ The stresses in reinforcement are derived from the representy, .

tivcstrc 1 : Design of Short Axially Loaded o

8y, cas® 01")0 . If the value of minimum eccentricity is Jo
b r% {he code permits the design of short axially loa
0.0 he following equation :

strain curve for the type of steel used.

5. The maximum compressive strain in concrete in axial COMprogy;
: i
taken as 0.002. M iy

umn when
88 than or ¢qual
ded compression

. ; 2 per by
6. The maximum compression strfal;] at the l’ughl)’ compressed eXtre mem P,= 0.4f, A, + 0.ﬁ7fy A,
fibre in concrete subjected to axial compression and bending_ bu 0 . .
there is no tension on the section, is taken as 0.0035 minug 0I75t :f'}\nn cose 11'¢ Design of Short Axially Loaded Column when
the strain at the least compressed extreme fibre. ey eun” 0.06D:
g . ” icity is IS G :
7. The maximum compressive strain at the highly compresseq extr IFLhc minimum (:cc?nt:']lcn):l 15 ::3?,:crthﬂn 0.05D), the section ig designed
fibre in concrete subjected to axial compression bending whey Du:tmn[ gt ombined axial load an g.
the section is in tension, is taken as 0.0035. 0 .
the differences between sh
8. All the members in compression shall be designed for the Minim, m—l What are ort column and
eccentricity. m e column ?
Que 4.3. | What is the minimum eccentricity specified for des; o Answer
of column ?

Short Column Long Column

OR 5.No/

Why does the code require all columns to be able to resist a minimyp,
eccentricity of loading ?

Answer l

L

According to code, all compression members are to be designed for a
minimum eccentricity of the load in two principal directions.

The code specifies the following minimum eccentricity ‘¢

min {OT the desigy
of column.

e ..= ——+—, subject to a minimum of 20 mm
where, I = Unsupported length of the column in the
direction under consideration.

D = Lateral dimension of the column in the direction
under consideration.

If X-axis is the major axis and Y-axis is the minor axis of bending, then
we have

PR N ) and
mn 500 30’
L b
€, min = ——+—, €ach not less than 20 mm.
500 30

where,

¢.mnande . = Minimum eccentricities for bending about X and
Y axes respectively

|
”1—’ A column is considered to be

short if the ratio of effective
length to its least lateral
dimension is less than or
equal to 12.

A column is considered to be long
if the ratio of effective length to its

least lateral dimension is greater
than 12,

9. | The ratio of effective length
of a short column to its least
radius of gyration is less
than or equal to 40.

The ratio of effective length of a
long column to its least radius of
gyration is greater than 40.

3. | Buckling tendency is very
low.

Long and slender columns buckle
easily.

4. | Theload carrying capacity is
high as compared to long
column of the same cross-
sectional area.

The load carrying capacity of a long
column is less as compared to short
column of the same cross-sectional
area.

5. | The failure of the short

- column is by crushing.

The column generally fails in
bucking.

PART-2

Short Column Under Axial Compression.



Design or gy,

4-6A (CE-6) %
h
CONCEPT OUTLINE —

mns : A column is said to be short ¢o]y
atio (/D) and (¢,/B) are less than 12,

Short RCC Colu

mp W'h
both slenderness *n

Questions-Answers

Long Answer Type and Medium Answer Type Ques Haes

Que 4.5, I How can you design a square column when only food
and length of column is given ?

Answer l

Following are the step to design a square column :

Step1: According to given condition, we first determine the effective lengty
of column with the help of IS : 456-2000.

Step2: Determine designload (P,) which is equal to FOS (1.5) x given logy

Step3: Determine the area of steel and area of concrete in terms of grog
area. Generally, A =1% Ag and A =99 %Ag.

Step4: Apply following formula which is given by IS : 456-2000.

P=04f,A +067fA,

P, = Designed load.

f., = Characteristics strength of concrete (N/mm?),

f, = Characteristics strength of steel (N/mm?).

A_= Area of concrete in terms of gross area.

where,

. A, = Area of steel in terms of gross area.
Step5: Determine the gross area (Ag)

a’= AE
a = Side of column.

Hence, our column size is determined.

where,

Step6: Reinforcement Calculation : For area of steel or reinforcement

calculation, we use ste : :
p-3 and putt rmine
area of steel (4_) in compresls)io nfng A Ao

After this,

Numbers of bars = A

——

ne bar area

P

-11
gtructure 4-7 A(CE-g)

Lateral Ties or Transverse Reinforcement -

X : The
step’*  iteria for transverse reinforcement as per IS ¢ode : il

piameter of lateral ties should not be less than o/4
where, ¢ =Diameter of main bars used,
; Lateral ties diameter should not be less than 6 mm,

ing : There are three criteria f i
. Check for Spacing eria for spacing of lat
glepB* s a5 per 18 456-2000 : Botiateral

Spacing should not be more than 300 mm.,

i,

i.
Spacing should be least lateral side of column,

ii. 164, where¢= Diameter of main bar,
Provide the lateral ties, whichever the lesser valve,
tenDs Check for Stability : For this, as per IS code,
o Effective length
Leastlateral length =
m Write down the provision of IS : 456 with respect to
Quol‘:zgi;udinal reinforcement in RC column.

B. Lateral reinforcement in RC column.

Tmawer |

A Longitudinal Reinforcement :

1 The minimum area of cross-section of longitudinal bars must be at least
0.8 % of the cross-sectional area of the column.

9. The maximum area of cross-section of longitudinal bars must not exceed
6 %. .

3. The bar should not be less than 12 mm in diameter.

The minimum number of longitudinal bars provided in a column must
be four in rectangular columns and six in circular columns.

5. Areinforced concrete column having helical reinforcement mus}:. lllavat;
at least six bars of longitudinal reinforcement th'hm the el%ca1
reinforcement. These bars must be in contact with the helic
reinforcement and equidistant around its inner circumference.

6. Spacing of longitudinal bars measured along the periphery of a column
should not exceed 300 mm. ot

B. Transverse Reinforcement : Transverse rgamforc?g:\e.nttr}!::%orm o
the form of lateral ties or spirals. The lateral ties may | eT;xn o eatilie
polygonal links with internal angles not exceeding 13;>d. e
transverse reinforcement should be properly anchorf’ . ek
The transverse reinforcement should satisfy the following require: >



4-8 A (CE-6)

Design of g
’ 0
1. The diameter of the polygonal links or latera] ties sh lufrm8
than one-fourth of the diameter of the largest l°ngitud‘uld not b,
no case less than 6 mm. inal by, an,l;?a
2. The pitch of the lateral ties should not exceed the follows; M
) . ng 4;
i.  The least lateral dimension of the compression member g dxstances‘
ii. 16 times the smallest diameter of the longitudina] reinﬁ;r
: ©

iii. 48times the diameter of the lateral ties. Sment bay,
Helical Reinforcement :

1. The diameter of the helical reinforcement should not be 1e
fourth of the diameter of the longitudinal bar, and in no ¢ SS than o,

. 6mm. ase less thy,

2. Helical reinforcement should be of regular formation with the ¢
the helix spaced evenly and its ends should be anchored pro “Imof
providing one and a half extra turns of the spiral bar. Perly by

3. If an increased load on the column on the strength of the helj

reinforcement is allowed for, its pitch should not exceed the follo\,vl'C 8
distances: : ng

i 75 mm.

ii. One-sixth of the core diameter of the column.

The pitch should not be less than the following distance :

i, 25mm,

ii. Three times the diameter of the steel bar forming the helix.

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

i.  Theleast lateral dimension of the compression member.

ii. 16 times the smallest diameter of the longitudinal bar to be tied.

iii. 48 times the diameter of the helical bars.

Cover : The minimum cover to the column reinforcement equals 40
mm or diameter of the bar whichever is greater.

Que 4'7' I Design a reinforced concrete column which is 4.5 m

long and fixed at both ends. It is carrying an axial load of
2000 kN (service). Use M 25 concrete and Fe415 steel.

[AKTU 2013-14, Marks 10]

Answer

Given : Length of column, / = 4.5 m, Axial load, P = 2000 kN.
To Find : Design a column.

-

4-9 A (CE-6)

wrc-II ==
i Ofs“uc 1 Load:

= d Factored Lon@:
E i Length o of column,

d, effective length

" fixedd e 0.651=0.66x 4.6 =2.926 m
i ¢ o ) 2 29&5- = 5.85 < 12
k the slenderness ratio = 700
. Chec
’ is short.
mniss
e ilo::ad p =15x 2000 kN = 3000 kN
3 Fﬂc‘or‘f area of steel = 1 % of gross area
o Assumlng - ' Ag
of concrete,
o A = 0.994,

lumn : )
Area of COUTRT 44, + 0674,

415x 0.01 A
3000><103=0.4x0.99xASx25+0.67>< :

A = 236583.73 mm?
&

jon of Column:: Provide square column.
ens

Dim
Side of column, @ = \]Ag

a= J236583.73 ='486.4 mm

Provide a square column of size 500 x 500 mm
Longitudinal Reinforcement :
Provide area of steel, ,
= 500% = 2500 mm
A _=001xA-= 0.01 x 500
2500 _7957 =8

Use 20 mm ¢ bars, number of bars = -
2
1 x 20

Hence, provide 8-20 mm ¢ bars as longitudinal reinforcement.

Transverse Reinforcement :
According to IS code the lateral ties should not be less than:

$_20 _
1 =5mm
b. 6mm.

Use 8 mm diameter bar as lateral ties.

Pitch : According to IS code pitch should not be greater than the
following value :

300 mm.

Least lateral dimension = 500 mm.



4-10A (CE-6)

i 16¢=16x20=320mm. :
Hence, provide the §mm ¢ lateral ties at the spacing of 300 mp, n
8 Reinforcement Details:

’/8 mm ¢ 300 c/c

|
20 mm ¢
]

<+— 500 mm —>1
Fig. 4.7.1. Cross-section of column.

Que 4.8. I A column height of 1.5 m is pinned at the bottom

effectively restrained against rotation but not held in position ¢
the top. It is subjected to a factored axial load of 2500 kN under the
combination of dead load and live load. Design the column, using

M 30 concrete and Fe 415 steel.

AKTU 2016-17, Marks 15 '

Answer I

Procedure : Same as Q. 4.7, Page 4-8A, Unit-4.

Assume the reinforcement is provided 2 % of gross area.
Required size of square column = 380 mm.

Required longitudinal reinforcement, A _ = 2885 mm?.
Provide 8-22 mm ¢ along the periphery of square column.
Provide 6 mm ¢ @ 300 mm c/c as transverse reinforcement.
Reinforcement Details :

P

-f ™~ 8-22 mm ¢ bars
380

mm

ld— 6 mm § ties @
300 /e

=380 mm —»{
Fig. 4.8.1)

Que 4.9. I Design a short axially loaded square column 500 x 500
mm for a working load of 2000 kN. Use M20 concrete and Fe 415

grade steel. [AKTU 2015-16, Marks 10]

Deslnot C°Illmns

ignof structure-1T
8

m

At - lumn = 500 mm x 500
Size of column = m mm,
Given: 7 ad = 2000 kN

r\lx-fo}kiln ﬁ: Design of short axially loaded column,

cactored Jond =1.6 x 2000 = 3000 kN
E"” arca of column section, A, =500 x 500 = 250000 mm
aof concrete, A_= 250000 -A,
Are: Py= 04f,A + 0'67/;14“
3000 x 10" = 0.4 x 20 (250000~ A ) + 0.67 x 415 x 4
A, = 3703.0 mm? :

5. Use o5 mm ¢ bars as longitudinal reinforcement
Number of bars = 3703

It 2

4 %25

Provide 8# 25 mm ¢ bars along the periphery of the column.
Actual area of steel provided = 8 x (7/4) x 25% = 3927 mm? > 3703 mm?
6 Lateral Ties : Diameter of ties should not be less than,

. ¢, 25
22625
i =7
Provide 8 h1m ¢ bar as lateral reinforcement.
Pitch : Spacing of lateral ties should not be exceed :
Least lateral dimension = 500 mm.

4-11A (CE.g)

R

=7.64=8

i, 6mm,

16x ¢, = 16 x 25 =400 mm.
48 x ¢, = 48 x 8§ = 384 mm.
iv. 300 mm.
Provide 8 mm ¢ bars @ 300 mm c/c.
8. Reinforcement Details_:

’/8 mm ¢ 300 c/c
< >4
25mm ¢
<500 mm >

Fig. 4.9.1. Cross-section of column.

Que 4.10. l A reinforced concrete column is 450 mm x 400 mm and

. . d
hasto carry a factored load of 1800 kN. Length of colu?;?“;s‘;;fe‘;_
area of reinforcement required. Use M20 goncrete and Fe

AKTU 2017-18, Marks 10
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‘Answer

" To Find : Area of reinforcement.

Given : Size of column = 450 mm x 400 mm,
Factored load, P, = 1800 kN
Unsupported length, /=2 m, £, = 20 N/mm?, f; =250 N/mm?

Slenderness Ratio :

: Lk 2000k
in X-direction, A_= b: ey L =444k,
Lk, 2000%k
P T s L ¥ v
in Y-direction, A, D 200 5 k)_

¥ .
Assume, the column is braced against sideway in both direction, effectiy,
length ratio k£, and k, are both less than unity and hence the botl?
slenderness ratio are less than 12.
Column may be designed as short column.

Minimum Eccentricities :

. min 2000 + 450 _ 19 mm (<20 mm)
’ 500 30
2000 400
n= po—+t——=1T.
ey. min 500 + 30 17.33 mm (< 20 mm)

Also, 0.05D_=0.05 x 450 = 22.5 > 19 mm
0.05D, = 0.05 x 400 =20 > 17.33 mm

Column can be design as short column.
Design of Longitudinal Reinforcement :

P,=04f A + 0.677,A,

1800 x 10° = 0.4 x 20 x (450 x 400 —A ) + 0.67 x 250 XA

A, = 2257 mm?*

Provide 8# 20 mm diameter bars as longitudinal reinforcement.

A, =8x g x 202 = 2513.3 > 2257 mm?

Percentage (%) of steel provide
_ 25133
450 x 400

Minimum Diameter of Lateral Ties : Lateral ties should not be less
than,

%x 100 = 1.4 % > 0.8 %, hence OK.

~

Design of
Coly
Mg

gure-I1 134 (CEg)

igh of ST
pel 20/4=5mm
meter> %> | 6 mm

diameter bars for lateral ties.
pro\’ifie 8:;’2“&.-31 Reinforcement : Consider the minimum of ,,

Tie dlﬂ

spnm' valucs :
b followinfcrﬂl dimension = 400 mm
o Least i 90 = 320 mm
bog6x 8=
% 200 i 300 mm c/c
i ggavide 8 mnr:le i:l;;e(?nils :
inforce jt—— 450 ——»~{
0. Re 4 - 20 ¢ (at corners)
4 ~20 ¢ (at middle
(clear cover to o, T of each face)
ti€5 = 40 mm) -
l k.. 8¢ ties @300 /e
£ 7 (staggered)
Fig. 4.10.1.

PART-3

Requirements of Reinforcement for Column,
Design of Column with Helical Reinforcement.

CONCEPT OUTLINE

Requirement of Reinforcement : There are two kinds of
reinforcement in a column:

i Longitudinal reinforcement

ii. Transverse reinforcement.

Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que 4.11. | How can you design circular column with helical

reinforcement ?

Answer ;
Following are the step to design a circular column with he
reinforcement :

Step 1: Determine effective length of column with given ¢
and check

lical

ondition (I}
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Design of Col
1/D<12
1 = Effective length,
D = Diameter of column.
If above condition is fulfill, then our column is short column, ‘it
it is long column. . i . 3 EM%
Step 2 : Check about minimum eccentricity which js Eiven

where,

o] . D by .
“min™ 500 " 30
where, [ = Given length of column,
D = Diameter of column.
Minimum eccentricity should be less than 20 mm.
If step-1 and step-2 conditions are fulfill, then we design the colu
axially loaded column. mn ¢

After this, according to IS : 456-2000
e ..# 0.05D
Step 3 : Main Reinforcement : In circular column with helj
reinforcement, according to IS code ieal
P, =[04f,A +0.67/ A ]x1.05
Here, 1.05 factor is for helical reinforcement.
Step 4: After determining the actual percentage of steel, we de
area of steel in compression (4, )
ie., A =p% Ag : .
Step 5: After determining the area of steel in compression, we determine
numbers of bars i.e.,
Number of bars = A_ / One bar area
Step 6: Calculation of Helical Reinforcement : In the calculation of
helical reinforcement, we adopt the following steps : .
i.  Diameter of core, d = Main diameter — 2 x Cover
il. Area of core = (n/4)d* — Area of bars
iii. “Volume of core per pitch height ‘S’
V, = Area of core x Pitch (S)
iv. Length of one spiral i.e., periphery of one spiral is calculated by,
nd — Diameter of bar used for spiral.
v.  Volume of one spiral,

V., = Area of spiral bar x Length of spiral.
Step 7: Determine the spacing of main bars.

4a A f
1 —£& 1| Lk
P, DKJSO.SG[l ]f

c y
Step 8: Check for Maximum Spacing: According to IS code spacing
should not be greater than following two :
i 75mm.
isi. Core diameter/6.
tep 9: Check for Minimum Spacing : Accordin to IS code, spacing
should not be less than following two : & ¢
i 25mm,

..  3timesdiameter of helical bars.

termine

4-15 A (CE-6)
Structﬂrc'II
ptgilnof . {rcular column of effective length 2.40m
c
m An RC el load 900 kN. Design column with M20
Qe I axinl © [AKTU 2013-14, Marks 10
rfyiﬂ[l o dFe415 StCCl-
b
t
ner€
s , pifective length, L= 2.40m, Load, P, = 900 kN,
p Dottt m?,
leczo Njmm?, f, = n N/m]
fa” ynd ¢ Design circular column.
Find* :

To Load o Factored Load
! ])L’Sig" P = 1.5 % 900 = 1350 kN
: .40 1S wde:‘area of steel should be in between of 0.8 % to 6 %

ACCordlng
A

B e

BB

of gross 27

i t
ca of reinforcernent,
Taken ar 5 o wa
i Code:
According t0 IS p=04f, A +067TfA,
1350 x 10° = 0.4 x 20(1-0.0D A, + 0.67 x 415 x 0.01 Ag
of column, Ag - 126162.33 mm?
it have to design circular column, therefore
g A = (v4) D* = 126162.33
D= 400 mm
Adopt diameter of column, D = 400 mm
fSteel: A_=0.014, ;
:Ir::()ofste;, Asc =0.01 Xg126]_62_33 = 1261.63 mm?
A, 126263 _ o0 o

Use 16mm ¢ bar, then number of bar = 277 s = 1274y 767

Lateral Ties : According to IS code it should not less than following
value :

$/4=16/4 =4 mm

6mm,

Use 6 mm bar as lateral ties. : N
Pitch : According to code it should not be more than following :
<400 mm (Lateral dimension or diameter).

<16 ¢, = 16 x 16 = 256 mm

<300 mm

Provide lateral ties 6 mm ¢ bar @ 250 mm c/c

Check for Slenderness : According IS code :

2400

s ot _ -
Least latera] length A 400 s

#nce, column is a short column.



‘ Desi ture-11
~16A (CEG) esign of (3011,,ll gn of Struc

4 pesi 4-17A(CEg
: R(‘i“fommcnt " X /‘ : )
7-16 mm ¢ barg Answ?r'-""

X 7T Dlameterof column = 150 S s s
n: : e
6 mm ¢ bar @ Gl::ofsteelaAu=8x("/4)"182=203575 astemilel iy i
250 mm ¢/c Ai'fective length of column (¢ ) =45 m,.Clel:;m" Pitch = 60 mm ol
I"[:‘o Find :Load carrying capacity 1o °9"?1‘ o 50 mm; ’:;:
gl t
400 mm I y —1’(—’)‘3 =04f, A, +0.67 f’An
 Fig. 4.12.1. ‘ ’ ’ =4, -A,.
I = (/4) x 4502 — 8 x (7/4) 182 = 157007.38 my2
Que 4.13. l Design a circular column to carry an axial loaq P = [0.4 x 20 x 157007.38 + 0.67 x 415 » 20‘:;;‘?7
oy, “  1822.1kN x 1.05 = 1913.2 kN 751 % 1.05
KN. Use M20 mix and Fe 415 grade steel. | AKTU 2015-16, Mnrks ; Core diameter, D, = 450 — 2 x 50 = 350 mm
0 2 .
. \ 4 Volume of spiral in one g
s _ o = P
—_—= T R TN st < I
Answer I 3. V. P+ = Volume of core for a length piteh (S)
Procedure : Same as Q. 4.12, Page 4-15A, Unit-4, (A \ f
1. Factored load, P, = 1500 kN < 0.36 l\__ﬁ_ = 1J Ton
2. Assuming area of steel, A_=08% A, A, f.,
3. Require area of column, AA, = 147632 mm? A f 450\ 20
4. Provide diameter of column, D = 500 mm - J] .. 0.36 (f = 1)7’" = 0.36 [3—50') = 1} x = =0.0187
5. Require area of steel, A_=1181.06 mm?’ . { 4 y 250
£ H — 2 5
6. Provide 6-16 mm ¢ bars as longitudinal reinforcement,. 4. Area of lateral ties, a_ = (/4) x 8 = 50.26 mm*
7.  Provide 6 mm ¢ @ 250 mm c/c as lateral ties. Volume of core = L D:S
8. Reinforcement Details :
5 Volume of spiralinone loop =7ma_ (D.-¢s) = za, D,
6# 16 mm ¢ bars 4a,, £0.0187
6 mm ¢ bar i Pe = DS
A %5026\ o1ag
350 x S ‘
| §<30.716 mm
500- mm 6. IS recommendation for pitch of helical reinforcement :
Fig.4.13.1. 75 mm
Que 4.14. l Acircular RCC column of 450 mm dia is reinforced with , S 2 32_0 =58.33 mm
8bars of 1§ mm dig and are tied together with helical reinforcement
of 8 mm dia at a pitch of 60 mm c/c. Find load carrying capacity of Lo : 4
the column,‘ when effective length of column is 4.5 m. Take clear S > 3 times of diameter of lateral ties =3x8 =24 mm
cover to helical reinforcement 50 mm. Use M20 grade concrete and

7. Hence, provide the 8 mm ¢ bar at the 30 mm c/c.

PART-4

Design of Short Column Und(?r Axial
Load and Uniaxial Bending.

Fe4l5 steel.

[AKTU 2014-15, Marks 10|

v B
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Design of Collxm
Iy

4 18A(CE® !
CONCEPT OUTLINE

ction Curve It is a curve, which is construct betwem o
Intera ih)

and moment M. .
lo:d l-: Columns Under Axxal Load and Uniaxial Bending +Shy
Sho! cection subjected to axial load P and moment M, The Mom It
col‘,m’re1 sivalent to the axial load P actmg at an ecCentrice- t
iu_l;[ / g This type of problem is solved by the interactiong St s it

Questions-Answers

Long Answer Type and Medium Answer Type Questiong

Que 4.15.| What are interactive curves used in the design =
columns ? How these curves are used in design of colump,

subjected to axial load and moments ? AKTU 2013-14, Markg m
Answer |

A. Interactive (Interaction) Curve:

1. Itisacurve, whichis constructed between axial load P and moment jf,

2. _ Ifdifferent combinations of P, and M, for each failure mode of a given
column section are determined and plotted.

B. Use of Interactive (Interaction) Curve :

An RCC column of size b x D is subjected to an axial factor load ofP"

and a factored moment M.

The steps to use the interaction diagrams from IS code are as follows:

Select the diameter of the bars to be used and calculate d' / D.

IS cgde contains interaction diagrams for d' / D = 0.05, 0.1, 0.15 and 0.20.

Select the nearest higher value of referring to the diagram.

For example, ifd'/ D = 0.12, select d’/ D = 0.15.

Alternatively, we may find reinforcement for &’ / D = 0.10 and that for

d’/ D =0.15, using two different charts and interpolate ford'/ D =0.12.

2. Select the arrangement of reinforcement, viz., reinforcement for two
opposite faces or reinforcement equally distributed on all four faces.

For selected grade of steel, the arrangement of reinforcement and for

different values of d' / D, the interaction diagrams are drawn in IS
code. Refer to the respective diagram.

-

< T EROP

4. Determine E,
f.bD

d Mu i . . l
A0 fTDz'(mth usual notation). By visud
ck

-

"ucture-n

s
DcsiB" of

inspect

rom the inLer

bD
P :
Az 500

que 4.16.

action chart. Subsequently, de

+19A(CEg)

jon and als0 using scale and pencil, determine the yay, of 2

24
termi A
mine 0, and

What are interactive curves ? Explain the failure of 5

ted to compression and uniaxial bending with the

umn Bubjcc

| AKTU 201415, Marks 10|

[AKTU 2016-17, Marks 10]

col : "
. tcrnctlﬂn curve.

hﬂlp of in OR

e P -M, interaction diagram used in the analysis of eccentrie
Pescr? u H
columﬂ'

wer
mive Curve : Refer Q. 4.15, Page 4-18A, Unit-4.
A

B Failure of Column :

1
code.

Region 1in which the eccentricity e is less than e_ specified in the

Region Iin which eccentricity e exceedse . The first region is indicated
i by line EA of the interaction curve. Point E indicates the failure load
py when a column section is subjected to a perfectly axial load, with

uz . .
zero eccentricity.

A
‘\ Region I
*\, Minimum eccentricity

E—

Region II
(Compression controls)

Axial compresszion
\

A

Compression

T

Tension

I (Tension controls) ‘)
1 >

I A L S
]
]
1
] ,’
-1 /
g1 /
oy A
| ’
] ’
] //
E i i B
1 ,’ |
! ) .
1) eva® 1 Region III
7 <
CM,
Fig. 4.16.1.
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4.

. column section behaves as a doubly reinforced beam

Que 4.17. l Design a reinforced concrete square colump of 50¢ -

load of the col il Col,
s failure load of the column gy},; m

: .t A indicates the fai oot 3
Ez;lritnominal eccentricity equaltoe . . The momepy Cor;i et: iy ;
this eccentricity is equaltoP e .. D°hdin "

:on Il where compressior-l coptrols, indicateq b .

E;i:ﬁg:;ﬁg strainin con.crete, m.dlcated by: increasjp m;lxiconh“lled
column. Point B on the mterac.tlon curve is called the alaent g
point, where in the column will fail by simultanegy OCcunc g
limiting strains in concrete and reinforcement, Tenq, d

With further increase of moment, we enter into the region |y

BC), where tension failure occurs. In region III tension, cOntrI (C‘"Ve
axial load carrying capacity of the section decreases rapidly i t(’liﬂ. The
BC, as the moment increases, which is because of higher bt 20y,
of reinforcement. & fopg,
When the compressive axial load is zero, corresponding tq Point

and itg y,

C,the
capacity (or pure bending moment capacity) M is equal t, Rp

Omepy
d?,

side to carry an ultimate load of 2000 kN at an eccentricity of 18
mm. Use M20 grade concrete and Fe415 steel.

| AKTU 2014-15, Marks 10]

Given:b=D =500 mm, P, = 2000 kN, ¢ = 180 mm,

f,y= 20 N/mm?, £, = 415 N/mm?,

_To Find : Design of column.

Assuming effective cover, d = 50 mm

3
Calculating E, = iy =0.4
fubD 20 x 500 x 500

Calculating —MLZ

ck

M,=P,e=2000 x 10° x 180

M, _ 2000x10° x 180
F4bD* ~ 20x500x Gooy 044
From Ch =415, &
om Chart 32 (for f,=415, — =0.1)
P
For —«_ _ M,
We get from chart,

¥

N AN
< \V‘
Gy
R
TR
SAOMM

hh
bbbt
Ity
v

Aty
A R
Bt

3

' 4-21 A (CE-6)
1

fo  h09x20=18%

B,
P ypp = 1B2500%000 _ 4500 mme
A = 100
'culnting ac 100
g & m diameter bars

; g6-32m A =6x (n/ 4) x 322 = 4825 mm? > 4500 mm?
Usin e f(;:.cement + According to IS code lateral ties should
gvcfse e . .
:::Ee fess than *

‘LL’Q =8 mm
s 4

.

g fTies: It should not be greater than following :
jtch © 3

+ lateral dimension, b = 500 mm
LZT=16X32=512mm
is - 48 x 8 = 384 mm

) :;00 memprovide g mm ties @ 300 mm c/c as shown in Fig. 4.17.1.
ence,

i t:
tail of Reinforcemen
et 6-32 mm dia bars
AN

= oEL e T T e

500 mm
Ties 8 mm —
@ 300 mm c/c ]
e——>
500 mm

Fig. 417,10

! s ey

PART-5|

Design of Column Under Bi-axial Loadi

ng by Design Charts. |

‘_\GDNCEPT OUTLINE

Colump under Bj-

. axial Loading : According to IS Code 456 : 2000
for biaxia] loaded co g raing

lumns ;

(e ey
M, | st

uy,

M, = pe, factorial moment along X-axis.
M = Pe,, factorial moment along Y-axis.
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Long Answer Type and Medium Answep Type Que :
Tk b llloh’

‘Que 4.18. | Explain Bresler load contour approach ~
OR

Discuss the design criteria of column subjecteqd to comy,

and biaxial bending. ined oy

‘Answer

1. Exact design of columns subjected to combined axia] load .
bending moments is very complicated and extremely labol-?:: biay

s,

2

To simplify the process, IS 456 : 2000 permits the des;j
by the following equation. 8n of such Coluny,

() ) =0

il ) <l

M, M,

where M, and My are the moments about X and Y axe
due to design loads.

S Tespectively

My and M, are the maximum uniaxial moment capacities of the colum
with an axial load P, bending about X and Y axes respectively.

a, is an exponent whose value depends on II}

where P, = 0.45 fuA.+0.75 fy A,

P,

B ™

<02 1.0 {a varies linearly from 1.0 to 2.0 for P, les
>08 20 than 0.2 and greater than 0.8}

For intermediate values i.e., from 0.2 to 0.8, linear interpolation i
be done.

Que 219, l Design the reinforcement to be provided for 2 shot
column 400 mm x 500 mm subjected to following forces :

4-23 A (CE-6)

"‘;'f“/n— " p 2 1600 kN, M, =150 kN-m, M, =100 kN-m

"
: el
M26 conerete and Fe 416 stee

Use
W‘ d kN, M, =150 kN
+ 2 400 mim, D = 600 mim, P, = 1600 kN, M,, = 150 kN-m,
(“wnl’()() KN-m, [ = 20 N/mm?, [, = 415 N/mm’s
Tn,f;lnd 4 Reinmrccment details.
0
Assuming th

given momen i b .
20 mm diameter bars, equally distributed on all the four sides

at the moment due to minimum eccentricity is less than the
ts A”uz n"d Muy'

2 %&:z:gnciglg“mn’ with an effective cover of 50 mm,
: d' = 50 mm
d . 30, o
D 500
3. Assumingp = 1.5 %»
p _15
f, 265

P,
L = ‘= (.32, we get
4 From chart 45, for i 0.06 and b 0.32, we ge

ck

M,  _ 0097
f., bD*
i M,
M, =0.097f, bD?
= 0.097 x 25 x 400 x (500)% = 242.5 kN-m
n Muy
d'" 50 d'
S -2~ _0.125, chart for —
D200 0.125, chart for D
= 0.15 will be used which is chart 45, we get
My ooa
f.bD*
M“yl =0.09f, bD?

= 0.09 x 25 x 500 x (400)% = 180 kN-m
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e olUrnn

5. Calculating P, :

i Fromchart63,forp =15,f, =416 N/mm® £, = 26 N/mm2

L 15.8 N/mm?
A,
P, =15.8 x 400 x 6500 = 3160 kN
P 1600
o - = —— =0.606
iL. P, 3160 Y
M 150
—w = =0.618
u. MIﬂl 242.5
M 100
. — = =—=U. 5
IV M, 180 25

v. For LA =0.506 and :{l—"’ = 0.55 from chart 64,

u uyy

M
We get (M—") =0.7
“1 J perminsible

. M, (M,
= M M )
permissible

uzy uxy

Hence the design is safe.
6. Calculation of A :
A o @=1.5x400x500
- % 100 100
Providing 10 bars of 20 mm diameter (provide, A, =3140 mm?)
7. Design of Lateral Ties :

= 3000 mm?

i  Diameter of ties should not be less than % e % =6.25 mm

i 6mm.
Hence provide 8 mm diameter ties.
8 Spacing: Pitch of ties should not be more than ;
L Leastlateral dimension = 500 mm
i 16x20=320 mm

D

AYRA IR &)

1

BOO mm

|

Fl‘. 4-1041;}

@O0



Structural Behavior of Footing & Retaining Way

.6)
rrzA‘GE , g -
- [ PART-1 |
uctural Behaviour of Footings. '
Structural Behgy; ' e . e —
s OfFOOting Oy : CONCEPT OUTLINE
a
Ret ainin n e enlarged portion of the foundation i called footing,
g Wall Foot‘fllgc;:tion of Foundation: Foundation may be broadly classified
Clnss heads :
\ under é:;llo w Foundation : ii. Deep Foundation:
P Iqolated footings. a. P31e foundation.
P 8 combined footings: b.  Pier foundation.
\ b. P footings- : c. Well foundation.
CONTENTS S
d or mat foundation. .
e e h of Foundation : It is given by,
Part-1 : Structural Behaviour of Footings ............5-2 Miaim e pept? 2 y
' Part-2 : Desi w224 to 535 _ G (l-sin¢
| ; ¢ Design of Isolated Footings ............. 5-3A to 5. o3 _'{— 1+sin¢
| e 0 5135
Part-3 : Design of Strip Footings.................. 5-13A to 5
| ' 0 5-174
| Part-4 : Design of Combined Footings............. 5-17A to 5-234 Questions-Answers
I Part.5 : Design of Strap Footings.............. 5—23A i
’ w to 5-304 Long Answer Type and Medium Answer Type Questions
{ Part-6 : Structural Behaviour................ 5-3
g of Retaining Wall 0K to 5814
i Part-7 : Stability of Retaining Wall . 5-33A to 5-35A h:e_—s.l-—-l Defins the: texm fognsation: e
i footing.
Part-8 : Design of Cantilever I
\ Rt adhg Wl e e 5-35A to 5-52A Answer
Foundation : It is also known as substructure. Foundation is the part

of structure which is in direct contact with the soil generally below the
ground level and transfers the loads from super structure to the subsoil
safely.

Types of Footing : Following are the various types of footing :

1. Continuous Wall Footing : A footing that supports a continuous long
masonry or RCC wall is known as continuous footing. In this case, the
width of the footing is very small than the length of footing.

2 Isolated Footing :

i Anindividual footing under a single column is known as an isolated

) footing. It is the most commonly used footing.

i These may be pad, slopped, stepped or with isolated beam and slab type

5-1A (CE-6) footings.
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&k Combined Footing :

L. Afooting that supports a group of columng jg known

fi.  Whero the distance botween two columng ig 8mal] c"mbim:d Ty
footings for these columns coincide, a combined fy, 5nd is the '1'”1

il This may result in a rectangular or trapezoidal gh, NG 5 14y, _

4. Steap Footing: If a combined footing ig required dur;e of i fmlir

but the distance between the columns ig] :
ar, * Congj
economy, Eap iy footing i"nd“%dmo'ph'
0

8. Strip Footing :
i.  If a number of footings in a line are to be combined .

used, i footing,
Differential settlement can be minimized by using such gy, :
Raft Foundation : O0tings,

A single slab or a slab beam footing that coverg th

beneath the entire area of the super-structure ig kng
footing.

ii. Whensafe bearing capacity of soil is low and columns .
then footings of a group of columns or all the colum
combined to form a raft foundation.,

7. Pile Foundation :

i.  If good soil is available at a higher depth (more than 3
m
ground level, pile foundations are economical. ) belowthe

ii.  Piles transfer the loads from columns to the hard 80il by end bear;
to the surrounding soil by friction, anngand

i : PART-2

Design of Isolated Footings.

-~ o

€ entire

Btry
Wn as Tatup

Mat oy .

arry heayy |
. 0
nsina structu,.e?::

L CONCEPT OUTLINE

Isolated Footings : The footings which are provided under single
columns are called as isolated footings.

Types of Isolated Footings : Isolated footings are of two types:
i. Uniform thickness footings.

ii. Tapered thickness footings (sloped footing). J

Questions-Answers

- Long Answer Type and Medium Answer Type Questions

Structural Behavior of Footing & Retaining Wall

A c2?

rmine
| pete haracteristics load of 1000 kN and moment
W/zllue‘—"ed ':o;’c— 180 kN-m the size of the column is 300 mm
: 4 =

A

the plan dimensions of a RCC footing for a

or axis ¥z
e

ﬁ] '+ tica Joad = 1000 KN. Moment, M, = 180 kN-m.
Gi"e‘;.if::;lumn =000 minx J00 :
e bearing capacity = 2001/
g'oF'.ﬂld :Plan dimens! " KN
Ultimate load = 1.5 x 1000 = 1500
k Approximate weight of footing
i - L(% «1500 = 150 kN

acity of the soil is 200 kN/m?.
[AETU 2017-18, Marks 10|

= 1650 kN
load = 1500 + 150 = 1650 k2
Tgiglment = 180 kN-m = 180 x 10° N-m

2 180 x 10°
Ve - o =0.0111m=11lmm
2 Eccentricity, e = 16502107

. Total load _1650 10° =8.25m?
Area of footing = Safe bearing capacity 200 x 10°

:de side of foundation =3.5m x 2.5 m
5 Provideside o . o
i i i tre of gravity of column loa
ting will be provided so that .the centre colu
b E?:Z?nlc?ge with the centre of gravity of footing area. ?ootmgxs pla?ed
symmetrical withrespect to X-X axis of column projection of the footing
beyond the column face will be
1750 — 11 - 375 = 1364 mm. )
and 1750 + 11 — 375 = 1386 mm respectively.

11'mm
> e
1 }'
T L
4 1250 mm
25m y T
W] .{150m
-+300 mm———-}-l--- -1
1 !
1364 ' 750jmm ' 1386
1375 mm
—— 35mr———»
la=1750 mm -

Fig.5.2.1.
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5-5 A ‘CE‘G)

7. - Net upward pressure intensity = Y L 171.43 kN/pp2

8. Depthof Footing :
BM at the critical section, M, =3.5 x 1.386 x 171.43 x 1386
M, =576.3kN-m 2
ii Equating M, ., to M,
M, = 0.138 f, bd?
576.3 x 105 = 0.138 x 20 x 750 x d?2
d = 527 mm
iii. BM of sectionalongY-Y
M, = 17143 x 25 x 11 x (1.U2) = 259.20 k.,

> ] 259.29 x 10°
iv. Requireddepth, d= 0.138x20x300 = 559.6 mm

9. Provide effective depth of footing is 600 mm and 650 mm overall depty,
10. Provided plan dimension of footing 3.5 m x 2.5 m and depth gog mm .

Que 5.3. I Design a square spread footing to carry an axia] load of

1500 kN from a 400 mm square tied column containing 20 mm bars
as the main reinforcement. The bearing capacity of soj] iy
100 kN/m?. Consider base of footing at 1.2 m below the ground leve],
The unit weight of soil is 20 kN/m®. Use M20 grade concrete and

Fe415 grade steel. [AKTU 2013-14, Marks 10]

Answer I

Given : Axial load (W) = 1500 kN

Bearing capacity of soil = 100 kN/m?

Depth of base of footing = 1.0 m, Unit weight of soil (y) = 20 kN/m?
f4 =20 N/mm?, f = 415 N/mm?

To Find : Design square footing.

1. Load Calculation :
W, = 1500 kN
Self weight of footing = 10% x of W, =(10/100) x 1500 =150 kN
Total weight = 1500 + 150 = 1650 kN

2 AreaofFooting: Area= — 1otalload _ 1650 _ .. ,
Bearing capacity 100

Weight of soil on footing = 20 x 1.2 x 16.5 = 396 kN

il Si.ze of footing = 16.5 =4.06 m
Provide 4.5 m size of square footing.

Structural Behavior of Footing & Retaining Wal]

.6)
(CE ——
A il Footing by One Way Shear Criterion :
4 pept ward pressure:
, NeF _ 1600 _ 74 074 ks
' AT

tion is at distance ‘d’ away from the face of the column
iopl 8€C
r]tlcn

. C 45-0.4

5 giiod V =15x74.074x45 ||~ |-d
orce, e

ghear ~ 500(2.05—d) (5.3.1)

ing 0.2% steel, T,= 0.32 N/mm? A

, Assu” isted by the section=1 xbd =0.32 x 10°x 4.5 x d
force resisted by c

. Shear 10 = 1440d .(5.3.2)

/ .(5.3.1) and eq. (5.3.2), we get
Equatmgg&leE —d)=1440d
d= 0.529 m

& .(5.3.3)

<

ANN.N_._g

f—

[e—

4500 mm

{Fig. 5.3.1.
4 Depth of Footing by Two Way Shear Criterion :
i Critical section is taken at a distance d/2 away from the face of column
i Perimeter of critical section = 4(0.4 + d)=1.6+4d
i Shear force at critical section = 1.5 x 74.074 (4.52-(0.4 +d)®
=111.11(20.25 - (0.4 + d)®

2250 = 111.11(0.4 + d)? ...(5.3.4)
1 4.5m o

T
roapam T
! |

E

] | 8
1 1 R
i Tz |

Y

‘Fig. 532!

V. Shear force resisted by the critical section maximum allowable shear
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-

i

o

iv.

stress = 0.25 /£, =0.25 /35

= L1I8kN/mm? = 11y

Shear force resisted = 1118(1.6 + 4d)d = 17
Equating the eq. (5.3.3) and eq. (5.3.5), we ge£

2250— 1111104 + d)* = 1788.8 d + 4472 @2 Gay
d=0.522m )

Depth of Footing by Bending Moment Criterj

Bending moment about an axis X-X pass thYOugh t“}:on : "’(53'6]

shownin Fig. 5.3.1. e face of )

BM at critical section, M, Ut

=15x 74074 x 4.5 x 45 -04p

= 105
The effective depth required, 8 0.62 kN,m

M=0.1387, bd?

" d- | 105062x10°
0.138 %20 x 4500 ~ 220-85 mm ~(53y

From eq. (5.3.3), (5.3.6) and (5.3.7) the highest val
0.529 m

Provide 550 mm effective depth and 600 mm overal
depth is taken due to shear considerations.

Area of Reinforcement :
Area of tension steel is given by,

ue of ¢ °btaiﬂedis

Ldepth. Tncreggy

M=0877A, (d - ’;“z)
ok

415x A,
1050.62 5= 0. 550 - ——¢
x 10 087x415xA‘ ( 20)(4500]
A_=~ 5548.87 mm?
Use 16 mm ¢ bars,
) T (16)? x 4500
Spacing, s=4 ______ _163.06mm

5548.87
Use 16 mm ¢ bars @ 160 mm c/c.

Check for Development Length :

L= 0876 _087Tx416x16 _ 50 10mm
4t 4x1.92
Available length of bars = %2‘409 — 50 = 2000 mm > 752.19 07

then safe
Reinforcement Details :

peitsgrade sgel.

Answer

= R 1O

B e

= R E g

gructural Behavior of Footing & Retuining Wall

16 mm bars 9 160 mm e/e
in both diw “tionn

T I(i()() mm

cover = 50 mm

Clear

456 m
F—  Fig.53.L.
re column 450 mm x 450 mm supporv. n axial
A squit

. Design & S
¢ cnl;ljcit)' of the sol

a square footing for the column. The safe
1in 250 kN/m? Use M2j concrete and

[AKTU 2014-16, Marks 10 |

Same as Q. 5.3, Page 5-5A, Unit-b.
otingis 2.7m x 2.7m

p =329.22 kN/m?

BM = 562.5 kN-m

mcedure :
gmvide size of fo
Net soil pressure,
Bending moment,
Required Depth of Footing :
i =0.53Tm

By one way action, d
B\ two way action, d=0.465m

By bending moment, d=0.24m
Provide 560 mm effective depth and 610 mm overall depth.

Reinforcement :

Required, A, = 2873 mm?

Provide 12 mm ¢ bar @ 100 mm c/c (Actual provide 3054 mm?)
Development Length :

Required, L; = 483.6 mm

Provided development length = 1075 mm

Detailed Reinforcement :

12 mm ¢ bars @ 100 mm c/c
in both directions

IGIO mm

Clear cover = 50 mm
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Que 5.5, - I Design a square footing of unifo,
P demniraich m ¢

axially londed column of 460 mm x 459 mm Ney
capacity of the soil is 190 kN/m®. Load froy,

r the he saf
(including self weight of column). Use M 20 cong Co) i ?
ot ang L]
l,\

|Answer |
Procedure : Same as Q. 5.3, Page 5-5A, Unit.5,
Size of footing is 2.25 m x 2,25 m

Net soil pressure, p,, = 251.85 kN/m?2

Bending moment BM = 229,498 kN-m
Required Depth of Footing :

B

e

By one way shear action d = 0.396 m

By two way shear action d = 0.367 m

By bending moment, d = 0.192 m

Provide the 400 mm effective depth and overall depth is 4,
Reinforcement :

Required reinforcement, A , = 1652.03 mm?

Provide 16 mm ¢ bars @270 mm c/c in each direction.
Development Length :

i Required, L;=752.2 mm

Provide, L, = 900 mm

7. Detail Reinforcement :

—N\—

450 mm

B B

0 mpy

P oE

B

16 mm ¢ bars @ 270 mm c/c

Clear cover = 50 mm

Lu_u_._._._._._._._._._.._._._.é‘._._._._l

in both directions
2.25m —>]

1460 mm
Fig. 6.5.1.

Que 5.6. | Design a footing for the 250 mm x 500 mm siz¢

column transmitting a load of 300 kN. The bearing "apadtytoen‘

to be taken as 90 kN/m? at 1.0 m below GL. Use M20 concre
Fed15 grade steel. AKTU 2014-15, Mark

R
fsl

g1l

- ol

gtructural Behavior of Footing & Retaining Wall

mm.

o % 600
mn = 20 = 90 kN/m?

20 of col Poaring copacity, d,
'

ondd? =300 kN

V(‘iﬂh"
;‘nm] Joa
Ared

A

2 of footings = q,
length to width ratio of footing is same as that of

W,r W, a0

—e 22

3.67 m?

Are
Considel"i“g
columny H€o &
y=2x
oo 55 5
r=135m=~136m
y= 2.72m
Soil pressure due to columnalggd only,
= 2
p= m = 81.09 kN/m
Factored soil pressure = 1.5 x 81.09 = 121.65 kN/m?*
Calculation of Depth of Footing :
By One Way Shear Criteria :
o Critical section is at d from face to column.
1.36 - 0.250 _

e

b. SFinlonger direction = 121.65 x 2.72 x (

= 183.64-330.88d
¢. Shear force in shorter direction

.72 -0.50
= 121.65 x 1.36 x [Lzz——g— d)
= 183.64-165.44 d ..(5.6.1)
d Shear force resisted by the concrete
=txd
(Assume 0.2 % steel, t,=0.32 N/mm?)
r % x10°x1.36 d = 435.2 d (562
& Now, equating the eq. (5.6.1) and (5.6.2), we get
183.64 - 165.44d = 435.2d
d=0.306 m .(5.6.3)
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= Fig's
ii. D 4 L {6-1-
P T oOting by Two way g
ritical section wil] oceur at /o :al‘ Crntena
rom

e _136m

J—
&

'Fig. 5.6.2;
Shear force at crj tical section due t
= 121.65 x [2.72 x

=450 - 121.65 (0 125 + 0.7
5 .75d
. = 434.80-91.23 d - 121.65 g2 .
¢.  Punching shear resisted by section = t x A

where,
A

nn

[(0.25 + d) + (0.500 + &)] x d
(0.76 + 2d) x d = 0.75d + 2d?

6
d.  Shear force resisted = 1.12x % %(0.75 d + 2d*)

. = 840 d + 2240 @?
Equating both eq. (5.6.4) and eq. (5.6.5), we get
434.80-91.23d - 121.65 ¢* = 840 d + 2240 d*
2361.65 d? + 931.23 d — 434.80=0

o shaded areq
1.36- (0.250+d)x (0.

T = 0.25f, = 0.25V20 = 1.12 N/mmy?

L (863

d=0.275m (568
iii. Depth of Footing by Bending Moment Criteria:
z- gritical section is at the face of the column.
. ending moment in longer direction .
=121.65x% 1.36 x 1.11x 1.11/2= 101.92KF

-

gtructural Hohavior of Footing & atnining Wil

[ el T UKL Wt

i PLI

600 m| 4:7% m

250 m

/‘ . .3,
1 [Fig. 6.6.3.

0666

moment in shorter direction

(0.666)"
=121.65 % 2.72 x e

ding
gas « 50,90 kN-m,

i ent in longor diroction is moro,
i bze:fdrl:g;]:::e in longer direction,
4 MomemT 0 = 0.138 f,, bd®
"~ 0,138 x 20 x 1360 x d*
6 = 3753.6 d*
Ll = 164.78 mm =~ 0,164 m
q. (5.7.3), (5.7.6) and (5.7.7)
provide depth of footing,
d = 300 mm
Using 16 mm diameter bars and 50 mm clear cover.

LA0.6.7)

Frome
e Hence,

16
Overall depth, D= 300 + = +50
= 358 mm say 360 mm

6 Areaof Reinforcement :
i, For Longer Direction :

2 M,=087f,A, d{l--‘;;—ﬂ
*

A, x415 )

101.92 x 10° = 0.87 x 415 x A, x 300 (l 7 1360 x 300 x 20,

A, =990.9 mm?
b.  Using 16 mm diameter bars,

Spacing, S = 290916096 x1000 =203 mm =~ 200 mm c/c
i ForShorter Direction:
-A x415
a = ~ 3720 x300x 20
50.96 x 10° = 0.87 x 415 x A_ x 300(1 2720 x 300 x 20)

- A_ = 465 mm?
b. Minimum rei.nf;rcement @0.12%
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Structural Behavior of Footing & Retaining Wall

61 -0
0.12 1A (Chy, ,,w\“""
= e 2720 x 360 = 1175 mm? /l Pesign @ footing of 250 mm the masonry wall which
= 1175 mm? > 465 mm? Que ﬂd; - Jond of 150 kN/m and moment of 15 kN-m at service state.
; 20
= . p
¢. Spacingof 16 mm ¢ bars TR 1000 =179 mm ¢/, Z;nnidt"f-ht of soil = 20 KN/m?,
d  Provide the 16 mm ¢ bars @ 170 mm c/c Un‘fl w:f fchﬁG = 130°, Allowable hearing capacity of soil = 150 kN/m?,
e
7. Check for Development Length : ok 20 ndFed 15 I AKTU 2016-17, Marks m—|
; _087f.¢ UscM '
i L,= =
i er
=l AnsW
where 1,, = 1.92 for M20. of wall = 250 mm = 0.25 m
L 10 N Given ®  tensity = 150 N/, Moment = 15 kN-m
‘ 4x192 - °22mm Ma-tlwcight of soil = 20 kN/m?, Angle of repose = 20 °
ii. Available length in shorter direction. %‘:}wabl o bearing capacity of soil = 150 kN/m?
_ 1360-170 Use grade of concrete M _20 and Fe 415.
T 595 mm < 752.2 mm ToFind : Design of footing.
iii. Provide standard U Type hook, - vy
i e " fltzen:ifty ::f load, W= 150kN/m
. 1 . ’ (
iv. gzzzg.;l:tal anchorage length = 595 + 256 = 811 mm » 752.2 mm ; [f,ssume weight of foundation,
8. Reinforcement Details: W=10%of W= —101’0:)50 =15kN/m
P 15%(150+15) ..
250 | 16109 @200 mam ele i Width of footing, B= =—————=16m

G

150
16 l;lm ¢ @170 mm /e

15150 B
Ll-l-n.n.n.u.u.n....iu...{._._u ;360 . Netupward pressure, p = 165 = 136.36 kN/m? < 150 kN/m?

: 136 mi ————py 2. Section Design:
Fig. 5.6.4. Cross section along shorter direction. i Maximum bending moment occurs at a section X-X distance b/4 from
the centre of the wall, and its magnitude is given by,

PART-3 e [B—b+§]2 il
Design of Strip Footings. 2 4
J 65-025 0257
CONCEPT OUTLINE M= 136236{16 2 +—43] =39.64kN-m
Strip Footing: It is a continuous footing provided under the masonry i Total moment = 1.5 x 15 + 39.64 = 62.14kN-m
gr cttfncrete wal.ls. The de§ign of such footing is done by considering the N =
ooting to consist of cantilevers projecting out from the wall. ii. Requireddepth, d = 62.14x10° _ 450 mm
1000 x 2.76
Proviqe atotal depth 250 mm and cover equal to 50 mm. So that available
Questions-Answers effective depth,

d = 250 - 50 = 200 mm

Long Answer Type and Medium Answer Type Questions
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X

!
bw 260mm gq— Contry line

ﬂm,n‘
Gucm,nmn/e

Wal)

200

12 mm ¢ @
110 mm o/e B=165m

4 [Fig 8.7.17

250
3 Design of Reinforcement :
i.  Areaof reinforcement,
Ay=087f, A, (d LA,
o b
62.14 x 10° = 0.87 x 415 xA"(200 ~SI6A, |
20x1000
4, = 955.2 mm?
ii. Using12mm ¢bars,
Area of 12 mm ¢ bars,
Ay = 712 =113.097 mm?
. 1000 x A 1000 x 113.097
lil.  Spacing, S= —— ¢ O X213.007
. 955.2 1184 mm
iv.  Hence, provide 12 mm ¢ bars @ 110 mm c/ec.
. 1028.2
v, A de = 1028. 2 =——0Z _
s Provide = 1028.2 mm? (% of steel 1000 x 200 0.514%)
4.

Area of Transverse Reinforcement :

= 0.12 % area of cross section of footing.

L0 L R ——
100

i.  Letuse 8mm ¢ bars,

4,

% % (8) = 50.265 mm?

i. Spacing, S= 50.265 x 1000

= 167.556 mm

Provide 8 mm ¢ bars @ 160 mm c/c.
6. Check for Shear:
i.  Forbalanced section,

p = 0.5% for M 20 concrete and Fe 415.

gtructural Behavior of Footing & Retaining Wall
r

A (C[.}.ﬂ) _ 048N /mm?2. Also from IS code,
from 18 €99 %7y for D = 250 mum.

hear stress,
=k

§10
”enccv

2
jgaible 8 - 1.1 % 0.48 = 0.528 kN/mm
ffencer permis Jfes at a distance of d = 200 m from the face of
it v-Y lie Y.Y from the edge of the footing.
hocrt! Hence 0 x (B—b)—d=1/2x(1.65-0.25)-0.12=0.5m
i theWﬂlv g —:' 150 x 10? x 0.5 = 75 kN/m

"

force,

f‘hif‘llirnal ghear stress,
0

cal ction

i v 75 x 10°

__1ox2Y _ _0.375 N/mm?< 1,
%= 5d ~ 1000 x 200

chce aﬂfe.

h:
ck for pevelopment Lengt
6 cheM 90 and Fe 415,
e HOTL 474 3¢ 128
4= 41,
i length of bars available
. Providng smm e ioz]le/rz,) x (gBt— b) - 50 = (1/2) x (1650 — 250) — 50
IL =

=650 mm > L,
Hegee 45°5 ; ick wall 400 mm
——5_.8—_| Design a footing for the foundation of brick w
Que 58

i h. The bearing
% itting a load of 120 kN/m of its leng!',
fhick ?:‘do?::i‘:;:g;l:glm’. The unit weight of earth is 17 kN/m®. Use
;?lz)(’;c;ride concrete and Fe 415 grade steel.

[AKTU 2013-14, Marks 10|
‘Answer l

Procedure : Same as Q. 5.7, Page 5-14A, Unit-5.
Width of footing, B = 3.05 m

Net upward pressure, p, = 59.016 kN/m?

Bending moment, BM = 59.92 kN-m

Depth of Footing :

Required depth d = 150 mm

Provide depth D = 250 mm

Reinforcement :

Required reinforcement, A, =917.5 mm?
Provided main reinforcement 12 mm ¢ bars @ 120 mm c/c
Development Length :

Required L, = 564 mm

Provided L, = 1375 mm

o N e el sl
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b1y
7. Detailed Reinforcement: A(CE. Y
b =400 mm
| & ! :"__lceﬂtre line
[}
X
|
b
2. i Wall
: 1 : 260 iy
] 1
1 1 8 mm
7 [}
:// ! ‘@/160 mm c/e
t 1Y | 8 0000,, o
12mm ¢ @- ==
120 mm d/c | g X B=3.05m
Fig. 5.8.1, " ks 2T

PART-4

. Design of Combined Footings.

CONCEPT QUTLINE

Principle of Design Combined Footing : A combined footing ma
be rectangular or trapezoidal in shape. The basic principle of designo);‘
a combined footing is that the centre of gravity of the footing should
coincide with the centre of gravity of the loads, which resultsin uniform
base pressure distribution.

Questions-Answers

Long Answer Type and Medium Answer Type Queé‘t‘i‘bxijs

f
Que5.9. | Define the combined footing. Why are needed ©

combined footing ?

Answer l

Combined Footings : A footing that supports a group
known as combined footing. }
wing rea

Necessity : Combined footings are needed for the folllo .
) Wi
When distance between two columns is small, the allo® " withesd

. : 0incl
pressure on soil is lower and their isolated footings ¢
other.

:

of column$ is

=

Structural Behavior of Footing & Retaining Wal)

18A‘CE_6) h rty line. If an i -
6 mn i8 p]aced at the property line. an isolated footing is
when 2 co of column load does' not coincide w1t}'1 that of its footing,
iried, the :;-‘i;(':ity is so large that it p.rod'uces m.agatn{e pressure on the
The eccen s it is necessary to combu?e its foot'mg w1th‘t.hat of another
ooting: 5 ; rnal column, means provide combined footing.

i

fi

Buitable . _engions of the footing is restricted to some lower value so

’ n l:h‘; (3)]':1 ngs of the columns coincide with each other.

y t t e 10

ﬁ‘l Design 2 combined footing for two columns carrying

Q 10. s00kNan d 800 kN. Both columns are 30 cm in diameter

i J1loads of Jat 3m centreto centre. Columns are reinforced with
ace d consist of M 25 Grade. The bearing capacity of the

Soﬁlfll’. Use M 30 and Fe 415 grade steel.

| AKTU 2016-17, Marks 10|

L Column size = 30 cm = 300 mm, Load on column — 1 =500 kN
Iczvsl;; (c::lumn _ 2 = 800 kN, Distance between two column = 3 m c/e.
Be:ring capacity of soil = 80 kN/m? :
Reinforcement bars diameter = 1§ mm
To Find : Design a combined footing.

9

1 Position of Resultant Load (¥) from Column C, :

7= ppx! __800x3 .
2+, (500+800)

85m

ii Length of footing = 2(x + x') = 2(1.85 + 0.4)
l=45m
[Let columns is apart 0.4 m from property line]
2 Width of Footing (B) and Upward Pressure :

L Assuming self weight of footing = 10 % of total load
= (10/100) x (500 + 800) = 130 kN

i Totalload, P= 1300 + 130 = 1430 kN
L Areaoffooting= £ - 1430 _ 17 875 m?
q, 0
V. Width of footing, B= 17-875 _ 5 97
I 45

OPt width of footing 4 m,
v. U )

PWard soil pressyre . 104l load 1300 2

E ——— e = 2YYY M990

Vi Area of footing 4.5 x 4 T&3A ket

F
éctored pressure = 1.5 %7222 = 108,33 kN/m?*

e
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-

1ii.

iv.

45m J\
Fig, 5.10-1.\“

. . T slab footjp, Fig. 5 10141
SF at just righ columng, - 433.32 o
sg at Just left colymp C, = 476:652)( 111.= 476652 kN
::_!us: le;ft columpn C, == 433.32 x 0 451802-; 723,348 kN
o t_u;s right colump G, = 173.328 1 5;5 3328 ky
Int of zero shear force from columnC, A 576,67 kN
723.348 _ 576.672
x 3-x
] x=1.7
Calculation of Bending Mome:‘z :

Moment at C| =433.32 x 0.42/2 =34 66 kN-m

Moment at C,=433.32 x 92& =262.16 kN-m

Maximum moment occurs at the Point of minimum (zero) shear force,
1.7+1.1) ,
Moy = 438,32 LTLLDY | 0o

] M, .= -3841.386 kN-m
Point of zero moment or point of contraflexure,
M

x

2
M, = 433.32 % 5~ 15800 x (x—1.1)
0 = 216.66.x2 — 1200x + 1320

x; =4.025m
X, =1.514m
1.5 x 500 1.5 x 800
0.4 m 3.0 m ple 1:1m >I|
= Ty Y
H"lfHHHH“’/ij
433.32 kN/m

h Requi
5 pep

o

i

BMD
262.16

34,66 1.514 m
0.4m 4025 m
Fig. 6.10.2

ideration:
Moment Consl
e 503341.4 x 106 N-mm

u

341.4%10° _ 17585 mm
dreq = 576 % 4000

at Column C, (Heavier load) :
e:; d from face of column,

2(0.15+ 2 mes
V,= [723_35—433.3 12+ 000

of tensile steel as 0.2 %, stress in concrete,
= 0.32 N/mm?

c
Vo < 0.32 N/mm?
bd

One Way SB
Shear at dista

3 ercentage
Assuming P A

723.35 x 10° — 65 x 10° —433.32 x d )
4000 x d

65835 x10° —433.32xd _ o9
4000 x d
658.35 x 10° < 1713.32d
d > 384.25 mm ) gl
Hence adopting a total depth of 500 mm, effectwg depthas 450 m
hecking for two way shear. i .
chif)kl\siyogh:;r H %"he critical section is at d/2 from the face o
column, -
g p b imeter]
2. Arearesisting punching shear o = perim
SE = boxd=n(300+450)x450

2
b Shear force at &, V, = 1200~ 10833 x (0.3 + 0.45)

Sy
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V.= 113006 kN
€. Nominal shear stress

v

= zLd - 113906 x 10°
(300 + 450) 355 =
.d  =(300+ 450 =1.074

d  Shear stress of concrete - i

.= 0.25 fi =025
Colums ¢, NN x 30 =137 Nz,
a.  Perimeter,p_ - . (300 + 45 it
b.  Ultimate sheoar force +400)= 23562 o

V., =(173.328 + 57¢

L = (173, 672) -
¢ Nominal shear stress, ~108.33 x D3 0451~ 689,05

« - _ 689.06x 10’ :

% (300 + 450) x 450 = 965 N/mm? <
Hence safe. )
Longfudinal Reinforcement s
Negative Moment Reinforcement .
a M = 3414 kN
314x10°= 087 x 415 x 4_ x 450 {1- 5
30 =

.. A, =2136.36 mm? 4000 30

b.  Minimum reinforcement
A4 _ 0.12x4000x 450
st, min = \100—— = 2160 mm?
c.  Using 18 mm diameter bars.
Ay =(n/4) x 18% = 254 47 mm?

d. Spacing required, S = w =471.24 mm

2160

Hence provide 18 mm ¢ bars @ 300 mm c/c in all length.
Positive Moment Reinforcement :
a. M, = 262.16 kN-m

415 A

6_ _ e RoOR,

262.16 x 105 = 0.87 x 415 x A _ x 450(1 30x4000x450]
A, =163 mm?<A_ . =2160 mm?

b. Hence provide 18 mm ¢ bars @ 300 mm c/c. _
Transverse Reinforcement : The transverse reinforcement is pr?wded
under each column within a band having a width equal to the width of
the column plus two times the effective depth of the foundation.
Column-2 :

a. Bandwidth for column C,=0.3 + 0.45+0.45=1.2m

b. Upward pressure =12007 4 = 300 kN/m o

c. Negative moment at a face of the column C,

= 300 x (_1_82i - 513.375kN-m

al Behavior of Footing & Retaining Wall

Structur’

) 1 iven by, ;

p e ocement 26 (1 05
2 e ! 0 0.87 x 415 x Ay X 4501 3071900 « 450
¢ -5 x 10°= ¥
375
13- _ 346784 som?
7 0,12 x1200%500 _ 790 mm?
DTEL e T
e 100

054.47x1200 _ gg 05 mm

ired, 5= 7 3467.84
. requir€d: |
cing 7€ _ T 18%=25447Tmm
g S [A‘ :
@80 mm c/c
- provlde 18 mm ¢ bars
Henc 025= 1.0m :
: 45+ 0. :
. Cplmnﬂ-lB wd“‘idth =g;;3t;e()outer side only 0.25 m Jength available]
E [ C = 750 _ 1875 kN/m
ard pressureé under column & = —4
Up™
b BMat the face of the column £l
. = 187.5x 9—2—— =320.86 kN-m
4 Are2 of steel required ( _ﬂun—‘\
320.86 x 106 = 0.87 x 415 x A, x 450 x kl " 30 x1000 x 450)
A= 2112 mm?
__ 0.12x1000x500 _ goo mm?
A== 100
e Provide 18mmo bars,
ing, 5= 254471000 - 120.5 mm
Spacing, =

Hence, provide 18 mm ¢ bars @ 120 mm c/c.
10. Reinforcement Details:

10m - -
! T #18 mm @ 80
mm c/c
n
+|t8mmer2g | (1Y
mmeke
| #18 mm @ 300
= E e
#18 mm @ 300 mm /¢
Plan of bottom reinforcement
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40m

18 mm barg

8 \a l,ﬂ,n
9 ;l&mw
00
18 mm @ 18 ™ 0

120 mm o/c F——p dinbay

10m H%l&mm oy

#lem@300mmdc #18 mm @300 iy o/ lzomma:
4.5m
X-section
Fig. 5.10.

3. Plan of i-einfofcéhiehtf

Design of Strap Footing.

CONCEPT OUTLINE

Strap Footing : It is a special type of combined footing used for two

colu.mns. In-thls type of footing, the two columns have their separate
footings which are connected by a rigid beam called as strap beam.

Questions-Answers

Long Answer Type and Medium Answer Type QuestionL

Que 5.11. IWrite down the procedure involved in design of strap

footing.

| AKTU 2015-16, Marks 10

Answer l

1.

Design Procedure :

o e ing areas
The basic principle of design of a strap footing is that the foo:;]:ger
under the columns are proportioned such that the pressure

e EHES Pien

&, 7

g B
o

of Footing & Rotaining Wall

ructural Behavior
; and the centre of gravity of the lond#

= u?]foavity of the footings.
e of g7 does not transfer any load diroctly to

St

d
0 igi A olumn to other #o
t:madC: ls-i?rgl . ferriﬂg th?slggga{:;?\f:;ei both footing.
o tr? Tt helps ! distfibuuon 1 3 .
il. ure : ven below ¢
{he soﬂifofm prejs a strap footing: calculated as gt
tu . or
thae footinB B | —
Co
% B
7
L X —>
Lol
| - -52»14- - -»>|
Ly P,>P
. heavily loaded column as compared to Cy, P2 > Py
Note:Cal Fig. 5.11.1. :
floads from C,
. e of resultant 0
The disan® __ P A5.11.1)
R, )
Teking moment of the areas of footing at column C,
...(56.11.2)

' L‘): Ax
Al(l+x Y &

where, A, = BL, (Area of footing under column C,)
| = Distance between two columns. : iy
«' = Distance of column C, from footing edge or property 2
A = Total area of both the footings.
A=B(L,+L,) )
Byeq. (5.12.1) arlxd (5?12.2), L, canbe calculated and knowing A, L, can
be calculated.
Following are the steps of design of strap footing : )
Proportion the footing (B, L,, L,) as given above at service loads.
Calculate factored net soil pressure under the footings. .
Determine the shear force and moment values at all critical sect‘lon§.
Check the depth required from maximum moment and shear criteria.
esign the reinforcement for footing.
etermine the maximum moment and maximum shear force values for
the strap heam,
heck the depth required and design reinforcement.

- Check bearing strength of column and footing.




cfaceof oneof th
to a load of 1000 e
other colum, kN at servi
of 1500 kN
Consider, Unit .

wei
Angle of repose = 3(§ht i

-

iii.

iv.

Design/ofStructure-H

lumn of Section 4q(

. TVice Cofi;
N 1S of section 5 ne

at service State,
f50il = 15 N/

ides w;
00 mm x 500 llll:

Given : éolumn 1:Si 4 e

; :91ze = 400 mm x 40 1004
Colufnn 2: Size = 500 mm x 500 mm, log(!lnin 1,5183d NLDOkN
%pacmg between two column=6mee = A

nit weight of soil, y = 15 kN/m3, An
soil, » Angle of =30°

Allowable bearing capacity of soil = 150 kN;;gose, o
Grade M 20 and Fe 415
To Find : Design the strap footing.

Size of Footing :
Assuming 10 % self weight of footing.

Total load, P, =Py + P, =1000 + 1500 = 2500 kN
Area of footing required = 2L()g5-:)2£ =18.33 m?
Assuming, B=3m

B (L, +Ly) = 18.33 m?
L +L,=611m
Distance of resultant of load from C,,

bt M0 x6y,
P +p, 2500

Moment area of column C,,

Al(l+x'—£'2i) = BL,(Hx’——[;—)

A% =
o-4)
. 3><L,(6+ 2%, i
x = 18.33
18L1—1'5L12=34
2_18L, +44=
LD 2t t L, =3418~35m
L1+L2= 6.11 .26m

L,=611-35=261m

=

s

s

I~

Retaining Wall

oo e
)

IFig. 5.12.1.,
1.5 x 2500
, m BPHLOVE
Soil pressure = —; = 3x(3.5+2.6)

= 204.9 kN/m?

-2 1i.e.,
e width of strap footing to be equal to column:

Assumjng th
500 mn.

(antilever projection

of slab =

e face of strap beam,

3-05_195m
2

Maximum moment at th )2
: (1.25) _ 160 kN-m
M, = 204.9 x ——2—

i iteria
Depthrequired from moment cr1 .
6
g = [ Mo [ 2EOXD 54077 mm
ra= \Rxb \2.76 x 1000

Provide the depth, d = 250 mm '
Depth Required from One Way Shear Criteria : Critical section for
shear force is at distance d from the face of the strap beam :

: d ]
Fact = .25-——|kN
actored shear force,V, = 204.9 [1 25 1000

Shear stress in concrete,
Assuming 0.2 % steel, T, = 0.32 N/mm?2
d

911.26- ——|x1
204 9(1 25 1000) x 1000

1000 xd

Nomina) shear stress, T, —b_:i =

As .
Suing T,<T,

204.9[1.25 " -‘L) %1000

1000
T e, = 0.32

1000 x ¢
256,125 - 0.20499 - 0.32d
d ., =488 mm

Heﬂce . re
Provigj: '
flective dept}!:,g ove;a=11 sd;(l; :::15 550 mm, effective cover = 50 mm
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2
4 Reinforcement in Footing Slab : ) ‘\(C%
i Factored bending moment,
M, = 160 x 10° N-mm per pyyp,

Area of reinforcement is given by,

415,

A
20 x 005, 500]

160 x 105 = 0.87 x 416 x A, x 500 (1_

A,, = 921,564 mm?
Using 12 mm diameter bars,

A‘ = (n/4) x 122 = 113 mm?
113 x 1000
92154 - 122.6 mm
Hence provide 12 mm ¢ bars @ 120 mm /e,

113 x 1000
Al!. provide = TO— =941.67 mm?
941.67 x 100

1000 x 500
Hence increasing p, to 0.2 % to satis
12 mm ¢ bars @ 120 mm c/c.
Distribution steel = 0.12 % of cross sectional areg
_ 0.12x1000
100
Using 12 mm diameter bars,

113 x 1000
S= T =171.2 mm
Hence, providing 12 mm ¢ bars @ 170 mm c/c.
Bending Moment and Shear Force Diagrams for Strap Beam:
The loading, BMD and SFD for the strap beam is shown is Fig. 5. 13,2,.
Upward load per metre run, on the strap, w = 204.9 x 3 =614.9kN/n

iv. Spacingrequired, S=

Percentage of steel,p, = =0.19%

fy shear criteria and proyig
ing

% 550 = 660 mm?

Spacing,

Downward load intensity under column A, w, = _1'5; 1000
= 3750 kN/m '
Downward load intensity under column B, w, = 1.5 x1500

0.5
SF at inner face of column 4, F;=3750x0.4-614.9x0.4= 12540410
SF at edge D,F,=614.9 x 3.5 — 1.5 x 1000 = 652.15 kN
SF at edge C = 652.15 kN
- SF at inner edge of column B = 652.15 + 614.9 ((1/2) x (2.6 -0.5)
= 1297.8 kN
- SF at outer edge of column B = 1.5 x 1500 — 1297.8 — (614.9 09
= 644.756 kN ; fac
In the range FD, shear force is zero at distance x, from inner
column 4, its value being given by,

Et

sssF

E:

o of

5

Structural Behavior of Footing & Retaining Wall

(CE©)
2 % = %% PrE R
A bending S will be maximum at this section x, its values
' Hoiﬁ?given b2'4) (2.04 +0.2) 6149 £(M+zﬂ - e m
My® fﬂs:p:t‘ af-; edge D is given by, 2
. llozs'":w L 0.4)(3.5-0.2)—6149x G - 11837kNm
=(3 .

3 M at the outer face of column B is given by,

ing B
ggmg
- 4 196- 0.5)]2 - 338.96 kN-m
2

il &
M=

 the point of contraflexure occur at x, from point A
i 12

% | _ (4500 x 0.5) (x;— 1.3)

=614.9 (-—) (4 2

M,=0=6 2

30745 %3 ~ 2250 %, +2925=0

2,=17m 3

point of contraflexure is given by,

Fy= (4500 x 0.5) - (614.9 x 1.7) = 1204.67 kN

4 Depth of Strap Beam :

1529.6 x 10°
dyaq = \] 2.76x 500 ~1062.8mm

Hence providing a total depth of beam, D = 1_100 mm as the depth
required from shear criteria will be larger effective depth,

d = 1100 — effective cover
= 1100 — 50 = 1050 mm
7. Areaof Steel Required :

4iv. Shear force at the

415x A,

i 15296 X 105= 0.87 x 415 XA“ b 1050 X (1 —*ms—o)

A,, = 5037.94 ~ 5038 mm?
i Providing 28 mm diameter bars,
A‘ = (/4) x 282 = 615.75 mm?

5038
615.75

Hence provide 9 bars of 28 mm diameter at bottom portion of the beam
alllength,

ii.  Number of barg required =

~8.18~=9

A-t, provided = 9 X % (28)* =b65641.7 mm?

e
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8
v. Minimum, A= 9—8;.’& < 0.85x 5gq 0 2M(Q"
\
416

y
=1075.3 mm2 <

6m

=
>
- T
-—
|

15296 11837

i

Fig. 5.12.2.

T

-
=
S 1
g |1
)
!
I
1
T
1
|
|
[}
'
mm e

V12 @ 120 mm o/c
e—— X mmde {3

T
136m 06 e

mm

_J ;- ‘w 10
o) mm “nl 5
7im gt

< 12088
28 mm g bars

28 mm
$bary ) Lsecti LBY
0 of strap beam X

8 Design tor § Fig.5.12.3.

hear .
The Nk

critj .
cal Scetion for shear is at the left face of co]umﬂ'z

590 A (CE-0)

Structural Behavior of Footing & Retaining Wall

v, =12978 kN
V. 1207.8«10°
Nominal ghear stress, 1, = E:l = 50051060
6541.7 » 100
500 7 1050

= 247 N/mm?

Percentage of steel, Py = =1.05%

From table 19 of 18 456,
1, = 0.60 N/mm?*

1, > 1, Hence, shear reinforcement is necessary
¥ Vv, = 1297.8 x 10% - 0.6 x 500 x 1050

V,, = 982800 N
Using 2-legged 10 mm diameter stirrups
A, =2%785mm?

087f, Ad
v

o 0.87 x 415 % 2 « 78.5 « 1050
v 982800

Hence, provide 2-legged 10 mm diameter @ 60 mm c/c at supports and
gradually increasing to 120 mm c/c towards the centre of the beam.

. Spacing, S, =

S = 60.56 mm

T RS ROT MTA UT RS FRtRE SAN

PART-6 |

Structural Behaviour of Retaining Wall. .

CONCEPT OUTLINE

Retaining Walls : These are used to retain earth or other loose
materials. These walls are commonly constructed in the following
cases :

i, Inthe construction of building basements.

ll As wing wall or abutment in the bridge construction.

iii. Inthe construction of embankments.
Types of Retaining Walls : Following are the common types of
retaining walls :

i Gravity retaining wall.

ii. Cantilever retaining wall.

lll Counterfort retaining wall.
muress retaining wall.

Questions-Answers el i l

Long Answer Type and Medium Answer Type Questions
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ok efine the retaining wall. Give (CE‘@)

retaining walls.

Answer |

Retaining Wall
tItis
support earth or some ot:e-';tructure which j

one or both sides of it at diffmaterial i rels Constrye

Types of Retainj
walls: aining Walls ; Fol oy Bition
1 ng are the vari n
L Gravity Wall ; 0US typog ofretay
L Gravity wall
I
fi. Thedead wﬁgi‘:sually aplain concrete or mg
n S
:ia:}[:ﬂ overt“mnglﬁda; bructure is a major : “:: el
press orizontal glid; actor -
i ure. al sliding under thl; rgz:?;ng ?tablht
N of latery

The dimens;i
. s10ns of
inducedin the s ;2L &7 80 proport;
~ thirdof the baae. - there s
V. Itis used f ‘
or walls up to aho
ut 3 m hEI
ght,

Stem

. R .
Retained materia] Tos etained materia]

(@) Gravit
fis = Base key

(d) Cantilever retaining wall

Retai ned material

Stem

©c i
ounterfort wall Base slab
(d) Buttress wal
1

1¥ig. 5.13.1." Types of retaining wall

abr
tef clagsifiey,
on o

. ed t )
erent heights, el Yertcal pog o

d th
sultan ed that there
tof forces remajn wli.fh;i ?}? tension
e middle

Structural Behavior of Footing & Retaining Wall

Wall :
C’mhlev'el'. wallis commonly used for 3 m to 8 m height. It consists of

i tilever glabs known a8 stem, heel and toe. ' '
thre? cann: be inverted T-ghaped or L-shaped where toe projection is

“T“l;zﬁ'ﬂg}n acts as @ vertical cantilever and stability i8 provided by the
weight of earth on base glah and self weight of the wall.

Sometimes & keyis provided in base glab for stability against gliding.

3 Counterfort Wall ¢

Inthe counterfort wall, the stem

counterforts. o
A counterfort is a transverse wall spaced at intervals wh_xch ties the
stem and the pase slab. Because of the counterfort, the stemis supported

on three sides by counterforts and hase slab.

i Inthis wall, the stabilityis provided by the weight of the earth on base.
Counterfort walls are used for heights over about 6 m.

4, Buttress Wall : This is similar to counterfort wall. The buttresses are
provided similar to the counterfort, but on oppositeside to the retained

material and act as compression struts.

Que 5.14. \ Describe the structural behaviour of retaining wall

Answer \
Consider the
alateral force P,

Stem : .
ts like a cantilever subjected to 2 triangular

The vertical wall or stemac
loading as shown in Fig. 5.14.1 with maximum pressure developed at

the base. The base of the stemis subjected to maximum bending moment
(M= kyh'/6).

i The stem of the retaining wall deflects as shown in the Fig. 5.14.1,
developing tension on the face AB, retaining the earth.

Heel Slab:
i. Theheelslabis subjected to an upward soil pressure and a downward

pressure due to the weight of the Lackfill supported on heel as shown in
Fig.5.14.1.

i The resultant pressure is calculated by subtracting these two and is
downward as the pressure due to weight of backfill is more than the
upward soil pressure. This causes tension on the top face i.e., BC.

g Toe Slab :

i, ‘Thetoeslabisalso subjected to an upward soil pressure and a downward

pressure due to the weigh i .
shown in Fig. 5.14.1. ek Gt supported G

and the base slabare tied together by

Fig.5.14.1 showing a cantilever retaining wall subjected to

[

e ———



of safety. :
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GL

DOanard wel
eight
of front fil) s

toe slab is and hence ne le
dabie. g S which g 12 50 the
Qi 10n on

Stabil:
tability of Rett_zining Wall,

Stability Requi
uirem O
wall. The following re:];::é Fig. 5.15.1shows the fore
aretaining wall : ments should be c°mpile§7- acton g vetuin
OF the ggaperis 5
ility of

Structural Behavior of Footing & Retaining Wall

nt) should be more than the

. g moment (stabilizing mome
f safety not less than 1.55.

ent s0 as to get a factor 0

W is composed of weight of backfill on the
heel, the vertical component of earth pressure p,, when backfill is

d, and the dead weight of wall itself.

1f the centre of gravity of ZW is at x, from the toe of the footing, the

stability moment is given by EWx,.
Overturning Moment :

The overturning force is compose
due to surcharge if any.

the horizo!

d of active earth pressure and pressure

1t is equal to Py ntal component of earth pressure. The

overturning moment is given by =P, % =1

R
b

s
—

min

1
.Prax

Fig. 5.15.1. Forces o retaining wall.|
Factor of Safety :
According to clause 20.1of IS: 456-2000. “The stability of a structure as
a whole against overturning shall be ensured so that the restoring
moment shall not be less than the sum of 1.2 times the maximum
overturning momer_xt due to characteristic dead load and 1.4 times the
maximum overturning moment due to the characteristic imposed loads.

The vertical pressure on the soil under the base shoul
permissible bearing pressure on soil. Rt diok sameed i
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) —— T84y,
5. The restoring force against sliding should not be more thy,

%0 as to get a factor of safety not less than 1.55. . ldid"“llfon;@

Sl sy PART-8
B Design of Cantilever Retaining Wall.
CONCEPT ODUTLINE

Design of Cantilever Retaining Wall : Foljow: y

design in cantilever retaining wall : T areithe paxt

i. Stem ii. Toe slab iii. Heel gla},

Questions-Answers

L Long Answer Type and Medium Answer Type Questions

e ——
Que 5.16, I Explain the design of a T-shaped retaining wall,
OR

for a cantilever retaining wall ?
inforcement of cantilever retaining

What is the design procedure
Explain. Also, explain the re
wall with neat sketches,

Answor I

Design of T-shaped re
four terms :

The minimum concrete cover to the main reinforcement may be kept as
40 mm as all the components of the wall are in direct contact with the
carth,

taining wall consists of the design of following

L. Design of Stem s

¢ ¢ . the
Calculate the maximum bending moment and shear foree caused by
horizontal earth pressure, .
o : - A 8 shere no
ii.  Design the wall for moment steel which may be curtailed wh
required for flexure if rules for curtailment are satisfied.

. 5 ; £ nercent for
iii. The horizontal secondary reinforcement is prowfled (0.15 Ptt_':;‘o wall.
mildstecland 0.12 percent for HYSD bars) at the inner face 0 -y
s 3 o rzo!
Iv. At the external face, the reinforcement should be provided ho
and vertically.
2.

. and
Design of Heel : The heel is subjected to an upward soil P;’::lu;:w in
downward weight of carth above it. The net pressure o: » heel. The
downward direction causing tension at top face of the
reinforcement is designed for this moment.

Structural Behavior of Footing & Retaining Wall

fACED
{ Toe:

ign © tension at the bottom face of
Desig? arth pressure causes
: The moment due l(:.-gi[:h‘ gf the front fill may reduce the moment, but
o toe. Here ‘hen;‘en into account as the front fill may get scoured or
this will Bk bet:»d The reinforcement for toe is designed at the bottom
cated.
ma)'bﬂ excav
il imensions of base key are calculated considering
s : The dimensions o S Y
i m&f:equiremenls. 1t is a practice to extend temperature bars of
into the key. oy
5 gz:; z{ T-shaped Retaining Wall :

Main steel
Temperature steel

Distribution steel

Main steel Net pressure

bid

s

Pressure

Distribution steel

Distribution steel -

Main steel

Fig. 5.16.1. Reinforcement details of cantilever wall.

Q“s-”.‘ Desgin a cantilever retaining wall to retain earth

3
embankment 4 m high above GL. The density of carth is 18 kN/mi
and ity angle of repose is 30°. The embankment is horizontal at it:
t9p. The safe bearing capacity of the soil may be taken as 200 kN:)ﬂ;
ient of friction between the soil and concrete is 0.5.

de of concrete and Fe 415 HYSD bars.

[AKTU 2015-16, Marks 10|

and the co-effjc
Adopt M20 grq

[T

g?‘ep t Height of embankment =4 m o
Beu’}" of earth = 18 kN/m?, Angle of repose =30° 0.5
B e capacity of soil = 200 kN/m?, Coefficient of friction =0.
0 Fing ; Design of retaining wall.
L Wap

Toportions ;

e
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i et s esa

I Thickress of the stern 4t the top = 2 T A(Cg_')
i Maximmrn berd ing mornert per

metre run of the wall,

ko= lliil'izhsinao" 1
14s8ing 1+sin3pr =3

1 4y

M = };1.18/-{_ =64kN-m
Fiqunting the momment sy of resistance 1o the maxj

ONBBL, bl = 1.5 0 64 4 10p T bendingmomm
d = 1865 mm

Effective cover 1 reinforcement = 4q mm

o Total thickne “wte i
o e nf 1 Of wtem required = 190 4 40 = 230 mm
rovide athicknosy of 350 mm at bottom of the stem
Vo The base glal, thicknesy also will he 350 mm ‘
vl Total height, of wall, I = 4 4 .350 = 4.35m
vil. Width of bige slab, b= 0.5 11 10 06H=2175102 61
s .61m
Provide n hise width of 2.60 m.
02m
<>
(
l I
)
|
| [
\ w
\ - (3]
Vol w, 5
|
fa
W,
|
0.856 m | 0.95m =-1.30 —
— 25 m-
[URT I e /
d : Wy i‘ a
\ /| -
- fl=mmmmean 27
! 53.34
| 66.85
¢ 874 Mg 5.17.1.
vill. "Toe Prajection : This may be made about one-third the base width-

D]
Too width = ::g‘.‘l =083 ~0.85m

A

\ , s
a3 Magnitude | Distanee Mot
s u"’ Joet® : hf:_\‘\ from () nlyuul w (hN-w)
¥ R S
1
! / % L0 W
| _020N s ——
J 54 3 1LAD 1N
0-/_10‘/-\':5 b
=" 9 S G- - . —
Wx/-n;’;’ s | J1N
Rt 3.6 0.65 1
“"=13"4"1‘\ = S .
b
Moment of lateral
prg:\tu!'e
ﬂi =lx18
=kr 6 3
435" 282
2.97 210,156
ol 142,975 _ anm

Syrenctasal Behaviav o Pt & Retatwiig Wil

; ufsﬂ ;‘:\:ﬁ\r Oune Metre Lot h of Wall y
N L3
D e G

3. Distance from the point of application of the resultant force from the
heel end a.

- _ Bending moment _ 210,136

totalload 142,976
X=14Tm
4. Eccentricity,
o= E_E =1 47_& =022m
2 2
b 25
But == —=
= : 0.41m
g e < b6

Extreme pressure intensity at the base,

W(. 60\ 142.975 [ 6x0.22
P= ?(u?) =55 U 35 J
P oy = 87.4 KN/m?
) Prin = 27 N/m?
ia:e_beanng capacity = 200 kN/m?
i Sign of Stem ;

UL "M bending moment for the stem

i ﬂlmflte moment, M, = 1.5 x 64 = 96 kN-m
Boa ctvedepth,  g'o 350 - 40 = 310 mm
a of steel,



gy

Design of Structure-II Structural Behavior of Footing & ing
5~39A( A(CE 6 8 & Retaining Wajj
'1 _i6M Chg) A slab effective covetrf= 60 ;nm oinn
- 1200, ¢ base :ine moment for a 1 meter wide strip of the
< 50 fu bd D o e L 95,97 kN-m : © boe'sial
£, fa e M, _1.5x2597x10°
_ |, petserh A= a7~ 1000x290° - 04692
1 I_M e 1 [f=46x04632
=50 x 1000 x 3107 - >
R T e = 50 =0.
{ 415/20 =0.295¢, Pe= 8 415/20 %
¥ 0.295 R oy 9 of steel whex(; I;‘e 415isused =0.2 %
* = 7100 %310 =914.5 mp? A, = 155 %1000 290’ = 580 mum?
: % . _3.14 13x1000
iv. Spacing for 16 mm diameter bars, [A, = x16? = 201 mm’] g of 12 mm ¢ bars, S = 1_5"80_ =195 mm c/c
"
. 20
Spacing, S= %(;M) =219.8 mm ~ 200 mm c}c Provide 12 mm ¢ bars? :)90 mm c/c
Provide 16 mm ¢ @ 200 mm c/c distance. 3 Design of fhee Ifeel Slab : ; .
RS 0.12 {" The BM calculations for 1 meter wide strip of the heel slab are given in
v. Distribution steel, A, = 1'00 x350%x1000 = 420 mm? thetable :
vi  Spacing for 8 mm diameter bars, W‘ : | Magnitude fDistance - Moment
i ! o 2T 5 00, . (&N) b 3 >
Spacing, S= % =119.05 mm ~ 110 mm c/c fth b km cheidol e Lo
Weight of the backing
If the distribution steel is provided near both faces, then th ing wi 13x4x18 93.6 0.65
be @ 220 mm c¢/c near each face. Pepsiel = x - il
7. Design of Toe Slab: Weight of the heel slab)
i The bending moment for 1 meter wide strip of the toe slab can be L sx s Dl s 74
calculateas:
68.24
-Load dueto ‘| Magnitude Distance | 'Moment Deduct for upward
: f AN from - about pressure abih,
FaEtagle o) &l ee (WN-m) 2x130x 1 35.1 0.65 22.815
Upward pressure [cdjf] itholnl ;
66.85 x 1 x 0.85 56.82 0.425 2415 g Li0xs14 204 0.433 8.84
s 1 "
eif = 5% 0.85x20.53 8.73 0.57 498 n T
Tou | o | | bl sl
Deduct for self weight um bending moment,
of the toe slab 3.16 ¥ M = 36.585 kN-m
. i
0.85 x 0.35 x 25 744 0.425 = Sedrequired, 4,z M, _15x36.68x10° o ooos i
}_Bentding1 n;oment L’__/ “ 7 bad? 1000 x290°
Cliot bl o 0[1—(46x6525/20)]
= Y =0.108%

A
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jii.

10.

Vi,

vil.

viil,

iX.

iv. Spacing of 12 mm diameter bars, [A‘ = _74 A

S~y ((ZN)

Minimum % of steel = 0 2 %

A -Ex1000x290 580m 2

e 113 my?
Spading, S 113x1000 =195 mm o
Provide 12 mm ¢ bars @ 190 mm ¢/c °
Check for Sliding :

Total horizontal soil pressure force per meter rup of t,
€ wal],

=k L e, 32
2 xls T =56y

Limiting frlchon KW =05x 142 975="71, 49 kN

Factor of safety against sliding

pW - 71.49 7149 =19
] " P;. 56.77 6 < 1 55 .
ence, we have to provid
i provide a shear key to increase the resistance apiny
Check for Overturning :
IMp 210635 ‘
F=2Mpr _
M, 82 D) =254>155
Hence Safe.

. Design a Shear Key:

Safe horizontal pressure force = 1.55 P
Maximum available force = 71.49 kN
Unbalance horizontal force = 88 - 71.49 = 16,51 kN

Safe horizontal soil reaction = 0.7 x Safe bearing capacity = 0.7x 0=
140 kN/m?

Let the height of the key be y
140 x 1000 x y = 16.51 x 103
y=0118m
Minimum height of key = 300 mm

= 155 x 56.77 = 88 kN

Maximum BM = 16.15 x % =2.48kN-m

Ultimate BM = 1.5 x 2.48 = 3.72kN-m
0.138f, bd? = 3.72 x 10°
d = 36.71 mm
Minimum thickness of key = 200 mm
Provide 800 x 200 mm shear key.

g wall,

tilever retainin
Take the density of

30°, Toe projection
§ 450 mm-

n
. ¢ho stem Of RC c2

ign above base slab.
f repose of soil as

d thickness of base slaba

ve/ms and angle ©
AKTU 2014-15, Marks 10

J7m an

Q.5.17,Page 5-36A, Unit-5.

=187.6 kN-m

=260.64 mm ;
d thickness of stem =
l;reqvull;:d thickness of stem at bottom 400 mm and at top 200 mm
0
rcement, A, = 1227.6 mm?

¢ pars @ 160 mm c/c.

iv. Areaof reinfo
v. Provide main remforcement 16 mm

v Areaof distribution steel = 480 mm?

vi. Provide distribution reinforcement 8 mm ¢ bar @ 100 mm dc.
2 Details of Reinforcement :
77N P77 NSNS
8@100 cle F
N 0.57
545m
113
[ 16 @160 o/c
iy
3900 ——py Stem reinforcement
(Longitudinal view)

Fig.5.18.1.)
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, 5.4“(0%.
B}E_ 5.19: Design the vertical stem of T"‘haped ret

aheight of 3.5 m above the ground leve], Ty, o

4
3 % to
is horizontal. The angle of repose of earth jg o \op of earth,
. L 30° Te|
kN/m’, the safe bearing capacity is 100 kN/me, Us:ﬁ 25‘8 d nni:yi
and Fe 415 grade steel. Congy

top

Procedure : Same as Q.5.17, Page 5-36A, Unit-5
Wall Proportion : ;
Thickness of stem at top =200 mm

Thickness of stem at bottom = 400 mm
Thickness of base = 400 mm

Required Length of toe = 800 mm,

Length of heel = 1300 mm :
Provide width of base slab = 2500 mm

Height of stem=3.5m

Pressure intensity,

P .. =72.88 < 120 kN/m?

P ;.= 40.92 < 120 kN/m?
6. DesignofStem:

oo po 2 T ERETH

Ultimate bending moment, M, = 71.46 kN/m2 .
Required area of reinforcement, A, =546.48 mm?
Provide main reinforcement 12 mm ¢ bars @ 200 mm efe
iv. Area of distribution steel = 432 mm?

Provide distribution reinforcement 8 mm ¢ bars @ 110 mm el
Details of Reinforcement :

F,\ Lo

8 @110 dc
S

& 12@200 cc

L) PR e
1400
g—— 2500 —P

{Fig.

B

Structural Behavior of Footing & Retaining Wal]

= T.shaped cantilever retaining wall for retaining

//’| Des d level. Consider the weight of gofl
283% o the grount C'C fetlon gt b
“‘;mi: ‘: o ; g:?:cpose of soil = 30°, Coefficient of friction at base
]

. =150 2,
gﬁ kN/"ﬁ (;wnble pearing pressgre of soil kN/m?, Grade M20 for
A

i Pr

ol

S R

= g BT T

oo

,An.

e

[AK’I’(J:OIB-I'{,'M@;lelﬂ

gwer.:
" cedure : Same

as Q. 6.17, Page 5-36A, Unit-5.
ions ¢
Proport
g Height of gtem=5.4m
' 'Thickness of slab = 400 mm
' idihof base slab=3m
: Length of toe = 1.0m
1=1.6m
Length of hee
bltiﬁate pending moment, M, =156.25kN-m

;.- i4a thickness of stem at bottom 400 mm and at top 200 mm
- Pprovidet :

i mwnsxt;, .= 101.25 < 150 kN-m?
P:in = 23.75 < 150 kN-m?
Design of Stem :
Ultimate Bending Moment, M, = 156.25 kN-m

Area of reinforcement, A, = 1299.45 mm? ~

Provide main reinforcement, 12 mm ¢ bars @ 80 mm c/c
Area of distribution steel = 480 mm?

Distribution reinforcement, 8 mm ¢ bars @ 100 mm ¢/c
Design of Toe Slab :

Ultimate moment, M, = 62.235 kN-m

- Area of steel, A_, = 492.81 mm?

A, min = 800 mm?
Provide main reinforcement 12 mm ¢ bars @140 mm c/e
Design of Heel Slab ;

Ultimate bending moment, M, =91.148kN-m
Areaof steel, A, = 732,17 mm? -
A, min = 80 mm? .

Provide magn reinforcement 12 mm ¢ bars @ 140 mm c/c

ek in Sliding: Fator of safety, 128 1.5, therefore wallis wmsaf,
®Nce provide shear key.




bearing capacity of the gq
the ground level, Th

concrete and Fe-415 steel. Take Kr=0.6.

e i i
~ 120149 24m
400
12@130 oic 1|
—

Design of Structure-II

9. Shear key provided 400 mm dee
10. Details of Reinforcement ; °
S

[ 12@80 o

P and 400 py thick

@100 c/c

'{‘i_; FFFTFFF&

T
S(em "Einfn\\g

——— 3000 —_— ﬂongitudin;“v'?::

- The weight of g

il is 200 kN/p2 atad . Th,
€ angle of repoge of Pth of 9 "*t

; Gi\{eh ¢ Height of embankment = 378 e ol

l\;Vexg.ht of sand = 18 kN/m?, Angle of repose =30
earing capacity of soil = 200 kN/m?, Coefficient of frictic. -

To Find : Design of retaining wall, " o o ﬁ'lct:on- i
Note : Height of retaining wall above the
which is not possible, Hence assume th
3.75m.
Design Proportion :
Total height of the wall H=375+125=5m
Width of the base slab = 0.7 f = 0.7x5=85m
Toe projection = About one-third the base width=3.5/3=1.17Tmn

Provide a toe projection of 1 m. Making an allowance of 300 mm forthe
thickness of the base slab, the height of the stem = 5- 0.30 =4.70m

ground leve] jg givenr30757m
e height of retaining w j

1 2
Let a=%,sina= E'COSQ:_\E =0.8944

’ 2
cosa — ,/0052 a-cos’$
Coefficient of pressure, kp = cosa

cos o +,fcos’ a—cos’ ¢
cos? a=—cos? ¢ = 0.8-0.75=0.05

Structural Behavior of Footing & Retaining Way)

6)
gA‘CEs T - J005 =0.2236
v W | 0.8944 - 0.2236

h, = 08944 % {8944 +0.2236

=0.5366

Jlation fg;g‘:g:,:ént for the stem per metre run of the wall,
colel m bending’ ke

o — cosa
M=k =g~ ©

00x 47 e 2 _ 149 490 kNom
- 055366 x 18000 x =¢=x

¢ M =1.5x 149490 = 224235 kN-m
vy (;d z“= 0.138 x 20 x 1000 d ? = 224.235 x 10°
Bt d = 285 mm
cover to stem reinforcement =40 mm
kness=285+40=325mm : iy s
ical design this thickness may increased by ;
B eCOﬂ".ml kness of 450 mm at the bottom of the stem.
ko i};;calso will be made 450 mm thick.
;helb a:jj:ction -350-1-0.45=2.05 Ifm
g ht of the stem : B =5-0.45=4.55m
el 11 above the heel slab near the heel end,
. Hoightof 2012 K=h+y=455+205tana
=455+2.05%x05=455+1.025=5575m
e soil surface above the heel edge a,
h,=5.575+0.450 = 6.025 m

m
timat®
ji 2 0.1

Effecti"e
Total thic

S

R s

x Height of th

why
. Total lateral pressure on the whole wall per metre run, P= kp 3
s

=175.310 kN

6.025°
= 0.5366x 18x —

2
= = =156.79TkN
xii. Horizontal component of P = P, = Pcos a = 175.310 x 3

: ; 1
dil. - Vertical component of P = P, = P sina = 175.310 x - = 78.399 kN

&

O
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h

Mmetre length of Wall
Load due to o Mag‘mtude ‘Distance T
[ &N fromam) %
W =0.20 x .55 x 25 ‘ V
1 22.75 215 489195
0.25x4.55
W, =
2 T— x 25 14.22 2333 33,1725
Wa =8.5x0.45x 25 39.375 175 68.906
W, =2.05x 4.55 x 18 167.9 1.025 172.09
0.5 x 2.05 x 1.025 x 18 1891 2.05/3 1292
P, 784 0 0
Moment of lateral
pressure
= 156.8 x 6.025/3 o
Total 34155 65001

i

Distance of the point of application of the resultant force from tbe heel

enda,

650.901
341.55

=1.906m

Structural Behavior of Footing & Retaining Wall

b _1.906-1.750=0.156m

Sge==
ity €57 2 3
Eccen““” B .3_-52 =0583m . €< s
y 2 ’
4 igtengity at the base
ome pressufe W 6e) 341.55 (1 2 6 x 0.156)
Y =g ( * 7;—) =350 3.50
123.683 N/m*and p,_,, =71.488 N/m’
max e "
ing capacity of the soil =200 kN/m
peari? "
i <t of the Stem” he stem per metre run
pesig® ” moment for the
4 pual pending
i wh’ o
M=%"s.
3
0536618 x 235 40,8944 = 135,624 kKN-m
: ment, M, =1.5x 135.624 = 203.436 kN-m
g Ulmate e g'= 45040 =410 mm
.. Effective dePU =
5 M,  203436x10° _ .
bd? = 1000 x 410°
h 46x1.21
20
=p=|l-——F7F —|=0363%
w. Percentage of steel p, 4—215
) 0.363 e
v. Areaof steel, A,= 00 (1000 x 410) mm
254x1000 _
vi. Spacing of 18 mm diameter bars oy T 171 mm

vii. Provide 18 mm ¢ bars @ 170 mm ¢/c

vii. Distribution steel = %g— (1000 x 450) = 540 mm?

50x1000 e
540

X Provide 8 mm ¢ bars @ 180 mm c/c near each face.
5. Design of the Toe Slab:

BM calculations for a 1 m wide strip of the toe slabs.

ix. Spacing of mm diameter bars = 92 mm say 90 mm




3 havior of Footing & Retaining Wall
Design of Structure-It gtructural Beha g

pitude | Distance Moment
Load due to Niagnitude Mag from b (m) | about b (kN-m)
of Load ] (4 .
= - ad (kN) fmm ¢ (m) M(Imel“ : L()“d duv
o f:’r‘:’f‘;"ijf_l!ressure at 188.77 xle ol—ole (kN'fn) buut ‘ e bﬂcking 1679 1,025 172.092
8. t -
e L UM RV B B B et T MR
= 957 )1(4516x i \% 208 - the heel slab 189 413 i
— " ¢ OE o gt of 1,025 % 18 23.75
po ] \\ 4971 wsc;( ‘05 X t'ca]
_\ 0 Ver 1
Dfetductlsglf weight | 1x 045y o5 -\05\% " ment d;";;;’ateral
ol toe slal = . n
| <N B62s omPo" 22168
BM for toe slab "‘\\ p,-essur |
= -vye. =R o
L BM for toe slab, M = 53.731 kN.m \\_5373\1 m
&4 . for u
- Ultimate moment, M, = 155 75, 80.596 kN D°dl;f,tre0ab”" 146.55 1.025 150.214
ii.  Effective depth, d = 450 — 60 = 390 mm m 1;2629 x2.06 - 31335 2.05/3 21412
) x 30.5 ’
M, _ 8059610 igh=05" 268 171626
bd* ~ 1000 x 3907 058 e
Total de?” 50.06
16+033 e :
iv. Percentage of steel = p. = 50 - H M for heel slab L
PN | =0y,

20

= 50.060 kN-m
Minimum percentage of steel = 0.2 %

BM for heel slab = M 5 x 50.060.1 kN-m = 75.090 KN-m

Ultimate moment, M, ]
: 090 x10
A= ;)T?) (1000 x 390) = 780 g2 M, _ T5.00x10° 40,

bd® _ 1000x 390"
vi." Spacing of 12 mm diameter bars = ﬁ;slﬂ =1

mm 1 4.6x0.494
viii. Provide 12 mm diameter bars @ 140 mm c/c. L _1___;__20__ =0.14%
6. Design of the Heel Slab : v. Percentage of steel, p, = 415
i.  Note:The soil resting on the heel slabwill produce an additional hogging 2
moment due to the vertical component of the lateral pressure, rcentage of steel =0.2 %
: " . vi. Minimum pe o
This additional hogging mom;nt, & _0_2 (1000 x 390) =780 it
w s ¢ 100
= k%G (b4 2W)sinatana 1% . Jp
2,05 vii. Spacing of 18 mm diameter bar as = ——g, ‘ :
05365 x 18000 % 6 W viii. Provide 18 mm ¢ bars @ 180 mm c/c so as to match with the spacing of
1 1 50 Nom - stem reinforcement
X g R » T Check for Sliding : gl
i BM Calculations for a 1 metre wide strip of the heel slab. L Total horizontal force per metre length of the wall = P, =

i Limiting friction = pW = 0.6 x 341.55 = 204.93




i

Design of Structure-1I

iii. Factor of safety against sliding = };TW' - 204,93
’ A

ill provide k
be safe fo i

iv. Thisisless than 1.55. Hence we w,
safety of 1.55, the wall should
1.55P,.

1.55 P, =1.55 x 156.797 = 243 035 kN

v. Maximum available friction = 204.93 kN

vi. Unbalanced horizonta] force = 38,105 kN

- viL. Safe horizontal soil reac
140 kN/m?

. \V w2 n
200

™~
8 mm § @ 180 mm o/ £ 0 0@ 180 mn o
b -——18mm¢@180mm c/e
-1—18mm¢@90mm clc
. 18mm¢@180mmc/c
450
Zmmpe ¥ 5. I
P m¢ @140 mm cle
—>200}—
1000 450 2050
3500
Figi5a12;
Viii. Let the height for the key be Y metre,
140 x 1000y = 38.105 x 103
. 0 ¥=0.27m
IX. Minimum height of 5 key=0.3m= 300 mm
X Maximum BM for th,
xi.

: e key, M =38.105 x 0.3/2 = 5,716 kN-m
Ultimate moment, M, = 1.5 5.716 = 8.573 kN-m
0.138 f,bd%= 0.138

x 20 x 1000 ¢2 = 8.573 x 108
d=56mm

300

6<

e TO p .
. Pon d
e horlz"ntax pre:

R S

450

156.797 =13

a act,
Orof
Sure rol'ce

tion = 0.7 safe bearqp, g Capacity 0.7
=037 g1

Structural Behavior of Footing & Retaining Wall

jckness of a key = 200 mm

b “mm'h 4 = 20060 = 140 mm

t, 8573x10° _ ¢ 44
Bd’ 1000 x140°

4,6 % O.ﬁ

20
415

1-,1

=0.125%
p,=50

20 .
to the key.
11. Extend alternate bars of the toe slabin!
o This js very small.

taining wall
termine the dimensions of a T-shapedre
Bue 522 \ Dete

Que B2

ht f S5ma oV the d ]eveL Ihe t()p 0{ the earth 18

for 8 heig (1) bove h groun

l “rchar'ged at 20 Witah the horlzontal. Ihe a.l:lgle of !epo.se Of ear th

o densﬂ.y 18 20 kN’m . The Sa‘e bearing capﬂﬂty of BOll 18
0 ﬂnd its

is 3

il is
crete and 80!
fficient of friction between con

g0 kN/m* and coe

055.

| - Unit-5.
:nggr‘ d re : Same as Q. 5.21, Page 5-45A,
Procedure : b
1 Approximate Proportion
. =6m

i Totalheight, H v

i Width of base slab, B = e

rojection = 2-

v e k, = 042

" Heel projection = 1 :Jm
Height of stem = 2:46_53 i

Ultimate momentde., i o

Effective depth,

=400 mm
Provided total depth, D

—68.84
Pressure at £0° P

Pressure 8t heel, P=

CheCk 4 T af Hence provlde shear key.
:
ding (0.9 uns e).

V.
Vi,
2.
3.
4,
5.
)
-
e gt
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Design of Beap,

(2 Mark
S Qu ]
, XS Questigp,
—\
f di i n
of reinforced concr:t: s‘tf:‘;:::?hﬂosopmes forthe desigy

7 'gvh:rlif' are four philgsophies used in the designing :
o Limitmtg :tl:ss_ design, ii. Ultimate load design
state design, and iv. Performance basedd’esign

1.1, Write down the nam

What is modular ratio ? Determine the modul,
M 20 grade concrete.

AKTU 2015-16, Marks 02
OR
What is modular ratio ? AKTU 2017-18, Marks (2
OR

Determine the modular ratio for M 20 grade concreie,

[AKTU 2017-18, Marks 02

AN Modular ratio is the ratio of the modulus of elasticity of steel to
modulus of elasticity of concrete. It is denoted by m. ‘

_E, _ 280
E‘. 30'ch
For M20, G, = 7 N/mm?
m= 280 _1333
3IxT

1.3. Discuss the drawbacks of the working stress method.
ANg The main drawbacks of the WSM are as follows : ‘
i. Concrete is not elastic. "
ii. Itisdifficult to account for shrinkage and creep effects by using the

WSM.

1.4. Discuss t{he merits of ultimate load method.

An i i i hod :

‘ ng are the merits of ulhmate.load met! . .
5 gglg(;::d?uctor gives the exact margin of safety aga&{i;t c;l:?;;es
ii. The method allows to use different load factors for differ

of loads and the combination thereof.

ar ratio for -

Design of Beam

rits of ultimate load method.
h demt‘;e demerits of ultimate load method :
15 FOIIOWi”g u‘rie does not take into consideration the serviceability
his M€ fgeﬂec“"“ and cracking. ‘
criteria® high strength reinforcing steel and concrete results in
0

use : d crack width.
i Thcease of deflection an

incr

i

characteristics strength.
e
n , [AKTU 2015-16, Marks 02

:<tics strength means that value of the strength of
o The d?”g:}':;ivlhich not more than 5 % of the results are expected
materi :
tofﬂ-u‘ U’l= 0’7.—1.640
éT = Target mean strength.
where, o = Standard deviation.

6 pefi

What i characteristics load ?
1% haracteristics load is defined as that value of load which has a
o gﬁc% probability of not being exceeded during the life of the

structure.

15, Define factor of safety and load factor.

[AKTU 2015-16; Marks 02|

s Factor of Safety : It is defined as the ratio of yield stress of member
to the maximum expected stress. p

Yield stress
Maximum expected stress
Load Factor : The ratio of the ultimate load to the working load is

Factor of safety =

called load factor.
Load Factor = \U’ltlm.a toruad
Working load

l;-::. ;Yl;]ﬂt are the assumptions of ultimate load method ?
b Yollowing are the assumptions of ultimate load method :

L Asection which i i i
ety sr; " chis plane before bending remains plane after bending.

it ngth of concrete is ignored in sections subjected to

i Maxg
% imum fibre strength in concrete does not exceed 0.68c_ .
e Define singly reinfy %

orced section.
am or "

slab reinforced wi i i i
20ng ga] Bty reinforcgtsl:gmmn steel provided only in tension

u, ction.

ere d i
i oubly reinforced sections are provided ?




Design of Structure-II (2 Marks Questions)

8

Ans A doubly reinforced sectioni Qﬂ‘%
oubly reinforced section is general]. i
conditions : ; . Y Provided under

)
‘.he f(}]l‘Mr

or uﬁd

i When the member is subje :
lateral thrust. ol e "Mpact
ii. When the bending moment in t
the loading conditions e.g.,
iii. When the member is subjected to

i . eccentric |
iv. When the section of member restricted. o

1.12. What are the assumptions of limj
Ang; E;)llowingt are the assumptions of limi
L tlane section normal to the axis remaing p] .
i. The maximum strain in concrete at the i:?:r;%:: bending
fibre istaken as0.35 %in bending regardless of the at:
concrete. :
iii The tensile strength of concrete is ignored.
iv. The maximum strain in tension reinfore
failure should not be less than the follo

ding,

t state methog 9
t state methog :

wing :
€ > %y
'~ 1.15E,

+0.002

1.13. What is limit state and give the classification of limit stated
Ans Limit state is the load case beyond which a structure no longer |

satisfies the design requirements. There are two main limit stste:
i. Collapse limit state.

il. Serviceability limit state.

1.14. Write down the types of reinforced concrete beam.

Afig: These are the three types of reinforced concrete beam :
i. Singly reinforced beams,

i.. Doubly reinforced beams, and
iii. Singly or doubly reinforced flanged beams.

1.15. Write down the expression of moment of resistance of singly
reinforced beam.

Ang. Following are the equation used to calculated M0R452 )
M, withrespect to concrete =0.36 5, bz, d —0i x,
M, with respect to steel = 0.87 oA, (d-042x,

1.16. Define limit state of serviceability. 02
AKTU 2015-16, Marks '

- eability duriné
Awis; The structure or its part thereof shall be serviceability flectiod

S de
expected life span. The serviceability corresponds tothe

and cracking of the structure. *

1onis
- on dimensiod
1.17. How is it determine whether abeam of agiven

: i d?
to be designed as doubly !‘emf-"me 01617, Marks 0

. aly |
. hfet member revey, itters ]
oftank, bracket, ete, rdm %

Omprem n |
engthofy, |

ement in the section g |

Design of Beam

) '
EQAA(GE . as doubly reinforced cham, when dimension of
peam is d::r’lgc’;c d and design moment is greater than resistance

g
|~ bftar;z::e moment of beam:
ult

. over arm ? | AKTU 2017-18, Marks 02
8 at1s ™ the distance between the line of action of the resultant
‘ ﬂi‘ Lever arﬂ‘}(:i and the line of action of the resultant tension force,
§ 81 ;
co,,nplrﬂ."n why is the concrete cover to reinforcement
al
19 Exp

rﬂuif‘;?elover shall have to be provided to the reinforcement for

cr .

tneTllowin; reasons f ther and fire, 80 that it doe
otect the reinforcement from weather and fire, g0 1t does

b oteorrode or melt inf 5 that th
nsure the grip of concrete over reinforcement go that they act

2 ::: :ne and resist the loads.

120. What is effective depth in a heam section ?

| AKTU 2017-18, Marks 02 ]

Effective depth s defined as the distance from extreme compression
fibre to the centroid of tensile reinforcement.

| 121, What is minimum grade of concrete for general reinforced
concrete work recommended by the IS code-456: 2000.

[ AKTU 2017-18, Marks 02] -

Aoz M20

| 12 What is neutral axis ? [ AKTU 2017-18, Marks 02]
Ang Neutral axis is an imaginary plane which divides the cross section

of a beam into the tension and compression zone lying on the
i opposite side of the plane.

13. What is effective cover ? [ AKTU 2017-18, Marks 02]
At Effective cover

i (concrete cover) is defined as the minimum distance

“ween the surface of concrete to the centroid of the tension
reinforcement,

1% v ective cover = D — g = Total depth —Effective depth
at is meant by shear lag in T-beams ?

[ AKTU 2016-17, Marks 02|
slab that |1 10N that dissipates the compression in the T-beam

. 2:}111:5 further away from the beam’s web is known as shear
the lpaq d T Word, the decrease in flange compression away from

dedge due to shear distortion is called shear lag.

©e©

The pheng

? St
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2.1. What are ti:e differ S
: ent modes of sh :
AHS Following are the modes of shear failu:ea.r failure 7

1. Diagonal tension failure,
i Fl_exural shear failure, and
iii. Diagonal compression failure,

22. Defirie the term diagonal tension failure,

; under 131' e Sh orce and o
bendlng mOment Such Cl‘acks a OImall o 15
. TIe n i .
. ' y at 45 Wlth the

2.3. What do you mean by flexural shear cracks ?

[ AKTU 2015-16, Marks (2

AfS;  Flexural shear crack occurs under large bending moment and Jesg
shear force. Such cracks are normally at 90° with the horizontal

24. Give the reasons for providing vertical stirrups for
preventing shear crack.
Atis; Following are the reasons for providing vertical stirrups:
i. Stirrups help to prevent cracks due to shear shrinkage and thermel
stresses.
fi. Stirrupsassistin confining the concrete and to increase the strength.
{ii. These reinforcement preventa sudden failure with diagonal crack,

stirrups allow considerable ductility so as to provide indication of
impending failure.
9.5. What do you understand by diagonal compres;lslgrnf(f)::lel.l;:iz
ans; Diagonal compression failure occurs under %qarg; ZI 1; s
characterized by the crushing of concrete. N0 )
beams which are reinforced against heavy shear.

1
: Jed in the bea™
96. Inwhatcases shear stirrups are n:cte;g‘::tl::; lnot b g i
. ) i shear reinfo
The IS code requires that

in the following cases

Behaviour of RC Beam in Shear

an 0.5 times the shear capacity of the

i tions t;l;ﬂt of minor gtructural importance such as hntels.
m

n the _cxpression for minimum shear
dow
e
t. it
rceme™™ . . ement should be provided if the nominal
Mmim“m she(a;r)fie;ﬁzs than or equal to shear strength of the
8
”ﬂ h ear stfeS v
8
co.nc'retﬁ'n ghear reinforcement,
Mim™ A, 0.4

s, 0.87f,

hear reinforcerﬂent is to be provided ?
en seinforcement should be provided if the normal shear stress
T

o she;:cfee ds the shear strength of concrete (z).
7, ©

ain the expression for spacing of shear stirrups.

29, Expl
0.87a, A, d
ﬂ'ﬁ -SpaCing; = Vus
where, V,, = Net design shear =V, —bdr,

A, = Area of stirrups.
b = Breadth of beam.

910. What is the specification of Indian Standard Code for
spacing of stirrup ?
A% According to IS code spacing should not exceed the following :
i For vertical stirrup — 0.75d or 300 mm.
i. Forinclined stirrup — d(effective depth of beam) or 300 mm.

211, Define bond stress.

AGS Bond stress is defined as the shear force per unit of nominal surface
ireea of areinforcing bar acting parallel to the bar on the interface
tween the bars and the surrounding concrete.

212. Dj ;
mes:;;::. tl_le factors affecting shear resistance of RC

A& The shear res; an

e res

i f0110wingfacto;zt: ce of rectangular beams depends upon the
L Grade of concrete.

L Perce
" ntage and grade of tensile reinforcement. -

13, Eny
m
erate the types of shear reinforcement with neat
sketch.

| AKTU 2015-16, Marks 02|




£st cucture-II (2 Marks Questions)

Design 0
; t is provide in any one of the f,
Shear reinforcemen e folloy;
ATE forms al ey ‘ g thre,
;i Vertical 1TUpsS, el Ak 4 I i
i; Bent up bars along with stirrups, and
4i Inclined stirrups: .
. Bent-up
Holding bars bars‘

2.14.

ARS
i
i

- 2.16.
AnE
2.16.

2.17.

218,

2.19.

ertical Inclined

stirrups y
stirrups stirrups
(a) Vertical (b) Bent-up bars along (©) Incli
stirrups with vertical stirrups csti::‘l:;:d
" [Fig! 2.18.1: Types of shea reinforcement.]

Classify the bond. _
Following are the two types of bond :°
Flexural bond or local bond.

Anchorage bond or development bond.

What is flexural bond ?

Flexural bond is one which arises from the change in tensi
carried by the bar along its length due to change u? bégdii:;s xl:lleug’:ci
along the length of the member. 4

What do you mean by anchorage bond ?

Anchorage bond is that which arises over the length of anch
provided for a bar, It also arises near the bend org:utoffa;gi;tr:fg Z

reinforcing bar.

Define the development length.

Development length is defined as the length of the bar requiredon .

either §ide of the section under consideration to develop the required
stress in steel at that section through bond.

Give the expression for development length.

Development length is calculated by given expression
Development length,

_ 0.870, ¢
4 Tbd
Write down the critical points where developmen

checked.

Special checking for development length is essential atthe following
location :

At simple supports,

L,
t length

i, Atcantilever supports:

t of contraflexure,
i f,oinf of bar cutoff.
v A HirTups and transverse ties,

ive the 1S specification for anchorage e ;
€ of bengg
and

2’2 0: hooks‘ :
de gives the anchorage value of

5 1S goa:chofage value of a bend shoulcll)e b’édfai“ 4

i pend subjected to 2 maximum of 16¢, f

1 chorage value of a standard U-t .
i, Thean mhookmequaltol%.

hooks a3,
ollowg .
1 23 44 for eacm;»

Write down the IS code specification for des; ntond
st

2-21' ress

(tpd gy ; ‘
Isb‘éode gpecification for design bond stresg :

ﬂf‘{ The value of t,, may be increased by 60 % for deformed bar
tension. ' m
i Ttis further increased by 25 % for bars in compression.

. TFor pundled bars in contact the development a7

= ?:)r the individual bars when increasea by, lengthis given by that
a 10% for two bars in contact.
b 20% for three bars in contact.
c. 33% for four bars in contact.

922. How does the shear span influence the mode of shear
failure ? | AKTU 2016-17, Marks 02|

Afs Depending upon the shear span and effective depth ratio, a beam

may be fail as :

Casel:a /d <1, splitting or compression failure.

Casell:1<a, /d <25, shear tension failure.

Caselll:2.5<a,/d <6, diagonal shear failure.

Case IV:a,/d>86, flexural failure. .

where, a, = Shear span between the support and load.
d = Effective depth.

©00




Design of Solid Slabs

10A (CE-®
s@- s in steel reinforcement.

i Streim ¢ and extent of cracking:

AmO
V.
¢ are the factors that af'fect the long term deflection ?
3.7 7 “‘: wing are the factors affecting the long term deflection :
0

A5 Humi dity and temperature condition at the time of curing of
i

conctf_i‘:nc rete at the time of loading/
i 1etge other factors influencing shrinkage and cree

f aggregate, water cement ratio, etc,

P such as type

" andsize©
. A:..:: ls)le{)‘me th(: tteml ‘slab’, Write down the factors that influence the cracking in
avs are plate elements forming flogrg snil ; 38
1 3 * ¥ 3 Troof: a1 mbel‘ﬂ- s
:uarrympporti &ilx)s},’t:ebatgzt :(‘)::Ssprl‘xinanly by ﬂex\;’r:_!’lfxb;ggmgs ang g:_zckmg is a complex phenomenon and is influenced by number of
L beam. andmay be used as the f1p 0. M8 be A ctors, such as :

ange ofaTq, Stressin member.

T e

=5 g0 teristics of steel.
32. H al. i i d Surface characteris
ow are also classified ? List the various classifications nt Digmete; ;nd spacing of steel.
AK . .. Covers of bars.
AWs; Slabs are classified as follows : = e, LT % lz' Quality of oo her fi f reinfi
. Oneway by s vi. Shear stirrups and other form of reinforcement.
ii. Two way slab.
i Circalaselab, . 39, Define one way slab and two way slab.
'iv. Flatslab. - ' [ AKTU 2015-16, Marks 02 |
v. Grid floor and ribbed slab. 455 One Way Slab : When length of slab is more than twice of the
B s T breadth, the slab is known as one way slab. This may be simpl
33. Classify the deflection. supported or continuous. i
AnE Deflection is clasm.ﬁed as follows : Two Way Slab : The ratio of length t6 breadth of slab is less than
L Short term deflection. two, the slab is known as two way slab. Two way slab are supported
ii. Longterm deflection. on four sides.
3.4. Explain the short term deflection of members. 310. Explain main steel distribution in slab.
AWE: The short term or instantaneous deflection occurs due to initial ARS:

This' reinforcement consisting the main bars is based on the
maximum bending moment. This reinforcement shall not be less

thaq 0.12 % of the gross area for Fe 415 and 0.15 % of the.gross
sectional area for Fe250 grade steel.

elastic deformation of member under dead load and permanent
imposed load under service condition.

3.5. What is long term deflection ? _ - 31L
Ans. Long term deflection occurs due to grfi_fp té}nd ;hnaktaf;p‘;nrm Asg
sustained load and additional elastic deflection due : X . ) ) ¢ 7l
liveloads. It is about 2-3 times longer than the short term deflectio® - These reinforcements are provided running at right angle to the

n}llra{n bars in order to distribute the load and the temperature and
" fnﬁmkage stresses.
Sectiosxf:f] shall have an area not less than 0.12 % of the gross
are area when Fe415 are used and 0.15 % of the gross sectional
awhen mild stee] bars are used.

Discuss the distribution (temperature) steel in slab.

deflection.

8.6. Explain the factors affecting the short term ph

Following are the factors affecting the short term
Magnitude and distribution of live load.

Span and type of end restraints. .
Cross-sectional properties including steel percentag!

Eip :‘-5

312, g
Ve the IS specification for diameter main bars.

i
1
|
!
|
{
i
|




Design of S

ARE

P

- less than 75 mm for satisfactory concre

3.15.

3.16.

3.17.

3.8,

tructure-II (2 Marks Questions)

Following are the IS specifications for dia SQ~11 A (Ck, 4
For Fe415 grade steel, 8 or 10 mm barg “:;?itzr (:ifmaj b )
8 diap,

Doy,

bar. . ; etey
Fe250 grade steel 10 or 12 mm barg used Ot‘main
The diameter of bar shall not exceeq 1/3u'.' of thicl,
cknegg o
Elab_

Give the IS specification for spacin

: . g of '
The spacing of the main bars shall not exCee';lam barg,
Three times the effective depth of the g]a}, the followiy, .
300 mm. : g

Minimum Spacing of Bars : The Spacing of the

ting, © PrSshal ot}

Write down the IS code recommendat
diameter of bar, of temperature reinforcem
Minimum Spacing of Distribution Bars .ent.
distribution bars shall not exceed the following ;
Five times the effective depth of the slab. '
300 mm.

Diameter of Distribution Bars : Generally
bars of mild steel are used as distribution bars

io
o 2 acing gpq

The spacing

6 or 8 mm diameter

Write the measure to control the deflection in slal

| AKTU 2016-17, Marks 02|

Deflection can be controlled by restricting the span/effective depth
ratio of a member. ; .

Write situations in which one-way behaviour can be

assumed of a slab supported on four sides.
[ AKTU 2016-17, Marks 02|
When length of slab is more than twice of the breadth of the slab.

What is the dog legged stair ?

The staircase which is used to give an access to different floorsofa
building is known as dog legged stair.

Define the term lintel.

« eran
The lintel is a beam which supports brick or other masonry oV
opening like door, window, ventilator, etc.

©0©

’

42
AT

43

AdS:

B

45,

x {fthe value of mj

Design of Columns

~ Design of Columns
‘ (2 Marks Questions)

/—:;;m ‘column,' :
pefine the defined as an element used primarily to support

n mﬂys?:e load and with a height of atleast three times its

the effective height of a columg ?
ight of a column is defined as the height between
traflexure of the buckled column.

What is
The effective he
the points of con
Explain the assumptions which are made for limit state of
collapse in compression. N

Following are the assumptions made for the limit state of collapse

in compression : . - g
Plane sections normal to the axis remain planes after bending.
The tensile strength of concrete is ignored.

The maximum compressive strain in concrete in axial compression

is taken as 0.002 unit ete.

Give the recommendations of IS code for minimum
eccentricity of load.

Clause 25.4 of the IS code requires that the minimum eccentricity
should be as follows :

l D
e > ——+—
™= 500 30
> 20 mm
[ = Unsupported length of column in mm.
D = Lateral dimension of column in-the

direction under consideration in mm.

where,

What is the role of minimum eccentricity in the design of
hatn s [AKTU 2016-17, Marks 02

nimum eccentricity is less than or equal to 0.05D,

miixiig umn is de_signed as axially loaded column, but if, the
um eccentricity is greater than 0.05D, the column should

be desgj .
_rgeSlg_ned for combined axial load and bending, where D = Lateral
ension of ¢,

he column in the direction under consideration.




anx Following are various types of colu

Questions) SQ-134 (CE.B)

Design of Structure-II (2 Marks
el code momme“d““ms forlateral tics of ¢}
umy,

46. Gi\’em
gz;;g“g;lg are the recommendation for diameter and pitc}, oflatg
. Y ru]
ties: ies should not be 1
. diameter of lateral ties shoulC ess than one
i The O terofthe argest longitudinal bar and i no caso s
an

6 mm. 3
ii. The pitch of the lateral ties should not exceed the follow;
lng

distances :

a.  Leastlateral dimension. :
b, Sixtimesofthe smallest diameter of longitudinal reinfoyy,

bar. ement
¢. 300mm.’

umerate different types of column.

[ AKTU 2015-16, @

mn :
11 Square column.
iv. Polygonal column,

47. En

i Rectangular column.
i Circular column.

48. What is slenderness ratio ?

. amx Theratio of effective column length (/) to its least radius of gyration

(r), is called slenderness ratio.

Slenderness ratio = ﬁ
=

49. How can we say that column is long or short ?

ARE A column will be considered as short when the ratio of the effective

length to its least lateral dimension is less than or equal to 12,
When this ratio exceeds 12, the column will be considered as long

column,

4.10. Clas‘:sify the column on the basis of lateral reinforcement.
AHE Areinforced concrete column can also be classified ac

cording to the

manner in which the longitudinal bars are laterally supported that

is,
i. Tied column, and
ii. Spiral column.

411. Explain the codal provision used in compressive members

with helical reinforcement. | AKTU 2015-16, Marks 02

Ans Codal provision are given below : i
i. Diameter of Helical Reinforcement : The diameter of the hellcdf

r}t:inforcement shall not be less than one fourth of the diameter ©
the largest longitudinal bar and in no case less than 6mm-

Q 448 .
8 ¢ Helical Reinf S1gn of Co|
pitch ¢ orcement : Thg iy i

il t be neither more th
hall not D e than 75 m the hel;
. o core diameter of vtho column; nor ;2;: : BT nnonl:?:i;t“lr‘m
ghreo times of the diameter of the stee] by, fori?m' nor legg th::
Ing the hel;
at are the functions of trangye X

gsion member ?
s of transverse reinforcement are gg fo]]
ows ;

. T8¢
412 compre reinforcement iy

Function

A To hold the longitudinal reinforcement jn Position at the
time of

g’ concreting: 2
1o prevent longitudinal buckling of longitudina] reing,
orcement,

ii.
i o confine the concrete thereby preventing itslongityd;
i‘; To impart ductility to the column, ngitudinal splitting
418. Give the applications of longitudinal reinforcement.
ABE Applications of ]ongitudinal reinforcement are given below ;

. To resist tensile stresses caused by eccentric load, moment

h t{ransverse load.
i. To prevent sudden brittle failure of the column.

4. To reduce the effects of creep and shrinkage due to sustained
loading.
414, What is pedestal and where does it use ?
[ARTU 2016-17, Marks 02|

Ans:. The compression member whose effective length is less than three
times its least lateral dimensions is called pedestal. These canbe

used in building, bridges, supporting system of tanks, ete.

©0®




Design of Structure-I1I (2 Marks Questions)
es

5.1. Differentiate between shallow foundation

and deep

foundation. AKTU 2017-18, Marks 03

AR

S.No.[ ' Shallow Foundation Deep Foundation

1. | Shallow foundation is atype| Deep foundation is the foundatjoy
of foundation in which depth|in which the depth of footing i
of footing is less than or equal | much Breater than the width of
to width of footing, Dfs B footing, B<D

2.

Pl ———— -
Example : Isolateq footing, Example ; Pile foundation, Pier
ali Combined footing, etc. f““"dati"ﬂ,ﬂc.\J

52. Explain safe bearing Pressure.

ANS. The intensity of theload at the base of the foundation that the soil
¢an sustain without undergoing settlement more than the
permissible value for the structure is known as safe bearing pressure.

53. Define ultimate bearing Pressure.
ALE Ultimate bearin,

intensity of the loadin

shear failure of the so;

- On which variation of pressure depends ?
Ans. Following are the various

parameters on which pressure depends :
L Rigidity of the footing base
i Size of footing.

iii. Typeof underlying soil.
iv. Depth of the base of footing.

Parameters,

55. Classify the
footing,
Ang Following are the various types of combined footing :
L Rectangular foot

ings,
i. Trapezoida] footings.

types of combined footing or multiple column

g

Structural Behavior of Footing & Retaining Wal
CE-6)
5Q 6A (
Q154 (Cry, st rap footins.
ructur i ] |
h of foundation.
St ct al BehaVior 5.6. pefine ‘:}TI:; foundation is tl;;e depth m:as'["llfeg fr'c');:) ;?oigrdgﬁgg
i ; dep 1 of the base concrete. The dep )
Of FO Otlng and e ']I;lleel 2 :)hesg(::tl:(;?tls\;)eroject the foundation concrete and soil below
inj uld be su
etaining Wa <o undation.
- UNIT . g ?
[ (2 MarkS Questlons) 57, What s retaining wall

imarily to retain or
i i tructure constructed primarily ¢ in
A retaimzftrgllsfn?eso{her material in a relatively vertical position
suppoftof; both sides of it at different heights.
on one

AniS

s alL
f types of retaining w
58. Write the name of types 0 rAKTU 2017-18, Marks Oﬂ

i ir mode of resisting
ining walls may be classified according to their m
Ans. Retain

i i . Some types of
rth pressure, and according to their shape
‘the ea ]
retaining walls are::
i Gravity walls, o
1; Cantilever retaining walls,
. (a) T-shaped, and

L-shaped. o
iii. ((‘J)c)mnterfott retaining walls,

iv. Buttressed walls._

59.
—

; rted, attain a
le of repose- unsupport as
Define thi:lm 1?1:5 earth, lt;osi,-sﬁﬁ"fg ﬁ;eﬁonz' ontal is known
The materials of w

i isture
le terial and its MO
natural slope, Lievﬁis with the type of 3
se.
angle of repo:

content.

4 lane at the top
e? horizontal p

5.10. What is s“’??;rfacmn lying above &

Ans. The porﬁoq oca.ued surcharge-

P walh?
of the wallis jrements for the retaining

as fonDW§ :
ility aining wallsare s © - g

: What are the smt-”:ments forlahf:;e !tnore than the ove
5.11. ility requir t shou
estabilty T= o

han 1.55. 5
men’ not less t.
Ans: ?ﬁe rest"""gw "t a factor of safety

1 s &

hould not excee!
i the soil under the base s .
t SO & on < u et
mﬂmve:rtical vfe;‘,l:;ng press;;e ;:1 hsoou]d it mgr; e
3 nstoeesgns than 1.55.
il.
o fort‘?fa:::l:;f safety not less
et a

o
o taining wall ?
at forces acting onre
==L
he diffe

. be grouped as:
retaining walls may
at aré ing on the

forces act



Design of Structure-

5.18.

&

. Strap must be rigid—perhaps I

11 (2 Marks Questions)

8Q-17
A (Cry
Self weight of retaining wall.

N
Weight of the soil on the heel.

il pressure.
- .al component of the soil p
Y{T;rrti:;a;:al csmponent of the soil pressure,

. Surcharge load.

1] reaction on the footing.. ; s
i‘g;i:iizal force on the footing against sliding,
Enlist the components of T or L-shaped "etﬂining e

ious components of T or L-shaped ragain:
'g}éeﬁare the vario Pg Heel slab. Pedretainingy, ally,

Toe slab. iv. Shear key (if requireq),
Define backfill.

It is the soil material which is placed into an area thet
excavated, such as against retaining walls and in pipe tr

What is active earth pressure ?

It is the pressure developed when the soil mass stretches g
movement of a retaining wall away from the soil, ue to

enches,

Define passive earth pressure.

It is the pressure developed when the soil mass compress du
movement of a retaining wall towards the soil. e

Discuss the significance of base key in retaining wall,

When all the reliable resistiniforce to sliding are calculated and
still the factor of safety is less than 1.55 then, a base key is provided
to'get additional resisting force to sliding due to passive earth
pressure.

List the principles in design of strap footing.

| AKTU 2016-17, Marks 02
Three basic considerations for strap footing design are :

T >2,

P hemioniaalus strap * footin, , ¢
This rigidity is necessary to control rotation of the exterior footing.

- Footings should be ‘proportioned for approximately equal soil

pressures and avoidance of lar

ge differences in columns to reduce
differential settlement. ’

. Strap should be out of contact with soil so that there are no soil

reactions,

What are the situations in which combined footings are
preferred over isolated footings ?

[AKTU 2016-17, Marks 02 |
Combined foot;

) ing is provided in the following circumstances :
Width of the foundation is restricted.

Projection of the footing parallel to the length of footing is restricted
on one side.

-

I (G E"I” Structura] Behayjqy Of g
e B b
. “\\.._ ]
8 g atyplentrelnforcemony gy ==y,
520" p zoldal footings '""'lncdm s
nﬂd trnl"’ d b, |

g

r-—v—v—v—v—.—.,_,_'__h

X-gection
Fig. 1.
B Reinforcement Detail of Trapezoidg Footing;

- L]

e T

1asa |

—

14
ases

4 EERERFYHFAE

1

EE 4 4+ 4+ F=FEHEE

20442
snassesace |
“ &

=£329°0e

of footing reinforcement

(a) Plan

-t =

Il 0
(a) Longitudinal section
Fig. 2.

§21. Write short notes on segmental retaining walls.

[ AKTU 2016-17, Marks 02|

ini i blocks that
Segmental retaining walls consist of modular concrete bloc
intirlock with each other. They are used _to hold back a siop(ngf?ce
of soil to provide a solid, vertical front. Without adequate retention,
slopes can cave, slump or slide.

A

; sure
522. What are the two theories for calculating earth pres

Marks 02
on retaining wall ? AKTU 2016-17,

; lateral
These are the following theories which are used to calculate
earth pressure :
Coulomb's theory,
Rankine’s theory.

© 000
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Sp A (CE-Q)
B.Tech. _ .
(SEM. V) ODD SEMESTER THEORy
EXAMINATION, 2013-14

DESIGN OF CONCRETE STRUCTURES.I

Time : 3 Hours

—— Y
Max. Markg, 10

Note:

2. Attempt any two parts of the following :

1. ‘Attempt all questions. All question carry
data if missing may be assumed suitably.
2. Use of IS code 456 is allowed. ;

equal Marks Any

Attempt any two of the following :

Do the design mix for M 20 concrete for modera
for which standard deviation is 4.6 and water ¢
is 0.52. The coarse aggregate is 20 mm graded
of grading zone II, SP. gravity of cement is 3.
of coarse aggregate and sand is 2.6.

This Question is Out of Syllabus from Session 2018-19.

(2x10= 20)
te expOSure
ement ratig
and san( jg
15, SP. graviy,

Design a rectangular beam section to carry 160 kN.p
moment with M 20 concrete and Fe415 steel. The overall
depth of the beam is restricted to 270 mm.

Refer Q. 1.13, Page 1-16A, Unit-1.

A beam section 230 mm x 300 mm effective depth is
reinforced with 2 bars of 12 mm diameter, Determine its
moment capacity and stresses developed in concrete and
steel, used concrete is M 20 and steel Fe 415.

5. Refer Q. 1.6, Page 1-10A, Unit-1.

(2x10=20)
Determine reinforcemerit of a rectangular beam 300 mm
wide and 400 mm effective depth. The beam is subjected to
a factored bending moment of 150 kN-m. Use M-20 concrete
and Fe-250 steel.

. Refer Q. 1.26, Page 1-29A, Unit-1.

A rectangular beam 200 mm wide and 400 mm effective
depth is reinforced with 3 bars of 16 mm diameter. If El‘f}de
of concrete is M20 and grade of steel Fe4l5, determiné
bending moment capacity of the beam.

; Refer Q. 1.18, Page 1-22A, Unit-1.

A T-beam, casted with M20 concrete and Fe415 steel, has

following dimensions.

Width of flange = 2400 mm
Depth of flange = 100 mm
Width of web = 250 mm

/

CE-G)
gA( SO]Vedp
veﬂ‘“ depth of beam Per (3
N 1 =
gffective Cover o reinforcemen , yodtm
gension rein orcement > Sy
petermine moment of resjgtay off barg of1g
> pefer @ 181, Page 1-36A, Unit.;  ®beay, "dia
two parts of the fo]]gu
ttempt any e following .
e at is bond strength of concrey, 3 2x1g
a bo nd stress in reinforced concrete erive e 220)
Refer Q- 2:11, Page 2-13A, Unit-9, on o,
ﬁ: concrete beam is 300 mm wide anq gy
" ind is reinforced with 4 barg of g5 mmm:.‘ effectivedemh
tension zone. Design shear reinforcepe C1¢F bary f
experiencing shear force of 100 kN, Use h;;t 3t 2 sectjyn
Fe 415 steel. Oconcret anq

Ans.
b.

g

. Refer Q. 3.5, Page 3-84, Unit-3.

Refer Q. 2.7, Page 2-8A, Unit-2,

A cantilever b.eam is 230 mm wide and 409

end. Its span is 3 m and it carries a Upy, 1?&‘;%? at fixed
of self weight. Two bars of 20 mm diameternllzlm:lmive
provided in lfenSIOn zone. Design l'equir:dve been
reinforcement if concrete is of grade M20, shear

Refer Q. 2.10, Page 2-11A, Unit-2,

Attempt any two parts of the following : 2x10=20)
Internal dimensions of a room are 3m x 4 m, it js restin
over beams 300 mm wide. The live load on slab js 4kN/mE
Design the slab with M 20 concrete and Fe 415 steel. Show
reinforcement by neat sketches.

Refer Q. 3.11, Page 3-18A, Unit-3.

A 3 m wide gallery is connecting two blocks. The slab of
gallery is resting over two longitudinal beams. Theslabis
supporting a live load of 3 kN/m? Design gallery slab and
show the details with neat sketches. Use M20 concrete.

Design slab for a room which is 3.5 m x 5m. The twoadjacent
edges are continuous. The slab is supporting live load of
4 kKN/m? and floor finish of 1 kN/m? Use M 25 concrete and i
Fe 415 steel; design the slab. I
Refer Q. 3.16, Page 3-314, Unit-3. f

; 10=20)
Attempt any two parts of the following: (B

r : + 1 of columns?
at are interactive curves used lnthefizsl:xg;ns subjected

How these curves are used in design©
A

to axial load and moments ?
Refer Q. 4.15, Page 4-18A, Unit-4.
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Design of Structure-I1 Sp“"A(CE.s)

b. An RCC circular column of effective length 2,40 m -

an axial service load 900 kN. Design colump y . Vi
concrete and Fe 415 steel. N with Mzk
Ang Refer Q. 4.12, Page 4-16A, Unit-4.

c. Design a reinforced concrete column which s s «
and fixed at both ends. It is carrying an RXia']l ong
2000 kN (service). Use M 25 concrete and Feq15 ste 1°nd of

Asig; Refer Q. 4.7, Page 4-8A, Unit-4. el,

©OO

.6)
4ACE7
sr ODDB. Lol T
EM. V) SEMES
G EXAMINATION:I;](E)E'_IIT;EQRY
gSIGN OF CONCRETE gpgy,

urs
! 8 HO \Maw
Attempt all questions. All quest;

Sﬂlv
ed Pape, (2014, 1)

==

Note ' 2: Any data if missing may be assuh‘::dc:;it €qual magg,
3 Use of IS code 456-2000 is alloweq 200
L Attempt any four parts of the following;
a, What is meant by segregation and bleeding of (45290
_ Under what circumstances, they tak,e Sl eg 01 concret, 9
. This Question is Out of Syllabus from Session 20'13_19

p. Explain the following terms ;
Balanced section.
Under-reinforced section.

i, Over-reinforced section.

ais Refer Q. 1.3, Page 1-5A, Unit-1.

c¢. What are various design philosophies ? Explain anyone of
these in detail.
A Refer Q. 1.1, Page 1-2A, Unit-1.

d. Explain why is the concrete cover to reinforcement
required ? ‘
Aig; Refer Q. 1.19, 2 Marks Questions, Page SQ—4A, Unit-1.

e Under what circumstances a doubly reinforced beam is
designed ? .
Aig; Refer Q. 1.10, Page 1-14A, Unit-1.

£ What is meant by limit state ? Discuss the different limit
state to be considered in reinforced concrete design.
Refer Q. 1.16, Page 1-21A, Unit-1.
e 20)

Atte_mpt any two parts of the following : ﬂt x:gs?st 3

€81gn the section of a doubly reinforce-d beam Obeam .
bending moment of 185 kN-m. The section of theeffective
restricted to 350 mm x 700 mm. Assume 50 mml.
Ay, ;"Ver_ Use M20 grade of concrete and Fed15stee

efer Q. 1.27, Page 1-30A, Unit-1.




esign of Structure-II

L//_\
eam for the following data bf = 1500

T-b
b. ﬁ“‘;"ﬁf} ; m, D = 600 mm b, = 300 mm, f,, = 150 N; :m:'

: . s % m
f, 7 415 Nfmm® A, = 8bars of 20 mm dfa thh stieetlve Cover

5 mm. ; e
Refer Q. 1.32, Page 1-364, Unit-1.

: :ect 2.5 m beyond the fixed
antilever beam project 2 i
.‘:at;ries a superimposed load of 10 kN/m. Design t;::
cantilever using M20 grade concrete and Fe415 stee], Yo
width of support = 350 mm.

Refer Q. 1.35, Page 1-40A, Unit-1.

. Attempt any two parts of the following : 2x10= 20
Determine the shear stress in 2250 mm x 400 mm effe ctive
depth rectangular section. If the shear force is 10 kN apg
torsional moment is 9 kN-m at factored loads.

Assume 0.25 % tension steel at the given section. State
whether torsional reinforcement is required or not. Use
M20 grade concrete and Fe415 steel.

Refer Q. 2.16, Page 2-184, Unit-2.

A simply supported RC beam of size 300 mm x 500 mm
effective depth is reinforced with 4 bars of 16 mm dia,
Determine the anchorage length of the bar at the simply
supported end. Ifitis subjected to a factored shear force of
350 kN at the centre of 300 mm wide masonry support. Use
M20 grade of concrete and Fe415 steel.

Refer Q. 2.13, Page 2-15A, Unit-2.

A simply supported RC beam section 250 mm x 500 mm
effective depth is reinforced with 4 bars of 22 mm dia as
tension steel. If the beam is subjected to a factored shear
of 65 kN at the support. Find the nominal shear stress at

the support and design the shear reinforcement. Use M20,

grade concrete and Fe415 steel.
Refer Q. 2.6, Page 2-TA, Unit-2.

Attempt any two parts of the following : 2x10=20
What do you understand by the term «Limit state of
serviceability” ? Explain the method of calculating long
term deflection. '

Limit state of serviceability : Refer Q. 3.18, Page 3-344, Unit?
Long Term deflection : Refer Q. 3.19, Page 3-354, Unit-3.

6A

(CE-6)

sP Solved p
b Design a RC slab for a room in %(2014,15)

o W

sla]l:li ; simply ‘Bluppoﬂed onal] :z::::g 8m :
he own an carrieg a super j redges’wi
Mpogeq | o the

inclusive of floor finigh ete, o
Fedl5 steel. Use M20 gragg o 5390 N2

Refer Q. 3.12, Page 3-21A, Unit.3,

Design a simply supported roof slab

. . fm'
clear in size. The slab is cqrpy: aroom 7.5 m
3
5 kN/m?. Use M20 grade concrete n':gl an impogeq |Oad5 3
Refer Q. 3.4, Page 3-5A, Unit-3, Fe415 stee,

Attempt any t:vo parts of the followiny -
What are interactive curves 7 Eyu1.: 2x10=2q
column subjected to compressif: plain th ailure of:
with the help of interaction curve
Interactive Curves : Refer ’
Failure of Column : Refer 6?441165 ’Ei’,aiie:-_lg:’ (IIIniM,
? , Unit-4,
Design a reinforced concrete s
side to carry an ultimate load ofqme column of 500 mm

2000 ceentrici
of 180 mm. Use M20 grade concrete ankfpa;:;x;;ee
Refer Q. 4.17, Page 4-20A, Unit-4. gy

A circular RCC column of 450 mm dia is rej i
ba'rs of 18 mm dia and are tied togetll;l:fg}‘:d h:}x?hasl
remf(frcement of 8 mm dia at a pitch of 60mmdc.i"md]:ad
carrying capacity of the column, when effective length of
column is 4.5 m, Take clear cover to helical reinforcement
50 mm. Use M20 grade concrete and Fe415 steel.

Refer Q. 4.14, Page 4-16A, Unit-4.

©6®



———

Structure-II

; Spy
Design of \A(%

; ‘B.Tech. " at
(SEM. V) ODD SEMESTER THEORY
. EXAMINATION, 2015-16

DESIGN OF CONCRETE STRUCTURES 1

100

—
Time : 3 Hours Max. Marks
' Section-A '

1 Attemﬁt all parts. All parts carry equal marks. Write answe, of

. each part in short : (10 X2s 20)
a. What is modular ratio ? Determine the modular ratiq 4
M20 grade concrete.

Ang Refer Q. 1.2,2 Marks Questions, Page SQ-1A, Unit-1. '

b. ﬁefme characteristic strength.
Ans; Refer Q. 1.6, 2 Marks Questions, Page SQ-2A, Unit-1.

c. ' Define limit state of serviceability.
Atis: Refer Q. 1.16, 2 Marks Questions, Page SQ-3A, Unit-1.

d. Define factor of safety and load factor. ;
" awg: Refer Q. 1.8, 2 Marks Questions, Page SQ-2A, Unit-1.

. e.- What do you mean by flexural shear cracks ?
Ang; Refer Q. 2.3, 2 Marks Questions, Page SQ-5A, Unit-2.

f. Enumerate types of shear reinforcement with neat sketch,
Ang Refer Q. 2.13, 2 Marks Questions, Page SQ-6A, Unit-2.

g. Define one way slab and two way slab.
Ans; Refer Q. 3.9, 2 Marks Questions, Page SQ-10A, Unit-3.

h. Explain main steel and distribution steel in slab.

Af& Main Steel : Refer Q. 3.10, 2 Marks Questions, Page SQ-104,
Unit-3. ' !
Distribution Steel : Refer Q. 3.11, 2 Marks Questions, Page
SQ-104, Unit-3. .

i. Enumerate different types of column.
AHE Refer Q. 4.7,2 Marks Questions, Page SQ-13A, Unit-4.

J- Explain the codal provisions used in compression member$
with helical reinforcement.

AL Refer Q. 4.11, 2 Marks Questions, Page SQ-134, Unit-4.

SP .8 A (CE.-G)

7

Ang

. Design a rectangular beam for an effec

SeCtiOn -B

Attempt five questiong from this

he moment : Bect
Zoncrete beamO:fl;;s;:;?}??; of ;o:‘;t x10a
0.9 bel’. If the stresg in the o effectigvl:::r i“fOrct?;
the steel do not exceed 5 utside g}, th g g

N o i
And the modular ratj, e;’::{;a;:d 14 N,m‘:l‘::lrcrete and i:
depth of the neutral axiq ¢ 8, determip, . Pectively,
fibre to the effective depth 0;" the outgjq
area of tension steel to the e ft; 1¢ beam
beam is reinforced for tenﬁo:om e
y.

Refer Q. 1.5, Page 1-9A Unit-1,

Design a reinforced concrete

beam gyt ,
2q kN-m. Use M20 concrete Fe 415 'ei:;b”md to a By of
width of the beam equal to h,)¢ the off orcement, Keep the
Refer Q. 1.20, Page 1-254, Unit. "€ depth.

What are the assum;',tions for
concrete section for limit state of

collapge
the stress block parameters for 5 rectp:: mbending? Derjye
Refer Q. 1.15, Page 1-19A, Unit-1. gular cross sectjon,

the design of reinforce

. . tive span 6 m. Th
superimposed load or live load 80 kN/m and the cizes bmg ei
to 300 mm width and 700 mm overall depth. %;ﬁ;m
mix and Fe 415 steel. Eriyi

Refer Q. 1.28, Page 1-31A, Unit-1.

ARC beam has an effective depth of 400 mm and breadth of
300 mm. It contains 3-25 mm Fe 500 grade bars in tension.
Determine the shear reinforcement needed for a factored
SF of 250 kN if M30 mix is used. ’

Refer Q. 2.8, Page 2-9A, Unit-2.

Design a one way slab, with a clear span of 40 m, simply
supported on 230 mm thick masonry walls and subjected to
alive load of 4 kN/m? and a surface finish of 1 KN/m*. Assume
M25 mix and Fe415 grade steel.

Refer Q. 3.6, Page 3-9A, Unit-3.

Design a short axially loaded square column 500 x500mm

for a working load of 2000 kN. Use M20 concrete andFe 413
grade steel. _ : s
Refer Q. 4.9, Page 4-10A, Unit-4.
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10

11

SP-0 A (CE.g)

a circular column te carry ;m axial load of 1000 kN,
3::;“130 mix and Fe 418 mgo;too " :
R(:for Q. 4.18, Page 4-16A, Unit-4,

Section-C
N to.' Attempt m\\; two question from this section. (2% 15 = 30)
ote?

reement in a rectangular beam
Desiis'n tl;g(:c;;::‘o :‘;}:l?zl:\? 760 mm decp, subjocted to an
St]‘fi::‘t.e twisting moment of 140 kN.m, combined with an
:ltimnto BM of 200 kN-m and an ultimate SF of 110 kN,
Assume M25 concrete and Fe415 grade of steel,
Refer Q. 2.17, Page 2-194, Unit-2.

si SS slab to cover a room of internal dimensions of
?xena :‘g&: ::S\: 230 mm thick brick walls all around. It earries
live load of 8 KN/m! and floor finish of 1 kN/m? Use M20
concrete and Fed15 steel. Consider that the slab corners
are prevented from lifting.
Refer Q. 3.13, Page 3-21A, Unit-3.

A T-beam floor consists of 150 mm thick RC slab monolithic
with 300 mm wide beams. The beams are spaced at 3.5 m
centre to centre and their effective span is 6 m. If the
superimposed loads on the slab is 56 kN/m® Design an
intermediate T-beam. Use M20 mix and Fe 250 grade steel.

Refer Q. 1.34, Pa_ge 1-38A, Unit-1.

©e0
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~ Attempt all parts, All partg car
: cach part in short, ™Y equal marks, Writa angwep of

a. What is pedestal and where does it uge (1022420
J““: Refcr Q 4.14, 2 Marks Questions, Paga SQ"HA, Uﬂ't-4
11-4.

b. Write the measure to contrg] the d

eflect
Ans Refer Q. 8.16, 2 Marks Questions, P, on in slab,

ge SQ-114, Unit-3,
c. Define admixture ? List different ¢

mix YPes of adm
Anis This Question is Out of Syllabyg from Sesgion 2018-11?“""

d. Write situations in which one-way beh
assumed of a slab supported on four aide,,“iour can be

ang. Refer Q. 3.16, 2 Marks Questions, Page 8Q-114, Unit.3,

e. State water-cement law and ho
strength of concrete ?

Ans. This Question is Out of Syllabus from Session 2018-19,

W does it influence the

f. How is it determine whether abeam of a given dimension
is to be designed as doubly reinforced ?

AHE Refer Q. 1.17, 2 Marks Questions, Page SQ-34, Unit-1.

g What is meant by shear lag in T-beams ?
AnS Refer Q. 1.24, 2 Marks Questions, Page SQ-4A, Unit-1.

h. How does the shear span influence the mode of shear failure ?
Refer Q. 2.22, 2 Marks Questions, Page SQ-84, Unit-2.

i. How are slabs classified ? List the various classifications.
Refer Q. 3.2, 2 Marks Questions, Page SQ-124, Unit-3.

i- What is the role of minimum eccentricity in the design of
column ? .

Refer Q. 4.5, 2 Marks Questions, Page SQ-124, Unit-4.
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Designof Structure-1I

2.
a.

b. i.

Ans

i

C.

o B

~ B

AN

. 80kN ii. 300 kN, and

Section-B

five questions from this section. - 5 x

section is 20 cm wide and 35 ¢
A r'ec‘aggulczrnk:;szf reinforcement: I?etermi
“p.“;‘o:—c:meht required at the bottom if it has to
rein! ;

factored moment of

10 = 5
t an 0)
Attempt any ™ degy
he the
Tesist a

i. 5 kN-m.

40 kN-m. Use M 25 mix concrete and TOR steel.
Refer Q. 1.19, Page 1-23A, Unit-1.

Discuss the salient features of working stress methog g
ultimate load method. .
Refer Q. 1.1, Page 1-24, Unit- 1.

Discuss the need and salient features of performance baseq
design. .
This Question is Out of Syllabus from Session 2018-19,

Design a doubly reinforced section for a rectangular beam
at midspan having a simply supported effective span of 4 m.
The superimposed load is 40 kN/m and section of beam is
limited to 25 cm x 40 cm overall. Assume suitable data_ -
Refer Q. 1.29, Page 1-33A, Unit-1.

Design a singly reinforced concrete beam of width 300 mm,
subjected to an ultimate moment of 250 kN-m. Assume
f =25 MPa and f, = 415 MPa.

Refer Q. 1.21, Page 1-26A, Unit-1.

Determine the ultimate moment of resistance of a doubly
reinforced beam section with the following data: b= 350 mm,
d =650 mm,d' = 60mm, A ,=5-32mm ¢bars,Au=3—25mm
¢ bars, fy =415 MPa and f,, = 25 MPa.

Refer Q. 1.25, Page 1-28A, Unit-1.

A rectangular beam of size 250 mm width and 500 mm
effective depth is reinforced with four bars of 25 mm
diameter. Determine the required vertical shear
reinforcement to resist factored shear force of

iii. 600 kN.

Consider concrete of grade M 20 and steel of grade Fe 415.
Refer Q. 2.9, Page 2-10A, Unit-2

. A hall in a building has a floor consisting of continuous

slab cast monolithically with simply supported 230 mm
wide beams spaced at 3.5 m c/c. The clear span of the beam

is 6 m. Assumin

e g the
partition plus Joaq drs :Ve lo_ad on
‘'slab with M 25 0 finjg), agy
A gl'ade Dncret eg ag 1.5 kN’ .0 kN/m!
ans Refer Q. 3.17, Page 3-324 Unit.e;iml’d e 15 tlmz,designatx;]d
; ; Stee), e

h. A hall measures 19 .
" thick. Design a suitabl:r(iim Ingjdq

carry a superimPOBed Oreeq Con ag Wallg 4
concrete and Feq]5 gradl::f of 2 kN,::'ft%T beamg?,;lz
Ans. Refer Q.3.14, Page 3-224 1 eel, M2

nit-3, iy Erade
Section.g :

Note. Attempt any two questions o 1.

, A colul.nn heigl%t of 1.5m s Omed ection . (Bas
restrained against rotation by atthe by, megp = 30)
top. It is subjected to 5 factoreq Not helq ;  “llective]
the combination of ¢

: ead | ;
column, using M 3¢ concret:a:n :t;;l live 1o
Ans: Refer Q. 4.8, Page 4“10A, Unit-4, e4]5 stee],

4.a. A rectangular cantile
50 cm. Bending mome
distributed service |
moment is due to Permane
deflection. Assume M 25 con::e::ads. Check th

Ans. Refer Q. 3.20, Page 3-38A, Unit-3,

ver beam of 8
Pan 3, i
ox;td a!; the fixeq end dfen:om 3'0 s
15 100 kN.p out of which 40 71
e beam fo,

b. Describe P - M interaction dj gram *
of eccentri: colllx‘mn. 4 feedinthe analysis
Ans. Refer Q. 4.16, Page 4-19A, Unit-4,

5. Design a continuous two-wa
: ] y slab system sh
It is subjected to an imposed load of 3 kN?mgwn
finish of 1 kN/m2. Consider M 25 concrete, grade
onment. Assume that the
beams are 230 mm x 500 mm,

ALE Refer Q. 3.15, Page 3-28A, Unit-3.

inFig. 7,
and surface

©0®
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B.Tech. .
(SEM. V) ODD SEMESTER THEORY
EXAMINATION, 2017-18
DESIGN OF CONCRETE STRUCTURE_I

Time : 3 Hours

Note: Attempt all sections. Assume any missing data, '
SECTION-A

1. Attempt all questions in brief.

2
a. What is modular ratio ? ey =20)

Ang: Refer Q. 1.2, 2 Marks Questions, Page SQ-1A, Unit-1.

b. Determine the modular ratio of M20 grade concrete,
AnE Refer Q. 1.2, 2 Marks Questions, Page SQ-1A, Unit-1,

c. What is effective depth in a beam section ?
Ang: Refer Q. 1.20, 2 Marks Questions, Page SQ4A, Unit-1.

d. What is minimum grade of concrete for general reinforceq

concrete work recommended by the IS code-456 : 2000,
Ans; Refer Q. 1.21, 2 Marks Questions, Page SQ—4A, Unit-1.

e. What is. determined in slump cone test ?
Ans: This Question is Out of Syllabus from Session 2018-19.

f. What is neutral axis ?
Ans: Refer Q. 1.22, 2 Marks Questions, Page SQ—4A, Unit-1.

g. What is effective cover ?
" Ans. Refer Q. 1.23, 2 Marks Questions, Page SQ—4A, Unit-1.

h. What is lever arm ?
Ans. Refer Q. 1.18, 2 Marks Questions, Page SQ—4A, Unit-1.

i. What is creep of concrete ?
Asis. This Question is Out of Syllabus from Session 2018-19.

j. What is shrinkage of concrete ?
Ains This Question is Out of Syllabus from Session 2018-19.

SP 3A (CE-Q)

S
Max. Markg 1109

g
Boly
2. Attempt any three of i »f:ii’{”"lg,

E
the o
a. Write short note on wa?;]::"m :
AVE This Question is Out of Sy“ﬂbu:}nent ratj,, 10,5, ”
Tom : )

b. Write assumption made in o
r

ANE Refer Q. 1.1, Page 1-24, Unit-1, NE Btrog, Methog,

n
ATE Refer Q. 1.3, Page 1-5A, Unit1, dt'rreinfm%d

d. Write formula to determip,
over reinforced section an dz;*:ie m F ree
diagram of section. T reinforceq Py

ct
angs Refer Q. 1.3, Page 1-5A, Unit. L fom, With

e. What is critical section and cpi
ams: Rofer Q. 13, Page 154, Unit.1, - "eUtral axiy

SECTION-C

3. Attempt any one part of the following ;

a. Cross section of a sing] reinfo
300 mm wide and 500 mf: fle o
which consist of 4 barsg
concrete and steel are n Stresses j

; ed 7 2 N mz
respectively. Determine the momenltvtl;tl'lm 'and e 2
Take m = 13.33. resistance of beam,

Ans. Refer Q. 1.7, Page 1-11A, Unit-1.

(10
d COncre ‘l’lo'

ep. To centre of re'r:;f"::::e:x:

b. A singly reinforced concrete

450 mm deep to the centre of rei i nsists

of 4 bars of 16 mm diameter, Ifl;l:t?: Zf:;:::hlehw

steel are 7 N/mm? and 230 N/mm?, respectively. ;‘0 n;re i

of resistance of section. Takem =13.33 T T
Ans: Refer Q. 1.8, Page 1-11A, Unit-1. )

beamin?'oommwideand

4 Atte.mpt any one part of the following : (10x1=10)
a. A singly reinforced rectangular beam 350 mm wide h_as a
Span of 6.25 m and carries a load of 16.3 kN/m. If stresses in
concrete and steel shall not exceed 7 N/mm? and 230 N/mm?.

Find the effective depth and area of tensile reinforcement.
Take m = 13.33,

ARE Refer Q. 1.9, Page 1-12A, Unit-1.
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b.

Ans
7

B

SPa15.4 (g
A doubly reinforced rectangular beam ig 30 )
500 mm deep to centre of tension steel, It isr o Widg ay
4 bars of 18 mm dia. ag compressive steq) emforc“dw
cover of 40 mm and with 4 bars of 20 mm dj at a effecy;
If stresses in concrete and steel] are ol
and 230 N/mm?2, respectively. Find
section. Take m = 13.33.

Refer Q. 1.12, Page 1-154, Unit-1,

Attempt any one part of the following ;

A beam of reinforc (101 4

e is 300 mm wids 10)

Refer Q. 1.14, Page 1-18A, Unit-1,

What is meant by segregation and blee

. . - din Of
This Question is Out of Syllabus from Sessi e

on 2018-19,

Attempt any one part of the following :
Asingly reinforced beam 250 mm wide is 400 mm deeptothe
centre of tensile reinforcement, determine the limiting
moment of resistance of beam section and limiting areq of
reinforcement. Use M20 concrete and Fe250 steel,
Refer Q. 1.22, Page 1-26A, Unit-1.

. A beam of rectangular section 300 mm wide and 500 mm

effective depth is provided with 4 bars of 18 mm dia as tensile
steel. Find depth of neutral axis, use M20 concrete and Fe250
steel. -

Refer Q. 1.17, Page 1-22A, Unit-1.

Attempt any one part of the following : (10x1=10)

. ATbeam of flange width 1400 mm, flange thickness 100 mm,

rib width 300 mm and effective de;pth 500 mm has to l::
designed as a balanced section. Find t}le relnﬁgzimﬁz ’
required and limiting moment of resistance.
concrete and Fe250 steel. _

Refer Q. 1.33, Page 1-38A, Unit-1. T e
A reinforced concrete column is 450 mm x

is2m.
‘ . L h of column 18
to carry a factored load of 1800 k%j.ed.e I‘ﬁz M20 concrete and

Find area of reinforcement requi

Fe 250 steel. )
Refer Q. 4.10, Page 4-11A, Unit-4.

©e0
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vI) EVEN SEMESTER THEORY
EXAMINATION, 2018-19

DESIGN OF STRUCTURES.IT

Max., Marks ; 70

qime’ Attempt all sections. Assume missing data suitable, if any,

Note 1. Useof IS 456:2000 permitted.
% Section-A
1questions in brief. (Tx2=14)
1 Aftemt[l)lt:(lle‘:)th of neutral axis and lever arm for a balanced
& F‘Zgon of a singly reinforced beam using M20 and Plajn
ge
steel by wSM' .
Refer Q. 1.2, Page 14, Unit-1.
ﬂ: praw the strain diagram of a singly reinforced beam for
= ;jffn'elr Q. 1.2, (Fig. 1.2.1), Page 1-5, Unit-1.
Give two examples of structures subjected to torsional
c
moments. 3
asg Structures subjected to torsional moments ;
i, L-beam. .
i, Beam curved in plan. _
d Why helical reinforcement better than lateral ties in circular
column ?
aas Circular concrete column reinforced with helical reinforcement
can withstand more loads than tied column. This phenomenon
happens because when load eccentricities are small, spirally or
helically reinforced columns shows greater toughness, greater
ductility than the circular columns with lateral ties.
e. What is the difference between main bars and distribution
bars in slab ? i
Ang; ga.itnSBars : Refer Q. 3.10, 2 Marks Questions, Page SQ-10A,
nit-3.
8i§:l§bution Bars : Q. 3.11, 2 Marks Questions, Page SQ-104A,
nit-3.
A‘i;.‘ gl';lw the diagx.-am of counterfort retaining wall.
eler Q. 5.13, (Fig. 5.13.1(c)), Page 5-31, Unit-5.
,Aﬁg' What are the uses of shear key in retaining wall ?

Refer Q. 5.17, 2 Marks Questions, Page SQ-17A, Unit-5.




any th
€ mg :
ng
m w t
2 bars Al ance
So fi ectj: cang: 7
s 1nd the gqo¢ over. Us Ve depy, tiley, b. 2
ebeam j5 o, ot inclugiy, ; COPCTete g 1 OPceg, M
Use Worlg g its self v, Ang gy a1 Wity
Given : w; D8 stregy me:;,ghl, ifth5 e
n3 od apg . 5P
Res idth, p < 5 = ang gg ;0
T"mffwrcement:z_l 00 mm, i Ssign,
© Find : ) mm, G Ve d
*Moment of regis Tade=M20a:pth, d = 500
m,

lance, safe 1oad_ 3, 4351 span=2

T%
\\

n
d =500 mpy N"“*‘---

_L 2-16 mm g T"‘““‘J

— ¥

| Fig. 1.

1. Calculate the Critical Ngutral Axis :
ko _ Mo,
mo, +o,

for M,,, O 4 = TN/mm?
for Fe 415, o, = 230 N/mm?

280
ms= ——= E’_ =13.33

30, T 3x17
_ _ 13.33x7
13.33 x 7 +230
Critical neutral axis, n_= kd =0.289 x 500 = 144.5 mm WD)

9. Calculate the Actual Neutral Axis:

Area moment in compression about peutral axis
= Area of moment in tension about neutral axis

=0.289

mA,(d-n)

n
(nb);.z

15300 _ 13.33x [2 2 i‘- . 16?) (500 - )
2
)
150 n? = 5360.31 (500 -n)

ving equation (2) we get,
s, n=117mm

tion is under rei

After sol ‘
Actual neutral axi

C
Here, n_>n =S¢

nforcement.

3

b.
Al
c

Ans

1

2

Solved Paper (2018-19)

of Resistance :
Moﬂ‘"’"t M, =A, 0, (d-n/3)

gt 8l y
- . E 2 117
= 2x4(16) x230(500-—3—) =42.64 kN-m

late the Safe Load :
Calcu istance = Moment of cantilever beam

ent of res
e TR L
T 2

wx2?
4264 = 2

w = 21.32kN/m
write the steps for design pf shear reinforcement for a beam.
fer Q. 2.6, Page 2-6A, Unit-2. !
Find the reinforce{nent f(fr lintel for a window opening of
1 m wide. The wmdo_w is centrally located in a 300 mm
, the height of the masonry above the lintel

thick brick wall
3 m. Use M20 concrete and Fe4l5 steel. Unit weight of

masonry = 19 kN/m?.

Given ¢ Clear span = 2.1m,f, =20 N/mm?, f, = 415 N/mm?,
,=19 kN/m?®, Thickness of brick wall = 300 mm
To Find : Area of reinforcement in lintel.
Assuming, 200 mm bearing of lintel on each wall.
Effective length oflintel, [, z=2.1+02=23m
Assuming 200 mm overall depth of lintel, 300 mm width of lintel
and effective cover as 25 mm. So, effective depth,
d = 200—-25 =175 mm

[y=21+0175=2.275m
H=3m
h=197m
3 60° 60°
A, [ s
2.275 m .

Fig. 2.
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3.

A

jii.

iv.

7.

. Shear force, 2

_ Ultimate she

Load Calculation :

SP~10 A (CEG)

Height of equilatera] triangle = [3_ xl ]
S STy X 2275
1.25h = 1,25 197=246

Height of wall above linte

Hence, the load i
lintel, of equiv

1=3m> 1.95;
. ) i
alent triangle will bhe transferpeq t
0 the

Total load of equilatera] triangle, W= (l x 197x9
’ = Al x -27 )
W=12.773 kN : Vi

ding moment due to this load at

Maximum ben
: = WL _12.773x2.275
6

mid span

= 4.843 kN.py

. : 6
Self weight of lintel, w = 0.3 x 0.2 x 25 = 1.5 kN/
=1, m

Moment due to self weight = 1:5 % 2.275"
weight = g e 0.97 kN-m

Total moment = 4.843 + 0.97 = 5.813 kN-m
Ultimate moment, M,=15x5813=8.72kN-m

: Mu
Depth Check:d,, = RE (R, = 2.76, for Fe 415 and M 20)

u

8.72 x 10°
= "2.76 <300 =102.6 mm ~ 103 mm
qu = 103 mm < 175 mm. Hence, OK

Area of Steel : M, = 0.87 f,A,d[l E A.,f,]
f.bd
A, %415 ]

o L
8.72 x 108 = 0.87 x 416 x 4,, x 175 [1 20x300x 175

We get, A, = 146.5 mm? ;
Using 10 mm diameter bars, A, = 78.5 mm
Number of bars required = l’;%’gs- =1.87 =2 bars
inimum area of steel (4, min) ¢

" 0.85bd ) 0.85x300x175

Aul min — __7-’__ ) 415

= 107.53 mm? < 146 mm

diameter bars.

2, hence OK

Hence, provide 2-10 mm
Shear Design

Ve ot

/ Solved Paper (2018-19)

12.15 x 1000
12.16 x 1000

=0.231 N/mm?
ress, W= 7300 x 176 L

jve pcrccﬂw ) 1004,, _100x 2xm/4x10°
PtZ Tpd 300 x 1756
= 0.3 % and M 20 concrete,

=0.3%

. From 1504 o s A
Tt. & 0,36 + B_QE xX U,
: ;= 0.384 N/mm?
.>%W
shear reinforcement is required. Hou{ever, providing
Hence: |nsohenr reinforcement using 2 legged-84 stirrups.
pomind 0.87f,.A,,
gpacing of stiFrUPS, 5y = Tg 4p
0.87 x 416x100.5
= = 0.4x300
= 302.4 mm
\faximum spacing pormitted =07
{g minimum-
Hence, provi

: ngth.
b g s

g Check for development length at supports :

bar is curtailed
Asnoba M, = 8.72 x 10° N-mm

V=12150N
Ly for 10 mm diameter bars
0.87f,$ _ 0.87x415x10
= T4,  4x16x1.2
iil. Assuming, straight bars without any hook,

ly= 2_29._25=75mm

vi.
[ A,=2x %‘ x (8)’]

5 d (131.25) or 300 mm whichever

de 2 legged-8¢ stirrups @ 130 mm c¢/c throughout the

=470.12 mm

[En& cover = 25 mm]

M
Lys 1350+

.3 x 8.72 x 10°

M 1
13—+ = 75 = 1008 mm > 470 mm
v th 12150 8

M,
13 7‘ +1, > L, Hence, OK

9. The reinforcement details of lintel are shown in Fig. 3.




Desig

1.
i

(M ] P ,
A il

|, 1:':,'.:.:.5!;.‘1'15:! ]
)

Function of

functions of |

ongi i .
To share the gitudinal reinforcement

compressive loads alg i

To impart duetili

To reduce the t::‘zz::(t) *;)hfeccrt;l:m - d shri
constant loading applied fo pl e 'Shrmk
Functions of Transvers; ;Opgftlme.

functions of transverse reinfori::r:n:;:?ment L Bellomeg; are the
To hold the longitudinal bars in position.

To prevent buckling of the main longitudinal bars.

To resist diagonal tension caused due to transverse shear developed
because of any moment or load.

age due to continuous

. To impart ductility to the column.
. To prevent longitudinal splitting or bulging out of concrete by

confining it in the core.

A brick masonry wall 230 mm thick carries a load of
370 kN/m inclusive of its own weight. The bearing capacity
of soil is 151 kN/m? at 1 m depth. Design the footing of the
wall. Use M20 concrete and Fe415 steel.

Load, w = 370 kN/m
=151 kN/m?,

Given : Thickness of wall, b = 230. mm,
including self weight bearing capacity,; ¢y

f.=415 N/mm?, f,, =20 N/mm?
’ly‘o Find : Design the footing of the wall.
Size of Footing:
Ulltimate factored design load,

Solved Paper (2018-19)

w, = 1.5x370= 555 kN/m

¢ of footi"8 = 751 ; _
i W ding a width of38mie,B 3.8m d subtracting it
plence: P m,/;”ortota] Joad as self weight of footing and su
.y 10%

) ng :
iife Taki otal ultimate ]Oﬂdsoi] _B55%x09= 500 kN/m

downward load on

500 2
ure= 25 =131.57 kN/m

rd press : ;
Net up¥a P 132 kKN/m?¥/m length of footing

=

0 .
Calculation 3 1 . ;
2 ending M?l;:;r]:tmﬂﬂ"""y wall, the critical section for ma:amuz;
i Inthe cﬂ?:f,(:;ken at a section midway between the edge of the wa
nding !
of wall,
s cent® p(B-b b _ 132 {3.8 -023  0.23 }*
PP S e R e A
T 2 [ 2 4 2 2
M = 224.1kN-m per m = 224.1 x 10° N-mm
i Effective depth, ; .
= f% (R, =2.76 for M20 and Fe 415]
read 2.76 x
= 285 mm )
Taking 50 mm clear cover and 20 mm diameter bars.

th, D = 350 mm
grerall dep 350 — 50 — 10 = 290 mm

f A
i M, = 0.87f’A,,d[1—mJ

iii.

3, Area of Steel :

-~ 415A
= 1___”'_-
224.1 x 10° 0.87x415xA_,x290( 20x1000x290)

A, =26384 mm?
Using 20 mm dia bars, A. = 314 mm?

ii. Spacingrequired = 314 x1000 _ 449 mm

2638.4
Hence, providing 20 mm dia bars @ 110 mm c/c.
314 x 1000
. A., pravided = T— = 2854.55 !'.lll'[l2
; 1004, 100 x 2854.55
' p = 't = =0.
! bd 1000 x 290 HoRd

0.12x1000 x 350

100
Bt = 420 mm? < 2854.55 mm?. Hence OK
istribution steel is provided @ 0.12 % = 420 mm?

v. Minimum steel required = 0.12 % bD =
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Design of Structutr - 3
er bars and Spacing required = 110

i diamet: |
gz;tlci lgrno]-,;‘i‘ding 10 mm dia bars @ 110 mm ¢/c in the 1°ngitudinal
jrection. : e
gli‘;:for Shear (One Way.’ Shear_) : ‘
4. The critical section for shear 18 at a distance ‘@’ from the face -

wall as shown below :

| (B-b) - 3.8-0.23
} Vu =P, [—T - d] = 132[(\2.] < 0.29]

V,= 197.34 kN per m

230 mm
e ' 5—230/4 mm
i 1785 m
1 [ =
Critical section for BM——, d =290 mm
1.785 m (LI b
i : L4 Critical section for shear
b
' .
T 1 '
. . (3.8-0.23)m |
| 38m 2 ol
e il

Fig. 4.
Nominal shear stress,
V, _197.34x1000
*~ bd  1000x 290
t.=k1,
For p, = 0.984 % and M 20 concrete,
1, = 0.60 N/mm? and % = 1 for 300 mm or more
thickness.
T,>T
Hence the footing is not safe in shear therefore revising its depth.
197.34 x 1000
1000 xd
d = 330 mm
Hence, providing D = 400 mm
Effective depth, d = 400 — 50 — 10 = 340 mm
5. Check for Development Length :
Development length is given by,

L - ¥O87f) _ 20x0.87x415
4 41, 4x1.92

| L,=941mm=0941m

| Providing 50 mm clear cover, length of bar available
]

1

o [% (B-b)- o.so] - E (3.8-0.23) - 0.5]

T =0.68 N/mm?

= 0.60 N/mm?

7. S
9?’24 Soly
=1.285m>094 edPape,(zola_
230 41 m‘ He 19);
mm Nice ()'4

1786 mm

400 mm

,1omm@ 110 mm c/c

#20m
F?z.@ém mm cle
Sectlon.c
3. Attem}:lt any one part of the followirs .
Write design steps of doubl :
a. 'gspan of the beam is J, gi, ¥ reinforced pe

e of v
beam and grade of concrete anb;am ® x d), londeST-nTt::

peis Refer Q. 1.11, Page 1-14A, Unit.1. steel are known,

(1 xTa7)

b. Arectangularreinforced concrete ;
on two masonry wall 230 mm thjcll):::ii:mmy Supported
center. The beam is carrying an im edm 8pan center tq
Design the beam and check only f::sdenha‘-i of 15 kN/m_
concrete and Fe415 steel. Tak ection, Use Mas

e effective cove,
r 50 mm
.7 %

~ Given: Effective span,' i“%ﬁm,
© fy=25 N/mm?, £, = 415 N/mm?,
. Effective cover = 50 mm e

Imposed load = 15 N/, "
Width of wall =230 mm,

i E; _1:0 Find : Design the béra.m and check only for deflection. -

[ 6000
(u"?*"“@

Assuming, total depth D = 500 mm

Width of beam, b = 250 mm

Effective depth, d = 500 — 50 = 450 mm
1.- Effective Span (1) : The effective span is least of following :
L Centre to centre of supports=6.0m .
L Clear span + d = 5.77 + 0.45 - [Clear span =6.0-0.23=5.77m]

=6.22m

HEnE:e, effective span,/=6.0m
: ls)esxgn_ Load (w,) and Factored Moment (,):
+ Self weight of beam = 0.5 x 0.25 x 25 =3.125 kNm

Imposed load = 15 kN/m
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SP-25A (Ck,

Total load, w = 3.125 + 156 = 18.125 kN/m
Factored designload =w x 1.5 =18.125 x 1.5
w, = 27.2kN/m

w, xI* 27262

jv. Factored bending momgnt, M, = = _T =124 kN.m
3. Minimum Effective Depth Required :

0.48

X,
Fe41b, —umex
For Fe d

xumlx 0'42 u
R, = 036 f, Zeme [1 - ——;L)
=0.36 x 25 x 0.48 (1-0.42 x 0.48)
R, =345

, ! : M, [122.4 x 10°
Effective depth required, dmlcl SR x5 = m
& 40 x

d 376.7 mm < 450 mm, hence OK

reqd

Since the depth of section is more than that required for balanceq

section. The section is designed as an under-reinforced section,
Adopt D = 500 mm and b = 250 mm

d=500—20—8—,% =462 mm

[Assuming clear cover as 20 mm, 8 mm as dia of stirrups and 20 mmy

dia main bars)
4. Areaof Steel Required :

For an under reinforced section the area of steel required is

calculated as follows :

(2 f, AN
M, = 0. A xd|l--tE
Ol AR T g
415 A
gL {222k o
122.4 x 10 0.37x415As,*462( 250x462x25)

Ay reqa = 834 mm?
5. Minimum area of steel (A)) :
A _ 085bd_0.85x250x462
: f. 415
A_ = 236.56 mm? < 834 mm?, hence OK.

Using 20 mm dia bars, A, = % x 202 = 314 mm?>

834 2
i =%t = —- =266say3
Number gf bars required, n A 314 )
Hence, provide 3-20 mm dia bars,
A d=3x314=942mm2.

st provide

5p-26A (CE)

6. Check for Defj,,

Percentage of ste;t fon;
1 )
P, = 00 x 949

5 m = 0.815 %
% A

A, "
Interpolating for f = ;';’H} 0.58 415 [&\34
s 2 N/mmza 943 | =213 N2
kl =135 (135 = 1‘21" < 0‘815% m
(240 = x
lForle 199) 212~l90)
9 .

’Z[= 1.2 h "21’35andf~

l

(* =920 "l =19
/- *x1.29< 258

)

6000

[ Proviced = 465 =12.9

)
d max dJWWldn-d ' Hen(;e OK

4. Attempt any op

a A rect?ngzlares?;r;;); g:l&pfollowing:
spanning over 5 m 4 Bubjmd be,

by €mid span, The .

ars of 25 mm dijg,

depth of 450 mm, The

centre. Check the

cracking. If M 20 ang?&g :t::ﬁicue:el:.]ity limigc:::: :;

U~

O, = 230 N/mm?, Spacing bet
Effective cover = 50 mmg b

To Find : Check the beam for serviceability Limit state of cracking

bars=50m

Modular ratio, m = 280 =280
30, 3xT
1. Depth of Neutral Axid; (n):

=13.33[forM 20,5, =7N/mm?

b n? =mA(d-n)

3002 = 13.33 x 1963.5(450-n)

n*+ 174.5n - 78520.365 = 0
We get, n = 206.234 mm
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2 Mom

3 Maxim

F SP2TA (CR,

nt of Inertia of Beam (Transformed Section =
e

ked) abollt NA '
- bl A ld-n?
3

Crac
I,

300x 206234 | 13 33 x 1963.5 (450 - 206.2342
3 i
I =24.33% 10 mm* s L
o am Crack Width : Crack width is maximum at the bottom
of the beam :

a /2
a.,= {(“:’] +C:ﬁn]

V2

1
= (,5?0} i 37,50“} =a,=45.07 mm

lcmin =560-126 = 375 mm]

D P N ] -

[-—’;IE'
ey
Fig. 6.
€ T < L{P___"]
O-m "Ed-m 1 E|d-n

(M) o o (150X10° x24377) o000
[l el 7V T T At

_ 20034 (500 -206.234) _ | o070, 108
©1% 510° L 450 206.234)

£ = £ — 5D - nlla=nl [Here, a = D)
LR 3EA,(d-n)

300(500 — 206.234) (500 — 206.234) ]

G AR~ {3 % 2% 10° x 1963.5 x (450 - 206.234)

g, = 1117x 107°
Maximum crack width as per IS 456 :
W= 3a_¢,, _ 3x45.05x1.117x10°
o @ =l ¥ 45.05 - 375 )
“2( D- ) L 2[500- 206.234
W, =0.1436 mm

Checking of Limjg g;
Under normal unv,'mm::"t“’ Crag
0.3 mm, which is grogge, thznc((;"'l‘ i

i
Crnin= [~ @0 L
[ 12 GI\& A
gt H%H\—J
Fig. 7,
b. Design a cantilever glq}, fo
. h '
The imposed load on slab T chajja of an gy,
is 0.8 KN/m?, Uso Mg 2 181 kNim? ang o ¢ eThang 11

c eightof fr: s .
for shear. oncrete anq Feq13 nteel.o A{::'::;:E

Given : Overhang length = | 1m
Finishing load = 800 N/mz2 ¢
To Find : Design cantiley

» Load = 1009 N/m2

+fu =20 Nimm, f - g%

er slab, 4l N,
Bending Moment and Shear F .

be of average total thickness of 10‘:Jr1c1fn; N cantilever to
Dead weight = 0.1 x 1 x 25000 = 2500 Njgy

Total weight, w = 2500 + 800 + 1009 = 4300 N/m

Moment, M= WL _ 4300a.1°
2

2
=2601.5 N-m = 2.6015 x 10 N-.
Factored bending moment S

M, =15x26015=4kN-m
Vm“ =wL =4300x 1.1=4730N
2. Design of Section by LSM:

1

3 J Mo [ oar
0.138f, b \0.138 x 20 x 1000
Hence, provide overall depth of beam, D = 150 mm
Keeping nominal cover of 20 mm and using 8 mm ¢ bars,
Effective depth, d = 150 — 20 - 2 = 126 mm. Reduce D = 100 mm
at free end.
3. Area of Reinforcement :

=38.07 mm

A

i o N,

u lim

=0.874,fd {1 -
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4% 10°= 087 x 415 x A, x 126 [1 = Julﬂ.‘}_‘]
1000 x 126 x 25
A, = 89.24 mm*
Minimum area of reinforcement = 0.12 % of X-sectional areq
= (0.12 x 1000 x 1560)/100 = 180 mm?
Choosing 8 mm ¢ bars, A, = (/4) x 8% = 50.3 mm?,
ii. Spacing, S=1000A4,/A,_,=1000 x 50.3 /180 = 280 nym
iii. Maximum permissible spacing =3 d or 300 mm whichever is smallop,
Hence provide 8 mm ¢ bars @ 250 mm c/e. -
Actual, A = (1000 x 50.3)/250 = 201.2 mm?,
4. Embedment of Reinforcement in the Support:
i. Inorder to develop full tensile strength at the faco of the support
each bar should be embedded into the support by a length equal to
L,; =45 ¢ =45 x 8 = 360 mm.
ii. This could be best achicved by providing one bend of 90° where
anchorage value of this bend = 8 ¢ = 8 x 8 = 64 mm.,
iii. Thus, total anchorage value achieved
= (300 - 20) + 64 + (150 -2 % 20~ 4) = 450 mm > L,
5. Check for Shear: e
i. Neglecting the taper and taking an average, d = 110 mm,

Nominal shear stress, 1, = T i A0, 0.0645 N/mm?*

bd ~ 1000 x 110

ii. This is much less than the permissible value of
1, = 1.3 x 0.18 = 0.234 N/mm? for M 20 concrete for

p,= 100 4, 100x2301.2 =0.183 %. Hence safe,

‘" bd 1000 x 110
6. Distribution Reinforcement :
i A= 0.126D/ 100 = 0.12 x 1000D / 100

= 1.2 D mm?® = 1.2 x 150 = 180 mm?*
Using 8 mm ¢ bars, each having A, = 50.3 mm?.
Spacing, S=1000A,/A,,=1000 x 50.3 / 180 = 280 mm.
However, provide these @ 280 mm c/c. The section of the cantilever
slab is shown in Fig. 8.

/////A £ 8 mm ¢ @ 250 mm c/c
150[, ---'1--.----100mm
mm . r)
L— 8mm $ @280 mmc/e
//// 2 BT 1100 mm —————
Fig. 8.
5. Attempt any one part of the following : aAx7=T7

a. Design a column of size 450 mm x 600 mm and having 3 m
unsupported length. The column is subjected to n ultimate
load of 3000 kN and is effectively held in position but not
restrained against rotation. Use M20 concrete and Fe41b
steel. Draw the sketch also.

p.30A (CEO)

An

PEEs -

| =3

(=3

-

i,

H — e

. in X-direction, & = 4, D =

. Also,

)
T T Sy,

POr (2014.1,
Given 1 8izo of colump » 45

Factored load, P = 3000 kNo mm x g e
Unsupported length,  » 3 m, f J
To Find : Design a colump gpf J.ﬁo Nima, o 41 N

Slenderness Ratio W ikete, 2 " N/mm

in Y-direction, A= I:I‘v D. ggggk./lmn =667
Hence the both slenderneqg rit k1600 o 5 Ik, = kou
Column may be designed e sho b are logg than 12
Minimum Eccontricitieg;  olmn.

; N — 3000

X, min o—

600 " 30" Fon t e =2
X 3000 800 H00) 30 Imm (s 20 mm)

—_—

sl 8] — =

) =26 mm (»

0.05D_ = 0.05 x 45?)(): 225591 e

0.05D, = 0.05 x 600 = 30 5 g "™

Column can be Jesign a8 short column oy i

Design of Longitudinal Reinfnrcen:‘g:: ?x‘al ol
Py= 04,4 voe1pp

3000 x 10" = 0.4 x20 (450 x 0§ _ 4 )

A”=3111mm2 i 1~0A67x415!A-

. Provide 20 mm diameter bars ns longitudinal reinforc
ement.

Number of bars = - 3111

: m =99+10
Provide 10 bars of 20 mm diameter

column, along the periphery of the

Arca of steel provide, A, = 10x = x 20* = 3142 » 3111 e
4

Percentage (%) of steel provide
- _ 3142
450 x 600
Hence OK.

Minimum Diameter of Lateral Ties : Lateral ties should not be
less than,

% 100 = 1.16 % > 0.8 % and less than 4 %

20/4=5mm
6 mm

Provide 8 mm diameter bars for lateral ties. ;
Spacing of Lateral Reinforcement : Consider the minimum of
the following values :

Tie diameter, b, > {

- Least lateral dimension of column = 450 mm

- 16 x ¢, =16 x 20 = 320 mm
. 300 mm

Provide 8 mm ¢ ties @ 300 mm c/c
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DesignofStructorel
rcement Details:

6 Reinfo
je—— 600 _—H/20¢
: 20 ¢
(clear cover to 50 =i
ties = 40 mm) ~ .
N 8 ¢ ties @ 300 /¢
(staggered)

Fig. 9.

Write the design steps for isolated square footing of a

column. .
Refer Q. 4.5, Page 4-6A, Unit-4.

Ans
the following : a
6. Attempt any one part of 1 ) X1ag
a. Draw the structural behavior of a combined footing Witli
i L-section, Plan and section at column.
- Py Py
C.G. of loads
Deflected |1 !
Ehape | |
l T 1
4 [YTYIYY )
L * L V.
Mz T 1
(b) L-section X = B
! -] shape
! -]
€l o=
-]
! -
e L X = i =
J (@) Plan ' () Section (X - X0

Fig. 10. Rectangular combined footing.

b. Design a combined footing for two columns 500 mm x 500
mm each, 5 m apart center to center of column carrying a
load of 1600 kN each. The width restriction is 2.4 m. The safe
bearing capacity is 200 kN/m2, Use M25 concrete and Fedl5
steel. Check depth of BM criteria, and one way shear criteria.

Given : Size of column = 500 mm x 500 mm each, Distance bAw two
column, ! =5m, Load, W= 1600 kN (each), width restriction =2.4m,
Bearing capacity of soil, g, = 200 kN/m2, f,, = 25 N/mm®

f, =415 N/mm?

To Find : Design combined footing.

1.
i.
ii.
itk
iv.
V.

Peo D P e

. Upward soil Pressure per y

,SP_32 A (CE-6)

Calculate Areq

thal c?lumn ]M: : Fo";é’(‘)g:
suming self we; =3200

Total load, W = 3?2831 ;;{ footi o

Aree} of foot}'ng Tequired = 1,

Available width of footing = 5 40~ 3520 /200

Length of footing = 17.652,42'4 rn P

Hence ﬂd(‘)pt.ing a length c;f ;;.33 m

system coincides with the ¢ G ;J“'E 8uch that th

el s

fo e CG'of the loaq

x ot
Upward soil Pressure = Tota] load mlgsa{;;hm In Fig, 19
%9 g

. : ng -
Factored soil Pressure=15 xolf'lfl 8'»'";{66 b &
: -0 = 268,67 kN/mz2
nit length - 266,67 x ;.14 =640 kN
m

12m

e um Bending Moment angq Shear Force
Shear Force Distributiop ;
Shear force at Ci=-640x195=_

Shear force at C, =~ 800 KN fjust left of centre]

R =-800+ 15 x 1600 = Tt
Similarly, Shear force at C,=+800 klNﬁm kN Gust right of centre]

Shear force at C, = + 800 - 1. _ (ust r'ig.ht of centre|
Lo 1600 K lmo'_mmmhmkﬁufoeml

] som 15 ’mnusm,
FFRFTT TRTTFFe

1600 kN
[\ ‘\

\l 13m
800 kKN sm\l

1600 kN
500 kN-m 500 kN-m
/*\ +
1.585 = 1585
a2 Ty fe— T
1500 kN-m
BMD
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gnof Structure-

Desil

istribution ¢ - b
i Bending M°"'?:tgw:rr ©, = 640 x 1.25?/2 =500 kN-m
e 1

x 9 .
Bending Ot 24 1L 640 x 8,76/ 22400 x 25
Bending Mo — 1500 kN-m

contraflexure :
 Point to zero *;;;TEZSZ 22 —2400 (x —1.25) = 0

o E

o

X
9.375=0
-1 93 m

3. Depth of Footin.gz I
From BM Considera at, M, = 1500 x 10 N-mm

Factored bending mome:

Depth of footing, dred = JM,/Rb

For M25 and Fe415 steel, ‘

o " X, i (1 e s
g 'u max Tumax ! - .
‘R,=036F, T[l -0.416 ¥ L -
— 0.36 x 25 x 0.48[1 - 0.416 x 0.48]

‘R, =345 .

i 6
Vg 7o]as00x10 495,63 mm
read = {345 x 2400

i Fromonewayshear consideration: (at adistance ‘@ from face of column)

d
g _ 25+ —||x10°N
v,= [1600 640[0 2+300 OI\ x

Assuming 0.2 % steel, 1, =0.32 N/mm? from IS code
V. /bd <032

1000
2400 x d
On solving we get, d = 1023 mm
Hence adopting total depth of 1100 mm and effective depth,
d =1100 - 60 = 1040 mm
iii. Checking Depth For Two Way Shear :
a. The critical section for two way or punching shear is at a distance
d/2 from the face of column.
b. Arearesisting punching shear = b, d = 4(500 + 1040) x 1040
c. Shear force at critical section = 2400 — 266.67(0.5 + 1.04)2
V,= 1768 kN
d. Nominal shear stress,
_ v 1768 x 10°

1= 4= —09%W  _ 276 N/mm?
* - byd  4(500 +1040) x 1040

e. Permanent shear stress, 1, = 0.25 \/E =0.2525
T = 125 N/mm? > 1, Hence OK

[1600 = 640[0.25 i L)] x10°
‘ <0.32

5p-34A (CE9 |

v PP Solveq p.
4, Longitudinal Rejn¢ aper (201,
i. Negative Momen Orcemen; , $19)

a.

b.

0

®

p Y =

=2

iii.

iv.

=

. Spacing of 16 mm diameter bars =

5 t or Hogy:

Maximum negative mom Ii?);!ﬂ%gnﬂent Reinforce
it ! i u X Ment ;
1500 x 10° = 0,87 x 415, A 1040[ Nem
& ( } Ll oo

4154

On solving we get, A '~ 4 L 2552450 ]

Using 16 mm$diamet'ér balr(:ejaf b e

Spacing required = 201 » 2460 ;;11:}{’; ;g:/ 42201 mpp2

Number of barg = % L5 43' = 11746
2 =2a043=9

Hence, provide 21-1¢ ¢0é: 11 ey

reinforcement. 0 20m el at top 28 hogging moment

A". min = g g ;70 of X-gectiona area
=012/7
Number of 16 mm dia bars « 5100 1y 1100 = 3168 mpy?

R =3
Positive Moment ReinforCellgi 1{1 fol =15.76 = 16 barg

. Maximum positive bendip
g moment, M_= 500 kN,
e -m

500 x 105= 0.87x 415 4 1040(1~ 4154,
e "1y 25 x 2400 « 1040}
A, =13436mm < 4 o

Hence providing 16-16 mm diamy ;
as + ve moment reinforcement eter bars under colurmng CiandC,

. Transverse Reinforcement ;
. In the transverse direction, the

footing i : !
supported on columns, Ing i3 designed as cantilever

The transverse reinforcement s prov;

! ; provided under each eol ithi
a band having a width equal to the width of the columurlxn;:sltg;
times the effective depth of foundation,

Bandwidth under column, CiorCy=05+1.04+10=254m

[On the outer side only 1.0m length is available]
Upward pressure = 1.5 x 1600/ 2.4 = 1000 kN/m

. Bending moment at the face of the column in transverse direction :

2
= 10002095 ot kN

0.12

- Hence providing, A, .. = ——x 2540 x 1100 = 3353 mm*

100

201 x 2540

=152.3 mm
3353

. Hence provide 16 mm diameters bars @ 150 mm /e (17 bars) under

columns C, and C, in the width 92,53 m and in rest of the portion 16
mm bars @ 300 mm c/c.
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254m
>

Design of Structure-II
Details:
254 ﬂ

I

; Diagram and F

L

-

Eé

o o v o |

T

E
% 1616 mm @150,
m oc

-

T
T

b1 t r»
17.16 mm @ 1 I
mm ek 16 mm @ 300 mm o
Plan of bottom mnfam:l;u-m
m
|
flﬁmn\h-r- "/—lemmdi.h,_
v~—v — Q" " lsmme
E 150 mm ck
E i  aan s | 16mm dia bars
= asd—a——n—a—0 <
X N\-16 mm @ 150 mm e
le@lJmmdc 16 mm @ 300 mm ck =
I 75m =
X-section
Fig. 13.

Attempt any one part of the following : (10x1=10)
Draw the diagram of cantilever retaining wall and show
the forces acting on the wall. Also draw reinforcement details
in stem, heel slab, and toe slab.

orces : Refer Q. 5.15, Page 5-34, Unit-5.
Reinforcement Details : Refer Q. 5.16, Page 5-34, Unit-5.

Design a cantilever retaining wall to retain earth embankment

) 4.2 m high above GLthe density of earth is 18 kN/m?and angle of

repose is 30°. The embankment is horizontal at its top. The safe
bearing capacity of the soil is 190 kN/m* and the coefficient of
friction between soil and concrete is 0.5. Adopt M20 grade concrete

and Fe415 grade steel.

Given : Height of embankment = 4.2 m

Density of earth = 18 kN/m3, Angle of repose = 30°,
Bearing capacity of soil = 190 kN/m?

Coefficient of friction = 0.5

To Find : Design of retaining wall.

. Wall Proportions :

Thickness of the stem at the top = 200 mm
Maximum bending moment per metre run of the wall
M=kyh'/6 ‘
g = losing 1-sin30° 1
P 1+sing 1+sin30° 3
M=(1/3)x18 x 4.22/6 = 74.088 kN-m

. Equating the moments of resistance to the maximum bending

moment, 0.913 x 1000 x d2 = 74.088 x 106

(CE-6)

sP Solv,
ed
. d=2848mpy . 28 Paper (2018 9,
Effective cover to reinforce 5 mm

ment = 4'0111121

[ Lt

ter om
; Fig. 14,
+» Total thickness of stem re

Provide a thickness of 3501‘;‘,1;& =285+ 40 = 325

v. The base slab thickness also wi]| pe 27

vi. Total heightof wall, H=49, 03233_02 mm,

vii. Widthofbase slab,b=0.5H140 H‘— .2527m
Provide a base width of 2.50 g =2275t0273 m

vili. Toe Projection : This may be made about one-third the base

width.
Toe width =2.50/3=0.83x0.85m
2. Stability calculations for one metre length of wall ;

mm to Magnitude | Distance Moment
&N) froma (m) | about a (kN-m)
W,=0.20 x 4.2 x 25 21 140 294
i 4,
W,= _0_1"%‘—2- 25| 7875 155 12206
W2 =25x0.35x25 21.875 125 2735
Wb =13x42x18 98.28 0.65 63.882
Moment of lateral
pressure
3
= kp -YE-- = l x18
6 3
(4.55)° 94.2
[ 6
Total 149.03 227.038
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3. Distance fro
the heel end a.

=

4. Eccentricity,e= X - b/2
But p/6=25/6=041m

Bending moment _ 227.038
Berding morieT2 =272
149.03

=15-25/2=0.256m

total load

e<h/6

5. Extreme pressure inten

X

. Pma
Safe bearing cap:

b b

sity at the base,

E[ iﬁ_c) . 149.03(1i6x0.25]
2.5

=954kN/m?% p,;,=23.85 N/m®

acity = 190 kN/m?

6. Design of Stem:

SP-37A (CE.g

m the point of application of the resultant force from

=15m

2.5

i Maximum bending moment for the stem = 74.088 kN-m

ii. Effective depth,

d = 350—-40 =310 mm

74.088x10°
iii. Area of steel, A= 935,090 %310

=1154.56 mm?

n 2
iv. Spacing for 16 mm diameter bars, ( A, = b 16 =201 mm'-‘}

S =201 x1000/1154.56 =174.09 mm = 170 mm c/c
Provide 16 mm ¢ @ 170 mm c/c distance.
v. Distribution steel, A, =0.12 x 350 x 1000/ 100 = 420 mm?

vi. Spacing for 8 mm diameter bars,

s =50x1000/420 =119.05 mm = 110 mm c/c

sP-38 A (CE-g)

Solved Paper (2018-19)
Effective cover = go mm
ii. Maximum bending momeny for a 1 me
M=2839 )N
28.39., 10"
23040.90, 260 474 mm’

ter wide strip of the toe glah,

iii. Area of steel, A =

iv. Spacing of 12 mm é barg, 5 = ”—j_’ 1000

N 473 B9 20mm e,

rovide 12 mm ¢ bars @ 230 mm ¢/e

8. Design of the Heel Slah -

i. The BM caleulations for 1 meter wid
given in the table ;

e 8trip of the heel slab are

Load due to

| Magnitude |

G Distance Moment

i from & (m) | about b (kN-m)

Weight of the backing
1.3x4.2x18 98.28

Weight of the heel slab
1.30 x 0.35 x 25

—

11.375

Deduct for upward
pressure abili,

If the distribution steel is provided near both faces, then the spacing
will be @ 220 mm c/c near each face.

7. Design of Toe Slab:

i. The bending moment for 1 meter wide strip of the toe slab can be

]
23.85 x 1.30 x 1 31 \
S
igh = 5 *1.30 x37.206 242 0.433 ‘ 105 !u
1
l 10.65 [
BM for heal slab | 40.63 |

calculate as :

Load due to Magnitude Distance Moment
(N) from about
¢ (m) ¢ (kN-m)
Upward pressure [edjf]
71.073 x 1 x 0.85 60.41 0425 25.68
ejf=(1/2) x 0.85 x 24.33 10.3 0.567 5.87
31.66
Deduct for self weight
of the toe slab
0.85 x 0.35 x 25 744 0.425 3.16
Bending moment 28.39
for toe slab

ii. Maximum bending moment,
M, = 40.63 kN-m
iii. Steel required,

_ 4063210 676.8 <~ 677 mm?
“ 7 230x090x290 ool m®
Using 12 mm dia. bars, A, = L 12° =113 mm*

iv. Spacing of 12 mm diameter bars,

s= -1—1—:%71—;)29- =166.92 = 160 mm ¢/c
Provide 12 mm ¢ bars @ 16L mm c/c spacing.
9. Check for Sliding : -
i. Total horizontal soil pressure force per meter run of the wall
_ ot HE (4.55)
PH_ Lp——é—- = §x18»«.

=62.1kN
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ii. Limitingfriction=uW =0.5 x 149.08 = 74,515 kN

ij-i‘

10.

11.

Y et W 74.516 ‘
Factor of safety against sliding = £/ _ (4.516 =
Y ag g 7 621 1.2<1.55
Hence, we have to provide a shear key to increase the resistan
against sliding. ce

Check for Overturning :
IMp 227.038
F= R _ =241
M, 945 41> 1.56
Hence Safe. .-
Design a Shear Key :

i. Safe horizontal pressure force = 1.56 P =1.55x62.11 =96.27 kN

Ay

Maximum available force = 74.515 kN
Unbalance horizontal force = 96.27 — 74.515 = 21.755 kN

Safe horizontal soil reaction = 0.7 x Safe bearing capacity = 0,7 x
190 = 133 kN/m? '

Let the height of the key is y
133 x 1000 x y = 21.755 x 103
y=0.164m
Minimum height of key = 200 mm

Maximum BM = 21.755 x 9—; = 3.26 kN-m
0.913 £, bd? = 3.26 x 108
0.913 x 1000 x d%2 = 3.26 x 106
d = 59.755 mm
Minimum thickness of key = 200 mm
Provide 350 x 200 mm shear key.

}_8@220dc

4.55 m 3
j* 12@200 /e

- 12 @ 190 c/c

A1) P e
VvV | _l[200

12@ 190 ¢/c” 850 350
|

et 2500 B

Fig. 15.
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