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Syllabus

Design of Concrete Structures

1. Working Stress method

Limit State method

3. Analysis and design of singly reinforced and doubly reinforced

sections

Shear, bond and development length

. Analysis and design of T Beam, slab, axially loaded column and

footings.



Reinforced Cement Concrete

Reinforced Cement Concrete (RCC) is a composite mixture of Concrete
and steel. Therefore, the structure formed is said to be Reinforced
Cement Concrete Structure.
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Some Important Codes

* 1S 456: 2000 RCC
* |S 800: 2007 Steel (2007-LSM, 1984-WSM)

e[S 1343 Pre Stress Concrete
¢ |5 10262 Design Mix
« ]S 383 Fine and Coarse Aggregate

* |S 875 Design Load for buildings and structures
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Cement Concrete

It is @ mixture of Cement, sand
aggregate and water in a limited
proportion .
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Cement Concrete

It is a mixture of Cement, sand aggregate and water in a limited
proportion .

The cement concrete is manufactured by two ways:

1. Nominal Mix Concrete
2. Design Mix Concrete
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Cement Concrete

1. Nominal Mix Concrete

* Quality control is sacrificed

* Hard to determine the assurance of quality and strength of the concrete
corresponding to the desired strength

* In a nominal mix, material for for the concrete like cement, sand and
aggregate is not placed under ideal conditions before mixing

* Skilled workmanship is also sacrificed due to which required strength is not

achieved
Grade of Concrete Proportion
(Cement: Fine aggregate: Coarse aggregate)
M5 1:5:10
M10 1,:3%
M15 1:2:8
M20 1:1.5:3
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Cement Concrete

2. Design Mix Concrete

* It is the ideal mix of the concrete for ideal strength

Materials used like cement, sand, aggregate are always placed under ideal
temperature and ideal humidity

Skilled workmanship is used to achieve the ideal proportion of the mix

In Design mix, Concrete is manufactured at the nodal place called Batching
Plant and there after it is transported to the site through transit mixture

During the process of transportation, the ideal temperature for the ideal
proportion mix is maintained through admixtures like plasticizers and super
plasticizers, which do not alter the strength of the mix proportion of
concrete but delay the setting time of the concrete
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Characteristic Compressive Strength

As per IS 456:2000, the value of strength below which not more than
5% of the test results are expected to fall

Mean Strength

It is the strength in which the 50 percent of test results are expected to fall
and 50 percent are expected to pass. The strength is called Mean Strength

Confidence Limit

Confidence Limit is the maximum probability of a particular test result
shall be within a range of f,, — 1.640 to f,, + 1.640
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Probabilistic Curve

4 o = standard deviation
I | (depends on grade of concrete)

Frequency
(No. of times test
results obtained)

fmn=fck+1. 640
=>fg=fm—1.640

f..=fck—1.640

/ ’/ /-lt 4-< ’./:l 0f == —
R i I | (7T =>fo = fm+1.640
fck ﬂm fck

=>fa=fm+1.640

Strength of Concrete =—»
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Young’s modulus of Elasticity of Concrete
As per IS 456: 2000, young’s modulus of elasticity of concrete is ...

E,=5000./f

[« = Characteristic compressive strength
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Young’s modulus of Elasticity of Concrete

As per IS 456: 2000, young’s modulus of elasticity of concrete is ...

E. = 5000,/f,

For example, for M25,

/ \Characteristic compressive strength (N/mm?)

Mix
So, E,=5000,/f_,
E, = 5000v25

E.=5000 x5 = 25000 N/mm?
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Grades
of
Concrete

Group Designation Characteristic Compressive
Strength OF 150mm cube at 28
days (N/mm?)
O d . M10 10
rainary e .=
Concrete M20 20
M25 25
M30 30
M35 35
Standard M40 20
M45 45
Concrete
M50 50
M55 55
M60 60
M65 65
M70 70
- M75 75
High Strength Vg0 80
M85 85
Concrete
M90 90
M95 95
Civil Errgfn‘eertng‘by‘hndn‘rgani
M10 100




Group Designation Characteristic Compressive
Strength OF 150mm cube at 28
days (N/mm?)
. M10 10
Ordinary = =
Concrete M20 20
M25 25
Grades = =
of Standard o 2
Concrete ::5 =
Concrete 0 50
M55 55
M60 60
M65 65
M70 70
. M75 75
High Strength M8 0
Concrete Mes %
M90 90
M95 95
M100 100
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Important Notes

* The minimum grade of concrete for RCC work as per IS code
recommendation is M20
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Young’s Modulus of Elasticity

A

_- “tangent

Stress ‘

strain —_—

Civil Engineering by Sandeep Jyani



Young’s Modulus of Elasticity

4 Young’s modulus of elasticity of concrete is
_ - “tangent also called as Young’s modulus of Elasticity
at origin

Stress I

E,. = 5000./f_

Secant Young’s modulus of elasticity of
concrete slope of line joining any point
—  with the origin.

strain  ——)
Tangent Young’s Modulus of Elasticity is

the slope of tangent on any point on a
curve
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Effect of Creep on Young’s Modulus of Elasticity

* Long term Young’s Modulus of Elasticity of concrete
5000,/ f .«

14+0
Where @ is the creep coefficient

Ec =
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Effect of Creep on Young’s Modulus of Elasticity

* Long term Young’s Modulus of Elasticity of concrete

g _ 5000Jf,
@ 1+80
Where 0 is the creep coefficient
Age of Loading 0
7 days 2.2
28 days 1.6
1 year 1.1

Creep Strain is strain which occurs due to continuous loading and temperature
effect for longer duration which may cause permanent deformation
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Tensile Strength of Concrete in Flexure

fct:O'7 fck
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 Stress — Strain Curve for Mild Steel
Lower Yield Point

Upper Yield Point

Necking Region

Elasiic Lini. Yield Plateau —  N=pame =
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>
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Civil Engineering by Sandeep Jyani



Types of Steel
Note: The Young’s Modulus of Elasticity of steel for all types
of grade is 2 X 10° N/mm?

1. Mild Steel:

* The grade of Mild Steel is Fe-250

Fe — 250
—
Iron yield stress or tensile strength
* For Fe-250, Permissible tensile stress/strength

* 0, = 140 N/mm? up to and including 20 mm dia bar
* 0, = 130 N/mm?for bars greater than 20 mm dia

* For Fe-250, Permissible compressive stress/strength
* 0,,= 130 N/mm?
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Types of Steel

2. Medium Tensile Strength Steel:

* 04, =0,=190 N/mm?

3. HYSD (High Yield Strength Deformed Bar)
——————
* Manufactured by hot rolled process -

* It exists in two categories: Fe-415 and Fe-500
* For both Fe-415 and Fe-500,

* 0, =230 N/mm?

* 0,, =190 N/mm?
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Nominal Cover and Effective Cover

width of beam b
< —>

* Effective Cover: Cover from outer

Effective  fiber of concrete to Center of main
Depthd  reinforcement

Total Depth D

* Nominal cover is the design d
of concrete cover to all steel
-k |- 7 _ 3_ gine reinforcements, including i

Nominal Cover Effective Cover
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Nominal Cover

* Nominal cover is the design depth of concrete cover
to all steel reinforcements, including links.

* |t is the dimension used in design and indicated in
the drawings. It shall be not less than the diameter

Nominal Cagver
of the bar.
IS 456 : 2000
Table 16 Nominal Cover to Meet Durability Requirements
(Clause 26.4.2)

Exposure Nominal Concrete Cover in mm not Less Than Minimum grade of concrete
Mild 20 M20

Moderate 30 M25

Severe 45 M30

Very severe 50 M35

Extreme 75

M40
NOTES

1 For main reinforcement up to 12 mm diameter bar for mild exposure the nominal cover may be reduced by S mm.
2 Unless specified otherwise, actual concrete cover should not deviate from the required nominal cover by +10 0,
0

3 For exposure condition ‘severe’ and ‘very severe’, reduction of 5 mun may be made, where concrete grade is M35 and above

Civil Engineering by Sandeep Jyani



Exposure Conditions

Sr. No | Environment Exposure Conditions

Concrete surfaces protected against weather or aggressive conditions,
1Mild except those situated in coastal area.

Concrete surfaces sheltered from severe rain or freezing whilst wet,

Concrete exposed to condensation and rain, Concrete in contact or buried
2Moderate under non-aggressive soil / ground water.

Concrete surfaces exposed to severe rain, alternate wetting and drying or
3Severe joccasional freezing whilst wet or severe condensation. .

Concrete completely immersed in sea water, concrete exposed to coastal

4environment, concrete surfaces exposed to sea water spray, corrosive
4Very severe  fumes or severe freeing conditions whilst wet.

Concrete in contact with or buried under aggressive sub-soil / ground

water, surface of members in tidal zone, members in direct contact with
5Extreme liquid / solid aggressive chemicals.
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ol I =

Nominal Value of Cover in “mild exposure”

Slab
Beam
Column

Foundation

20mm
25mm
40mm
SO0mm
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il L Ll

Minimum grade of concrete used in

construction
PCC M15
REE M20
Water Tank M20
PCC Subjected to sea water M20
RCC Subjected to sea water M30

Pre stress/pre tension concrete M40

Post tension zone M30
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Table 3 Environmental Exposure Conditions
(Clauses 8.2.2.1 and 35.3.2)

SINo. Environment Exposure Conditions Table 5§ Minimum Cement Content, Maximum Water-Cement Ratio and Minimum Grade of Concrete
Y @ ™ for Different Exposures with Normal Weight Aggregates of 20 mm Nominal Maximum Size
)} Mild Concrete surfaces protected against

weather or aggressive conditions, except (Clauses 6.1.2, 8.24.1 and9.1.2)

those situated in coastal arca.
i Moderate Concrete surfaces sheltered from severe

ram or freezing whilst wet S Exposure Plain Concrete Reinforced Concrete
Concrete exposed to condensationandain | No, o -y
Concrete continuously under water = . o -a ) =
Concrese i contact of busied under aon- Minimum Maximum Minimum Minimum Maximum Minimum
aggressive soil/ground water Cement Free Water- Grade of Cement Free Water- Grade of
Concrete surfaces sheltered from Content Cement Ratio Concrete Content Cement Ratio Concrete
saturated salt air in coastal area kg/m’ kg/m'
i) Severe Concrete surfaces exposed to severe
rain, alternate wetting and drying or | 1) (2) ()] “) 5 6) Yy (8)
occasional freezing whilst wet or severe ;
condensation. 1) Mild 220 0.60 - 300 0.55 M 20
Concrete completely immersed in sea water | jji) Moderate 240 0.60 M IS 100 0.50 M 25
R IO - i ssmmbisarumarian |1 S 250 0.50 M 20 120 045 M 30
spray, corrosive fumes or severe freezing | jy) Very severe 260 0.45 M 20 340 0.45 M 35
Concrete in contact with or buried | ¥) Extreme 280 040 M 2§ 360 0.40 M 40
under aggressive sub-soil/ground water
v) Extreme Surfoce of members in tidal zone
Members in direct contact with liquid/
solid aggressive chemicals
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Design Philosophies

The object of Reinforced Concrete Design is to achieve a structure
that will result in a safe and economical solution.

Design Problem Consists of:
1. ldealization of structure for analysis
2. Estimation of loads

3. Analysis of idealized structure model to determine axial thrust, shear,
bending moments and deflection

Material specifications and detailing of reinforcement

5. Detailed structural drawings and schedule of reinforcing bars
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Design Philosophies

There are four philosophies for the design of Reinforced Concrete, pre
stressed as well as steel structures:

Working Stress Design

2. Ultimate Load Design
3. Limit State Design
4. Performance Based Design
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Design Philosophies

Working Stress Design

Traditional method of design
It is assumed that concrete is elastic
Steel and Concrete together behaves elastically

The basis of this method is that the permissible stress for concrete and steel are not
exceeded in any worst combination of working load

The sections are designed assuming the materials obey Hooke’s law
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Design Philosophies

1. Working Stress Design

* Traditional method of design
It is assumed that concrete is elastic

Steel and Concrete together behaves elastically

The basis of this method is that the permissible stress for concrete and steel are not
exceeded in any worst combination of working load

The sections are designed assuming the materials obey Hooke’s law
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Design Philosophies

1. Working Stress Design
* Traditional method of design
It is assumed that concrete is elastic
Steel and Concrete together behaves elastically

The basis of this method is that the permissible stress for concrete and steel are not
exceeded in any worst combination of working load

The sections are designed assuming the materials obey Hooke’s law

—— b_. Civil Enginering by Sandeep Sgni . . a
Neutral Axis :
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¢

Working Stress Design

b
— 3 R ———
D _Zst— E ......
/|
_4._.._... NE. ¥ |

b = width of section

D= depth of section

d= effective depth of section

(depth from extreme compression fibre
to centre of gravity of tensile steel)

A, = area of steel in tension

jd = lever arm

O ., = permissible compressive

stress in concrete
0. = permissible tensile stress in

steel
C= total force of compression

T = Total force of tension
jd = lever arm

(lever arm, defined as the distance between
the point of application of force compression
and force of tension)
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Assumptions in Working Stress Method:

* A section which is plane before bending remains plane after bending
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Assumptions in Working Stress Method:

* A section which is plane before bending remains plane after bending

* Bond between steel and concrete is perfect within elastic limit of steel
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Assumptions in Working Stress Method:

* A section which is plane before bending remains plane after bending
* Bond between steel and concrete is perfect within elastic limit of steel

* Tensile strength of concrete is ignored

* Concrete is elastic, i.e. stress in concrete varies linearly from zero at neutral axis
to a maximum at the extreme fiber
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Assumptions in Working Stress Method:

* A section which is plane before bending remains plane after bending
* Bond between steel and concrete is perfect within elastic limit of steel
* Tensile strength of concrete is ignored

* Concrete is elastic, i.e. stress in concrete varies linearly from zero at neutral axis
to a maximum at the extreme fiber

Drawbacks of Working Stress Method:

* Concrete is not elastic

* Difficult to account for shrinkage and creep in WSM
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Design Philosophies

2. Ultimate Load Design Method
* Working loads are increased by suitable load factors to obtain ultimate loads
* Structure is then designed to resist ultimate load
* Non linear stress strain behavior of concrete is observed
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Design Philosophies

3. Limit State Method
* Limit state is the state at which the structure becomes unfit for use
Two types of Limit states :

1. Limit state of Collapse
* Also known as Ultimate Limit State

* Adequate margin of safety shall be available for normal overloading
* This includes limit state of strength like overturning, sliding, buckling, fatigue, flexure, compression, etc

2. Limit State of Serviceablity
» Satisfactory performance under service load (deflection, crack, vibration, leakage, loss of durability, etc)

* If a structure has reached just before the limit state of serviceability and loads are removed, the structure
regains its original shape, however a structure achieving Collapse load can not recover its original shape and
dimension
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PERMISSIBLE STRENGTH OF CONCRETE by
WORKING STRESS METHOD

Grade of Bending stress in Direct stress in Average bond stress for
concrete | compression Geb N'mm? | compression N/mm? | plain tension bars N/mm?

M10 30 2.5 -

M 15 5.0 4.0 0.6

M 20 7.0 5.0 0.8

M 25 8.5 6.0 0.9

M 30 10.0 8.0 1.0

M35 11.5 9.0 1.1

M 40 13.0 10.0 1:2

M 45 14.5 11.0 13

M 50 16.0 12.0 1.4

Civil Engineering by Sandeep Jyani



Singly Reinforced Section

* Modular ratio:
Young’'s modulus of elasticity of steel

S —
Young's modulus of elasticity of concrete

* As per IS code modular ratio is modified by considering the creep factor
partially and it is given by

m =
3 acbc
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Que 1. Calculate Modular ratio for M20
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Note: Total load = concrete + steel
=>P =PC+ PS
>P=o0A.+0/; ....(1)

Any elongation ALc = ALs ....(2)
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Note: Total load = concrete + steel
=P =PC+ PS
>P=0A,+0/; ....(1)

— GS
=0 = ;{
=P = o.(A,+mA))

—The equivalent area of steel in
terms of concrete is mA,

—>Equivalent total area in terms of
concrete is (A, + mAg,)
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Que 2. A beam has a section as shown. Find the total equivalent area

in terms of concrete for M20.
300mm

diaof
. .’/ bar = 16mm

400mm
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Assumptions in Singly Reinforced Structure

Plane sections remains plane before and after
bending (stress strain diagram is linear before

and after bending)

All tensile stresses are taken up by steel
reinforcement and none by concrete.

Young’s modulus of elasticity for concrete is
assumed constant

The modular ratio m has the value 280/30

There is a perfect adhesion between steel and
concrete and no slip takes place between steel
and concrete.
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Analysis of Singly Reinforced Section

* Given data B, D, effective cover, A, ., f,

— b >
7————
I
d
_____________ L i o S it St G i i ot i it
Effective cover
Clear cover
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Analysis of Singly Reinforced Section
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Analysis of Singly Reinforced Section

Step 1 Actual depth of Neutral axis (x,)

- b . £, C.
‘ 7- - ‘Iﬁ - -
xa X
Actual Neutral Axis
D Ast d
/|

v st
* It is depth of Neutral axis which divides the overall
section in compression and tension

* It is depth that tells overall failure is due to
concrete or steel or both

* It is depth of Neutral axis which may be calculated
by equating the moment of area of compression
and tension
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Analysis of Singly Reinforced Section

Step 2 Critical depth of Neutral axis

e Critical depth of neutral axis is the depth when
steel and concrete fails simultaneously at that
time overall structure fails

* This is the depth in which the variation can not
exist, therefore it is also called as ideal depth of
neutral axis
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Step 2 Cri'gical depth of Neutral axis

- > O be
" P S Y S R A ;
X 3
Neutral Axis
D /A‘st d P
4 O./M
As per similar traingles,
O cbe =ost/m :izﬁ—l
Xc d — ol - mO'ch X
Mo,
X d — %, Z.X'C — m L2t X d
—" — Gcbc+ast
MO cpc O st :)x( — k b4 d
o Ost_ _ & — e —Critical depth depends upon d and o, only
MO ¢ X¢
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Step 2 Critical depth of Neutral axis

=X,

=X,

Mo
che X d
macbc+ast
k Xd
Grade of Steel Fe 250 Fe 415 Fe 500
K 0.40 0.289 0.253
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Step 3 Comparison between Actual Neutral
axis and critical neutral axis

*x, < x, Under Reinforced section

’

x, = x., Balanced section

e x, > x, Over Reinforced section

’
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Step 4 Moment of Resistance

Bending moment: It depends upon the intensity of load which may be
equal to moment of resistance or may not be equal

Moment of Resistance: It is the maximum capacity of the section to
carry the maximum bending moment at which either the one material

fails or both the materials fail
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Step 4 Moment of Resistance

Casel: Under Reinforced section

. Db -
} }
A
D Ast d Critical Neutral Axis 1d = lever arm
'
|+ o & il A BB I BE'S . o
' I o, /m

MR for compression = Compressive force x Lever arm
= (average stress x area under stress) x lever arm

(MR) oy = {b XX, X [C“; 0‘} X (d — %)
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v ast/m

Step 4 Moment of Resistance

Casel: Under Reinforced section

MR for tension= tension force x Lever arm

= (average stress x area under Stl’ESS) X lever arm

Ot Xa
(MR)te'nsion = { X mAst} X (d T )
m 3
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Step 4 Moment of Resistance

Case2: Balanced section

MR for compression = Compressive force x Lever arm

= (average stress X area under Stl’ESS) X lever arm

Ot 0 vl
(MR)wmp={bxxcx[ > }x(d—g)
— < b B i o ® GEmmS ¢ GEnmS O GEEES © SEEES © GEES © = ._..O.Cbc _____
1 x“l i
o[~ A, & NewTE A ieverarm
74N ]
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Step 4 Moment of Resistance

Case2: Balanced section

MR for tension= tension force x Lever arm

= (average stress x area under StrESS) X Iever arm
(O d Xe¢
(MR)tension B mAst X > ?

_? - b -
Xcl C 4
D Ast d SR Jd = lever arm
T3
P B 5 s L s i s, M i i, ol e, e
o & & | i

Civil Engineering by Sandeep Jyani



Step 4 Moment of Resistance

Case3: Over Reinforced section

MR for compression = Compressive force x Lever arm

= (average stress X area under Stl‘ESS) X lever arm

Ocpct 0 X,
(MR) comp = {bxx x[ CZ }x(d—?)
<+ b >
—3 CIVIL Engineering by, sandeep
....... | PS——— L
D —-7Aft-—-—d ________________________
— _._’_L_Y_ ...................
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Step 4 Moment of Resistance

Case3: Over Reinforced Section

MR for tension= As per IS code recommendation, the moment of
resistance never be calculated from tension side in a case of over
reinforced section.

As in over reinforced section, the steel is under stress and the failure
occurs due to concrete which makes it hard to determine the actual
understressed condition of steel.
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Properties of Under Reinforced Section

* The under reinforced section failure occurs due to the failure of
steel as the steel achieves its maximum permissible stress prior to
concrete

* The concrete is understressed
* The failure shall be a ductile failure.

* It gives sufficient warning before failure. Therefore this kind of a
section is always desirable
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Properties of Balanced Section

* Failure of section is due to failure of steel and concrete
simultaneously

* These kind of a section is always preferable on safety and economy
front

* In this, the actual depth of critical axis and neutral axis are equal

* It also gives ductile failure with warning
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Properties of Over Reinforced Section

* The failure of this section is due to failure of concrete

* As concrete achieves its maximum permissible strength prior to
steel at the time of failure

* This kind of section is always avoided because it indicates or
provides a brittle failure

* The brittle failure is always without warning, therefore such kind of
a section which has brittle failure and high moment of resistance
capacity is of no use.
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Summary
1. [B x x,] x "? =mA,, x [d —x,] Find x,

2 X,= X d (x. = kd)

3. Different types of Sections

* Balanced Section
* Xqg = X¢
* =C=o0,,
. LI,
* Under Reinforced Section
* X< X,
G,
¢ 5=
* Over Reinforced Section
* X,> X,
¢ =04
' B0,

macbc

macbc+ast
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Summary

4. Moment of resistance (Balanced Section)

* (MR)gomp = {b X 20 x 22} x (d - %)

* (MR)tension 1 {ast X Ast} X (d T x3_a)
5. Moment of resistance (Under reinforced Section)

¢ (MR) sy = {b X x4 x 22} x (d = Z)

* (MR),,..cio = {0 X Agi} X (d — %) Always find MR from tension side
because (t,= 0,)

6. Moment of resistance (Over reinforced Section)

5 (MR ) o = {b X Xy X 2"} (d — );—“) Always find MR from compression
side as (C,=0_;,)

¢ (MR) ansion = {ta X Age} x (d =)
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Design Formula for balanced section

* Bending moment- given, Length — given
* Calculate (BxD, d, A,)

* Assume B=d/2 d/Z /
= (x| «]}/ (-5

R A - S

= {B x kd x £} x d(1—§)/

J=lever arm constant

= (MR)

comp

=> (MR) sy, = |5 cjk| x B

Civil Engineering by Sandeep Jyani




Design Formula for balanced section

1 .
=> (MR)Comp = [E c;k] X Bd?
= (MR)comp S 2
=> oo = g
(MR)comp
=>d? = \/

Civil Enginee
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Design Formula for balanced section

(MR) {a“ A } (d xc)
r — d— X )4 Ry
tension m m st 3

kd
(MR)tension = {ast X Ast} X (d 1 ?) J

k
(MR)tension ) {Gst X Ast} X.d (1 yal _)

3
A (MR)tension
st _ :
o, ) d
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Que 3. Calculate the moment of resistance of a rectangular RCC section shown as

below. Givir&(';hat, effective cover is 50mm. Use M20 concrete and Fe 415 steel.
mm

— e og— m—‘.
S xal_ A
Bfb—— i B s ol sl e | ——
ﬁ 416 & Jd = lever arm
/1% .
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Doubly Reinforced Section

A
+ If the width and depth of both are
restricted, and section of the beam ® 0
has to resist a higher value of the d
bending moment than moment of - -y Ay
resistance of the singly reinforced (BM — MRpy)
balanced section, then always we '///
suppose to adopt a design of doubly | Q e
reinforced balance section over over- \'/

reinforced section Ast(balanced)
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Doubly Reinforced Section

 If BM > (MR)bal

* For Bending moment equal to (MR),,,, A, ! ® @ o

is used
¢ (MR)baI 9 Ast(balanced) _d - T, e
* For extra Bending moment, A_,, is used (BM — Slt‘}R )
B BM'MRba| N Astl ® / Bal
* Now due to this A_,, , the section might || ®® @

become over reinforced, so to \, /

compensate it, we use steel in

compression zone = A_, Ast(balanced)
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Doubly Reinforced Section

* The maximum permissible Stress in steel in b A,
Compression is < =
= 1.5 m X (permissible stress existing T ® & @
in surrounding concrete)
* Tension zone=> A, mAg _d L' . O
* Compression zone=>A,.2>1.5 mA,, / (BM Slt‘; R,.)
* This 1.5 value for compression steel is due to the ® ‘/ ’
effect of creep due to continuous compressive || ®® @
stress in steel in compression and in surrounding \,/
concrete of compression steel.
st(balanced)

* Considering the effect of creep, actual strain is
much higher than elastic strain. Therefore, this
continuous effect of creep, 1.5m value is used
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Analysis of Doubly Reinforced Section

ASC

1. Critical Neutral Axis 4.
Mo, = —
8.0 he % d ¥ = k& Xa
- M Y ) iy BN d.4
/:/(BM Aslt‘;R )
- Bal
® &

Ast(balanced)
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Doubly Reinforced Section

b
%ef _W//{///m
p|
m A7
Ast Ast bal

Actual Neutral axis (x,) B X x, X % — Agc(x, —d;) + 1.5mA.(x, —d;) = mAg X [d — x,]

Civil Engineering by Sandeep Jyani



Analysis of Doubly Reinforced Section

1. Critical Neutral Axis
macbc —
T A Xd (x,. = kd)

2. Actual Neutral axis (x,)
X
B xx X ?“ — A, (x,—dc)+1.5mA . (x,—d,)

/ = mAg X [d — x,] /

Concrete area moment Compression steel area moment
X
B x Ta + (1.5m —1)mA,.(x, — dc)
=mAg X [d — x,]

.xC=

Civil Engineering by Sandeep Jyani
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Analysis of Doubly Reinforced Section

Different types of Sections

* Balanced Section
* Xq = X¢
i Ca: C= ocbc
° td:t: ast
* Under Reinforced Section
g L .
¢ C.<0.
8 ta: Gst
* Over Reinforced Section
* Xy > X¢
2 Ca: acbc
* ta< ast

Civil Engineering by Sandeep Jyani
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Age

4. Moment of Resistance

Cs
(MR) comp = {b WX, X ?} % (d — %) —A,.C’'xX(d—-dc)+ (1.5mA;) xC' x(d-d,)

Ca

(MR) omp = {b Xz X 7} X (d " %) +(1.5m — 1)4,.C’ x (d — dc)
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N

Astl

4. Moment of Resistance .
ta xa a
(MR)sension = {& X mAgepa} % (@ —5F) + mAy x -2 (d - de)

m 3
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4. Moment of Resistance
X

ta a ta
(MR)tension = {E X mAst bal} X (d - ?) £ ] mAstl X ; (d - dc)

MR balcanced OT due to ASt bal extra BM = BM — MRbal or due to A512
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Design Formula

If beam is designed for some bending moment BM
* Calculate moment of resistance for singly reinforced balance section

 Compare bending moment to be designed with the moment of
resistance of singly reinforced section

* If BM>(MR)or singly reinforced section :th€n we never try to adopt over
reinforced section. Therefore a doubly reinforced section is to be

designed.

Civil Engineering by Sandeep Jyani



<€ >

Effective Width T -Beam < B >

a) For T-beams, the lesser of
(&) Flange | D;
(i) b= 16 + by, + 6Dy ‘
(i) by = Actual width of the flange
(b) For isolated T-beams, the lesser of
b= i, -
(1,/b) + 4
(ii) by = Actual width of the flange
(c) For L-beams, the lesser of . ‘
i =1,/12 + by + 3D —>
0 b o - d bs = effective width of the flange, B
. - : W
(if) br = Actual width of the flange I, = distance between points of zero moments in the beam, which is the
! effective span for simply supported beams and 0.7 times the effective
(d) For isolated L-beams, the lesser of span for continuous beams and frames,
051, b, = beadth of the web,

(i) br = T s d + b,
(7,/6) + 4 D, = thickness of the flange,

actual width of the flange.

(i) by = Actual width of the flange b
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T - Beam b

1. Critical Neutral Axis

’ __ Mes, s Flange

Xe = Mo, +0_, X d (xc - kd) n ey St sl

2. Actual Depth of Neutral Axis
A. CASE 1: When x4 lies in flange portion
xa
[bf X Xg] X 2 = mAg X [d — x,] Web
Cd xa

* (MR) omp = {b X Xg X 7} X (d — ?)
: _ [t _%) --{@®f---

(MR)tension _ {m X mAst} X (d 3)

Civil Engineering by Sandeep Jyani



T - Beam

2. Actual Depth of Neutral Axis
B. CASE 2: When x4 lies in web portion

d
[bf xdf] x(xa—%)+(xa—df)xbw

Xq— @B
( 2

X

) = mAg X [d — x,4]
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T - Beam

3. Moment of Resistance

MOR comp = MORf1ange + MOR ep

Ca 1 C

MORflange — bf X df X

r

MORyep = by X (xa — dy) X? X

i

(d—df—

i

LAweb

Y1 =

Civil Engineering by Sandeep Jyani

— e e ww— w—

3

xa_df>___

ch + Ca df
X

C'+Ca 3




T - Beam by

3. Moment of Resistance

Flange
MORension =?
t, T e L=
MOR:mAsthx (d-Yy)
Web
_ Cp Xy, +Cy XYy,
£ €;+Cy
, ---o®
. 2C + Ca df
yl — ; X H
£ +E, 3 bw
x,—d
y2 =df+ e

3
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Limit State Method

What are limit states?

* Limit states are the acceptable limits for the
safety and serviceability requirements of the
structure before failure occurs.

* The design of structures by this method will
thus ensure that they will not reach limit states
and will not become unfit for the use for which
they are intended.

* |t is worth mentioning that structures will not
just fail or collapse by violating (exceeding) the
limit states. Failure, therefore, implies that
clearly defined limit states of structural
usefulness has been exceeded.
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How many Limit states are there?

1. Limit state Of Collapse

* Limit state of collapse deals with the strength and stability of
structures subjected to the maximum design loads out of the
possible combinations of several types of loads.

* Therefore, this limit state ensures that neither any part nor the
whole structure should collapse or become unstable under any
combination of expected overloads.

* Factors considered are Shear, Flexure, torsion, Compression

2. Limit state Of Serviceability

* Limit state of serviceability deals with deflection and cracking
of structures under service loads, durability under working
environment during their anticipated exposure conditions
during service, stability of structures as a whole, fire resistance
, cracking, deflection, etc.
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Partial safety factors

 Structures should be designed with
loads obtained by multiplying the
characteristic loads with suitable
factors of safety depending on the
nature of loads or their combinations,
and the limit state being considered.

* These factors of safety for loads are
termed as partial safety factors (y) for
loads. Thus, the design loads are
calculated as
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Partial safety factors

Partial Safety

Factors

Load (y5) Material (y..)
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Values of partial safety factor y . for loads

Load combinations

Limit state of collapse

Limit state of

serviceability
(for short term effects
only)

DL LL WL DL LL WL

DL + IL 1.5 1.0 1.0 1.0 -
DL + WL 1.50r - 1.5 1.0 - 1.0

0.9

DL + IL + WL 1.2 1.0 0.8 0.8

* Wind load and Earthquake load should not be considered simultaneously

* 0.9is considered when stability against overturning is critical

Design load=(Characteristic load) X (Partial safety factor for load)
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Partial safety factors

1. Material Strength

* The characteristic strength of a material as obtained
from the statistical approach is the strength of that
material below which not more than five per cent of
the test results are expected to fall

* concrete = [,
* steel = f,

* However, such characteristic strengths may differ
from sample to sample also. Accordingly, the design
strength is calculated dividing the characteristic
strength further by the partial safety factor for the
material
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Partial safety factors

2. Design Strength

* Design strength of material is the ratio of characteristic strength of material to
partial factor of safety

characteristic strength of the material (f)
partial factor of safety (v,,)

Design strength f,; =

* Clause 36.4.2 of IS 456 states that y,, for concrete and steel should be taken
as 1.5 and 1.15, respectively when assessing the strength of the structures or
structural members employing limit state of collapse.

* Partial safety factor for steel (1.15) is comparatively lower than that of
concrete (1.5) because the steel for reinforcement is produced in steel plants
and commercially available in specific diameters with expected better quality
control than that of concrete.
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Partial safety factors
+ For Steel f, == = 0.87f,

* For Concrete [, = {; = 0.67fck

* In case of concrete the characteristic strength is calculated on the basis of test
results on 150 mm standard cubes. But the concrete in the structure has different
sizes. To take the size effect into account, it is assumed that the concrete in the
structure develops a strength of 0.67 or (1/1.50) times the characteristic strength
of cubes.

* Accordingly, in the calculation of strength employing the limit state of collapse,
the characteristic strength (f_,) is first multiplied with 0.67 (size effect) and then
divided by 1.5 (y,, for concrete) to have 0.446 f. as the maximum strength of
concrete in the stress block.

+ For Concrete f, = { % % 0.67 = 0.446f
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LSM VS WSM

WSM LSM
 Stress analysis was done e Strain analysis will be done
 Working load is considered * Ultimate load is considered
» Total factor of safety is  Partial factor of safety is
considered considered

* For concrete FOS=3
* For steel FOS=1.8



Que 5. Which of the statements is true?

a) In LSM factor of safety is more in case of
concrete

b) In WSM factor of safety is more in case of
steel

c) Bothaandb
d) None of these

Civil Engineering by Sandeep Jyani



Que 5. Which of the statements is true?

a) In LSM factor of safety is more in case of
concrete

b) In WSM factor of safety is more in case of
steel

c) Bothaandb
d) None of these
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LSM VS WSM

WSM LSM
 Stress analysis was done e Strain analysis will be done
 Working load is considered * Ultimate load is considered
» Total factor of safety is  Partial factor of safety is
considered considered

* For concrete FOS=3
* For steel FOS=1.8



Que 4. The shape of stress strain curve for concrete as prescribed by IS
456 is

a) Rectangular

b) Parabolic

c) Rectangular Parabolic
d) None of these
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Que 4. The shape of stress strain curve for concrete as prescribed by IS
456 is

a) Rectangular

b) Parabolic

c) Rectangular Parabolic
d) None of these
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Stress Strain Relationship for Concrete

i parabolic i
[
|
I | [ I f ek
. [
[ :
Stress : 1 0.67f ck
[
: i@-67ani_. .
! I 1.5fck— . fck
[ :
: [
[ ;
: >
0.002 0.0035
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Assumptions of Limit State Method

1. Plane sections remain plane before and after bending
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Assumptions of Limit State Method

1. Plane sections remain plane before and after bending

2. Strain diagram is linear and Stress diagram is partially parabolic and
rectangular

T A

b a, |
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Assumptions of Limit State Method

3. The maximum strain in concrete in outermost compression fiber is
taken as 0.35% in bending regardless of the strength of concrete

4. The relationship between stress-strain distribution in concrete is

assumed to be parabolic. The maximum compressive stress is equal to
0.67f, /1.5 or 0.446 f_,
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Assumptions of Limit State Method

5. Tensile strength of concrete is neglected

6. Maximum strain in tension reinforcement in the section at failure
should not be less than

0.87fy Ij
- P 0.002 or & = 0.002
=g e 5= {H5E. ©
. b . 0.0035 0.446 f,,
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Limit State Method

B 0.0035
-+ >
= .
D ____________________
Asy
74\ ]
'_ .....’ Vs . S em—
Using similar triangle property,
Xu o X1
Xq = Xy 0.0035 0.002
Xe = Xy lim \
MR => M, =>Xy =Xy, SO
ad= I '3
=>x2 — ;xu
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B Analysis of Singly Reinforced Section

- . 0.0035 3  0.446f,

Moment of resistance w.r.t concrete(compression)
(M,). = compressive force X lever arm

area avg stress
(M,),. = C x lever arm 3

e €1 = (5% X B|Xx0.45f, =0.192f..x,B

c C2
a 2 4

= Cq + Co Cr = | X=Xy X B | X 04'5fck = 0.171f ;p.%,,B

3 7
= C = 0.36f X, B
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b Analysis of Singly Reinforced Section

- - 0.0035 3 0.446 f_
i e T e L, o i e (e —
x |00t/ e . L. Y y
u -+
| | — ) I - .Iie’ut_ralﬁxis_.ji. g
D
Ast d lever arm= (d — y)
/| \
<1000 "—. LAARDe) n .0 2.0 .
v . .
E, = E y+0002 y :y: C1y1 + C2Yy2
Moment of resistance w.r.t concrete(compression) €1+ ¢
1:/3 3
— e — 0'36fckqu J'1:E(7xu)zﬁxu

(M,). = C x lever arm

3
CG of parabola 3 distance from top

3 3 4 9
y2:7xu 8><7x“ _14xu

(0.192f %, B ) (g %) + (0. 171f B ) (g Xu)
(0.192f 4xyB ) + (0.171f 4 x,B )

=y ==~ 0.42x, j-
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B Analysis of Singly Reinforced Section

- . 0.0035 3  0.446f,

' .87 0.87fy

Moment of resistance w.r.t concrete(compression)

(M), = C x lever arm
(Mo)c =[0.36f cox, B| x[id — 0.42x,)

= C =0.36f.,x,B

leverarm = (d — 0.42x,)
(M,), = tensile force x lever arm

(Mll)t =1 0. 87fyAst X (d — 42xu)
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Actual Depth of Neutral Axis

The actual depth of Neutral axis is calculated by equating the

compression force to tensile force
£ Sl

= 0.36f x, B =0.87f, A,

0.87 f, A,
“0.36 f. x, B

= X
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Limiting Depth of Neutral Axis

Since stress diagram is not linear, hence we
use corresponding strain diagram

b
a1l -
cobs |

Using similar triangle property,

0.0035 w +0.002

E,
Xu lim d— X ulim
0.87fy
_d—Zuum_—F. +0.002
X, 1o 0.0035
0"337fy+0 002 .
“x. - 00035
700
= x d

— X
wlim = 1100 + 0.87fy

:xulim =kxd

Civil Engineering by Sandeep Jyani



Maximum Depth of Neutral Axis
S RNmm e

Fe 250 0.53d
Fe 415 0.48d
Fe 500 0.46d
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Moment of Resistance

» Moment of Resistance from compression side
* MOR =0.36 ., B x,(d — 0.42x,,) Valid for Balanced and over
reinforced section
* Moment of Resistance from Tension side

* MOR = 0.87f, A,,(d — 0.42x,,) Valid for Balanced and under
reinforced section
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Design Formula

We always try to design the limiting section
Step 1: Depth of neutral axis
(Mu)c = 0. 36kaB Xy lim(d —f 42xu lim)

= CB kd (d — 0.42kd)
= C B kd? (1 — 0.42k)
= CB kd?j
= Cjk Bd?
= Q Bd*
3= =2
\ @B
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Design Formula

Step 2: Area of Steel A,
(Mu)T > 0.87 fy Ast (d »0. 4'zxu lim)

— (Mu)T
St 0.87fy(d—0.42kd)

(Mu)T

= A = 5T87f,d(1 - 0.42k)

(Mu)T
0.87f,d j

= Ast =
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Limiting values of Tension steel

* Minimum area of tension reinforcement should not be less than
A, 0.85

bd  f,
Ay =minimum area of tension r/f

f, = characteristic strength of steel in N/mm?

* Maximum area of tension reinforcement should not be greater than
4 % of the gross cross sectional area to avoid difficulty in placing and
compacting concrete properly in framework
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Effective Span of Beam

1) Simply Supported beam or Slab: The effective span of a simply
supported member is taken lesser of the following:

L l=Lc+d

Il. 1l (centre to centre distance between supports)

Where l = centre to centre distance between supports
L. = clear span
d = effective depth of beam or slab

l

L
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Effective Span of Beam

2) Continuous Beam or Slab: The effective span of a continuous member
is taken as:

i. If width of support t; < f—; , then effective span is taken as lesser of ...

a) l=Lc+d
b) | (centre to centre distance between supports)
Where [ = centre to centre distance between supports

L. = clear span
d = effective depth of beam or slab

ii. If width of support ¢, > f—; , then effective span is taken as lesser of ...

ga) I=Lc+0.5d
b) l=Lc+0.5¢
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Que 5. Determine the depth of neutral axis for
given section if f, = 250 N/mm?and f is 15

N/mm?:
200mm A
Given data: |
xu
400mm
an !
W {50mm
3-20 mm dia
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Que. Determine the depth of neutral axis for given section if f = 250
N/mm?and f_ is 15 N/mm?:

Given data:
Effective depth d= 400 mm . 200mm R
Area of steel = A= 3 X 77: X 20% = 942mm? t
. . xu
Force of compression =force of tension 400mm
C=T ]
= 0.36 fox, B=0.87 f Ay . Yy |
“0.36 f.x B l's, !I /,' {50mm
_0.87 x 250 x 942 3-20 mm dia

xu —

0.36 x 15 x 200

X, = 190mm
Xy 1im = 0.53 Xd =400X0.53 =212mm
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Doubly Reinforced Beam

0.0035 3  0.45f,

When width and depth both are restricted, and the moment of resistance of a

singly reinforced limiting section is smaller, then the bending moment is
supposed to be carried by the section given

Stress in concrete at top fiber 0.45 f_,
Maximum stress in tension reinforcement 0.87 fy

The value of stress in compressive steel is read from stress or strain curve. Usually
it is based on the value of strain at the level of compression steel
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Analysis of Doubly reinforced section
A Nmm g

* Step 1: Calculate x,, ;;m

Fe 250 0.53d
Fe 415 0.48d
Fe 500 0.46d
. . b b
» Step 2: Total compressive force = concrete + comp fessivE . ———————— -
steel OO O
ASC ASC
Cconcrete = 0.36 fepxy B — 0.45f . X Ag Ast d Ast d
/| \ 'S \‘
Csteel = [scAsc ® O Y ® O Y

Total compressive force = 0.36 f Xy, B —0.45f . X Agc + [scAsc
Step 3: Tension force T = 0.87f,A,
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* Step 4: Actual Depth of neutral axis:
* Tension force=compression force

= 0.36 foxy B — 0.45f X Ay, + ficAse =0.87f,Aq
= 0.36 f.xXy B + (f,. — 0.45f,) A, =0.87f,Aq

= 0.36 fckxu B:0-87fyAst o (fsc o 0'45fck)Asc

$ x 3 0'87fyASt—(fSC—O'45ka)ASC
u 0.36 fox B
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* Step 5: Compare x,, with x

* Balanced Section
. X=X

ullm .

u lim

* Under Reinforced Section
¢ ;‘Ctl < :x:lt lim

* Over Reinforced Section
* X X

u lim
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v

* Step 6: Moment of Resistance:
From Compression side,

M, = (C)concrete X (lEVer arm) oo e + (C)sieer X (lever arm),,,,

(M) ee1 = fSCAsc X (d —d)

(M) concrete = 0-36 fck xuB X (d — 0.42x,,) — 0.45f A, (d — d')
(M ordi compression = 0-36fck x, B'X (d—0.42%,) — (0.45f A N (d —~ &)+ [ Ase X (d—d)
(M.)total compression = 0-36fCk xy B X (d — 0.42x,) + (f,c — 0.45f ¢ )A,(d — d')

From Tension side,

(Mu)tension = 0.87 fy Ast - (d - y)
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Que 6. An RCC beam can have maximum tension reinforcement as:
a) 6% bD
b) 2% bD
c) 3%bD
d) 4% bD
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Que 6. An RCC beam can have maximum tension reinforcement as:
a) 6% bD
b) 2% bD
c) 3%bD
d) 4% bD
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Que 7. The maximum depth of neutral axis for a
beam with Fe 415 bars in limit state method of
design

a) 0.46d
b) 0.48d
c) 0.50d
d) 0.53d
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Que 7. The maximum depth of neutral axis for a
beam with Fe 415 bars in limit state method of
design

a) 0.46d
b) 0.48d
c) 0.50d
d) 0.53d
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Que 8. The partial factor of safety for concrete is
a) 1.15

b) 1.5

c) 1.95

d) 2.0
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Que 8. The partial factor of safety for concrete is
a) 1.15

b) 1.5

c) 1.95

d) 2.0
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Que 9. Partial factor of safety for concrete and steel respectively may
be taken as

a) 1.5and 1.15
b) 1.5and 1.78
c) 3and1.78
d) 3and1.2
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Que 9. Partial factor of safety for concrete and steel respectively may
be taken as

a) 1.5and 1.15
b) 1.5and 1.78
c) 3and1.78
d) 3and1.2
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Que 10. The characteristic strength of concrete in the actual structure
is taken as

3) fck
b) 0.85 £,

c) 0.67 f,,
d) 0.447 f,,
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Que 10. The characteristic strength of concrete in the actual structure
is taken as

3) fck
b) 0.85 £,

c) 0.67 f.,
d) 0.447 f,,

Civil Engineering by Sandeep Jyani



Que 11. In limit state of collapse against
flexure, the maximum strain In tension
reinforcement at failure shall not be less than

(2)0.002
(6)0.002 +

| fy
(€)0.002 +
(d)0.002 + —X

1.15Eq
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Que 11. In limit state of collapse against
flexure, the maximum strain In tension
reinforcement at failure shall not be less than

(2)0.002

f
(b)0.002 + * b
I fy
(€)0.002 + 52— o |
(d)0.002 A y Lees

1.15E
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Que 12. According to IS 456:2000,
the maximum depth of stress block
for balanced section of beam of
effective depth d using steel with
fy = 250, is given by

(a)0.43 d
(6)0.53 d
(c)0.68 d
(d)0.73 d



Que 12. According to IS 456:2000,
the maximum depth of stress block
for balanced section of beam of
effective depth d using steel with

fy = 250, is given by

(a)0.43 d
(6)0.53 d
(c)0.68 d
(d)0.73 d




Que 13. The characteristic strength
of concrete is defined as that
compressive strength below which
NOT more than

(a)2% of results fall
(b)10% of results fall
(c)5% of results fall
(d)None of these



Que 13. The characteristic strength
of concrete is defined as that
compressive strength below which
NOT more than

(a)2% of results fall
(b)10% of results fall
(c)5% of results fall
(d)None of these




Que 14. The modulus of elasticity of
concerete (inN/mm?*) can be
assumed as follows where f_is the
characteristic cube compressive
strength of concrete (in N/mm?)

(2)4000,/f
(b)5000,/f
(€)2000,/f
(d)3000,/f.y



Que 14. The modulus of elasticity of
concerete (inN/mm?*)  can be
assumed as follows where f_is the
characteristic cube compressive
strength of concrete (in N/mm?)

(2)4000,/f
(b)5000./f,y
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(d)3000/f.y




Que 15. The horizontal distance
between parallel main
reinforcements in RC slab shall not
be more than

(a)4 times effective depth of slab
(b)5 times effective depth of slab
(c)3 times effective depth of slab

(d)2 times effective depth of slab



Que 15. The horizontal distance
between parallel main
reinforcements in RC slab shall not
be more than

(a)4 times effective depth of slab
(b)5 times effective depth of slab
(c)3 times effective depth of slab
(d)2 times effective depth of slab




Que 16. The factored loads at the limit state of collapse for DL + LL, DL + WL
and DL + LL + WL combinations, according to IS : 456 — 2000 are
respectively

(@)1.2DL tat L, BOA F §5pVIE 1EOWEFE5 BN WL
(b)1.2DL £S5 |, (B9 oyl.5) D1 519 WL R1.2D8E {LA | 1.2 WL
(c)1.5DL+T@L, 12DL+12WL,15DL+15LL+1.5
(d)(09or15)DL+ 1o L. 1.9DLE1.0WL, 1.2 DL +1.2 LL +1.2WL



Que 16. The factored loads at the limit state of collapse for DL + LL, DL + WL

and DL + LL + WL combinations, according to IS : 456 — 2000 are
respectively

(a)1.2 DL +5E2141 . 15 BR 15" Wi S5 BT LE 1T aWL
(b)1.2DL+1.5LL, (090r15)DL+15WL,1.2DL+1.2LL+1.2WL
(c)1SDL+15%L, 12DL+12WL,1.5DL+ 1.5LL + 1.5 Vi
(d){(090or15] DL+ 1LL IOUL+1.OVWL. 1.2 DL +1.2LL + 1.2 VWL




Que 17. In limit state of collapse for
direct compression, the maximum
axial compressive strain in concrete



Que 17. In limit state of collapse for
direct compression, the maximum
axial compressive strain in concrete
IS

(2)0.002 compression

(b)0.003

(0)00035 (axial compression and bending)
(d)0.004




Que 18. As per IS 456-2000, in the
absence of test data, the
approximate value of the total
shrinkage strain for design may be
taken as:

(a)0.004
()0.001
(€)0.002
(d)0.0003



Que 18. As per IS 456-2000, in the
absence of test data, the
approximate value of the total
shrinkage strain for design may be
taken as:

(2)0.004 6.2.4.1 In the absence of test data, the approximate
(£)0.001 value of the total shrinkage strain for design may be
(c)0.002 taken as 0.000 3 (for more information, see IS 1343).
(d)0.0003




Que 19. Mid steel used in RRC structures
conforms to

(a)lS : 432

(b)IS : 1566
(c)IS : 1786
(d)IS : 2062



Que 19. Mid steel used in RRC structures
conforms to

(a)IS : 432

(b)IS : 1566
(c)IS : 1786
(d)IS : 2062




Que 20. percentage of steel for balanced
design of a singly reinforced rectangular
section by limit state method depends on

A. Characteristic strength of concrete
B. Yield strength of steel

C. Modulus of elasticity of steel

D. Geometry of the section

(a)Only (B)

(b)(A), (B) and (D)
(c)(B), (C) and (D)
(d)(A), (B) and (C)



Que 20. percentage of steel for balanced
design of a singly reinforced rectangular
section by limit state method depends on

A. Characteristic strength of concrete
B. Yield strength of steel
C. Modulus of elasticity of steel

D. Geometry of the section X, = (:)'_276?; : th
(a)Only (B)

(b)(A), (B) and (D) T 87(;.}(’)035
(c)(B), (C) and (D) . +0.002

(d)(A), (B) and (C)




Que 21. From limiting deflection point of
view, use of high strength steel in RC beam
results in

(a)Reduction in depth
(b)No change in depth
(c)Increase in depth
(d)Increase in width



—— . . 23.2.1 The vertical deflection limits may. generally be
Que 21. From limiting deflection point of saovsnad 15 b satiefied peovided thet the spus s deoths

view, use of high strength steel in RC beam ratios are not greater than the values obtained as below:

results in a) Basic values of span to effective dep(h ratios
for spans up to 10 m:

(a)Reduction in depth Cantilever 7

(b)No change in depth (S:t':i'yui“l"’“""’ :‘6’

, nuous

(C)Increase In depth b) For spans above 10 m, the values in (a) may be

(d)lncrease in width multiplied by 10/span in metres, except for
cantilever in which case deflection calculations
should be made.

c) Depending on the area and the stress of
steel for tension reinforcement, the values in (a)
or (b) shall be modified by multiplying with the
modification factor obtained as per Fig. 4.

d) Depending on the area of compression
reinforcement, the value of span to depth ratio
be further modified by multiplying with the
modification factor obtained as per Fig. §.



Que 22. partial safety for concrete and
steel are 1.5 and 1.15 respectively,
because

(a)Concrete is heterogeneous while steel is
homogeneous

(b)The control on the quality of concrete is
not as good as that of steel

(c)Concrete is weak in tension

(d)Voids in concrete are 0.5% while those
In steel are 0.15%



Que 22. partial safety for concrete and
steel are 1.5 and 1.15 respectively,
because

(a)Concrete is heterogeneous while steel is
homogeneous

(b)The control on the quality of concrete is
not as good as that of steel

(c)Concrete is weak in tension

(d)Voids in concrete are 0.5% while those
In steel are 0.15%




Que 23. the tensile strength of concrete to
be used Iin the design of reinforced
concrete members is

(3)0.2 fck
(b)0.1 f 4

(©)0.7 /fx

(d)0



Que 23. the tensile strength of concrete to
be used in the design of reinforced
concrete members is

(3)02 fck
(b)O.l I:ck

(€)0.7 \/fex

(d)0



Que 24. The allowable tensile stress in high yield
strength deformed steel stirrups used in reinforced
cement concrete is (in N/mm?)

(a)140
(b)190
(c)230
(d)260



Que 24. The allowable tensile stress in high
yield strength deformed steel stirrups used
In reinforced cement concrete is (inN/

mm?)

(a)140
(b)190
(c)230
(d)260

IS 456 : 2000
Table 22 Permissible Stresses in Steel Reinforcement
(Clauses B-2.2,B-2.2.1, B-2.3 and B-4.2)
Sl ‘Type of Stress in Steel Permissible Stresses in N/'mm’
No. Reinforcement s —
Mild Steel Bars Medium Tensile High Yield Strength
Conforming to Steel Conform- Deformed Bars Con-
Grade | of ing to IS 432 forming to IS 1786
1S 432 (Part 1) (Poart 1) (Grade Fe 415)
(n ) (3 4) (5)
1)  Tension (o, or ©)
a) Up to and including 140 Half the guaranteed 230
20 mm yield stress subject
to a maximum of 190
b) Over 20 mm 130 230
i)  Compression in column 130 130 190

i)

bars (0,)

Compression in bars in a
beam or slab when the com-
pressive resistance of the
concrete is taken into account

The calculated compressive stress in the surrounding concrete multiplied by 1.5 times
the modular ratio or o_ whichever is lower



Que 25. Factor of safety is the ratio of

(a)Yield stress to working stress.
(b)Tensile stress to working stress.
(c)Compressive stress to working stress.
(d)Bearing stress to working stress



Que 25. Factor of safety is the ratio of

(a)Yield stress to working stress.
(b)Tensile stress to working stress.
(c)Compressive stress to working stress.
(d)Bearing stress to working stress




Que 26. The factor of safety for steel as
compared to concrete is

(a)higher
(b)same
(c)lower

(d)None of these



Que 26. The factor of safety for steel as
compared to concrete is

(a)higher
(b)same
(c)lower

(d)None of these




Que 27. pick up the correct statement from
the following

(a)Dead load includes self-weight of the
structure and super-imposed loads
permanently attached to the structure

(b)Dead loads change their positions and
vary in magnitude

(c)Dead loads are known in the beginning
of the design

(d)None of these



Que 27. pick up the correct statement from
the following

(a)Dead load includes self-weight of the
structure  and super-imposed loads
permanently attached to the structure

(b)Dead loads change their positions and
vary in magnitude

(c)Dead loads are known in the beginning
of the design

(d)None of these




Que 28. In a single reinforced beam, if the
permissible stress in concrete reaches
earlier than that in steel, the beam section
Is called

(a)Underreinforced section
(b)Over reinforced section
(c)Economic section
(d)Critical section



Que 28. In a single reinforced beam, if the
permissible stress in concrete reaches
earlier than that in steel, the beam section
Is called

(a)Underreinforced section
(b)Over reinforced section
(c)Economic section
(d)Critical section




Que 29. Live load

(a)Varies in magnitude

(b)Varies in position

(c)ls expressed as uniformly distributed
load

(d) both (a) and (b)



Que 29. Live load
(a)Varies in magnitude
(b)Varies in position

(c)Is expressed as uniformly distributed load
(d) both (a) and (b)



Que 30. Flexure strength of concrete is
determined as:

(a)Modulus of rigidity
(b)Modulus of rupture
(c)Modulus of plasticity
(d)Modulus of elasticity



Que 30. Flexure strength of concrete is
determined as:

(a)Modulus of rigidity
(b)Modulus of rupture
(c)Modulus of plasticity
(d)Modulus of elasticity




Que 31. Live loads with time, can
vary in:

(a)Magnitude

(b)Position

)
(c)Neither position nor magnitude
(d)Position as well as magnitude



Que 31. Live loads with time, can
vary in:

(a)Magnitude

(b)Position

(c)Neither position nor magnitude
(d)Position as well as magnitude




WHERE THERE IS A CHANGE IN BENDING MOMENT

\ 4

THERE IS SHEAR FORCE

Rate of change of Bending moment
isS SHEAR FORCE



SHEAR

Bending in reinforced concrete beams is usually accompanied by shear, the exact analysis of
which is very complex.

However, experimental studies confirmed the following three different modes of failure due to
possible combinations of shear force and bending moment at a given section

Diagonal Tension Failure
* LARGE Shear Force and Less bending moment

* Web shear causes cracks which progress with 45° with
horizontal

Flexural shear Failure
* LARGE BENDING MOMENT and Less Shear Force
* Such cracks are normally at 90°

L 90°

» Steel yields in flexural tension shear %
Diagonal compression Failure “

* |t occurs under LARGE Shear Force l,,’
* Concrete crushes in compression due to flexural compression Z

Civil Engineering by Sandeep Jyani



Shear Force

Kind
| .\OL\\mE
Shear l gt ™
ag

“

Compressive force in concrete

/ <
'4

- I' » Tensile force

% l in steel

Dowel Force
1. Shear force is resisted by the uncracked Concrete in compression region,

2. The aggregate interlocking and
3. The shear acting across longitudinal steel bars
The shear force across the steel bars is also known as Dowel Force

Civil Engineering by Sandeep Jyani



1. For Homogenous Section

_ 2
12
_ 3
Y > + Vi
Shear Stress :% A= (g - yl) X B
D
i) E
v[(2-5)x5|[2+%] -5|(2)2- 0w
B IB
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1. For Homogenous Section

For a homogenous section,
shape of shear stress diagram
is parabolic

Vi/D
Shear Stress = ;[(;)2 - (yl)Z]

D
Wy = > Shear Stress = 0
y; =0, Shear Stress = maximum

Civil Engineering by Sandeep Jyani



2. For Non Homogenous Section

e L

T
B 4

17

O -06--0-

- b .

g A | For a RCC section,
it _—\:Yf Curve line shape of shear stress diagram
J 5 re—{1) is parabolic above NA and
. [—— T rectangular below NA
: <+— Straight line
re—t— (i)
-0 ol
(i) Actual distribution
VAy (ii) Average distribution
Shear Stress =
eq
Shear Stress = ;+— [( x.2—y3)]
x —
VIBG = E T + ]

quB Yy = X, Shear Stress = 0
y=20, Shear Stress = maximum

- 312 | e = N xa + )]

21eq[( e _yZ)]
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Shear Stress Below Neutral Axis

—
N

|
|
[
|
I
]
|
|
q
|
S R R

At section1 — 1

M = C X Lever arm

or N
M =T X Lever arm

At section 2 — 2
[M + dM] = [C + dC] X Lever arm

Or sl )
[M + dM] = [T + dT] X Lever arm

[M +dM — M) = [T +dT —T] X Lever arm
= dM = dT X Lever arm
= dM =dT X jd

dM
= dT = =——

I
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> dT =t X (B x dx)

shear areaof cross section
TP — stress
i dM
& - i,
T4
dr dM
. = —— =T X%X(B X dx)
j.d
dx i _ dam
~ ' 4xBj.d
e ¥
" Bjd
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IS Code Recommendation

As per IS code recommendation, the shear stress below the
depth of neutral axis is assumed to be constant upto effective
depth d due to ineffectiveness of the concrete in the tension
zone

As per IS code recommendation, the | (moment of inertia) is

X

taken as I, and that is equal to 3“ + mAg,(d — x,)?

Circular section is best in carrying or resisting shear force and is
assumed to be best section

As per IS code recommendation, the shear stress is assumed to

be constant thrlc/)ughout the depth of the section, therefore it is

considered as —
Bd

Civil Engineering by Sandeep Jyani



SHEAR

* As per IS recommendations, the beam

can be designed either for maximum
shear force or for maximum shear force

at critical section.

* As per IS code 456, critical section is at a
distance of ‘d’ from the face of the
support.

* Concrete beams are expected to crack in
flexure, with such cracks forming VA
perpendicular to longitudinal tension
reinforcement, i.e., perpendicular also
to a free edge.

Civil Engineering by Sandeep Jyani



1. NOMINAL SHEAR STRESS
* |t is the average shear stress developed in a cross section.

* |t is generally denoted by

” V
»~ Bd
¥y =217 0"

2. Design Shear Strength of Reinforced Concrete
* T.is the shear strength of reinforced concrete.

* |t depends upon grade of concrete and % of main tension
reinforcement.

* The shear force resisted by the concrete
V.,=t.Bd

Civil Engineering by Sandeep Jyani



Design Shear Strength of Reinforced Concrete

Grade of concrete
(100 As/b M 20 M 25 M 30 M 35 M40 and
d) above

< 0.15 0.28 0.29 0.29 0.29 0.30
0.25 0.36 0.36 0.37 0.37 0.38
0.50 0.48 0.49 0.50 0.50 0.51
0.75 0.56 0.57 0.59 0.59 0.60
1.00 0.62 0.64 0.66 0.67 0.68
1.25 0.67 0.70 0.71 0.73 0.74
1.50 0.72 0.74 0.76 0.78 0.79
1.75 0.75 0.78 0.80 0.82 0.84
2.00 0.79 0.82 0.84 0.86 0.88
2.25 0.81 0.85 0.88 0.90 0.92
2.50 0.82 0.88 0.91 0.93 0.95
2.75 0.82 0.90 0.94 0.96 0.98

2 3.00 0.82 0.92 0.96 0.99 1.01
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3. Stress in Shear Reinforcement

Nominal shear forceV =1t,B d
Shear force resisted by concrete V. =1t.Bd

The remaining shear force is to be resisted by the Shear reinforcement (stirrups):
V.=V —Vc
Vs - (Tv - TC)B d

4. Maximum Shear Stress T, ... ,»

* The shear stress developed in the beam should not be more than
maximum shear stress of the beam

* T...ax depends only on the grade of concrete

* If T, is greater than 7_,,,, then the size of beam has to be revised

Civil Engineering by Sandeep Jyani



4. Maximum Shear Stress T, ... o

* The shear stress developed in the beam should not be more than
maximum shear stress of the beam

* T..ax depends only on the grade of concrete

e If T, is greater than 7_,,,, then the size of beam has to be revised

* Temax > Ty, VALID

* Tomax < T, INVALID (SECTION TO BE REVISED, NO OTHER OPTION)

Civil Engineering by Sandeep Jyani



Maximum shear stress, T

in N/mm?2

cmax
Grade of M15 M 20 M 25 M 30 M 35 M 40 and
concrete above
Tc max 2.5 2.8 3.1 3.5 3.7 4.0
N/mm?

Civil Engineering by Sandeep Jyani




Minimum Shear Reinforcement

* (Clause. 40.3, 26.5.1.5 and 26.5.1.6 of IS 456)

* Minimum shear reinforcement has to be provided even when 7, is less
than 7,

* T,< T, minimum shear reinforcement required
* 7,<0.5 7, No shear reinforcement is required

* The minimum shear reinforcement in the form of stirrups shall be provided
such that 4, . 04

bs, 0.87f,
A, = total cross-sectional area of stirrup legs effective in shear
* s, = stirrup spacing along the length of the member
b = breadth of the beam or breadth of the web of the web of flanged beam b,,, and

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

Civil Engineering by Sandeep Jyani



Minimum Shear Reinforcement

* T,< T, minimum shear reinforcement required
* 7,<0.5 7. No shear reinforcement is required
* T, > T, Design shear reinforcement (vertical of inclined)

* T,>T,.ax Redesign the section

Civil Engineering by Sandeep Jyani



Minimum Shear Reinforcement

e Clause 26.5.1.5 of IS 456 stipulates that the maximum spacing of
shear reinforcement measured along the axis of the member shall not
be more than 0.75 d for vertical stirrups and d for inclined stirrups at
45° , where d is the effective depth of the section.

1. §,<0.75d Vertical shear Reinforcement
2. S,<d Inclined shear Reinforcement

3. However, the spacing shall not exceed 300 mm in any case.

Civil Engineering by Sandeep Jyani



Que: If depth of beam is 300mm, find spacing for shear reinforcement

Solution:

Civil Engineering by Sandeep Jyani



Que: If depth of beam is 300mm, find spacing for shear reinforcement

Solution:

i. For vertical stirrup
* 0.75d =0.75 x 300 =225mm

ii. Forinclined stirrup
e d=300mm

iii. For any case maximum r/f =300 mm

Answer: minimum of all these = (i)=225mm

Civil Engineering by Sandeep Jyani



The minimum shear reinforcement is provided
for the following:

1. Any sudden failure of beams is prevented if concrete cover bursts
and the bond to the tension steel is lost.

2. Brittle shear failure is arrested which would have occurred without
shear reinforcement.

3. Tension failure is prevented which would have occurred due to
shrinkage, thermal stresses and internal cracking in beames.

4. To hold the reinforcement in place when concrete is poured

5. Section becomes effective with the tie effect of the compression
steel

Civil Engineering by Sandeep Jyani



Objective question

. gradeof concrete

—+ percentage of tensile reinforcement

" grade of concrete
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Design of Shear Reinforcement

e Design of shear reinforcement is entirely based on the remaining
shear force that is supposed to be resisted i.e.

V.=V —-Vc
V,=(r,—t.)Bd

* When 7, is more than 7. , shear reinforcement shall be provided in
any of the three following forms:
(a) Vertical stirrups,
(b) Bent-up bars along with stirrups, and
(c) Inclined stirrups

Civil Engineering by Sandeep Jyani



Design of Shear Reinforcement

(a) Vertical Shear Reinforcement stirrups

v
. d d
* No. of shear reinforcements = — I
S ....... chimam
d 1\{0.0f . :ﬁziﬁif:ﬁzﬁgﬁzﬁ;:i
WSM Vs =V =Vc = O, X Asv X — Ty i : ffzgg d
Area of Sy G
Shear reinforcement
O XA Xd |
=5, = sV sv
Vs
0.87f, X Ag, Xd
BN | g, — Dt R

72
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Design of Shear Reinforcement

b) Inclined Shear Reinforcement
stirrups

* Spacing in inclined shear reinforcement d I
is more as compared to vertical shear
reinforcement in carrying the same €
shear force

o, X Asv X d |
WSM =>sv= v (sina + cosa) L

0.87 f, X Asv X d
¥,

-

LSM = SV =

(sina + cosa)
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Design of Shear Reinforcement

c) Bent up bars

* Bentup bars are main r/f bent at any angle (generally 45°) to act as
shear reinforcement

* Bent up bar can not be provided along with either vertical or inclined
reinforcement

* Bent up bars should not be used beyond L/4 distance from each
support

== Vsh = Ogp X Asbh X sina l = Vsb =0.87 fy X Asb X sina
WSM LSM
il | H

N\ an

L
L/a T L/a
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2.

3.
4.

5.

Steps for Design

Find maximum shear force

WL W L
+ SSB=—~ or—=

Nominal Shear Stress

V Vll i
= = T and compare with 7, .,

Shear Strength of Concrete (7)

Net shear force resisted by Shear reinforcement
e Vs=(tr,—1.)Bd
Design of Shear reinforcement
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Steps for Design

6. Minimum shear reinforcement
A s 0.4

SV

bs, 0.87 I

7. Maximum spacing in shear reinforcement
1. 5,<0.75d Vertical shear Reinforcement
2. S,<d Inclined shear Reinforcement
3. However, the spacing shall not exceed 300 mm in any case.

(whichever is minimum out of these)
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Side Face Reinforcement

Vertical shear reinforcement

1. When depth of the beam is greater than
750mm (and beam is not subjected to
torsion)

2. When beam is subjected to torsion, and
depth of the beam is greater than
450mm, then side face reinforcement is
also provided

* |[n above both cases, side face
reinforcement at 0.1 % of the web area (B
x d) is provided on both the faces
respectively

Civil Engineering by Sandeep Jyani

L

Side face
reinforcement



Bond and Development Length

* Bond Stress is defined as the Shear Force per unit of Nominal
Surface area of a reinforcement bar acting parallel to the bar on
the interface between the bars and surrounding concrete

-

T

* Basic requirement in the reinforced concrete structures is that
steel and surrounding concrete act together and there should be
no slip of the bar relative to its surrounding concrete.

* Slippage of bar may result in overall failure of the beam

* A beam may continue to carry load as long as the bars are
anchored at the ends.
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Bond and Development Length

* Due to unbalanced tension force, shear stress is acting along
longitudinal direction, that is called bond stress between steel
and concrete

— eEEe
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Anchorage Bond

* Let us consider a uniformly loaded
cantilever beam which has to resist
given BM and SF

* Let us assume that tension_
reinforcement consists of single bar of
diameter 0

* The tensile force at B is equal to

* Which must be transmitted to concrete
by bond stress in the embedded length
L, =AB

-T * If 7,4 is the average bond stress acting

over the surface area m@L,then

WSM L, =

. 4 115
4“ LSM L., = 0.87 fy D | The length L,is called as
Tpa S 47, , Development length

R o
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Design Bond Stresses for Mild steel bars as per IS 456:2000 and LSM

I'l

IS 456 : 2000
26.2.1.1 Design bond stress in limit state method fofplain bars |n tension shall be as below:
Grade of concrete M 20 M 25 M 30 M 35 M 40 and above
Design bond stress, 1.2 1.4 1.5 1.7 1.9
7, N/mm’
* For deformed bars conforming to IS 1786 these values shall be
increased by 60 percent
 EE—————y
* For bars in compression, the values of bond stress for bars in ——
tension shall be increased by 25 percent. — —;—;’;"
Deformed bars are rods of steels provided with lugs, ribs or deformation on the = —

surface of bar, these bars minimize slippage in concrete and increases the bond g
between the two materials.
Deformed bars have more tensile stresses than that of mild steel plain bars.
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Design Bond Stresses for Mild steel bars as per IS 456:2000 and LSM

IS 456 : 2000
26.2.1.1 Design bond stress in limit state method fofplain bars |n tension shall be as below:
Grade of concrete M 20 M 25 M 30 M 35 M 40 and above
Design bond stress, 1.2 1.4 1.5 1.7 1.9

Top N/mm?

* For deformed bars conforming to IS 1786 these values shall be increased by 60 percent

* For bars in compression, the values of bond stress for bars in tension shall be increased by 25
percent.

* Que 44: Find bond stress for M30 concrete and Fe 415 bar in compression and tension using
LSM
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Design Bond Stresses for Mild steel bars as per IS 456:2000 and LSM

IS 456 : 2000
26.2.1.1 Design bond stress in limit state method forfplain bars |n tension shall be as below:
Grade of concrete M 20 M 25 M 30 M 35 M 40 and above
Design bond stress, 1.2 1.4 1.5 1.7 1.9

Top N/mm?

* For deformed bars conforming to IS 1786 these values shall be increased by 60 percent

* For bars in compression, the values of bond stress for bars in tension shall be increased by 25 percent.

* Que 44: Find bond stress for M30 concrete and Fe 415 bar in compression and tension using LSM

* ForFed15, T, (cnsion = 1.9 X 1.6 = 2.4
(Increase by 60% for deformed bars (Fe 415) in case of tension)

* Tpd compression = 1.0 X 1.6 X 1.25 =3  (Further Increase by 25% in case of compression)

0.87 fv 1)
47, ,

Then calculate L, =
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Design Bond Stresses for Mild steel bars as per IS 456:2000 and LSM
IS 456 : 2000

26.2.1.1 Design bond stress in limit state method fofplain bars |n tension shall be as below:

Grade of concrete M 20 M 25 M 30 M 35 M 40 and above
Design bond stress, 1.2 1.4 1.5 1.7 1.9
7, N/mm?

* For deformed bars conforming to IS 1786 these values shall be increased by 60 percent
* For bars in compression, the values of bond stress for bars in tension shall be increased by 25

percent.
* Que 45: Find bond stress for M30 concrete and Fe 250 bar in compression and

tension using LSM
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Design Bond Stresses for Mild steel bars as per IS 456:2000 and LSM
IS 456 : 2000

26.2.1.1 Design bond stress in limit state method fofplain bars |n tension shall be as below:

Grade of concrete M 20 M 25 M 30 M 35 M 40 and above
Design bond stress, 1.2 1.4 1.5 1.7 1.9
7, N/mm?

* For deformed bars conforming to IS 1786 these values shall be increased by 60 percent
* For bars in compression, the values of bond stress for bars in tension shall be increased by 25

percent.
* Que 45: Find bond stress for M30 concrete and Fe 250 bar in compression and

tension using LSM

¢ FOFFe215, Ti; coviu: = 1.5
* Tphd compression =1.5X1.25=1.87

0.87 fv 1)
47, ,

Then calculate L, =
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 |f one bar fails in bond then for safe section,

i.e. if T,,4 (developed) > T,, (permissible)
* Increase the number of bars, keeping area of steel as same
* Reduce the dia of bar, reinforcement will become safe in bond

* By practicing this,
T,q4 (permissible) > T, 4 (developed)
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Check for Development Length at simple support for positive
moment reinforcement (IS 456:2000 Cl. 26.2.3.3)

As per IS 456, development length required is assumed to be satisfied if
M.
L7< L
3 B 0

* M;= Moment of resistance if all steel is stressed upto 0.87fy

e |/ = Shear force value at the support

* L, =sum of anchorage beyond the centre of the support or (12 X @)
whichever is greater

* @ =dia of bar
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b)

Anchoring Reinforcing Bar (26 2.2)

Deformed bars may be used without end
anchorages provided development length
requirement is satisfied. Hooks should normally he
provided for plain bars in tension.

Bends and hooks - Bends and hooks shall
conform to IS 2502

i. Bends-The anchorage value of bend shall be taken
as 4 times the diameter of the bar for each 45°
bend subject to a maximum of 16 times the
diameter of the bar.

- 40
* Maximum 16 9

ii. Hooks-The anchorage value of a standard U-type
hook shall be equal to 16 times the diameter of the
bar

The minimum value of n for mild steel is 2 and for other steels is 4

Civil Engineering by Sandeep Jyani
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Torsion

* Monolithic construction of reinforced concrete structure tends to
introduce torsional moments into the members which in general can
not be ignored in the design

» Torsional strength of sections in case of homogenous sections can be
estimated easily using theory of elasticity

 However it is very difficult to assess the torsional strength of
heterogenous reinforced concrete sections

* More difficult is that the sections are subjected to bending, shear also
rather than just pure torsion
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PURE TORSION

Torsional Equation ,DT:FD

0 = angle of twist
0 = angle of shear
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When Beam is subjected to Bending Moment and Torsional Moment

* Critical Section:

* Sections located less than a distance d from the face of the support may be designed for
the same torsion as computed at a distance d, where d is the effective depth

 Step 1: Equivalent shear force (41.3.1) * Step 2: Equivalent Nominal Shear
. T
* The equivalent shearforceV,=Vu + 1.6 5 Stress Tve;,
 V, = Equivalent Nominal shear force " T = o
« V, = Factored shear force * This value of 7, should not exceed
« T, = Torsional moment maximum shear stress T qx
* b = breadth of the beam * If T,p > T, max » then revise the section

Table 20 Maximum Shear Stress, 1, .., N/mm?
( Clauses 40.2.3,40.2.3.1,40.5.1 and 41.3.1)

Concrete MIS M20 M25 M3 M3S M40
Grade and
above

Te max + NOM? 2.5 28 3l s 37 40
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When Beam is subjected to Bending Moment and Torsional Moment
* Step 2: Equivalent Nominal Shear Stress 7,

— VG
* Tye = Bd
* This value of T, should not exceed maximum shear stress
T omne 26.5.1.6 Minimum shear reinforcement
* If T, > T, max ,» then revise the section Minimum shear reinforcement in the form of stirrups
* If the equivalent nominal shear stress, T, does not shall be provided such that:
exceed Ay 0.4
7. Design shear strength of concrete, table 19) vl WIT
giv{en, minimum shear reinforcement shall he provided as Sv Y
per 26.5.1.6
Table 20 Maximum Shear Stress, 7, ..., N/mm?
( Clauses 40.2.3,40.2.3.1,40.5.1 and 41.3.1 )
Concrete M 1S M20 M2s M 30 M3S M 40
Grade and
above
T max + N/ 25 28 3. 3.8 37 40
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Table 19 Design Shear Strength of Concrete, t,, N'mm?
(Clauses 40.2.1,40.2.2,40.3,404,405.3,41.3.2,41.3.3and 41 4.3)

10022 Concrete Grade
rm— R — ———
MIS M20 M2S M30 M35 M 40 and above
(1) (2) (3) (4) (3 (6) (7
s0.15 028 028 0.29 0.29 0.29 0.30
0.25 0.35 0.36 0.36 037 0.37 0.38
0.50 0.46 0.48 049 0.50 0.50 0.51
0.7 0.54 0.56 0.57 0.59 0.59 0.60
1.00 0.60 0.62 0.64 0.66 0.67 0.68
1.25 0.64 0.67 0.70 071 0.73 0.74
1.50 0.68 0.72 0.74 0.76 0.78 0.79
1.75 0.71 0.75 0.78 0.80 0.82 0.84
2.00 071 0.79 0.82 0.84 0.86 0.88
2.25 0.71 0.8l 0.85 0.88 0.90 092
2.50 0.71 0.82 0.88 091 093 0.95
2.78 0.71 0.82 0.90 0.94 0.96 098
00 - 0N 0.82 0.92 0.96 0.99 1.01
and
above
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When Beam is subjected to Bending Moment and Torsional Moment

e Step 3: Equivalent Moment
T D
M, —M‘u+1_—7(1+3)

* M, =equivalent bending moment K

* M, = bending moment at cross section (1 B §)

* T, =Torsional moment

* D =overall depth 1 / Mo,

* b =breadth of beam 0 == Cjk/mo"" + o,
e Step 4: Equivalent effective depth 2

— Me acbc/
.y
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When Beam is subjected to Bending Moment and Torsional Moment

e Step 5: Steel Reinforcement Required

M
o, jd

e

Ast =

* If torsional moment is greater than BM then area of steel in compression is to

be provided i.e. A,. for extra bending moment

* M,, _TM —BM
= Or Me2=Me1_Mu

e Step 6: Shear Reinforcement Spacing

c)'svasvxd1
|74

se

.sz

s

[

Il

y

fe— Dy —oy

X = spacing of shear stirrups i N i

b, = centre to centre distance between corner bars in the direction of the width

d, = centre to centre distance between corner bars in the direction of the depth
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When Beam is subjected to Bending Moment and Torsional Moment

e Step 7: Maximum spacing of shear reinforcement
* Maximum of
* X, 0T -

or d )
4 L J_l
* 300 mm

- Xty

f— Dy —oy
= spacing of shear stirrups e

b, = centre to centre distance between corner bars in the direction of the width

d, = centre to centre distance between corner bars in the direction of the depth
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Side Face Reinforcement

Vertical shear reinforcement

1. When depth of the beam is greater than
750mm (and beam is not subjected to
torsion)

2. When beam is subjected to torsion, and
depth of the beam is greater than 450mm,
then side face reinforcement is also
provided

3. Spacing of side face reinforcement should
not be more than 140mm

* In above both cases, side face reinforcement
at 0.1 % of the web area (B x d) is provided on
both the faces respectively
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Que 32. Which of the following is
Incorrect :

The intensity of horizontal shear stress
at the elemental part of the beam
section is directly proportional to

(a)Shear force

(b)Area of the section

(c)Distance of the CG of the area from its
neutral axis

(d)Moment of the beam section about
its neutral axis



Que 32. Which of the following is
Incorrect :

The intensity of horizontal shear stress
at the elemental part of the beam
section is directly proportional to

(a)Shear force

(b)Area of the section

(c)Distance of the CG of the area from its
neutral axis

(d)Moment of the beam section about

its neutral axis

F Ay Shaded Area A
T = ——

IB T e,

Where D _l.).’_.. ....... L
o N A

F = Shear Force at that section
A = Area of given cross section beyond the level EF as
shaded in the figure B

y = distance of CENTROID of shaded area A from the
neutral axis

Ay = Moment of shaded region A about the neutral axis

I = Moment of inertia of TOTAL CROSS SECTION AREA
B = width of the section at the level of EF



Que 33. The maximum shear stress (q) In
concrete of a reinforced cement concrete
beam Is

(a)Shear force / (Lever arm x Width)
(b)Lever arm / (Shear force x Width)
(c)Width / (Lever arm x shear force)
(d)None of these



Que 33. The maximum shear stress (q) in
concrete of a reinforced cement concrete
beam Is

(a)Shear force / (Lever arm x Width)
(b)Lever arm / (Shear force x Width) =1t=
(c)Width / (Lever arm x shear force)
(d)None of these




Eare— > dT =t X (B x dx)

shear areaof cross section
TP — stress

i dM
& - i,
T4

dr dM

¥ = —— =T X%X(B X dx)
j.d
dx i _ dam
~ ' 4xBj.d
vl V
"“Bjd
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Que 34. Which of the following structural

loads are not applied commonly to a
building?

(a)Dead load

(b)Rain load

(c)Live load
(d)Environmental load



Que 34. Which of the following structural
loads are not applied commonly to a
building?

(a)Dead load

(b)Rain load

(c)Live load
(d)Environmental load




Que 35. Modulus of elasticity of concrete, E
Is calculated using:

(a)E = 5000,/f 4
(b)E = 500,/fy
(c)E = 50,/f
(AE = 5,/F4



Que 35. Modulus of elasticity of concrete, E
Is calculated using:

(a)E = 5000./f.,
(b)E = 500,/f.
(c)E = 50,/fy
(d)E = 5,/f4




Que 36. Dead load comprises of:

(a)Permanently attached loads
(b)Temporarily attached loads

(c)Permanent as well as temporary loads
(d)Snow load



Que 36. Dead load comprises of:

(a)Permanently attached loads
(b)Temporarily attached loads
(c)Permanent as well as temporary loads
(d)Snow load




Que 37. Which of the following statements
Is true?

A. Impact loads are equal to the sum of the
magnitude of the loads actually caused and
the magnitude of the loads had they been
dead loads.

B. Impact loads are equal to the difference
between the above mentioned entities.

(a)Only A

(b)Only B
(c)BothAand D
(d)Neither Aand B



Que 37. Which of the following statements
IS true?

A. Impact loads are equal to the sum of the
magnitude of the loads actually caused and
the magnitude of the loads had they been
dead loads.

B. Impact loads are equal to the difference
between the above mentioned entities.

(a)Only A

(b)Only B

(c)Both Aand D
(d)Neither Aand B




Que 38. the shear capacity of an RCC
beam without shear reinforcement is

(a)tc bd
(b)ry bd
(c)tybd®
(d)r, bd®



Que 38. the shear capacity of an RCC
beam without shear reinforcement is

(a)r. bd
(b)r, bd
(c)tybd®
(d)r, bd®



Que 39. Shear reinforcement is provided in
the form of:

(a)Vertical bars

(b)Inclined bars

(c)Combination of vertical and inclined bars
(d)Any one of the above



Que 39. Shear reinforcement is provided in
the form of:

(a)Vertical bars

(b)Inclined bars

(c)Combination of vertical and inclined bars
(d)Any one of the above




Que 40. The minimum percentage of shear
reinforcement in R.C.C beams is

(a)0.85/f;
(b)0.4
(c)4

40Sy

(Va7 fyd



Que 40. The minimum percentage of shear
reinforcement in R.C.C beams is

(a)0.85/f;

(b)0.4 A " 0.4

(c)4 bs, 0.87f,
408y

(Vsg7 fyd



Que 41. Pick up the correct statement from
the following:

(a)The bent up bars at a support resist the
negative bending moment.

(b)The bent up bars at a support resist the
shearing force.

(c)The bending of bars near supports is
generally at 45 degree.

(d)AIll options are correct



Que 41. Pick up the correct statement from
the following:

(a)The bent up bars at a support resist the
negative bending moment.

(b)The bent up bars at a support resist the
shearing force.

(c)The bending of bars near supports is
generally at 45 degree.

(d)AIl options are correct




Que 42. Spacing of stirrups in a rectangular
beam, Is

(a)Kept constant throughout the length

(b)Decreased towards the center of the
beam

(c)Increased at the ends

(d)Increased at the center of the beam



Que 42. Spacing of stirrups in a rectangular
beam, is

(a)Kept constant throughout the length =~~~ ==~~~ e

(b)Decreased towards the center of the T ?
beam |

(c)Increased at the ends

(d)Increased at the center of the beam Ve




Que 43. The bond strength between steel
and concrete is due to

(a)Friction
(b)Adhesion

(c) Both friction and adhesion
(d)None of these



Que 43. The bond strength between steel
and concrete is due to

(a)Friction

(b)Adhesion

(c)Both friction and adhesion
(d)None of these




Columns

* A column may be defined as element used primarily to support axial
compressive loads and with a height of at least three times its least
lateral dimension

* A column is said to be long column when slenderness ratio is equal to
or more than 12

Slenderness ratio =
L

Ef fective length
Least lateral dimension y

effective

LLD

=3 A =3

lateral dimension about x — x *

Least lateral dimension = least of {lateral dimension about y — y
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Columns

* A column may be defined as element used primarily to support axial compressive
loads and with a height of at least three times its least lateral dimension

* Pedestal: It is a short column of effective length not greater than 3 times of least
lateral dimension

il .
7 = e;"fectwe<3

* In case of pedestal in which the Longitudinal reinforcement is not taken in
account in strength calculations, nominal longitudinal reinforcement not less than

0.15 percent of the cross-sectional area shall be provided. y

Civil Engineering by Sandeep Jyani




Effective Length of column

LLLL
Reco.
SL Value of
z r Figure : \
No. | Degree of End Restraint of Compression Members s Effective
Length /
/
Effectively held in position and restrained against
1 - ( 0.651
rotation in both ends \
Effectively held in position at both ends, restrained ] /
2 '
~ | against rotation at one end |—"1 oso
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Effective Length of column

Reco.
SL Fioure Value of
No. | Degree of End Restraint of Compression Members & Effective
Len
’
Effectively held in position at both ends, but not /
3 . . L | 1.00
restrained against rotation \
Effectively held in position and restrained against lT‘
4 | rotation at onc end, and at the other restrained ,/ 1.20
against rotation but not held in position
N
Effectively held in position and restrained against 847
5 |rotation in onc end, and at the other partially / 1.50
restrained against rotation but not held in position 4
r].
Effectively held in position at onc end but not "]
6 | restrained against rotation, and at the other end / 2.00
restrained against rotation but not held in position /
Effectively held in position and restrained against ,l'
7 | rotation at onc end but not held in position nor 2.00

restrained against rotation at the other end
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1. Tied Column

Longitudinal
Reinforcement

Ties

Typical Columns

Shell

2. Spiral Column

Civil Engineering by Sandeep Jyani

Structural Steel pipe

Concrete

3. Composite Column



For columns, As per IS 456:2000, CL 26.5.3

x

3. Minimum diameter of longitudinal bars = 12mm

1. Minimum percentage of steel= 0.8%

2. Maximum percentage of steel

a) 4% if bar are lapped
b) 6% if bars are not lapped

Minimum number of bars

a) For circular=6
b) For Rectangular=4

5. Maximum spacing of longitudinal bars = 300mm
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As per IS code

Load Carrying capacity of column is increased by 5%
percent when helical reinforcement is provided as a
transverse reinforcement

Maximum compressive strain in concrete in axial
compression is taken to be 0.002

Pitch and diameter of lateral ties

A. The pitch of transverse reinforcement shall not more than
the least of the following distances:

a) The least lateral dimension of the compression members;

b) Sixteen times the smallest diameter of the longitudinal
reinforcement bar to be tied, and

c) 300 mm

B. Diameter-

A. The diameter of the polygonal links or lateral ties shall not be less
than one fourth of the diameter of the largest longitudinal bar

and in no case less than 16mm i.e.
dia of main bar

* QGreater of 4
6 mm

Civil Engineering by Sandeep Jyani



As per IS code

Pitch and diameter of lateral ties

A. The pitch of transverse reinforcement shall not more
than the least of the following distances:

a) The least lateral dimension of the compression members;

b) Sixteen times the smallest diameter of the longitudinal ¢) Pitch and diameter of lateral ties
reinforcement bar to be tied, and 1) Pitch—The pitch of transverse reinforce-

c) 300mm

B. Diameter-

A. The diameter of the polygonal links or lateral ties shall not
less than one fourth of the diameter of the largest longituc
bar and in no case less than 6w i.e.
dia of main bar 2)
* Greater of 4
6 mm

Civil Engineering by Sandeep Jyani

ment shall be not more than the least of the

following distances:

i) The least lateral dimension of the
compression members;

ii) Sixteen times the smallest diameter of
the longitudinal reinforcement bar to be
tied; and

iii) 300 mm.

Diameter—The diameter of the polygonal

links or lateral ties shall be not less than one-

fourth of the diameter of the largest
longitudinal bar, and in no case less than

—16-mm-



Minimum Eccentricity
[ D

e
€min = 200 T 30

> 20mm

Where | = unsupported length
of the column in mm

A
D = lateral dimesion of column in the

direction under consideration inmm

v

<

D
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Design of Column

1. Short Column

* Load carrying capacity:
P

Since Total Area A = As + Ac

= Psteel + Pconcrete é

= 0,A; + 0.4,

=>P=0,A—Ac)+oc A, é

2. Long Column
* Load carrying capacity:

: P =
Where C,, = 1.25 — 48LLD

Lo
And C, = 1.25 — T

Cr'{as(A - AC) i3 o'cAc}
for Rectangular or square column

for circular column (y,,;, = D/4)

Civil Engineering by Sandeep Jyani



Design of Column

3. Circular Column

a) With separate ring used as a stirrup:
P=Cr{c A, +0A_}
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Design of Column

3. Circular Column
b) With helical reinforcement

P=1.05xCrx{cA;+ 0.} Ip - ’I:if.ch of
For helical reinforcement, following criteria has to be satisfied 8 A

0.36fck [Ag 1] _Va

fy Ac Vc
A, = gross area = %Dgz

 A_. = core area

V,, = volume of helical reinforcement
= area of helical rf X length in one loop X no.of turns

_nQZXnthmoo D
¥z pitch

V.= volume of core for 1m
= 1000mm X Acore

= 1000an “
4 c

D, = dia of centre to centre helical stirrup
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d) Helical reinforcement

1) Pitch—Helical reinforcement shall be of
regular formation with the turns of the helix
spaced evenly and its ends shall be anchored
properly by providing one and a half extra
turns of the spiral bar. Where an increased
load on the column on the strength of the
helical reinforcement is allowed for, the pitch
of helical turns shall be not more than 75 mm,
nor more than one-sixth of the core diameter
of the column, nor less than 25 mm, nor less
than three times the diameter of the steel bar
forming the helix. In other cases, the
requirements of 26.5.3.2 shall be complied
with.

2) The diameter of the helical reinforcement
shall be in accordance with 26.5.3.2 (¢) (2).
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Design of Slabs

 Slabs are plate elements forming floors and roofs of the buildings and
carrying distributed loads primarily by flexure

* Inclined slabs may be used as ramps for multi-storey car parking
 Stair case may be considered as an inclined slab

* A slab may be supported by beams or walls or may be used as a
flange of a T —Section beam

* Slab may be simply supported, continuous over one or more supports
and is classified according to manner of support
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IS code Recommendations

1. Minimum area of reinforcement

* For Fe 415 = 0.12% of total area = 0.12% X B X D
* For Fe 250= 0.15% of totalarea = 0.15% X B X D

2. Maximum diameter of steel bar in slab

. __ Thickness of slab
Qmax _ 8

3. Maximum spacing of the reinforcement

. 3 3d
a) Main bar = lesser of {300 —
. . . o 5d
b) Distribution bar = lesser of {450 e—

‘d’ is the effective depth of slab.
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* One way slab is

a)

Design of One Way Slab

IF supported on two opposite sides, it is always one way slab

l
b) If the lab is supported over two sides and = ratio is greater than 2

l

l X

2L > 2
l, = longer dimension (span)of slab
l, = shorter dimension (span)of slab

Note: Slab is always designed for shorter span

a)

b)

Also, if the slab is supported on all four edges and the ratio of longer
span (l,) to shorter span (l,) i.e, * > 2, practically the slab spans

alcrtc))ss the shorter span. Such a slabs are also designed as one way
slabs.

In this case, the main reinforcement is provided along the spanning
direction to resist one way bending.
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Unsuppodededge—;z

Simply
supported
edge



Simply
supported
edge

Unsupported edge —7

Design of One Way Slab

* Temperature and shrinkage reinforcement are
invariably provided at right angles to the main
longitudinal reinforcement because it occupies

/Distribution Rod

large area and so load and temperature has to : A
& . ; P Main Rod Longer Span } ===
be distributed evenly - Se——f—i—=
]
* Distribution bars are always placed above ; i 5
. - m
main bar in case of one way slab to ensure N e e ' JB:};
. . | =
higher effective depth ! 5
|
- . AL L] '
* In two way slab, both reinforcement are main ‘X:
reinforcement however higher load transfer  1.in gar Distribution Bar
will be on the shorter direction and hence we \ /

keep shorter direction reinforcement closer to
tensile surface to get higher bending moment Section A-A

(h|gher effective depth) Main Bar—\ / Distribution Bar

\
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e Minimum dia of main bar is 10mm for Fe 250 and

8mm for HYSD (practical recommendation, not as
per IS code)

* Minimum dia of distribution steel is 6mm in both
cases i.e. Mild steel and HYSD

* No maximum reinforcement recommendation is
given in IS code so we consider the maximum
reinforcement criteria same as in case of beam

i.e. 4% of bD
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Effective Span of Beam/Slab

1) Simply Supported beam or Slab: The effective span of a simply
supported member is taken lesser of the following:

L l=Lc+d

Il. 1l (centre to centre distance between supports)

Where l = centre to centre distance between supports
L. = clear span
d = effective depth of beam or slab

l

L
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Effective Span of Beam/Slab

2) Continuous Beam or Slab: The effective span of a continuous member
is taken as:

i. If width of support t; < f—; , then effective span is taken as lesser of ...

a) l=Lc+d
b) | (centre to centre distance between supports)
Where [ = centre to centre distance between supports

L. = clear span
d = effective depth of beam or slab

ii. If width of support ¢, > f—; , then effective span is taken as lesser of ...

ga) I=Lc+0.5d
b) l=Lc+0.5¢
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Depth of Slab

* The depth of slab depends on bending moment and deflection criterion. the trail
depth can be obtained using:

23.2.1 The vertical deflection limits may. generally be
assumed to be satisfied provided that the span to depth
ratios are not greater than the values obtained as below:

a)

b)

d)

Basic values of span to effective depth ratios
for spans up to 10 m:

Cantilever 7
Simply supported 20
Continuous 26

For spans above 10 m, the values in (a) may be
multiplied by 10/span in metres, except for
cantilever in which case deflection calculations
should be made.

Depending on the area and the stress of
steel] for tension reinforcement, the values in (a)
or (b) shall be modified by multiplying with the
modification factor obtained as per Fig. 4.

Depending on the area of compression
reinforcement, the value of span to depth ratio
be further modified by multiplying with the
modification factor obtained as per Fig. §.

* The effective depth d of two way slabs can also
be assumed using cl. 24.1,IS 456 provided short
span is < 3.5m and loading class is < 3.5KN/m?

1 For slabs spanning in two directions, the shorter of the two
spans should be used for calculating the span to effective
depth ratios.

2 For two-way slabs of shorter spans (up to 3.5 m) with mild
steel reinforcement, the span to overall depth ratios given
below may generally be assumed (o satisfy vertical
deflection limits for loading class up to 3 kN/m?.

Simply supported slabs 35
Continuous slabs 40

For high strength deformed bars of grade Fe 4135, the values
given above should be multiplied by 0.8.

Type of support Fe-250 Fe-415
Simply supported /35 1728
continuous /40 1/32

Civil Engineering by Sandeep Jyani



Design of One Way Slab

* Step 1: Find load over 1m of span

a) Liveload
b) Self weight = Thickness X 1m X 25
c¢) Floor finishing = Thickness of floor X 1m X 1m X 24

» Step 2: Bending Moment

wL?

ImI

3) BM max — g

 Step 3: Area of Steel
o f e 0.5fck [1 —\/1 _4.6BM] B

( for simply supported beam)

F. fuBd
» Step 4: Check for Shear
* T, = Bd # T max
s V — ﬂ

2
Note: Slab is not designed for shear, shear

reinforcement shall not be providedes it issaferri shear




Two way Slab

A rectangular slab supported on four edge supports,
which bends in two orthogonal directions and deflects in
the form of dish or a saucer is called two way slabs.

If a slab is considered to be two way slab,
a) iftheslab is supported on 4 edges /sides

b) The span ratioi—“ <

Since, the slab rest freely on all sides, due to transverse
load the corners tend to curl up and lift up. The slab
looses the contact over some region. This is known as
lifting of corner. These slabs are called two way simply
supported slabs

If the slabs are cast monolithic with the beams, the
corners of the slab are restrained from lifting. These
slabs are called restrained slabs
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/Supported O L e
edge

Deflection contours
{Saucer type surface)
3ylindma' e e i de?
deflected
surface

=

5

Y=
ll!lh.-,
7 A Y

Two-way slab action



Que The limit of percentage of
longitudinal reinforcement in a column
is given by

a)0.15 - 2%
b)0.8 - 4%
c) 0.8 -6%
d)0.8 — 8%
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Que The limit of percentage of longitudinal reinforcement in a column

is given by
a) 0.15 - 2% 1. Minimum percentage of steel= 0.8%
2. Maximum percentage of steel
b)0.8 - 4% a) 4% if bar are lapped
b) 6% if bars are not lapped
c) 0.8 - 6% 3. Minimum diameter of longitudinal bars = 12mm
d)0.8 — 8% 4. Minimum number of bars

a) Forcircular=6
b) For Rectangular=4

5. Maximum spacing of longitudinal bars = 300mm
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Que. The minimum number of main
reinforcement bars provided in RC circular column

a) 2
b) 3
c) 4
d) 6
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Que. The minimum number of main
reinforcement bars provided in RC circular column

a) 2
b) 3
c) 4
d) 6
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Que The pitch of lateral ties should not exceed
a) The least lateral dimension
b) 16 times the diameter of longitudinal bars

c) 300mm

d) All of these
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Que The pitch of lateral ties should not exceed
a) The least lateral dimension
b) 16 times the diameter of longitudinal bars

c) 300mm

d) All of these
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Que. The minimum number of longitudinal bars provided in rectangular
RCC column

a) 2
b)4
c) 6
d)8
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Que. The minimum number of longitudinal bars provided in rectangular
RCC column

a) 2
b) 4
c) 6
d)8
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Que The diameter of transverse reinforcement of columns should be
equal to one fourth of the diameter of the main steel rods but not less
than

a)4mm
b) 5mm
c) 6mm

d) 7mm
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Que The diameter of transverse reinforcement of columns should be
equal to one fourth of the diameter of the main steel rods but not less

than 7. Pitch and diameter of lateral ties
A. The pitch of transverse reinforcement shall not more
a) Amm than the least of the following distances:
a) The least lateral dimension of the compression members;
b 5 b) Sixteen times the smallest diameter of the longitudinal €) Pitch and diameter of lateral ties
) mm reinforcement bar to be tied, and 1) Pitch—The pitch of transverse reinforce-
ment shall be not more than the least of the
¢) 300 mm following distances:
C) 6 m m B. Diameter- i) The least lateral diu;\ensiou of the
A. The diameter of the polygonal links or lateral ties shall not if) ﬁi‘“ﬂmwwﬂrﬂof
less than one fourth of the diameter of the largest longituc tied: “' e
d) 7mm bar and in no case less than 16mm i.e. iii) 300 mm.
dia of main bar 2) Diameter—The diameter of the polygonal
* Greater of 4 links or lateral ties shall be not less than one-
6 mm fourth of the diameter of the largest
longitudinal bar, and in no case less than
~16-mm-
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Que Spacing between longitudinal bars measured along the periphery
of RCC columns should not exceed

a) 150mm
b)250mm
c) 300mm
d) 500mm
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Que Spacing between longitudinal bars measured along the periphery
of RCC columns should not exceed

a) 150mm 7. Pitch and diameter of lateral ties

A. The pitch of transverse reinforcement shall not more
than the least of the following distances:
a) The least lateral dimension of the compression members;

b)250mm

b) Sixteen times the smallest diameter of the longitudinal €) Pitch and diameter of lateral ties
i i 1) Pitch—The pitch of transverse reinforce-
C) 300 mm reinforcement bar to be tied, and el L e
¢) 300 mm following distances:
8 i)  The least lateral dimension of the
d) Soom m B. Dlamete.r- . . I wm .
A. The diameter of the polygonal links or lateral ties shall not i) ﬁ:‘“ﬂ"wwﬁ'ﬁ?:
less than one fourth of the diameter of the largest longituc tied: “' o
bar and in no case less than 36mm i.e. iii) 300 mm.
dia of main bar 2) Diameter—The diameter of the polygonal

fourth of the diameter of the largest
longitudinal bar, and in no case less than
~16-mm-

6 mm
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Foundation

* Foundations are structural elements that transfer
loads from the building or individual columns to
the Earth below

* |If these loads are to be properly transmitted,
foundation must be designed to prevent excessive
settlement and rotation, to minimize differential
settlement and to provide adequate safety against
sliding and overturning
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Criteria for Design
1. Depth of footing:

* All foundations should be located at a minimum depth
of 0.5m below the ground surface

* The depth is primarily governed by availability of
bearing capacity, minimum seasonal variation like
swelling and shrinkage of soil

* Using rankine’s formula, minimum depth of foundation

is given by
q [1 - sin@]z

D=-

f Y |1+ sin®
q=gross safe bearing capacity
Y=unit weight of soil

@=angle of friction
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Criteria for Design

2. Minimum clear cover

* A minimum clear cover of 50mm is

provided to all reinforcement in

footing

3. Minimum thickness

50 m'rg’l

clear cover=50mm

* Thickness at the edge of footing is

150mm for footing on soil and 300mm

minimum for footing on piles to

ensure rigidity of footing

= 150mmI

[above soil]
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[above piles]

1. Slab 20mm
2. Beam 25mm
3. Column 40mm
4. Foundation 50mm
L§bmm

I = 300mm



Criteria for Design

4. Extended longitudinal reinforcement or
dowels of at least 0.5 % of the cross-sectional
area of the supported column or pedestal and
a minimum of four bars shall be provided.

5. Where dowels are used, their diameter shall
no exceed the diameter of the column bars by
more than 3 mm

6. Column bars of diameters larger than 36 mm,
in compression only can be dowelled at the
footings with bars of smaller size of the
necessary area.
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Critical Section
 Critical Section for Shear:

* Shear governs the thickness of footing

* In one way shear, critical section for shear is at

* Adistance ‘d’ from the face of wall/column when the footing is
supported on soil

* At a distance ‘d/2’ from face of wall when the footing is supported on
piles
* In two way shear, punching shear shall be checked around the

column on a perimeter half the effective depth of footing away
from the face of column

* Critical Section for Bending moment:

At the face of the column /pedestal/wall/ for footing
supporting column, concrete pedestal or RCC wall, etc

* Half way between the centre line and edge of wall for footing
supporting masonry wall
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) 4

Footing

1. Size of Foundation:
a) Loadfromcolumn=P
b) Weight of foundation =Py = 10% of P P
c) TotalloadP,=P+Pf=1.1P

d) Area of Foundation qo 1 1 tt 1 t

(Bearing Capacity
of soel) '

. P
* Area of foundation = q—‘

0
e) Decide size of foundation ,
* Square footing= Area = B X B

* Rectangular Footing= Area = B X L
(assume B and find L)

f) Net design soil pressure on foundation B b D
W= g (WSM) a

- -
- L

W, =15W (LSM) L
Size of Column=ax b

Size of Foundation = B X L
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Footing

2. Check for Bending Moment y

* Critical section for bending moment is at the .
face of the column.

» Bending moment about x,-x, axis

o

R R ——

I
I
joverhang
I

-
o
I
I
I

» OX,= overhang = (BT_b )
’ Mx= BMxl-xl

=w, X 1m X

Ox,’ a Ilm
— 2
=w, X 1m X 5 4

(B—b)? -
8 g

=w, X1m X
Y1

Civil Engineering by Sandeep Jyani



Footing

2. Check for Bending Moment

* Critical section for bending moment is at the

face of the column.
’ My= BMyl-yl
=w, X 1m X

2

Oy,

(Eap

=w, X 1m X -
(L-a)®

8

=w, X 1m X

» Maximum BM is maximum value among M, and |}

M)(
» Depth required
d — BMnmx
QB

where B = 1000mm
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-
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FOOTING

3. Check for Shear (one way shear)

* Critical section for one way shear is Vs
at a distance ‘d’ from the face of 1m |
column. 1 |ox, ,
> 0X, = (= —d) 2 I A la ",
>0V, = (5= —d) b
I\
* Max shear about x,-x, =
B-b + §
»OX, = (= —d) < ; ; >
rV=w, X 1m X OX, Y2

rV=w, X 1m x(BT—b — )
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FOOTING

3. Check for Shear (one way shear)

* Max shear about y,-y,

i Y2
> 0Y, = (— —d) im ’

>V=w, X 1m X OY, T _‘_’fz_I NN\ A
»V=w, X 1m x(%—d) 2 Id e

* Nominal shear stress B b
V
» Ty _ﬁ e

vV
1000xd

» T,, should not be greater than k.7, _L

cmin

Where 7, = 0.18N/mm? (WSM) - § ; .
7, =0.28N/mm? (LSM)

m-mmm-
1.05

1.10 1.5 1.25
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FOOTING

3. Check for Shear (two way shear)
* Net punching force

P=wy(LxB)—wy(a+d)(b+d) ! " atd :

* Net punching shefvr sttress dc;:lplop}ed g I d ;
et punching force : ;
top (developed) = RZsistingfzrea B b 2 — +
a = 1 E
=> Tvp (developed)™ wou:f:;::faﬁ-d)(b-bd) g ________________ C_l ___________ _2 _____; v
g area l
« Two way shear capacity = k.T'. “ :

« K ,=0.5+f
e 7',.=0.25Vf,

shorter dimension
] ﬁ —

larger dimension
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Please note:

1. Lap Splices:

* Alap sPIice is the most common method of creating a single structural
entity from two rebar segments. The lap splice is created by
overlapping two lengths of rebar, then wiring them together

* Lap splices shall not be used for bars larger than 36mm, for larger
diameters, bars may be welded

* In cases where welding is not practicable, lapping of bars larger than 36
mm may be permitted, in which case additional spirals should be
provided around the lapped bars

* Lap length for bars(including anchorage value of hooks) in flexural
tension shall be

; L,
Greater of {3 00
* Lap length for bars in direct tension shall be

2Ld
Greater of 30 0

* Splices ia tension members shall be enclosed in spirals made of bars not
less than 6 mm diameter with pitch not more than 100mm

* The lap length in compression shall be equal to

L,
24 0
* When bars of two different diameters are to be spliced, the lap length
shall be calculated on the basis of diameter of the smaller bar

* Greater of
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Please note:

Stirrups

2. Hanging bar: \
* Hanging bar is used in compression |

side and supporting the stirrups in

compression side

* Hanger bars, are provided in a beam Langing bar
to keep the Main reinforcement —
(which takes care of tension at
bottom fibers in simply supported
beam, top fibers in cantilever beam)
and stirrups (who take care of shear
stresses and diagonal tension in
beam) in position as the name
indicated for them

* The diameter of hanging bars should
not be less than 10mm
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Main reinforcement






