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Preface

Bureau of Indian Standard is publishing code of practice for designing the plain a
concrete as IS-456. The third revision of this code was brought out in 1978 to inco
state method approach. To incorporate rapid developments in concrete technology
the experiences gained, IS-456 was revised in the year 2000. The major changes are to
incorporate durability requirement of concrete. Minimum grade of mix has been specified as
M20 as against earlier specification of M15. The formula for estimating modulus of elasticity of
concrete has been changed. Apart from these, there are many minor changes.

The author felt there is need to write a book to facilitate students and faculty of civil
engineering in learning/teaching the fundamental course in civil engineering and the design of
reinforced concrete strictly according to the revised code I8-456 : 2000. The scope of this book
is limited to the design of R.C.C. Structural elements, which is a basic course for undergraduate
students. The author intends to write advance R.C.C. book to include advance topics in R.C.C.
design and also design of many R.C.C. structures.

The attempt has been made to make the book students friendly by solving many problems
step-by-step in details and by giving details of reinforcement. The author invites suggestions
from the users to further improve the book and acknowledges the neat work done by the

publisher.
Author
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Introduction

1.1 GENERAL

Residential, educational, office and commercial buildings are the common examples of civil
engineering structures. These structure consists of various elements like slabs, beams,
columns, footings and staircases. Apart from the above buildings the civil engineers are
associated with the design and constructions of retaining walls, water tanks, bridges, dams,

towers, cooling towers. :
For the construction of all the above structures very commonly used material is reinforced
cement concrete (R.C.C.), which is a composite material consisting of concrete and steel.

When water is added to an intimate mixture of cement, sand (Fine Aggregate) and jelly
(Coarse Aggregate), it forms a plastic mass, popularly known as concrete. This mass can be
easily moulded to desired shape and size using formworks. The concrete gradually hardens
and achieves the shape and size permanently. Apart from the main ingredients cement, sand,
jelly and water, small quantities of admixtures like air entraining agents, water proofing
agents, workability agents may also be added to impart special properties to the concrete.

Concrete is good in resisting compressive stress but is very weak in resisting tensile stress.
Hence it is to be reinforced with suitable material wherever tension develops. The best
reinforcement is the steel, because the tensile strength of steel is quite high and the bond
between steel and concrete is very good. Reinforcements are usually in the form of mild steel
or high strength deformed steel bars of diameters 6 to 32 mm. A cage of reinforcement is
prepared as per the design requirement, kept in the formwork and concrete in the plastic form
is poured. After concrete hardens the form work is removed. The composite material of steel
and concrete (R.C.C.) is now capable of resisting compressive as well as tensile stresses.

The science of proportioning the structural elements to resist the applied loads and
determining the numbers and sizes of reinforcing bars is called design of R.C.C. structures.

. In this. ch.apt'er important properties of concrete and steel are presented and 2 »briei"
introduction is given to the various loads to be considered for the analysis. Various methods of
analysis and design are very briefly discussed. ‘ S '

1.2 IMPOKTANT PROPERTIES OF CONCRETE

The following important properties of concrete are to be noted by designer:
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(i) Though it consists of different materials like cement, sand and jelly the intimate mixture
. is-so good that for all practical purposes it may be assumed as homogeneous.
(i) For concrete, characteristic strength is defined as compressive strength of 150mm cube
at 28 days in N/'mm?, below which not more than 5 percent cubes give the result. Based:
on the characteristic strength (f,,), concrete is graded as given below: -~

Table 1.1 Grades of Concrete

Group Grade Designation Characteristic strength i
N/mm? E

Ordinary Concrete M10 10 E

‘A : M15 15 :
] M20 20 !
Standard Concrete M25 25 i
M30 30 :

M35 35 i

M40 40 i

- M45 45 ;

M50 50 i

M55 55 |

High Strength M60 60 f,
Concrete M65 65 r‘
M70 70 ?

' M75 75 i

M80 80

-

. l
Note: Now a days ultra high strength of grade M500 are also produced in the laboratories i
and M250 concrete has been used for the construction of some bridges. [

i

IS 456 - 2000 recommends minimum grade of concrete to be used for various weather conditions a8
shown in table 1.2. -

M J

Table 1.2 Minimum Grade of Concrete for Different Exposure with Normal Weight ‘
Aggregates of 20mm Nominal Maximum Size. (Table 5 IS 456—2000) !

'

Table 1.2
Exposure Minimum Grade of |
Concrete
Mild M20
h Moderate M25
. Severe M30
Very Severe M35
Extreme M40

The meaning of the different exposure conditions are as given in Appendix A.
(i) Stress Strain Relationship: Stress strain curve depend on strength of concrete as well as.
on the rate of loading. The short term stress strain curve is to be obtained for a constant
. rate of straining of 0.01 percent per minute or for a constant rate of stress increase of 14

N/mm? per minute. Figure 1.1 shows a typical stresé-strain curve for different mixes for
constant stress and constant strain conditions.

~
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Fig1.1. Stress Strain curve for Different Mixes of Concrete.

(fv) Tensile Strength : A designer ma“y use the following expression for flexceral tensile

- strength of concrete:

F.. = 0.7./f,;, N/mm?.
Where £,;, is the characteristic compressive strength of concrete.

(v) Modulus of Elasticity: The short term static modulus of elastically for concrete may be

taken as
E, = 5000 .[f,;, as per IS 456 — 2000.

(i) Poisson’s Ratio : It may be taken as 0.1 for high strength concrete and 0.2 for weak

concrete. Usually it is taken as 0.15 for strength and 0.2 for serviceability calculations.

(vii) Shrinkage : Total amount of shrinkage in concrete depends on the various factors in-

(viii)

cluding the amount of water present at the time of casting. In the absence of data the
approximate value of the total shrinkage strain may be taken as 0.0003.

Creep: It depends on various factors including the age of loading, duration of loadmg and
stress level. The creep coefficient which is defined as ratio of ultimate creep strain to

elastic strain at the age of loading may be taken as shown in table 1.3. (Clause 6.5.5.1in
IS 456 - 2000) -

~

Table 1.3 Creep Coefficient

_Age at loading Creep Coefficient
7 days 2.2
28 days 1.6
1 Year 1 1.1

The ultimate creep strain shown above does not inciuding elastic strain.

1.3

The following important properties of steel are:o be noted by a designer -~

IMPORTANT PROPERTIES OF STEEL

o —
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() It is treated as homogeneous material and it is really so to a very large extent.

(@) The characteristic strength of steel (f,) is its tensile strength determined on standard
specimen below which not more than 5 percent specimen give the results. However code
permits use of minimum yield stress or 0.2 percent proof stress as characteristic strength :
of steel. Types of steel reinforcements available in the market are shown in table 1.4. i

Table 1.4 Grades of Steel

i
Type Conforming to 1.S. Code Yield Stress / 0.2% Proof i

. Stress
Mild Steel (Plain Bars) IS: 432 - 1966 26 kg / mm? .!
' : = 255 N/mm? Il
High Yield Strength IS: 1786 - 1979 (1) 415 N/mm?2 i
Deformed Bars (HYSD) (&£) 500 N/mm? ;
Hard Drawn Steel Wire IS: 1566 — 1967 49 kg / mm? {
Fabric : ' = 480 N/mm? }
|

Taking the above values into consideration, Bureau of Indian Standards has brought up
design aid to IS 456 (SP-16) for three grades of steel having characteristic strength f,
equal to 250 N/mm?, 415 N/mm? and 500 N/mm?. Hence the designer usually grades the
__ available steels as Fe-250, Fe—415 and Fe-500.
(%) Stress Strain Curve. The typical stress strain curve for the above grades of steel is
shown in Fig 1.2. It may

Fe - 500

=
o\

Fe -415

H

[=]

o
]

2

!
€ i !
|
% 3001 Fe - 250 i
2" |
g
» 2001)!

i
' !
' 1001

1

]

1

! v

003272 8 10 12 14 16 18 20 22 24

" % Strain

Fig12. Stress strain curve for Fe — 250, Fe -415 and Fe — 500 steel

be noted that for mild steel (Fe-250) the yield point is clearly visible whereas there is no

yield point for Fe—415 ang Fe-500 F t teel .
taken as characteristic strength f steel. For these two steels, 0.2 percent proof stress is
i

(i) The characteristic strength f, in tension and in compression is taken as the same.
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(v) the young's modulus (E) for all grades of steel is taken as 200kN/mm? = 2 x 10° N/mm?.
The reinforcing bars are generally available in the market in the following sizes:
Diameter of bars in mm.
Mild steel 6, 10, 12, 16, 20, 25, and 32.
Deformed steel bars 8, 10, 12, 16, 20, 22, 25, 28 and 32

1.4 CODE REQUIREMENT OF 'REINFORCEMENTS

() Mild steel conforming to IS 432, high strength deformed bars conforming to IS 1786 and
hard-drawn steel fabrics conforming to IS 1566 may be used as reinforcements.
Structural steel conforming to grade A of IS 2002 are also permitted.

@) All bars should be free from loose mill scales, loose rust, mud, coats of paint or any other
material which destroy or reduce the bond.
(i) If required, in exceptional cases and for rehabilitation of structures, special chemical
coatings may be provided to reinforcements.
(iv) For main bars steel of same grade should be used as main reinforcement. Simultaneous
use of two different grades of steel for main and secondary reinforcement is permitted.
(v) Bars may be arranged singly or in pairs. Use of 3 or 4 bundled bars is also permitted.
Bundled bars are to be tied together to ensure that they remain together. Bars larger
than 32 mm diameter are not to be bundled.
Other detailing requirements for reinforcements are given in latter chapters when the

design of structural elements is taken up

1.5 LOADS

The various loads expected on a structure may be classified into the following groups:

(?) Dead loads
() Imposed loads
(@iZ) Wind loads
(fv) Snow loads
(v) Earthquake forces
(v) Shrinkage, creep and temperature effects, and
(vi©) Other forces and effects.

Dead Loads (DL)

Dead loads.in a building includes the weight of all permanent constructions, like roofs, floors,
wa!ls, pgnltion walls, beams, columns, balcony’s, footing. These loads shall be assessed by
est.lmatfng the quantity of each material and then multiplying it with the unit weight. The
unit weights of various materials used in building constructions are given in the code IS 875
gpart —1)-1987. It includes exhaustive list. For example, under the heading ‘brick masonry’,
it l.aas four types like common burnt clay bricks, engineering bricks, glazed bricks and pressed
bricks. Under the heading plain concrete there are 10 groups. The commonly used values by
the designers are listed in table 1.5. -
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Table 15 Unit 'wqi#ht of Important Building Materials Used by Designers

.SL. / I Material Unit Weight
No. ‘

1. | Plain cgncrete 24 kN/m3

2. | Reinforced concrete - 25 kN/m3

3. | Brick masonry, cement plaster 20 kN/m3

4. | Granjte stone masonry 24 kN/m3

5. | Asbestos cement sheets : 0.130 kN/m?2

Imposed L—oads )

The loads which keep on changing from time to time are called as imposed loads. Common
. examples of such loads in a building are the weight of the persons, weights of movable
partition, dust loads and weight of fursitures. These loads were formerly known as live loads.
These loads are t0 be suitably assumed by the designer. It is one of the major load in the
design. The minimum values to be assumed are given in IS 875 (part 2)-1987. It depends upon
the intended use of the building. These values are presented for square metre of floor area.
The code gives the values of loads for the following occupancy classification:

@ Residential buildings~dwelling houses, hotels, hostels, boiler rooms and plant rooms,

garages.

(@) Educational buildings

(@) Institutional buildings

(i) Assembly buildings

(v) Businessand office buildings
(i) Mercantine buildings

(vi)) Industrial buildings, and
(viif) Storage /ro'oms,.’

. The code gives uniformly distributed load as well as concentrated loads. The floors are tobe
wvestigated for both uniformly distributed and worst position of concentrated loads. The one
Whlc_h gives worgt effect is to be considered for the design but both should not be considered to
act simultaneofisly. r
Ina PH?AJU building, im: i
; , imposed load may change from room to room. For example 1n &
hotel or a ,o,s/tel building the loads specified are, )

;o0 ~/ udl Concentrated load -
(@) Living roofns afd bed rooms 2 kN/m? 1.8 kN ' £
®) Kitchen .~ . 3 kN/m?2 4.5 kN '
(c) Dining r@s 4 kN/m?2 2.7 kN
(d) Office-rootas . - 9.5 kN/m? 2.7 kN
(e) Store rooms 5 KN/m2 4.5 kKN
() Rooms for indoor games 3kN/m?2 - > 1.8 kN
(g) Bath rooms and toilets 2 kN/m? -
(k) Corridors, passages, 3 kN/m?- 4.5 kKN
stair casézetc. T , L
and (i) Balconies 4 kXN/m®> - 1.5 kN concentrated at oul;quedge-

Some of the impOPtanf‘VRiues are presented in table 1.6, which are the minimum values
and wherever necessary more thamthese values are to be assumed.

-
T~

i
1
!
1
]
|
i
1
}
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Table 1.6 Minimum Imposed Load to be Considered

"SL. Occupancy UDL Concentrated
-No. Load
1. | Both rooms and toilets in all types of building 2 kN/m? 1.8 kN
2. |Living and bed rooms 2 kN/m? 1.8 kN
3. | Office rooms in
() Hostels, hotels, hospitals and business building 2.5 kN/m? 2.7 kN
with separate store
(Zi) In assembly buildings 3 kN/m? 4.5 kN
4. | Kitchens in (i) Dwelling houses 2 kN/m? 1.8 kN
(ii) Hostels, hotels and hospitals 3 kN/m? 4.5 kN
5. [ Banking halls, class rooms, x-ray rooms, operation 3 kN/m? 4.5 kN
rooms
6. | Dining rooms in (i) educational buildings, 3 kN/m? 2.7 kN
institutional and mercantine buildings
(i5) hostels and hotels 4 kN/m? 2.7 kN
7. | Corridors, passages, stair cases in .
() Dwelling houses, hostels and hotels 3 kN/m? 4.5 kN
(ii) Educational institutional and assembly buildings 4 kN/m? 4.5 kN
. | i) Marcantine buildings 5 kN/m? 4.5 kN
8. | Reading rooms in libraries
() With separate storage 3 kN/m? 45 kN
(ii) Without separate storage 4 kN/m? 4.5 kN
9. | Assembly areas in assembly buildings
() With fixed seats 5 kN/m? .-
(i) Without fixed seats 5 kN/m> 3.6 kN
10. | Store romms in educational buildings 5 kN/m? 45 kN
11. | Store room in libraries 6 kN/m? for 45 kN
a height of
224 + 2
kN/m? for
every 1m
additional
height
12. | Boiler rooms and plant rooms in
(@) hostels, hotels, hospitals, mercantine and 5 kN/m? 4.5 kN
industrial buildings
(if) Assembly & storage buildings 7.5 kN/m? 4.5 kN

Imposed loads to be considered on various roofs are presented in table 1.7
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Table 1.7 Imposed Loads on various Types of Roofs
(Table 2 of National Building code - 1983)

pqint to the crown

Wlth the horizOn.

tal, greater than
degrees

oa=h/l

h = height of the highest point
of the structure measured from
its springing: and

1 = chord width of the roof if

" | singly curved and shorter of

the two sides if doubly curved.
Alternatively, where structural
analysis can be carried out for
curved roofs of all slopes in a
simple manner applying the
laws of statistics, the curved
roofs shall be divided into
minimum 6 equal segments
and for each segment imposed
load shall be calculated
appropriate of each segment as
given in (i) and (i)

S1.No. Type of Roof | Imposed Load Measured on Minimum Imposed Load
: : Plan Area Measured on Plan 1
@ Flat, sloping or
curved roof with
slopes up to and
including 10
degrees .
(a) Access 1.5 kN/m?® 8.75 kN uniformly distributed |
provided over any span of one metre |
width of the roof slab and 9 kN
uniformly distributed over the}
span of any beam or truss or
wall.
(b) Access not 0.75 kN/m? 1.9 kN uniformly distributed
| provided except - over any span of one metre
for maintenance width of the roof slab and 4.6
kN uniformly distributed over |
the span of any beam of truss |,
. ) or wall. ‘
@) Sloping roof with |For roof membrane sheets or Subject to a minimum of 0.4
slope greater than|purlins ~ 0.75 kN/m® less 0.02 | kN/m?
10 degrees kN/m? for every degree
: increase in slope over 10
. degrees
@) | Curved roof with |(0.75 - 0.52 o) kN/m? where Subject to a minimum of 0.4
slope of line kN/m?2
obtained by
Jomng spn'nging

et o e i
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Note : 1 - The loads given above do not include loads due to snow, rain, dust collection, etc. The roof
shall be designed for imposed loads given above or snow / rain load, whichever is greater.

Note : 2 -For special types of roofs with highly permeable and absorbent material, the contingency of
roof-material increasing in weight due to absorption of moisture shall be provided for.
- However in a multi-storeyed buildings chances of full imposed loads acting simultaneously on all
floors is very rare. Hence the code makes provision for reduction of loads in designing columns, load
bearing walls, their supports and foundations as shown in table 1.8.

Table 1.8 Reductions in Imposed Loads on Floors in Design of Supporting Struc-
tural Elements

Number of Floors (including the roof) to be Reduction in Total Distributed
carried by Member Under Consideration Imposed Load in Percent
1 0
2 10
3 20
4 30
5 to 10 40
Over 10 50
Wind Loads

The force exerted by the horizontal component of wind is to be considered in the design of
buildings. It depends upon the velocity of wind and shape and size of the building. Complete
details of calculating wind load on structures are given in IS-875 (Part 3) - 1987. Briefidea of
these provisions are given below: '
() Using colour code, basic wind pressure 'V,' is shown in a map of India. Designer can
pickup the value of V,, depending upon the locality of the building.
(@) To get the design wind velocity V,, the following expression shall be used:
V.=kika b3V,
Where £, = Risk coefficient
ky = Coefficient based on terrain, height and structure size.
kg = Topography factor
(@Z) The design wind pressure is given by
p,=06V?
where p, is in N/m? at height Z and V, is in m/sec. Up to a height of 30m, the wind pressure is
considered to act uniformly. Above 30m height, the wind pressure increases.

Snow Loads

IS 875 (part 4) — 1987 deals with snow loads on roofs of the building. For the building to be
located in the regions wherever snow is likely to fall, this load is to be considered. The snow
load acts vertically and may be expressed in kN/m? or N/m?. The minimum snow load on a
roof area or any other area above ground which is subjected to snow accumulation is obtained
by the expression

S= 13 So
Where S = Design snow load on plan area of roof.
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i = Shape coefficient, and

Sy = Ground snow load.

Ground snow load at any place depends on the critical combination of the maximum depth
of undisturbed aggregate cumulative snow fall and its average density. These values for
different regions may be obtained from Snow and Avalanches Study Establishment Manali
(HP) or Indian Meteorological Department Pune. The shape coefficient depends on the shape

of roofs and for some of the common shapes the code gives these coefficients. When the slope
of roof is more than 60° this load is not considered. ‘

It may be noted that roofs should be designed for the actual load due to snow or for the
imposed load, whichever is more sever.

Earthtjuake Forces

Earthquake shocks cause movement of foundation of structures. Due to inertia additional
forces develop on super structure, The total vibration caused by earthquake may be resolved
into three mutually perpendicular directions, usually taken as vertical and two horizontal
d}retftlons. The movement in vertical direction do not cause forces in superstructure to any
significant extent. But movement in horizontal directions cause considerable forces.

The intensity of vibration of ground e . .
~ xpected at any location depends upon the magnitude
of earthquake, the depth of focus, the dj t . hich the
structure stands, - - stance from the epicenter and the strata on whic
The response of the structure to th

. e i ion i i ffounda-
tion soil, size and mode of congtry ground vibration is a function of the nature of fo

. i . ction and the duration and intensity of ground motion.
IS.t1983 legsﬁlgl Ve:ttihe det?,ﬂs of such calculations for structures standing on soils which will
:}? ((:lon§1 erably bs ettle or Shde'appredably due to earthquake. The seismic accelerations for

e leSI%'n ntlay 1:) arrived at from seismic coefficients, which is defined as the ratio of
'accet;ra lgsrini::i'o emlﬁglila!ie and acceleration due to gravity. For the purpose of determin-
mﬁ ? setw tl}';:eg, a1s divided into five zones. Depending on the problem, one of the
following two methods may be useq for computing the seismic forces:

(@) Seismic coefficient methoq )

() Response spectrum methog

3‘;‘ fnﬁzaﬂ:f::: htﬁieﬁigs areﬁ) resented in IS 1983 code and also in National Building Code
tance of. structural designs ;::te dquake (2.000) Government of India has realized the impor-
the teachers of technical institutioglnofloanslldeﬁng seismic forces and has initiated training of

on normal situations and hence earthqu arge scale (NPEEE). In this book designs are ba»sed__v

ake forces are not considered.
re are large num .
wh}zf Do an alysfigs be ml;zx; (;_f;:izi };)f less importance and relatively small structures for
taken in the construction, For plguake forces provided certain simple precautions are

((l; ?oﬁggzzcgﬁsﬁbﬁe vertical panels of steel and R.C.C. frames.
“ fr:fne d sgtru ctures. ® Masonry and going for light materials and well braced timber

Other Forces and Effects

As per the clause 1.9'6 of IS 456 — 2000, m addition to above load discussed, account shall be
taken of the following forces and effects if they are liable to affect materially the safety and
serviceability of the structure:
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(@) Foundation movement (See IS 1904)

(b) Elastic axial shortening

(c) Soil and fluid pressure (See IS 875, Part 5)

(d) Vibration

(e) Fatigue

(® Impact (See IS 875, Part 5)

(@) Erection loads (See IS 875, Part 2) and

(h) Stress concentration effect due to point load and the like.

1.6 LOAD COMBINATIONS

A judicious combination of the loads is necessary to ensure the required safety and economy
in the design keeping in view the probability of
(@) their acting together
(b) their disposition in relation to other loads and severity of stresses or deformations
caused by the combination of various loads.

The recommended load combinations by national building are codes

1. DL 7. DL + IL + EL

2. DL + IL 8. DL +IL+TL

3. DL + WL 9. DL + WL + TL

4. DL + El 10. DL + EL + TL

5. DL + TL 11. DL + IL + WL + TL

6. DL + IL + WL 12. DL +IL+EL+ Tl
where DL =deadload IL =imposed load

WL = wind load EL = earthquake load

and TL = temperature load.

Note: When snow load is present on roofs, replace imposed load by snow load for the purpose of above
load combinations. '

1.7 STRUCTURAL ANALYSIS

Structural analysis is necessary to determine the stress resultants like bending moment,
shear force, torsional moment, axial forces acting at various cross section of structural ele-
ments._ IS 456 permits the analysis of all structures by linear elastic theory. For structural
analY.SlS one can use classical methods. Code also permit use of approximate methods like
substitute frame method, use of coefficients for the continuous beams and slabs.

Numerical methods also may be used for the analysis. Finite element method is becoming
a gopular me_athod of analysis, since standard commercial packages are available. This method
being versatile any complex structure may be analyzed with acceptable accuracy. Some of the
popular packages are STAADPRO, GTSTRUDL, NISA - CIVIL, NASTRAN and ANSYIS.
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1.8 METHODS OF RCC DESIGN

The aim of design is to decide the size of the member and provide appropriate reinforcem
so that the structures being designed will perform satisfactorily during their intended:
With an appropriate degree of safety the structure should
(®) sustain allloads
(@) sustain the deformations during and after construction
@) should have adequate durability and
(i) should have adequate resistance to misuse and fire. ,
Various methods of R.C.C. designs can be grouped into experimental and analytical meth

In civil engineering experimental methods of designs have superseeded the
methods. Whenever new materials have been developed, they have been tested and useﬂ
experimental basis. Once they have been found suitable theoretical methods have been dé
oped to economize. If the structures are too complex model studies are carried out and'
prototypes are built. However this method of design is time consuming and cannot be acce;
for the design of each and every structure.

Analytical methodsare based on identifying failure criteria based on material pmpeme;,'gns-
Expected loads quantified, analysis carried out and then based on failure criteria safe d _
are found. Since there are limitations in estimating design loads, material behaviour
analytical methods, working condition is kept at a fraction of failure conditions. The de
philosophies uged in R.C.C. are listed below in the order of their evolutions and then the;
briefly explained:

@) Working stress method (WSM)

) Load factor method (LFM) or Ultimate load method (ULM), and
@) Limit state method (LSM)

Working Stress Method (WsM)
Thl.s method of design was evolved around the year 1900. This method was accepted by mﬁnﬁ
Dational codes, India's code IS 456 1953 was based on this method. It was revised in 1957 8¢

1964. This method is based on elastic theory of R.C.C. sections. The following assumptions
are made in this method:

fi) At any cross section, plane section before bending remains plane even after bending:

ffi) All tensile streggeg are taken by reinforcements and none by concrete. L
(m') _Tllg stress strain relation, under working loads, is linear both for steel and concrete.
() The modular ratio between steel and concrete remains constant and is given by ‘

m < Es _ 280

. Em 3 O cbe
Where o,,, is Permissible compressive stress in bending. -
Permissible stress in concrete is defined as ultimate stress divided by a factor of safety. In
concrete a factor of safety upto 3 is used. In case of steel, the permissible stress is definedas
yield stress or 0.2 per cent proof stress divided by factor of safety. Since steel is more rehdble
material, factor of safety used is 1.75 to 1.85 only. Based on elastic theory and assuming that
the bond between steel and concrete is perfect stresses are estimated in reinforced cemen!

concrete. The designer will aim at keeping these stresses as close to permissible stresses &
possible but without exceeding them.
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The Limitation of this Method are

(?) It assumes stress strain relation for concrete is constant, which is not true.

(@) It gives the impression that factor of safety times the working load is the failure load,
which is not true. This is particularly so in case of indeterminate structures. In these
structures there will be redistribution of forces as plastic hinges are formed at critical
sections.

(Z) This method gives uneconomical sections.

The advantages of this method are

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

However this method has been deleted in IS 456 — 2000, but the concept of this method is
retained for checking serviceability states of deflections and cracking. Hence knowledge of
this method is essential and IS 456 — 2000 gives it in appendix. In this book, this method is
briefly explained in Appendix B and few problems have been solved.

Load Factor Method (LFM) or Ultimate Load Method (ULM)

In this method ultimate load is used as design load and the collapse criteria used for the
design. Ultimate load is defined as load factor times the working load. Hence it gives better
concept of load carrying capacity of the structure. Its salient features are:

1. Uses actual stress strain curve and ultimate strain as failure criteria.

2. Redistribution of forces is accounted since it works in the plastic region.

3. It allows varied selection of load factors, a lower value for loads known with more cer-
tainty like dead load and higher value for a less certain loads like live load and wind
loads.

This methed gives very economical sections. However it leads to excessive deformation and
cracking. This phenomenon is more predominant when high strength deformed bars are used.
Thus this method failed to satisfy the serviceability and durability criteria. To overcome these
problems codes started adopting load factor method (LFM) in which load factors were modified.
A load factor of 2 was used for design. Additional factor of safety of 1.5 was used for designed
concrete mixes for calculating the permissible stresses to control serviceability requirement.

As more and more research continued to investigate the problems related with ultimate
load method it was felt instead of repairing this method there is need for comprehensive
method to take care of design requirements from strength and serviceability criteria. This
gave rise to limit state method and all codes replaced this method by limit state method.
Hence there is no need to make a separate study of this method.

Limit State Method (LSM)

This is a comprehensive method which takes care of the structure not only for its safety but its
fltness throughout the period of service of the structure. This method is thoroughly explaine
in chapters II and III and many structural elements are designed in the other chapters.
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State Design

2.1 PHILOSOPHY OF LIMIT STATE DESIGN

Principles of Limit

Aim of a design is to see that the structure built is safe and it serves the purpose for which it

is built. A structure may become unfit for use not only when it collapses but when it violates
the serviceability requirements of deflections, cracking etc. In this method various limiting

conditions are fized to consider a structure as fit. At any stage of its designed life (120 years for -
permanent structure), the structure should not exceed these limiting conditions. The design -

is always based on probable load and probable strength of materials. These are to be estimated
by probabilistic aphproach. The safety factor for each limiting condition may vary
depending upon the risk involved. It is not necessary to design every structure to withstand
exceptional events like wars and earthquake. In this design riskbased evaluation criteria is
included. Thus the philosophy of limit state design method is to see that the structure

remains fit for use throughout its designed life by remaining within the acceptable limits: -

of safety and serviceability requirements based on the risks involved. The R.C. structure
should be safe and durable.

A durable concrete is one that performs satisfactorily in the working environment during

its anticipated exposure conditions during service. The factors influencing durability include

(clause 8. IS-456-2000):
(@) The environment _
(®) The cover to embedded steel
(c) The type and the quality of constituent materials
(d) The cement content and water cement ratio of the concrete

(e) Workmanship, to obtain full compaction and efficient curing ; and
() The shape and size of the member

One of the main characteristics influencing the durability of concrete is its permeability to
the ingress of water, oxygen, carbon dioxide, chloride, sulphate and other deleterious:

substances. With normal - weight aggregates a suitably low permeability is achieved by having
an adequate cement content, sufficiently low free water / cement ratio, by ensuring complete

compaction and adequate curing of concrete. IS 456-2000 gives lot of emphasis on durability
aspect and exhaustively deals it under clause 8.
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2.2 LIMIT STATES

The various limit states to be considered in design may be grouped into the following three
major categories:
(®) Limit state of collapse
() Limit state of serviceability, and
(@iz) Other limit states.
(?) Limit State of Collapse
A structure is said to have collapsed if

(@) Material at one or more sections ruptures

(b) The buckling takes place, or

(¢) Overturning takes place.

The following ultimate states are to be considered in the design:

(@) Tension

() Compression

(¢) Flexure

(d) Shear and

(e) Torsion

The design should be such that, the resistance at every section to above stress resultants
shall not be less than the appropriate value at that section produced by the probable most
unfavourable combination of loads on the structure using appropriate partial safety factors.

(@) Limit States of Serviceability . .
The deflection and crack width are the two major criteria of serviceability.

(@) Limit State of Deflections: '
The deflection of the structure under service load conditions should be within the acceptable

limits. The adverse effects of excessive deflections are :

1. It creates feeling of lack of safety.

2. Aesthetic view is spoiled. .

3. Leads to deformation of door and window frames and cracking of floor finishing materi-

als.

4. Creates ponding of water on roof slabs. .

5. In machines, it results into misalignments affecting the functioning of the machine,

IS-456-2000 specifies limit states for deflection for various conditions. The limit state
condition of deflection may be satisfied by any one of the following two methods.

1. Empirical Method: Since most important factor that controls the deflection is span /
degth ratio, deflection can be controlled by the span / depth ratio as specified by the
codes. ‘

2. Theoretical Method: Deflections can be calculated by theoretical methods and con-
trolled by suitable dimensioning of the structure. :

(®) Limit State of Cracking:
The cracks in concrete results into the following adverse effects:
() Mars the appearance.
() Creates the feeling of lack of safety.
@Z) Creates leakage problems. :
(iv) Leads to corrosion problems affecting the durability.
(v) Reduces stiffness resulting into excessive deflections.
(vi) Creates maintenance problems.
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However cracks in concrete are unavoidable. As the tensile strength of concrete is very low
the cracks in the tensile zone appear even at low loads. The accepted limits of cracks widths
under service load conditions have been specified by the code keeping in mind that cracking
should not affect the appearance or durability of the structure. The accepted limits of cracks
vary with the type of the structure and environmental conditions. The crack widths may be
kept within the acceptable limit by any one of the following methods:
(@) Empirical Method: By strictly following the bar detailing rules as specified in the
codes. ’
(®) Theoretical Method: The probable crack width is calculated and checked.

(@) Other Limit States: Structures may be required to withstand unusual and special
loads. For such special structures additional relevant limit states shall be considered. Some of |
such limit states are listed below: : :

(@) Vibration

(b) Fire resistance

(¢) Chemical and environmental actions
(d) Accidental or catastrophic collapse

2.3 CHARACTERISTIC LOAD

Structures have to carry dead load and live loads. The maximum w orking load that the :
structure ha.s to withstand and for which it is to be designed is called charactegistic loads. The
characteristic loads are to be based on statistical analysis. As per the code the characteristic
loads means the value of the load above which not more than 5 per cent results are expec ’

to fall. F ‘f’,rlfhe sake of simplicity, it may be assumed that the variation of these loads and
strength follow normal distribution laws. Normal distribution means distributi 1
about mean value (Ref. Fig. 2.1). istribution symmetrie

]
]
]
]
]
'
]
]

]
[l
]

Frequency —_

Fig.21 Characteristic Load.

As the load should be more than the average load obtained from statistic,
Characteristic Design Load= Mean Load + %2 S

where S is the standard deviation, and the value of % is taken as corresponding to 5 per cent
probability and for normal distribution it is equal to 1.64. Since data are not available to
express loads in statistical terms, IS 456-2000 permits use of the values given in IS-875 asg
characteristic loads.
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2.4 CHARACTERISTIC STRENGTH

The strength that one can safety assume for the material (steel and concrete) are termed as
characteristic strength. This is to be based on the statistical analysis of test results below
which not more than 5 per cent of test results are expected. In this case also normal distribu-
tion is assumed (Ref. Fig. 2.2). As the design strength should be less than mean strength,

Frequency ——»

1
[}
]
]
[
)
]
]
1
)
1
1
U

45% Area

NN

r—1.64 s —»m Strength —»

Fig.2.2 Characteristic strength

Characteristic strength= Mean strength — 2 S
(Y] )

In this case also & = 1.64 and ‘S’ in standard deviation.

For concrete characteristic strength is compressive strength of 150 mm cube of 28 days in
N/mm?, below which not more than 5 percent cubes give the results. Concrete grades are
specified based on this strength.

Characteristic strength for steel is also to be based on statistical analysis of tests results.

However as quality controls in steel manufacturing units is good, IS 456 permits use of
minimum guaranteed yield strength or 0.2 per cent proof strength as characteristic strength
of steel.

Example 2.1 Ifstandard deviation is 4 Nimm?, what should be the mean strength of concrete,
if desired characteristic strength is 20 Nimm? ?

Solution. fo=f,—1.648

: fn=fr+1648S
=20+1.64x 4
= 26.4 N/mm?.

2.5 PARTIAL SAFETY FACTORS

Noting the importance of safety in civil engineering structures and uncertainties involved n
analysis, design, construction practices and material qualities appropriate factor of safety in
the design is required. Hence the design loads and design strength of materials are not sﬁe
as characteristic loads and strength. IS code specifies separate partial safety factors for the
loads and strength of materials. '
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2.5.1 Partial Safety Factors for Loads.
Partial safety factor for load is deﬁned as,

Where F, — design load
and F —characteristic load.
Thus design load Fy=F,

The design load is called as factored load also. Partial safety factor is different for different
loading and different limiting cases considered. The values specified by IS 456 - 2000 are as
presented in table 2.1.

Table 2.1 Values of Partial Safety Factors y, for Loads (Table 18 of IS 456)

Sl. | Load combination (1) Limit State of collapse Limit State of
No. : Serviceability
DL IL | WL DL IL | WL
1 DL + IL 1.5 1.5 — 1.0 10| —
2 DL + WL
Case (i) DL Contributing to 0.9 — 1.5 1.0 — | 1.0
Stability
(i) DL assisting over turning 1.5 — 1.5 1.0 —| 1.0
3 [DL+IL+WL - 1.2 1.2 | 1.2 1.0 | 08| 0.8

Notes: 1. If earthquake effect is to be considered, substitute EL for WL.

2. The ¥ values given above for the limit state of serviceability are applicable only for short "

term effects while assessing long terms effects due to cree i
. , consider only the dead load and -
part of IL likely to be permanent . F Y °

Example 2.2. A one way slab has effective
expected on it is 3 kN/m®. Determine
(?) Design moment
(iz) Design shear, and
@) Loads for checking serviceability.
Solution.

Characteristic Loads
Unit weight of reinforced concrete = 25 kN/m3

span 3.6m and is 150mm thick. The live ?oad

DL =0.150x 1 x 1 x 25 = 3.75 kKN/m?
IL = 3 kN/m?
Design Load =w, = 1.5 (DL +IL)

(Factored load) . = 1.5 (3.75 +3) = 10.125 kN/m?2
Design (factored) moment per metre width of slab

w, I? 2
M, = "T =10125 x 3% = 16.40 kN-m
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Design (factored) shear per metre width of slab

w, L 10125x 36

'V, = = =18225 kN Ans.
u 2 2

Load for serviceability condition:
W,=1.0(DL+1IL)=1.0(3.75+3)=6.75 kN | Ans,
Example 2.3. A column of 3.6m high is subjected to the following loads:
Total DL = 30 kN
Total IL = 80 kN

Wind load = 4kN/m height.
Determine the design loads for the limit state of
(@) Strength
(b) Serviceability.

Solution. 4
Total wind load = 4 x 3.6 = 14.4 kN, with its centered at %9 ~18m from the ends. This is

horizontal load.
(@) Design load from strength consideration for various load combmatlons
() Dead and live load case
P = 1.5 (DL+IL) = 1.5 (30+80) = 165 kN. (vertical)

(@) Dead load and wind load:
In this case dead load assists overturning

:. Vertical load P=0.9DL=0.9x30=27kN

Horizontalload H=15WL=15x%x14.4=216LkN

(@) Dead load + Imposed load + wind load
Vertical load P=12(DL+1IL)=1.2(30 + 80) = 132 kN.
Horizontal load 1.2 WL = 1.2 x 14.4 = 17.28 kN

(&) Design load for serviceability considerations:
() Dead load and Imposed load:

Vertical P=1.0(DL +1IL)=1.0(30+80) = 110 kN.
(&¥) Dead load and wind load:
Vertical load, P =1.0WL =30 kN

Horizontal load, H =1.0WL = 14.4 kN.
(i) Dead load + Imposed load + Wind load:
Vertical load P=10DL+0.8IL=1x30x0.8x80=94kN.

Horizontal load H=0.8WL=0.8x14.4=11.52kN

2.5.2 PARTIAL SAFETY FACTORS FOR MATERIALS

Partial safety factor for the material is defined as

f
Ym=7; i*e-‘ f. =£
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Where f- characteristic strength of the material
and f;— design strength of material.

The partial safety factor is different for different materials and limit states. The valw
recommended by IS code are shown in Table 2.2.

Table 2.2 Partial Safety Factors For Material Strength
(Clause 36.4. 2 in IS 456-2000)

Material Limit State of
Collapse Deflection

Concrete 1.5 1.0

Steel 1.15 1.0

2.6 IDEALISED STRESS STRAIN CURVES

In chapter I (Figs. 1.1 and 1.2) we have seen actual stress strain relation for concrete and
steel. To simplify the analysis, stress strain curves have been idealized as discussed below: o
(@) For Concrete : '

Throughout the world, irrespective of grade of concrete, only one stress strain curveis '

accepted. This is as shown in Fig. 2.3. The idealized curve is a parabola for the initial ascending
part and is foilowed by a horizontal straight line terminating at a prescribed ultimate strain.of
0.0035, however codes differ with respect to the values of £_, at which the strength becomes
constant. In IS code it is taken as 0.002. Hence according to IS code.

if x =0.0035
0.002
= =057x, and
*1= 00035 x, an
x2 = 0.43 X.

where  x, - Length of parabolic curve and
%y — Length of rectangular portion

- X >

—— X, » Xg—> f,
PARABOLIC
CURVE

T 0.67 f

()]

o

& 0.67 /Y,
0.002 0.0035

Strain —=
Fig23 Idealized stress strain curve concrete
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The characteristic strength is based on the tests on cubes cast at laboratories. In actual
structures it will be difficult to achieve the same. IS code recommends that the strength
achieved in the structures may be taken as only 0.67 (§ rd)times the strength pf the cube.

Hence the theoretical stress strain curve of the concrete in the design of structure is cor-

respondingly reduced by the factor 0.67 as shown in Fig. 2.3.
In addition to the above, code recommends use of partial material safety factor of 1.5 for the
concrete. Hence the stress strain curve for concrete used by designer is as shown in Fig 2.3
(Fig. 21 in IS 456)
(b) Idealised Stress Strain Curve for Steel |
The stress strain curve for steel is assumed to be same in tension as well as in compression.
For both mild steel bars as well as cold worked deformed bars, youngs modulus E; = 2 x 10°
N/mm? = 200 kN/mm? = 200 GPa. Representative stress strain curves for mild steel and cold
worked deformed bars are as shown in Fig. 2.4 (Fig. 23 in IS 456). The partial safety factor

’ff
Ta5=0874

-h

prescribed is 1.15.

L F

0.87%,
E,=2x10° Nmm~

Strain

Stress
Fig.2.4 (a) For mild steel bars (Bars with definite yield point)
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(b) For cold worked deformed bar

Fig.2.4 Idealized stress-strain curve for steel
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2.7. SUMMARY OF DESIGN BY LIMIT STATE METHOD

(® Characteristic loads and characteristic strength are recommended based on statis-
" tical analysis.
(i) Separate partial safety factors for loads and_strength are to be used to get design
loads and design strength.
(iii) Based on probabilistic approach load combinations are to be used to find design stress
resultants. ‘
(iv) The design is to be based on limit states of safety and serviceability. These limit states to
 be checked should be those occurring at any stage of the life of the structure. Thus not
" only strength but durability is also major consideration in the limit state of design.

. (v) However to simplify mathematical computations stress strain curves for concrete and

steel are idealized tor some extent.

1. Explain the principles of

(@) Working stress method

(b) Ultimate load method and

(c) Limit state method of design.

How limit state method differs from working stress method?
How limit state method differs from ultimate load method?
Explain the terms

(@) Characteristic strength and characteristic loads

(b) Partial safety factors

5. Distinguish between '

(@) Factor of safety and partial safety factor
() Characteristic load and design load. (Factored load).

Write short notes on actual and idealized stress strain curve for
(@ Concrete ®) Steel

g
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Flexural Strength of R.C. Sections

3.1 INTRODUCTION

Amount of longitudinal steel (main bars) to be provided in a beam depends upon the
consideration of bending moment. If this steel is provided only on tensile side in the beam
section, it is called singly reinforced section. If the steel is provided in both tensile and
compression side, it is called doubly reinforced section. In this chapter various assumptions
made in the design are presented and then the terms ‘balanced, under reinforced and over
reinforced’ are explained. The state of stress across a section at the limit state of collapse in
flexure is discussed and the method of finding flexural strength (moment carrying capacity
in limiting state) is explained. Then it is extended to flanged beams like T and L beams and
also for the doubly reinforced sections. For all this IS 456 codal provisions are used. The
procedure is illustrated with examples.

3.2 ASSUMPTIONS

[S 456-2000 permits the following assumptions:

1. P.Iane section normal to the axis remains plane even after bending. It means the strain
diagram across the depth of the cross section is linear as shown in Fig.3.1.

b | €0u=0.0035

— -
- ——DI 0.446ka H_l
=
7 u
Xy| 1

e—€—i fs
(a) The section (b) Strain diagram (c) Stress diagram

Fig. 3.1
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2. At limiting state, the maximum strain in concrete, which occurs at outermost compres-
-~- gion fibre is 0.0035.
3. ‘The stress strain curve for concrete is having parabolic shape upto 0.002 strain and then
constant upto limit state of 0.0035. However IS code do not prevent using other shapes
. like rectangle, trapezoidal which result in prediction of strength in substantial
""agreement with the result of the tests.
For design purpose, the compressive strength in the structure (size effect) may be
assumed to be 0.67 times the characteristic strength. In addition to this the partial
safety factor ¥,, may be taken as 1.5. It means the maximum compressive strength in

the extreme fibre of the section will be %’65—7f¢k = 0.446 f,, or it may be taken as 0.45f,,

also. The stress diagram assumed in the beam is as shown in Fig. 3.1 ().

4. The tensile strength of concrete is ignored. ' ) )

5. The stress in the steel shall correspond to the strain ¢, (ref. Fig. 3.1 and Fig. 2.4) in
steel. For design purpose a partial safety factor of 1.15 is used; hence the maximum
stress in steel is limited to {;—5 = 0.87f, .

6. The maximum strain in the tensile reinforcement at failure shall not be less than

f. .
2 —+0.002, i.e.0.87 7’;’— +0.002,

115E, )
where f, = Characteristic strength of steel
and E, = modulus of elasticity of steel

Actually this value correspond to beginning of flat portion in idealized stress strain curye
for steel as shown in Fig. 3.2

l'. fy
4
. 0.87,
H
H
)
:
; 0.871, P-is the point where strain i
! 0.87f,
E, | steel is 0.002 + ——%
: &
{P
o.oozLO.tﬂfz
Es
Fig. 3.2

3.3 BALANCED, UNDER REINFORCED AND OVER REINFORCED SECTIONS

In pending, Strain. ve}ries ligearly across the depth of the cross section of the member. One
edge of the beam is in maximum compression and the other edge is in maximum tension.
Hence somewhere across the depth, there is an axis where strain is zero. This axis is called

}
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Fig.3.3

concrete is 0.0035 corresponding strain in steel is

g = 2=% 00035 3.1

xl.l
087f,

s

From stress strain curve (Fig. 3.3) we find that when this value exceeds +0.002 the
stress in steel is yield stress f,.

A section is called balanced section if for the same applied moment the strain in concrete
and the strain in steel reach their limiting values simultaneously. In other words, in balanced
sections maximum compressive strain g, in concrete reaches 0.0035 when the tensile strain in
steel reaches its limiting value of

0.87f,

Eu = + 0.002 3.2

s

087f,

Sections in which tensile strain reaches yield strain of 0.002 + earlier to compressive

5
strain in concrete reaching the limiting value of 0.0035, are called under reinforced section.
In these cases as moment increases, first steel reaches yield strain. The stress in steel
remains same (f,) but strain goes on increasing. When the moment corresponding to 0.0035
strain in concrete is reached, concrete is crushed and failure takes place. The excess strain in

fy

steel beyond + 0.002 amounts to considerable cracks in concrete. The deflection will

.
increase. They serve as a warning to the user and one can take precautions to avoid disaster.
Hence IS Code specifies that the maximum strain in tension reinforced shall not be less than
087F,

¥

g +0.002. In other words, IS code prefers design of under reinforced sections and at the
8

mo-st it can be a balanced section. This type of failure in under reinforced section is called
primary tensile failure.
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R.C. sections in which the limiting strain in concrete is reached earlier than the yield strain
of steel are called over reinforced sections. At failure steel is not yet yielded and conf:rfate
bursts out. As there are no warning of failure in such sections, IS code recommgnds avmdpg
such designs. Hence a designer should not provide extra steel to get the feeling qf making
design safer. No doubt, providing extra steel increases the load carrying capacity of the
section, but in case of over loading, it results into sudden collapse.

Ifx, jim is the value of depth of neutral axis in balanced section, it may be noted !;hat Xy <Xylim
in under reinforced sections and x, > x,, ;;, in over reinforced sections. These situations are
shown in Fig. 3.3.

3.4 STRESS BLOCK PARAMETERS

The diagram showing the distribution of compressive stress in concrete across the depth x,, of
the section is termed

as ‘stress block’. Since the strain diagram is linear over this depth x,,,
the shape of the stress block is the same as the idealized stress-strain curve of concrete. It has

. 4 . T[0002
zero stress at neutral axis. It varies parabolically upto a height of 7 Xu e [——0.003 5 xu] an

1
has constant value equal to the design stress of 0.446 f, i.e., (0.67 xﬁ fck) for the %xu ie.,
0.0035-0.002 o
[W x“] - The shape of stress block is as shown in Fig. 3.4.

e——b——
] —0.846fy —i |
T = ¥
1‘? ‘jxy
= 1
. A
_
\

(a) (b)
Fig. 3.4 Stress Block
j:rrea Zf r;tress block: 1t may be found as explained below:
ea A of stress block = Area of rectangular portion + Area of parabolic portion

4
= 0'446fck X%xu +-§X0.446 fck X;xu
= 0'361f;:kxu |

=~0.36 fux, (asrecommended by IS code)

3.3
Now we look at 0.36 f,, as the average stress over the depth x, (ref. Fig. 3.4)
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Area of stress block = fav Xu
Then compressive force on the section,
C=bx,f,, 34
=bx,0.36f,;
=k forb2,
where k; = 0.36 and is defined as a stress block parameter

Distance of centre of compressive force from extreme compression fibre:
Taking moment about extreme compression edge (top edge), we get

Cx= Clxl +sz2 3.5
where C = total compressive force on the section
x = Distance of centre of gravity from compression edge
C,= Compressive force corresponding to rectangular portion of stress block
x, = Distance of centroid of ¢; from top fibre
C, = Compressive force corresponding to parabolic portion of stress block
x, = Distance of centroid of c,
Now, C=036f,bx,
A, = 0.4461,, b%xu
X = —l—xéx =—2x
17777 14™
2 4
Ay= §x0.446fc,z bx; Xy,
3 3(4
and - — +.— — ,
X9 7 Xy 8 (7 xu)
since distance of parabola of depth 'a' from wider end is %a
3 45
= ?(1+0.5)xu =—7— X,
Hence we get,
— 3 3 2 4 45
0.36f,,bx, x =0.4461, b-7-xu Xﬁxu +§ x 0446 fck Xb',i’xu X—'-7—x,~
X =0417x,=0.42x, (AsperIS456)
3.6

= kz X,
where &, = 0.42 is another important parameter of the stress block.
3.5 DEPTH OF NEUTRAL AXIS

Beams are assumed to fail in bending when the strain in concrete reaches limiting compres-
sion strain of ¢, = 0.0035. But in all cases of design tensile strain in steel need not be equal to
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087f,

limiting strain g, =0.002 + . It can be less or more than it. However designs withe, < g,
8

(over reinforced sections) are to be avoided. Hence for all cases
total compression C=0.36f,bx,
and total tension T=fA,

where f; is the stress in steel corresponding to strain of 0.0035 in concrete [note maximum
design value of f, = 0.87f)]

Equilibrium requirement in horizontal direction gives (Fig. 3.5)C=T
0367 bx, =1, A,
or ’ x_u : f sAst

-

, d  036f,bd 31
5 T : — 1 Esu |
Areaunzeri T = 'f 0.42x, f | Esy
compression| ue— X, C=0.36f,b 3
7777 A H ‘ ’ ;

|
]
z
—
v
— o

s
@ O © @

Fig.3.5
Limiting Depth of NA : (NA for balanced section)
From strain diagram [Fig. 3.5 (d)]

g, _ 00035
d-x, x, 3.8
or x, _ 00035
d-x, £
or x, _ 00035
'd &, +00035

To avoid compression failure, IS 456 recommends minimum strain corre ;
.. ’ S
strain in steel as Ponding 0.0035

€5 min = 0.87 % +0.002
- Limiting value of x, is given by the expression

%, ;lim 0.0035 _ 00035

d fy - fy 3.9
0.87 A +0002+00035 087 R +0.0055

8 s
Since E = 2 x 10° N/mm? for all types of steels,
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Zulim yalyes for various types of steel are as shown in table 3.1

Table 3.1 Limiting values of Depth of Neutral Axis

Type of steel F,in N/ mm? quhm
Mild steel (Fe 250) 250 053
Fe 415 415 0.48

Fe 500 T 500 0.46

Depth of Neutral Axis for Under Reinforced Sections

For under reinforced sections, strain in steel is greater than its limiting value (g, > &, ).
Hence from idealized stress strain curve (Fig. 2.4), we get f, = 0.87 f,. Substituting it in equa-
tion 3.7, we get,

x, _ 087f,A,

Xy 2Oyl 3.10
d  036f,bd

DEPTH OF NEUTRAL AXIS FOR OVER REINFORCED SECTIONS

For over reinforced sections, & < &;;,. Hence the actual strain in steel at failure ¢, is to be
found from the equation 3.8. Then using stress strain diagram for steel, corresponding stress
is to be found. Since & and x, are interdependent, it is not possible to get one value from the
other. Trial and error method is to be used. This is illustrated in Ex 3.4. However a designer
has to note that such sections are not to be designed. If already such sections exist, we need
this procedure to find depth of neutral axis.

3.6 STRENGTH OF RECTANGULAR SECTIONS IN FLEXURE

The flexural strength of R.C. Section is also known as moment carrying capacity of the sec-
tion. The compressive force C in concrete and tensile force T in steel are equal and opposite
and are separated by distance d-0.42x,, (ref. Fig. 3.5), which is called as lever arm LA. Hence
they form a couple. The couple moment is the moment of resistance and it is called moment
carrying capacity when £=0.0035. Thus moment carrying capacity is given by

M, = C xLever Arm

= 0.36f, bx, (d-0.42x,)

= 036f, %“(1-0.42%“)1342 3.1

M, may be called as strength of section in flexure. For the limiting case of balanced section,
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2,1 X,
M,y = 036f4 "d’““ (1 - 042 -ﬁ:l‘l) bd? 3.12

. X, . o
where & = 0.36 x";'“ (1 -042 x,,;m ) . Substituting the values of "‘li‘m for different grades of

steel (Table 3.1), we get the values of  for finding M, ;;, for different grade of steel as shown
in Table 3.2

Table 3.2 Limiting Moment Carrying Capacity for Different Grade of Steels

Type of steel . i"éﬂ M, o f'
Fe 250(Mild steel) 0.53 0.148 f,,bd° b
'~ Fe4ls 0.48 0.138 f.,bd>

Fe 500 0.46 0.133 f,,bd>

Approximate expression for moment of resistance :

" In case of under reinforced or balanced sections, wherex, <x,;;, the stress in steel reaches
the limiting value of 0.87f, earlier. Hence the equilibrium equation for horizontal forces gives,
' \
|
{

C=T
0.36/, b x, = 0.87f, Ast
or xu = M \
: 036f,b i
Moment equilibrium equation gives, 1

M, =T <LA=0.87f,Ast (d-0.42x)

0 | |
= 0.87f, Ast | d— 042 x 2o Ty Ast |
0367, |
- 0.87f,4st d|1-1015 4% Ty
L bd ck

IS 456 - 2000, permits the approximation of the above expression as

e e e

‘ bd f ck
In case of over reinforced sections (x, > x, lim)> the a

. ctual istance of the
section may be obtained by moment of resis

( usual formula C x LA or T x LA. However to avoid compression |
failure, the strength of such sections is to be considered as that of balanced sections only i.e.,

. M,=M,;;,=036f,bx, i (d-042x, )
Example 3.1. A singly reinforced beam 250 mm x500 mm in section is reinforced with 4 bars

of 16 mm diameter with an effective cover of 50 mm. Effective span of the beam is 6 m. Assuming

M20 concrete and Fe 250 steel, determine the central concentrated load P that can be carried by
the beam in addition to its self weight.

M, =087f,Ast d - Ast f’]
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Solution.
This beam is shown in Fig. 3.6. In this case,
D =500 mm
Effective cover = 50 mm
e——250mm —| l
T
-f 0.42x,
X, | C =0.36 f; bx,
_l LA = d-0.42 x,,
450mm

© O O O |50mm T

Fig.3.6

Effective depthd = 500 — 50 = 450 mm
width of beam = 250 mm
f.x = 200 N/mm? and £, = 250 N/mm?
Area of tensile steel Ast = 4x%x162= 804 mm?

(This may be taken from table 95 of sp-16 also).

Assuming that the section is under reinforced/balanced section, equating compression force

to tensile force we get,
0.36f,bx, =0.87f, Ast
0.36x 20 x 250x, = 0.87 x 250 x 804

x, = 97.15 mm
X 9715
or Xu _ 7029 _g9
d = apo - 0216
X,
But 5 for mild steel is 0.53

Xy <Xy lim
Hence it is under reinforced section and

x, = 97.15 mm is correct value
M, =CxLA
=0.36f, bx, (d—0.42x,)
=0.36 x 20 x 250 x 97.15 (450 — 0.42 x 97.15)
= 71.81 x 10 Nmm
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=71.81 kN m.

The loads acting on the beam are as shown in Fig. 3.7

P self at

3m

L=6m
Fig. 3.7

Let P be concentrated load in kN at centre and w be the self weight in kN per metre length
¥ w = 0.25 x 500 x 25 = 3.125 kN/m
Design self weight w, = 1.5w = 1.5 x 3.125 = 4.6875 kN/m
Design concentrated load P, = 1.5 P

2 PL
Design moment M, =w, %4— ';

62 6
M, = 4'.6875x—8-+1.5PZ

=21.093 + 2.25 P
Equating it to moment of resistance of the section,

we get
21.093 +2.25P = 71.81
- P=22540kN/m Ans.
Example 8.2. A R.C.C. beam of section 300 mm X500 mm is reinforced with 4 bars of 16mm
diameter with an effective

. . cover of 50mm. The beam is simply supported oper a span of 5m.
Find the maximum permissible udl on the beam, Use M20 grade of concrete and Fe 500 steel.
Solution.
b=300mm,d=500mm Cover=50inm

d =500 - 50 = 450 mm Ast=4x§x162=8o4mm

fex = 20 N/mm? fy = 500 N/mm? |
Suming the section to be under reinfo i i
to tomsile fon® o rced/balanced and then equating compressive force

0.36f, b, = 0.87f, Ast
0.36 x 20 x 300 x, =0.87 x 500 x 804
%, =161.92 mm

¥ulim = 0.46d = 0.46 x 450 = 207 mm
*u < %y 1im . Hence the assumption that it i i ion i
ru 161 gy weim. Henc p 18 under reinforced section ig correct and

M,=CxLA

=0.36x20x 300x 161.92 (450 —
=133.60 x 10° Nmm

= 133.60 kN/m

0.42x161.92)
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Let the total designed ud! be w, kN/m length.

Then M, required

- 8 “8 8 *
Equating it to M, of the section, we get

25, =133.60
8 /
w, =42.752 kN/m
42752
Total = Zu 227092 _ 98,501 kN/
° “S15 15 "
self wt = 0.3 X 0.5 x25=3.75 kN/m

. Superimposed load the beam can carry

=28.501 —-3.75 =24.751 kN/m Ans.

Example 3.3. A rectangular section of effective size 300 mm x 500mm is used as a simply
supported beam for effective span 7m. What maximum udl can be allowed on the beam, if the
maximum percentage of steel is provided, only on tension side? Use M20 concrete and Fe 415
steel. Determine the amount of steel to be provided.

Solution.
b =300 mm, d =500 mm
fa =20 N/mm* f, = 415 N/mm?

The maximum amount of steel permitted is provided means it is designed as a balanced
section.

x Xy lim
-(—i"— = T: 0.48
Xy im = 0.48 xd
M, =M, ;,, =0.36f b x5, (d — 0.42x,;.)
= 0.36 x 20 x 300 x 0.48 x 500 (500 — 0.42 x 500)
=207 x 10° N mm
(or M, ;;, = 0.138f,; bd® = 207 x 10° N-mm)
Thus M, = 207 kN-m
Let w, be the designed load in kN per meter length. Then Maximum moment
_w, 72 _49

g —WuXg=g W kN/m

Equating it to the moment carrying capacity of the balance section M, i, We get,

4—:% =206.945

w, = 33.787 kN/m
Total load carrying capacity in working condition is

w
= 2% =22,
w 15 525 kN/m
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= 0.3 x 0.55 x 25 = 4.125 kN/m

Self

(assuming 50mm cover)

~. Superimposed maximum ud! on the beam
=22.525-4.125

= 18.40 kN/m Ans.
Amount of steel for balanced section can be obtained by equating compressive force to
tensile force as 0.36 £, b x,, ;.. = 0.87 fy Ast
i.e., 0.36 x 20 x 300 x 0.48 x 500 = 0.87 x 415 x Ast

Ast =1435.81 mm? Ans.
Example 8.4. A rectangular beam 250 mm wide and effective depth 500 mm has 4 bars of
22mm diameter. Find the position of the neutral axis, the lever arm, the forces of compression
and tension and the actual moment of resistance, if concrete is M20 mix and steel is Fe 415
grade. As per IS 456 -2000, to what valueit is to be limited?
Solution. :

b =250 mm d = 500 mm

Ast = 4x%x222 = 1520.53 mm?
fo =20Nfmm® £ - 415 N/mm?
: nm = mm’ L=6m
Assuming that it ig under reinforced or balanced section,
C=Tgives
0367, 5 x, =0.87 f,Ast
0.36 x 20 x 250 Xx, =0.87x415 x 1520.53
%, = 304.99 mm
*ulim = 0.48d = 0.48 x 500 = 240 mm
- - x > x i
te, itis a i i |
over reinforced sectjon and hence the assumption of under reinforced or balance

section (¢, < ¢ ) is wr ¢
ong. ‘e’ th . o lon - ’
e & & the strain jn gtee] when strain in concrete &, is reached is less

thaneg, lim* ¥, must be
From strain l:hagram &‘;Wgeg) 240 mm and 304.99. It is to be found by trial and error method,

But

?

= 250mm—y - 0.0035
!
500mm l T
d-x,
2320 |3 |
dof22g 'S
Fig.3.8
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& _ 00035

d-x, x,

0.0035

g =(d-x,)
. u
Assuming x, = 275 mm, we get
&g = (500 - 275) 00035

275
=2.8636x1073" -

From stress strain diagram, corresponding stress in steel f; = 0.82f,
Equating total compression to tensile force, we get

0.36f,bx, =f, Ast
0.36 x 20 x 250 x x,, = 0.82x 415 x 1520.53

x, =287.46
But assumedx, was 275mm
Actual x, should be between 275 mm and 287.46 mm
Now taking trial value of x, = 282.2 mm

0.0035

u

Then &=(d-x,)

0.0035
2822

= (500 — 282.2) =2.698x 1072

Corresponding stress in steel (ﬁ-om the graph corresponding 1§; 5)

We get £, = 0.808 f, = 335.32 N/mm?. Equating compressive force to tensile force we get,
0.36 x 20 x 250 x,, = 335.32x 1520.53

x, = 283.2 mm
Let us take M, = 2222202 _ 2827 mm
Then lever arm LA =d-0.42x,
=500 — 0.42 x 282.7
=381.27
T =C=0.36f,b x, = 0.36 x 20 x 250 x 282.7 = 508860 N
M=CxLA
= 508860 x 381.27
=194.011 x 10° Nmm
=194.011 kNm

However since compression failures are to be avoided, its value is to be limited to M, 1im
M, =M, ,=0.367,bx, j, (d—0.42x, ;)
=0.36 x 20 x 250 x 0.48 x 500(500 — 0.42 x 0.48 X 500)
=172.454x 10° Nmm
=172.454 kNm Ans.

e
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3.7 FLANGED SECTION IN FLEXURE

T beams and L beams are the common examples of flanged beams. Typical T and L beams are

shown in Fig. 3.9.
e b{ > I o — by ——y
iC Jio o |
1’ |
Covi — — Cover
e teb,, > b |
Fig.3.9 Typical T and L Beams.

b,, ~ width of web

b~ width of flange

d - effective depth of beam
Ds¢— depth of flange

Actually T and L beams are rarely cast specially to have those shapes; but when slab and
léeam are cast monolithically, at portion where slab is on compression side, beam behaves as
anged beam. Fig. 3.10 shows a typical floor plan which is cast monolithically with the beams.

M B4 : B4

B2 B1 B2

'

Main Reinforoed <]

B2 | B1 B2

B4 B4 |

LI

Fi :
'8-3.10 A typical floor plan in which Beam and Slabs are cast monolithically
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When beam B1 bends due to dead and imposed loads, in the middle portion bending moment
is sagging moment. Hence slab is on compression side. Some portion of slab contributes to the
compression resistance of the beam. Hence section at mid span of beam B1 may be taken as T
beam. Similarly at mid span of section of B2 may be treated as L. beam. For these beams
reinforcement in the slab is transverse to beam cross section.

In case of mid span sections of B3 and B4 the reinforcements in the slab are parallel to the
beam. These sections can be treated as flanged sections, only when the following require-
ments are met:

(@) The slab shall be cast integrally with the web or the web shall be effectively bonded

together in any other manner, and
(®) The transverse reinforcement shall be provided. Such reinforcement shall not be less

than 60% of the main reinforcement at mid span of the slab.
Effective width of Flange (As per IS 456, Clause 23.1.2) -
In the absence of more accurate determinations, the effective width of flange may be taken
as the following but in no case greater than the breadth of web plus half the sum of the clear

distances to the adjacent beams on either side
(@) For T beams

b= %"--» b, + 6Df 3.14
(b) For L beams
l
b= 192-+ by, + 3Df 3.15

() For isolated beams, the effective flange width shall be obtained as given below but in no
case greater than the actual width

T-beam,
b= 12— +b, 3.16
04+4
b
L-beam, by = 10’5l° +b, 3.17
L+4
b
where ' l, = distance between points of zero moments in the beam

Note: For continuous beams and frames [, may be assumed as 0.7 times the effective span

3.8 STRENGTH OF FLANGED SECTIONS IN FLEXURE

Moment resisting capacity of the flanged sections depends upon the depth of neutral axis.
Based on the value of depth of neutral axis x,, the following three cases arise,

@) Ifx, <Dy, compressive force is in the flange only.

3
®) If 7% > Dy, compressive stress in the flange is uniform, and

3 .
(c) Ifx, >Dsand 7 u < Dy, compressive stress in flange is non uniform
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‘These situations are shown in Fig 3.11

=+ O
> X
|
~jw
tk

——it

Case | : Compression in Flange Ontly

V2777 Y, Tﬁ

Case |l : Flange and web in compression uniform comp in flange
10446 £l

LG,

~jw

u

3
—] T Xu< Df

Case Il : Flange and web in compression - compression in flange non- uniform

| Fig.3.11
Moment of Resistance in Case I x, <Dp

In thés €ase neutral axis lies within the flange

T =0.87f, Ast
C=7 gives 0.87 fy Ast
= 03615,

M,=CxLA
= 0.36,, byx,(d - 0.42x,)
ame as for rectangular section, but of width by..

. . 7 /3 }

Thus .
the €Xpressions are g

However ,,
» 8hould not exceeq %4 lim- Thus this case is applicable for

?xulim 2Df
or - 3

Dy< 7%u lim

& Séx“l-im
d 7 d

3.18
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For various steel this case is upto the value indicated below in table 3.3

D
Table 3.8 Limiting value of et & upto which Case II is applicable

d
- D
Type of steel xu:im 4 Tf
Fe 250 0.63 ’ 0.2271 -
Fe 415 0.48 0.2057
Fe 500 0.46 0.1971

D" L
IS 456 code generalizes these cases and says, if 7"- <0.2 treat it as Case II.

For finding moment of resistance of the section in these cases, the compressiire portion of
the concrete is divided into two parts (Ref. Fig. 3.12)

(@) The web of width b, and depthx,
(®) Projected flange of width .~ b,, and depth Dy

N\ A )

W%/

Fig3.12

Compressive force in web
C,=036f,.b,x,
Compressive force in flange

As only under reinforced/balanced sections are accepted, steel has reached its limiting
stress

T=0.87f, Ast
Equating compressive force to tensile force,
We get
0.36 f,4 b, x, + (b;~b,) 0.446f,, D;= 0.87f, Ast . L . 319
From the above equation depth of neutral axis x, can be obtained.
’ Mu =M uw + M, uf '

2
Area of steel Ast required can be found by équating total compression to total tension o
)  C=T ' ‘
i.e . Cw + Cf =7

=0.361,4 b, &, (d — 0.42x,) + 0.446f,; (b, b,,) D,(d_ _L) 820
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- D
Case III % x, <Dy (orTf < Oz)and x, > Dy

Compressive force in web portion
o .Cw?0236fckbxu
and acts at 0.42x, from maximum compressive fibre
Compressivg force in the projection of flange:

For a depth of 2 , compression is uniform and its value is 0.446 f,. The distribution of :

compressive stress over the remaining depth of flange D, — % x, is parabolic. Finding the force

over this portion involves lengthy calculations. In order to simplify the calculations IS 456- |
2000 recommends the concept of modified thickness of flange equal to y, The average
colrln pressive stress over this depth y,is assumed to be uniform of intensity 0.446 f,;, =~ 0.45f4 |
where S
Th . ¥r=0.15x, + 0.65 Dy 3.22

e modified depth of flange, ¥rshould not be more than the actual depth of flange Dy. Ifyr

comes out to be more than Dy, obviously case IT will be applicable.

Cy = Average stress x Area of flange projection

; | =0.45f; y.(b~b,,) .
Sin, nl; : ck JF\Or— 0y . .
its ﬁm(;ii(;g Zra‘iltll‘:?;;:;?:omed or balanced sections are to be used, stress in steel has reached
T=0.87f, Ast
The condition C=r g‘ges
0364 by, +0.45, 3
From this x, may po qor. 77 ©r~bu) = 0.87f, Ast 3.2

be determined, Thep,

M,=C,(d-0.42c)+ Cr(d - 0.59)
... =0.361, b (d-0.42¢ 0.45 (b,—b,) (d-0.5y) 3.24
Limiting val ek Oy Xy 42x,) +0.45f, yr(bp— b, r
M fm V_ (‘)1‘; ;;mzment of resistance of flanged section is when X, = x, ;i
u = V. X, 1. -
where 70 Tutim (10,425, ) + 0.45 £, 3, (b~ b, )d — 0.5y, 3.25

Example 8.5.A Tbeqm, R,Cyf= 015, 3, + 0.65 D¢but not more than D;

3m centre to centre, The eff . ﬂoor System consists of 120 mm thick slab supported by beams c.lt
Fig. 3.13. Main reinforceszefz‘;twe width and depth of web is 300 mm x 580 mm as shown in
steel used are M20 qng Fe 41 5:_‘;:;:?; of 8 bars of 20 mm diameter. The grade of concrete and

P - vely. D v £ m
if it is used as simply supporte d beam of sypa :geg‘m':lne the moment of resistance of the T beam,
b=
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Solution
In this problem,

Dy =120 mm, b,, = 300 mm, d = 580 mm
Ast = s;xgxzo2 = 2513 mm?

Span L = 3.6 m. Since it is used as simply supported beam, the distance between the points

of zero moments /;=3.6 m
. Effective width of flange

3600

bf=l—° +b,, +6D,= + 300 + 6 x 120 = 1620 mm
6

In this problem, clear span of the slab to the left and right of the beam are
Ly = L, = 3000 — 300 = 2700 mm

bs>0.5 (L, +Ly) + b,
> 0.5 (2700 + 2700) + 300
L.e. > 3000 mm
Hence bs= 1620 mm is OK
Assuming x, is within the flange,
C =T gives

0.36 f bsx, =0.87f, Ast
0.36 x20x 1620x, = 0.87x 415 x 2513
%, = 77.79 mm < Dy

Assumption is correct
Xy 1im = 0.48 d = 0.48 x 580 = 278.4 mm

Thus Xy <Xy lim

Therefore it is under reinforced section.

Lever arm LA =d-0.42x,
=580-0.42x 77.79
=547.33 mm

Mu = 0'36fck bfxu LA
= 0.36 x 20 x 1620 x 77.79 x 547.33
=496.61 x 10° Nmm

Thus . M,=49661kNm Ans.
Ei.zample 3.6. An isolated T beam has flange of 2400 mm wide and 120 mm deep. The effective
_ width and depth of web are 300mm and 580 mm respectively. The tension reinforcement

consists of eight bars of 20 mm diameter. The effective span of the simply supported T-beam 1$
3.6 m. Determine the moment of resistance of the beam. The grade of concrete and steel are
M20 and Fe 415 respectively.
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Solution. ‘ .
The cross section details of the T beam are shown in Fig 3.14. In this case,
' t —b = 2400 i
|- p—— by —— I 1045 ful 3,
-7 %
i
e =3 T_l’
Fsofzzv

Fig.3.14

Actual width of isolated T'beam = 2400 mm

D;=120mm, ,~300 mm andd =580 mm
Ast = 8x%x222= 3041 mm?

; f2=20N/mm® ' f, = 415 N/mm?
Since it is simply supported beam

| b=L=36m= 3600 mm
Effective width of flange '

. o
"h,.

$+4

3600
oY = 1
3600 +300 = 954.55 mm < b, actua

2400+

by =954.55 mm
Depth of NA )

Assuming neytrg] axis is within the flange,
C=T, gives
0.36 1, byx, =0.87, Ast
0.36 x 20 x 954.55 x, =0.87x 415 x 3041

- %, =159.76 > D, D
Hence assumption is wrong. NA lies lin web. Since the above value is slightly more thanZp
- 3 . '

it is likely that 7%u <Dy (case III). Hence this case may be tried now.

C = T gives,
' Cw + Cf =T .
e, 0.36f;b,x,+[0.45 faayrbr—b,)] = 0.87f, Ast

0-86 20 x 300, + 0.45 % 20 x y,(954.55 — 300) = 0.87 x 415 x 3041
Le,  2160x, + 5890.95y, = 1097953
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but ¥r=0.15x, + 0.65 D
=0.15x, + 0.65 x 120
=0.156x, + 78

we get,
2160x, + 5890.95(0.15x, +78) = 1097953
ie., x, (2160 + 883.64) = 1097953 — 5890.95x 78
Y x, = 209.77 mm
3

7 x, = 89.90 < 120 mm (i.e. Dp

. The assumption is OK. x, can be taken as 209.77 mm
Now © Xuhm = 0.48d =0.48 x 580 = 278.4 mm
Hence the section is under reinforced.

~. Moment of resistance of the section

M, = C,, (d—0.42x,) + Cp(d — 3'2£ )

=0.36f,;, b, %, (d—0.42x,) + 0.45f,, y; (bp—b,) (d—0.5yy)
= 0.86 x 20 x 300 x 209.77(580 — 0.42 x 209.77)

+0.45% 20x 109.47(954.55 — 300) (580 0.5%109.47)
=561.614 x 10 Nmm

M, =561.614 kN m : Ans.

Example 8.7. What will be the moment of resistance of the section if the tens;le steel in the
example 3.6 is replace by 10 numbers of 25 mm diameter bars?

Solution.
b \ {045 fy)
- =< by \‘ | T =3
N N d
7 = ]; i,
% T
10 of 25¢
Fig.3.15
In this problem, also
b;=954.55mm D;=120 mm d =580 mm b, = 300 mm
But, Ast = 10><:’;-><252 = 4908 mm?
Assuming x, is within flange (x, <d,)
C =T, gives

0.36f, byx, = 0.87f, Ast
0.36 x 20 x 954.55 x,, = 0.87 x 415 x 4908
x, = 267.83 mm > D,
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Assumption is wrong sine x, calculated is much more than D,.

Let us try the casein
which ;xu >D; (casell)

Equilibrium equation C=T, gives
Co+Cp=T
0.36£,, b, x, + 0.446 for bp bw)D(= 0.87f, Ast
0.36 x 20 x 300.x,, + 0.446 x 20 (954.55 - 300) x 12
ie., 2160z, + 700630 = 1772033

%, =496.02 mm

0=0.87x415x 4908

g X, = 212.58 >Df
<. Assumption ig correct. Hence

%, =496.02 mm
Now %u lim =0.48 X 580 = 278 4 mm
Thus Xy >%, 4o
Hence over reinforced section
ie., - f<f, , 1ation of
wh ere stress in steg] ig fs and is to be found from stress strain curve. Linear re
strain in concrete and steel gives
& 00035
d-x, x,
or &=0.0035 =% )
) x, ) .
%u 18 t0 be determineq by trial and error method. It should be between 278.4 mm (i.e., u lim
and 496,14 mm (f;

imately
i i 390mm (Approxima
average value) ound from wrong assumption). Let the tria] value be

| g, =0.0035 \_(58(;;0390) =1.705x 1073 "
From Stress straj 2 i mpressive and tens
forces we get, 410 curve for gtee) f; = 311 N/mm?. Then equating co P
- C = T
ie., CreCy =7
036102, +0.4467, (by~b,)D, =f, Ast
0-36 20X 300, + 0 444, 99 (954.55 - 300) x 120 = 311 x 4908

. *u = 382.3 < Assumed valye of 390 mm.
Since the values are

. . of the
tw quite close, let us take actual x, as approximately the average |
o.
Thus

%, = 386 mm is take as the actual value. Then,

ie.,
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M, =0.36f,b,x, (d—0.42x,) + 0.446f,,
(bs—b,,) Dp(d - 0.5 D;) ;
= 0.36 x 20 x 300 x 386(580 — 0.42 x 386)
+0.446 x 20 (954.55 — 300) x 120(580 —0.5 x 120)
=712.739 x 10° N mm
M, =712.739 kN m o C7 - Ans.

- . - .

3.9 STRENGTH OF DOUBLY REINFORCED SECTIONS IN FLEXURE

R.C. beams provided with steel reinforcements on both tensile and compression side are called
doubly reinforced beams. The situations in which the doubly reinforced sections to be used are

listed below: :

(@) From architectural or any other construction problems, the depth of R.C. beam is to be -

restricted.
(b) In some cases bending moment at the section changes the sign due to variation in load-

ing
Some of the examples of such situations are,
(@) Due to moving loads in continuous beams
(@) In precast members during handling
(i) In bracing members of frames due to changes in the direction of wind loads.
(c) To improve the ductility of beams in earthquake regions

(d) To reduce long terms deflections. -
Fig. 3.16 shows a typical R.C. beam of doubly reinforced section along with strain and stress

variation along the depth.

ek —"%, =1 0.0035 = | e 0adstmf §
e T iy < c=f. A
Asc -f s¢ 0.42x,, sc— Isc Msc

X - C, = 0.36 fy bx,

Ast

Fig.3.16

The compressive steel of area Asc is provided at an effective cover d’ from extreme

compression fibre. Let the stress in this steel be f,.. Then total compressive force is given by

C=C,+C, 3.26

. Wlhere C. is compressive force in concrete and C, is the compressive force in compressive

steel.

C. = 0.36f, b x, — .. Asc

Where £, is the compressive stress in concrete at the level of compressive steel and the

term f. Asc represents the reduction of compressive force due to removal of concrete for
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placing compressiye steel, Compared to other terms in assembling the compressive forcé
this term is negligibly small. Hence this term ig neglected

. Thus
. W C,=086f,bx, '
. Now,. © Co =FrAsc
And - - o T=087f,Ast,

since i the design tensile steels yielded condition only is considered. In case steel.has,vn%
.yielded (over reinforced section), it can be found as shown in the analysis of over reinforc

section. By equating compressive and tensile forceg to get equilibrium, we have
. ‘, - . - " C =T . . 3 .

_ 036fybx, +f,Asc=087F Ast
- From the above equationx, can be

found. To find the stress in compression steel the follow::
ing procedure may be followed. O

From the strain diagram at failure, the strain gt the level of compression steel
|  8,=0.0035 L;d =0.0035 (1 - f—) 3%
u
The corresponding stress in compression steel may be obtained from stress strain curve of
steel. SP-16 gives the following table for Fe 415 and Fe 500 steel as extract of their stres8
alp curves,
Table 84  Salient Points on the Design Stress Strain Curve for Cold Worked Bars
[Table A-SP.16) = C . R
| St Lol T e R < | =600 N/mm®
L - Strain .| Stress in N/mm2| ™ Strain | Stress in Nimm? |
8 7 e 77 .. 2887 1000174 347.8
L 088, [ ooo163 306.7 0.00194 369.6
080£. 1 oooie2 | 3248 0.00226 |. = 39138
0.957, 0.00241 8428 0.00277 413.0
0.975¢, 0.00276 | ™ 3518 0.00312 4239
- 1of 0.00380 "+ 860.9 © 0.00417 434.8
Note: Llﬂear terpoiation may be done for mtermedxate va.lnea.~ Since values x, and f,_ are interde-
Pendent, %418 to be found by triaf and error method. . '
Owever in case of mild steel direct relation can be established since the idealized stress
Strain curve ig linegy upto f, and then it is constant f,- Hence for mild steel

fo= & E,

) ;0.0035(1 —'%)2)(105

u

=700 (1 - ;i), subject to maximum of 0.87 £y 324
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x, can be found using equations 3.27 and 3.29. Once x, is found moment of resistance -of the

sect.lon can be found by multiplying compressive force C. and C, by respective lever arms
(dlstances of these forces from tensile force).

M, =C, (d-0.42x )+C d-d)

=0.36f,, bx,(d—0.42x,) +f Asc (d—-d) 3.30
Example 3.8. Calculate the moment of resistance of ¢ R.C. beam of rectangular section 250
mm wide and 500mm. deep, if it is reinforced with 6 number of 20 mm bars on tension side and

2 number of 20mm bars on compression side. Assume steel of grade Fe 250 and concrete of o

grade M20. Effective cover provided is 40mm on both sides.

Solution.
. Fe—250mm—=i -1 0.0035 r=- = 0.446/ >
o = -
=| e—> T @ oad, C, =1y, Asc
%, Ve C, = 0.36f,, bx,
d =460mm }-
a-x,
Yqo— | O o=ee l T
Fig. 3.17
b =250 mm D =500 mm "~ Effective Cover= 40mm on both sides
s d’ =40 mm © d =500-40 =460 mm oo

fy =20 N/mm®  f, =250 N/mm®
' ' -‘4Ast_6x4x203-1885mm

Asc = 2><Z><202 = 628 mm?

Assummg compression as well as tensile steel ylelded
C = T gives
~ 0.36f;, b x,+ 0.87f, Asc =0. 87f, Ast

ie.,O. 36x20x250x + 0.87 x 250 x 628 = 0.87 x 250 x 1885

Xy 1im = 0.53, d = 0.53 x 460 = 243.8
X, <X, im < Tension steel has yielded
Strain in compression steel
x,—-d 15189-40

&= %7 15189
=2.57828x 103

Minimum strain at which yielding starts in compression steel

fy _ 087x250
E, 2x10°

x 0.0035

€ min = 0.87 == =1.0875x 1073

%, = 151.89 mm et
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Thus &,.> &y min- Hence assumption that stress in compression steel is 0.87 £ is correci?.
: ’ x, = 151.89 mm is correct
M,=036f,bx,(d-0.42x,) +f,. Asc (d-d")
=0.36x 20 x 250 x 151.89 (460 —0.42x 151.89)

+0.87 x 250 x 628 (460 — 40)

| =165.69x10°N mm o
‘ ' M, =165.69 kN m Ans.
Example 3.9. If in the example 3.8 compression steel is replaced by 5 numbers of 20 mm
diameter bars, what is the moment of resistance of the section?
Solution.
Now Ase=5 x-g x 20% = 1570 mm’
gi\:::s uming that compression as well as tensile steel have yielded, the equilibrium equation

B 0.36f,,bx,+0.87 fyAsc =0.87 fyAst

ie., 0.36 x 20 x 250 %, = 0.87 x 250(Ast — Asc)
=0.87x 250(1885 - 1570)

%, = 38.06 mm

Ly =0.53, = 0. = R
Assumption that e d = 0.53 x 460 = 243.8 mm

. e steel has yielded is correct.
Strain in Compression stee]

&= % x 0.0035 = 38;’:—0;40 % 0.0035

=-1784x10™*
which compression steel yields
€,,» Inm = 0.87x 250
2x108
. . €, <&, min
[Infact in this - A ' i
also yielded is 3:::&? has become tensile strain]. Hence the assumption that comp. steel has

Minimum design strain af

=1.0875x 1073

fr <0.87 f:y
In such case _ x,-d’ (1 d’}




. Flexural Strength of R.C. Sections 49

since E_ = 2 x 10° N/mm?
. Equating compressive and tensile forces, we get
0.36 ., b x,+ f,. Asc = 0.87 f, Ast, we get

0.36 x 20 x 250 x, + 700 x 1570(1 - 4—0J =0.87 x 250 x 1885

Xy

xu
orx,? + 610.56 (x, —40) = 227.77x,
or x,%+382.79x,-24422.40=0

‘= -382.79 + \/ (382.79) + 4 x 2442240
=
2
=57.70mm <x, lim
M,=0.36f,bx,(d—0.42x,) +f,, Asc(d-d")
=0.36 x20 x 250 x 57.7 (460 — 0.42 x 57.7)
+197.3 x 1570 (460 — 40)

x, + 610.56 (1 - ﬂ) = 227.77

=173.358 x 10° N mm
ie., M, =173.358 kN-m
Example 3.10. Determine the ultimate moment capacity of a doubly reinforced beam with

b= 300 mm, D= 600 mm, reinforced with 6 bars of 16 mm on compression side and 6 bars of
20mm on tension side. Effective cover is 50mm on both sides. Concrete used is M25 and steel is

Fe415.

Solution.
The details of cross sections is shown in Fig. 3.18
S | 0.0035,
O 0O0|= T d” e s¢ T d'i
6 of 16f 042 K - Cs=ficAg
1 C= 0.36fy bx,
600 mm
T d-042x, d—d’
d-x,
of 20f
Y cooo T—— ’

Fig. 3.18

In this,b =300 mm, D =600 mm Cover =50 mm
y d=550mm d’ =50 mm

Asc = 6x%x162 =1206 mm 2
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U S

and Ast = 6x 7 x20° =1885 mm?

e fix = 25 Nfmm? and f, = 415 N/mm®
a T %, 1in = 0.48 d = 0.48 x 550 = 264 mm e
Let us assume that compressive steel has also yielded. Then the equilibrium eq

C =T, gives
0.36f;bx, +0.87 fyAsc = 0.87 f, Ast )
0.36 x 25 x 300, + 0.87x 415 x 1206 = 0.87 x 415 x 1885

%, =90.797 mm
_x,—d’ 2 90797-50 0035
B R
=1.578x1073

But minimum design yield strain in Fe 415 steel is

&y min = 0002 4 987X 415
min = Y T < B

2x10°
=3.805x10°° od.
Hence compression steel has not yielded. , i8 to be found by trial and error meth
Now »
%y lim = 264 mm
Letustry %, = 250 mm

&= 00035 2525‘050) =28x10°
- From table 3 4 |; €., table A of SP-16)

fec = 352 Nfmm?
* The equilibrium equatign 35
0-36fubx, + f, Asc = 0,87 f, Ast

0.36 x 26 x 30 %, =0.87x 415 x 1885-352 x 1206
352%1206
=252.066 -~
* 8270

X, =94.84 mm . uired.
Assumed value ang calculated value ofx, differ considerably. . Additional trialisreq
Let %, =170 mm
Then €m=0.0035(l7%'0ﬂ)=z.47x10'3

From the table, fie = 343 N/mm?®

x, = 252,066 - 243%1206

2700
=98.86
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= ds
Not satisfactory, since the difference between assumed value and calcul\h%ue of x, is
quite large. Try another cycle ol e

.

Let x, = 100 mm g
£, = 0.0035(M) =1909x107°
From table, f.. = 324.5 N/mm?®
3245 %1206 o
Then Xy, = 252.066———2W— 2 3 8 3 0

= 107.12 mm, close to assumed value of 110 mm
Say x, = 109 mm

109 —50 B
= 0003599=°9_ 1894 %10
Cse 109

f.c = 323 N/mm®

M, =0.36f,, b x, (d—0.42x,) +f,. Asc(d —d’)
= 0.36 x 25 x 300 x 109(550 — 0.42 x 109)
+ 323 x 1206(550 — 50)
=343.16 x 10° N -mm

Thus M, = 343.16 kN—m Ans.

Example 3.11. A rectangular beam is 200mm wide and 500mm deep. It is reinforced with 4
bars of 25mm diameter in compression with an effective cover of 50mm. Determine the area of
tension reinforcement needed to make the beam section fully effective. What then would be the
moment of resistance? Use M20 concrete and Fe 250 steel.

Solution.
- 200 mm—~ ;t - A
¥ 50 mm 0.0035| 0.42x F| [~ Gy =Te SO
QL D0 = [ €sc ] d = b
40f25¢ 7y C~ 0.36f bx,
xl'-l'
s00mm| | 7T i ‘74 """"""""""" d-d’
d-0.42x,
d-x,
Ast=7
¥ 50 mm === Y
€s
Fig. 3.19
b =200 mm D =500 mm d’ =50 mm
Assuming 50 mm cover for tension reinforcement,
D =450 mm fr =20 N/mm? f, =250 N/mm?®

Asc = 4x§252 =1963 mm 2
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g . d
Tomake the ection fully effective balanced section should be use
~ N =%, 1m=0.53 d=053x 450

=238.5 mm
— 238.5 - 50)
& = 00035 [x"x\d = 0.0035(_2_353_
u
2.7662x 10~
Design straiy at which gteg startg Yielding ig
087f, 087x250 _ 107
‘ee.y lim = ——¥ _ W =10875 x
> % i Henge £__ g 87f,
Quating Compreggive force to tensile force, we get,
36fabx, *eAse = pg 0.87f
0.36x20 x 999 2885 40,87 250X 1963 = Ags 0.87 x 250
t=3542.0 mm?
= ul +Mu2 -d’)
<0361, bx, (d- 0.42x,) + 0.87f,, Asc (:5)
=936 20 % 200 x 238, 5(450 0,42 x 238.
+0.87 % 250x 1963 (450-50)
- =290.927% 108 Nmm offec-
- = 290927 kN ; ith al
Example 3.12. 4 rectangula .C.C bea:N i:;f 250 mm x500 mm overall szz;: u‘)‘: th 4 bars 9
tive cover of 50, on botp, he teper, and compressw" sides. It is rginfogcem bars an
20":'7: Im TESSL0n giee, Caleulate the ste) or tension side with 125 steel.
the total nt of Tesistanee f the sectiop, Use M25 concrete and Fe 4
Solution. ' )
250y,
' i G, =fy; Asc
.4§qu‘ ‘

C.=0.361 bxu

d-0.42x,
T— 1
Fig3.20
b =250 mm D =550 mm effective COVBI" = gg mm
d=550~50=500mm d’ =50 mm
fa =25 N/mm?

f, =415 N/mm?
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Asc = %><4><2o2 =1256 mm2

" To make the beam section fully effective, it should be balanced section. For such section,
X, =%, jm = 0.48 d =0.48 x 500 = 240 mm
~. Strain in compression steel
x, —-d’
xu
: =2.7708x 107
From the table 3.4 (or from stress strain curve)
f.. = 351.9 N/mm?
Equating compressive force to tensile force, we get,
0.36f,, bx, +[,, Asc = 0.87f, Ast
0.36 x 25 x 250 x 240 + 351.9 x 1256 = 0.87 x 415 x Ast
- Ast = 2720 mm?
No. of 20 mm dia bars required

% 0.0035

'S¢

240-50
x0.0035 = ( 240 )

2720

-Z—x202
To keep the section under reinforced, select only 8 bars. Then,

= 8.66

_ Ast=£—x8x202=2513mm2

Exact x, is to be found by trial and error method. Let x, = 236 mm (which is slightly less
thanx, ), )
236 -50
——— |=2.7584x10"®

236 ) 8
Then .. fie = 351.7 N/mm?
- 0.36 x 25 x 250x, + 351.7 x 1256 = 0.87 x 415 x 2513
%, = 206.9 mm, much less than the assumed value of 236 mm
Try x, = 220 mm. Then

€y = 0.0035(

220-50
= 00035 ———— |=2! -3
€ ( 220 ) 2.7045x10

foe = 351.7 N/mm?
0.36 x 25 % 250 xx, + 351.7 x 1256 = 0.87 x 415 x 25183
- %, =207.15 mm
x, assumed = 220 mm
~. One more trial is required
Let x, be assumed as 210 mm.
_ 210-50

- -3
210 x0.0035 =2.667x10

€sc
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fic = 349.28 N/mm?
< The equilibrium equation C = T gives,

0.36% 25X 260z, + 349,23 X 1256 = 0.87 x 415 x 2513
%, =208.30

et us take %y =209 mm. Then, f,, = 349.23 N/mm?
M, =0.36 x 25 x 250 x (500 — 0.42 x 209)
+349.23x 1256 (500 — 50)
=891.23 x 10° Nmm = 391.23 kN - m
L. Asingly reing,

e . ‘ommwith'a; _
reed concrete beam has a width 300 mm andoverall depgifds the flex¥
clear cover of 40 mm is reinforced with 4 bars of 20 mm dlameti‘r. an 5m. Use M2
Strength ang hence the safe yd] on the simply supported beam of sp :
concrete and milq steel

d
. ine the loa : |
€ problem Do.1, if Fe 415 steel is used in place of mild steel, determ
Capact

. he.
. hat will be 0%
®AMin problem no,1 is cast with M25 concrete and Fe 415 steel, W ib.
load CarTying Capacity? ib is 250 mm and 1l
% ATbean hag flange dimensions of 1500 x 120mm. The width of rib 1 ion zont?-‘”’iﬂ.1 al; "
CePthis 350mm, 1¢ipg beam is reinforced with 1900mm® of steel in tension 2007 T 4
offective cover of 4 determine the maximum allowable ud! mdus::el is used. *_
& er a simply Supported span of 6m. M20 grade concrete and Fe 415 s einforced Wlﬂ?
5 A doubly regy,coq o 582 300mm wide and 500mm deep overall. It neter on compre®
-Dars of 90m diameter on the tension side and 2 bars of 20mm diame e udl the bea
Slon side with gy, effective cover to steel ag 35mm. Determine all mduxs;:;'ete and Fe 418
::ene‘].:an'y over Simply supported eﬁ‘ecﬁve span of 3.6m. Adopt M20 co
i .
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Strength of R.C. Section in
. Shear, Torsion and Bond

4.1 INTRODUCTION

Bending is usually associated with shear. Hence R.C. section should be strong enough to resist
the limit state of collapse in shear also. Some of the beams are subjected to torsion also.
Hence the designer must know how to assess the strength of R.C. section in the limit state of
torsion. Design of all R.C. sections is based on the assumption that there is perfect bond
between steel reinforcement and concrete. This is possible only if the bond stress is within the
limit. Hence designer must be able to assess this bond strength. In this chapter the IS 456 —
2000 code provisions to assess the strength of R.C. sections in shear torsion and bond is
presented and illustrated with examples.

4.2 STRENGTH OF CONCRETE SECTIONS IN SHEAR

In structural analysis, the method of finding bending moments and shear forces at various sections
have been studied by the readers. If a simply supported beam subjected to uniformly distributed
load is considered, shear force and bending moment diagrams are as shown in Fig. 4.1.

w / unit length :

- L
(a) Simply Supported Beam

w’

18

(b) Bending moment Diagram

WL

~2
WL
2

(c) Shear Force Diagram

Fig.4.1. Simply Supported Beam Subject to udl.
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In this case bending moment is maximum at mid span where as shear force is maximum at

the support. The state of stresses and likely crack patterns at four critical section are shown
in Fig. 4.2. The failure

|
4 !
= |
2 3 14 ?
5 £ g——
L= |
|
(a) Four Critical Sections
;- - 4
=0 **D*'? o
2

(b) State of Stress at critical Sections
ICrushing Of Concrete

e

i i |

=

Fig. 4.2. Crack Patterns at Critical Sections.

(c) Crack Patterns

Criteria to be considered at the four critical points are:
Point 1 : Flexure Failure
Point 2 : Shear Failure
Point 3 : Shear Plus Tensile failure
Point 4 : Shear Plus Compression Failure.
A case of complete shear failure is shown in Fig. 4.3. Hence there is need to avoid shear

Lz |

Fig. 4.3. Case of Complete Shear Failure,

d on principal stresses developed. However a practical

S‘ 456 - 2000 based on average shear stresses across the
gwven by the expression.

T:Z“_

. 5
V, = design (Factored) shear force

B = breadth (b, for T or L beams)

design procedure is presented by I
section. Average shear stressT is

Where
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and d = effective depth
In case of varying depth the equation 4.1 is modified as
vV, t A(Ii“ tanf
= 42
K bd -
Where M, = bending moment in the section

B = angle between the top and bottom edges as shown in Fig. 4.4.

The negative sign in the formula applies when the bending moment M, increases numeri-
cally in the same direction as the effective depth d increases, and the positive sign when the
moment decreases numerically in this direction.

+B ’
I —
2

Fig.4.4. Sign of in Beam with Varying Depth.

Concrete is capable of resisting shear force to some extent. This value depends to a great
extent on the confinement of concrete by the longitudinal tensile steel provided for resisting

bending moment. However in finding this percentage of steel ( P = %Xloo) at any section

under consideration, it should be noted carefully that the steel continues at least one effective
depth beyond the section.

These values for various concrete mixes as recommended by IS code are shown in Table
4.1. However the values for M15 are not listed, since M15 is not to be used in R.C. design.

Table 4.1 Design shear strength of Concrete 7_, N/mm?
(Table 19 in IS 456 - 2000).

100 % M15 M20 M25 M30 M35 M40 and above
< 0.15 0.28 0.28 0.29 0.29 0.29 0.30
0.25 0.35 0.36 0.36 0.37 0.37 0.38
0.50 0.46 0 .48 0.49 0.50 0.50 0.51
0.75 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 0.71 0.73 0.74
1.50 0.68 0.72 0.74 .1 0.76 0.78 0.79
1.76 0.71 0.75 0.78 0.80 0.82 0.84
2.00 0.71 0.79 0.82 0.84 0.86 0.88
2.25 0.71 0.81 0.85 0.88 0.90 0.92
2.50 0.71 0.82 0.88 0.91 0.93 0.95
2.75 0.71 0.82 0.90 0.94 0.96 0.98
3.00 and above 0.71 0.82 0.92 0.96 0.99 1.01
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Note: The term A is the area of longitudinal tension reinforcement which continues at least one
effective depth beyond the section being considered except at support where the full area of tension
reinforcement may be used provided the detailing conforms to clauses 26.2.2 and 26.2.3 of 1S456-2000.

4.3 SHEAR STRENGTH OF REINFORCED CONCRETE SECTIONS

The shear strength V, of the R.C. section can be enhanced by providing shear reinforcements -
in any of the following forms as shown in Fig. 4.5 to 4.7

(@) Vertical stirrups
(b) Bent up bars along with stirrups and

(¢) Inclined stirrups.

(a) Longitudinal View

Onelegged Two Legged Four Legged
(b) Cross sectional view

Fig.4.5. Vertical Stirrups.

Multi Legged

Bent Up Bars

NG

Fig.4.6. Bentup Bars and Vertical Stirrups.

Fig.4.7. Inclined Stirrups.

To determine the enhanced strength of R.C. section due to provision of remforcements
consider a beam with inclined reinforcements as shown in Fig. 4.8
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|—Sv—+--sv—l

\ 45"\ |«
)

le-d = d-d»1

Fig.4.8.

Let, S, = spacing of stirrups
A,, = total cross— sectional area of stirrup legs or bent-up bars
within a distance S,,.
o = angle between the inclined stirrup or bent-up bar and the
axis of the member, not less than 45°.

Since the R.C. members are to be designed for ductile failure and not for sudden failure of
c_onf:rete in compression, the shear reinforcement is also designed for yielding. Hence at
limiting state of shear, vertical component of shear resisted by stirrup legs is given by

=A;, 0.87f,sina : 4.3.

Now consider the equilibrium of vertical forces across a potential diagonal crack which is
assumed to extend at angle of 45 with the axis of the beam, as shown in Fig. 4.8.

Let ‘n’ be number of shear reinforcements crossing the crack. Hence total vertical shear
force resisted in one crack width, V,,, is given by
V,=nA,,087f sina 44
From Fig. 4.8,
n S, =(d-d’) cot 45 + (d—d’) cos
= (d—-d’) (cot 45 + cos @)
=(d—-d") (1 + cos )

=d(1+coso)
d(l+cosa
v, =_L_§——) A,, 0.87f,sin « 44(e)
v
For vertical stirrups, o =90°
087f, A
w=—7g 9 4.4(b)
v
For inclined stirrups
087f, A,, .
Vs =———£y—— d (sin o + cos @) 4.4 (c)
v

where A, is cross gection area of bent up bars at the cross sections.

However code specifies where bent up bars are provided, their contribution towards
shear resistance shall not be more than half that of the total shear reinforcement
Code also specify that to avoid compression failure of the section in shear, under no circum-

stances, even with shear reinforcement, the nominal shear stress?, exceeds7T max values
given in the table 4.2 (Table 20 in IS 456 — 2000)
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Table 4.2 Maximum shear T
L Concrete Grade M20 M25 M30 M35 M40 on words
o Temax 2.8 3.1 3.5 3.7 4.0

emax s N/mm?

Thus, the shear strength of R.C. section at limit state of collapse in shear is given by
‘Vi:l = VHC + V

45
us» Subject to a maximum of 7, bd
Where V.. = shear strength of concrete
] =T, bd
an
Vs = shear strength of steel ) s. of
E(;I ample 41. A pc beam 250 mm wide and 450 mm deep, is reinforced wlijhnfmy?f the
hmm dl’.ameter bars of grade Fe415, on the tension side with an effective cover of 5
shear remforcem,ent of21 ?
Section, c8ge

. ided at a
: /c is pri ovide
v d 8 mm stirry s at a spacing of 160 mm c has been
det i 74 : ncrete
o €rmine the desig, (ultimate) strength of the section. Assume M20 co
SOIution.

The b :
€am crogg Section jg a5 shown in Fig. 4.9

—250—»4

8mmé
450 L~ stirrups
| 400 d

L

30f209¢

Fig. 4.9.
In thig case,

. 5 =250 mm D = 450 mm
Effectwe Cover = 5 m?nm

d=450——50=400mm

for = 20 N/mm2, f,= 415 N/mm®
=3 0f 20 mm

= 3xg-x202=942 mm?

A 942 =0.942
e S S %100 =0.
1 . t d %10 250 % 400
Tom table 4.1 (j.e, table 19 of IS 456)
T. =061 N/mm?
ks 7 Ve = 061250 x 400 = 61,000 N = 61 kN
Strength due to shear reinforcemen
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v 0871 Ad
us ‘ Sv

Now A, =2x % x 82 = 100.53
S, =160 mm

y, =087x415 ;‘ 61(;)053 X400 _ 90.742 N = 90.742 kN

V, =V, +V, =61+90.742 = 151.742 kN.

From table 4.2 (table 20 of IS 456)
Temax = 2.8 N/mm?

~. Upper limit for the strength of section,
Vinax = Te max 08
= 2.8 x 250 x 400 = 280000 N
= 280 kN. > 151.742 kN
. The design strength of the section for shear is, 151.742 kN Ans.
Example 4.2. In the above example, if one of the tensile bar is bent up at the section at 45°,
what is the design strength of the section in shear?.

Solution.
o =45° A, =£—x202 = 314 mm?
Strength due to bent up bar
- Vub = 0‘87f_.yAsb sino
= 0.87 x 415 x 314 sin 45°

= 80164 N = 80.164 kN.

. 1
This is more than %Vus ie., §x90.745

- 90745 _ 45371 kN

1

Vu = Vuc + Vus + Vub
= 61.0 + 90.742 + 45.371

=197.113 kN. Ans.
Example 4.3. A 250 mm wide and 600 mm deep R.C. beam is reinforced with 2 legged 10 mm
inclined stirrups at 250 mm c/c with o = 60°. Longitudinal steel consists of 4 bars of 20 mm
with a cover of 40 mm. If concrete grade is M25 and grade of steel is Fe 415, determine the

strength of the section in shear.
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Solution.
Fig. 4.10 shown the crosg section of the beam.

F—250—»{

I | 10mm ¢

600 “ Inclined stirup
560

—i8
D

]

40f20¢

Fig. 4.10.
In this case,

b=250mm, D =600 mm
Cover = 40 mm
d =600 — 40 = 560 mm.
fix = 25 N/mm?
fy = 415 N/mm?

Ast =4x§x202= 1256

o P o
eércentage steg) D= 25(1)25260 x 100 = 0.897
X

- From the table 4.1 (table 19 of IS 456)
. . %,=0.61 N/mm?.
E:: - Strength of concrete in shegr
Vuc =1, bd
=0.61 x 250 x 560 = 85400 N
= 85.400 kN.

Strength of section'due t, inclined stirrups.

V, = Oiﬁéﬂ (sin 60 + cos 60)

_ 087 x415x 2x%; x 10% x 560

(sin 60 + cos 60)

250
=173538 N =173.538 kN

Vu=V, +V,,
=85.4 + 173.538
=258.938 kN.
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Vu'max = z;:ma.::cbd
=3.1x250x 560

=434000N >V,
. Design strength of the section in shear. ,
V, =258.938 kN ‘ Ans.

4.4 TORSIONAL STRENGTH OF R.C. SECTION

\
The moment causing twisting of the cross section is called torsional moment. Actually, if
rigorous three dimensional analysis of building frames is carried out, it will be observed that
all beams are subjected to some torsional moment also. However in many cases these values
are small and designers have been carrying out only plane frame analysis. But there are many
cases in which torsional moment cannot be ignored. Some of these examples are

(?) a beam with cantilever slab (Fig. 4.11. @)

(i) balcony girders (Fig. 40.11.b)
(@) ring beams of water tanks resting on columns (Fig. 4.11. ¢)

: Beams under Torsion
P Beam under Torsion

- Cross Section of
(a) Beam with cantilever Slab. (b) Plan of Balcony Beams -

(c) Plan of Circular Beam Resting on Columns.

Fig.4.11. BeamsUnder Torsion.

Readers are familiar with the following torsional equation for circular bars :
T _g_G¢ 45

J r L
where T — torsional moment
JJ — polar moment of inertia
g — shear stress due to torsion
r — radial distance of the point
G — modulus of rigidity
0 — angle of twist and

L — length of the bar
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bars
1t should be carefully noted that the above formula is applicable only for the
circular sections,

bers

in which warping of the section do not take place. For the r}l)‘le;l; equa

rectangular section or the built up sections with rectangular components the abo :
is used with diffe i

1,4 192 & (1 nild
J= Ebad[ -FZ z-(—s)tanh ——:!

b3d3
=
358 (b* + d?)
and 3 4.7(0)
J= b—d(1—0.63—b—) o
3 a

i . o sultsf_éé'i?:
Equation 4.7 (a) gives better results for % 1to 1.6 and equation 4.7 (b) gives better re
L

) . d shear

f a R.C. structura) members, torsion is usually associated with bending .momex‘ign to study

oree. It is algo ghgeryeq that torsion is secondary to flexure. Hence there is nﬁsn all national
Stf;ngth of R.C. ‘nembers under pure torsion. Based on several research works, IS code 456
codes have accepted simple formulae to take care of torsional effect on R.C. beams be split into
~2000(Clause 41.4.2anq 41.3.1) recommends the effect of torsional moment may

. T,

a bending moment of M=T, 1 1‘ :/b and a shear force of 1.6 Tu
where T, = desi .

g0 (ultimate) torsional moment ]
3= breadth of beam or breadth of web in case of flanged sections
= overall depth of beam ; i
IfM i design beng; : ) . to flexure and 7, is design
. d V, is design shear due to I t and
torslonal moment . t dmg moment an u 4 . t d t 0 an equlvalent momen
shear forceg M, a1’1:1 ;:ay be assumed that the beam is subjecte
where, M=y o7 1% 4.8(a)
e = u u 1.7
Ve = Vu +1.6 'b—

Then the beam sectj

ion ig designed for the bending moment M, and shear force V..
Example 4.5 A R b

* 0eam has cross section 300 mm x 600 mm and is subjected to the
following design forces '

Bending Moment =115kN-m,
Shear Force =95 kN-m,
and Torsional Moment =45 EN-m.
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Determine the equivalent bending moment and shear force for which section is to be
designed.

Solution:
Now, M, =115kN-m.V, =95kN and T, = 45 kN.
b = 300 mm and D= 600 mm.

. (1+5
Me=Mu+Yu (—i'?—/bJ

=115 + 45 (1 +600/300)
17
M, =194.41 kN-m Ans.
T,
V,=V,+16-*%
e u + b
=95+ 1.6 45
03
V, =335 kN Ans.

4.5 BOND STRENGTH IN R.C. MEMBERS

The theory of reinforced concrete is developed with the assumption that there is perfect
bond between steel and concrete, in other words, there is no slip. The plane section before
bending remains plane after bending also, if and only if, there is no slip. The stress developed
between the contact surfaces of steel and concrete to keep them together is called bond stress.
There is a limit upto which such stress can develop and beyond that there will be slip. The
design has to take care of the following two cases of bond failures:

(@) Flexural Bond and

(b) Anchorage Bond.

Flexural Bond

Consider the two adjacent sections at distances x and x + Ax from a reference point (Ref. Fig.
4.12)

M M+ AM
Flexuratl
T\|JB | /T+aT
| et ]
L X et AX —2

Fig.4.12. Flexural Bond.

Let M be the moment at section x and M + AM at section x + Ax. If lever arm LA = jd, then
the tensile forces T and AT developed at sections x and x + Ax are given by




T
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Txjd=M
T+AD) jd =M + AM :
ATjd =AM tact with
‘ ich is in con
7y is the bond stress developed along the periphery of steel, which is in
then from the equilibrium condition,

T+ beAx 20 =T+ AT

Cor AT = Typ Ax 20
From equations 4.9 (@) and (), we get,
TrAY 30d =AM

4.10. i
|
l

deO Ax

Since % = rate of charge of moment.
for
= Shear, ) :14 steel and not 1ot
However it is to be noteq that the above expression is valid only for n;;ls(:ssta.nce to flexir s
ribbed bars. The reagon i8in ribbed haysg there is considerable increase 1ne d to check for tb
bond due to Projections op jt, In cage of ribbed bars there is no ne
flexural bond.
Flexural bond is also knowll
the expression 4.1 gives thig typ
Anchorage Bond.,

and

as lo tion,
C vari i o0 seCl
1 al bond, since it varies from section t -
'3
e of Stress.

—
Fig.4.13, Anchorage Bond.

esist the f°‘:°°
From Fig 4.13 it is obvioug that the bar needs sufficient anchorage ll:rr:ggttlf}: :g;uired to resist
T applied. If the length is short it will slip. The minimum anchorage licity of calculation tln:
design force in the bar is called anchorage length. For the Sln;pdevelo ped. Average bon -
anchorage length is determineq based on the average bond strei the design bond stress in
siress can be determined easily by pyJ) gyt tests. Table 4.3 Sh°¥000 (Clause 26.2.1.1).

limit state method for plain bars in tension as given by IS 456 —
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Table 4.4. Design Bond Stress in Plain Bars
. In Tension. (Clause 26.2.1.1 in IS 456-2000)

Grade of Concrete M20 M25 M30 M35 M40 and above
Design Bond 1.2 14 1.5 17 1.9
Stress T,;, N/mm?

Note: For deformed bars the values shall be 1.6 times the above values.
From the equilibrium condition for horizontal forces (Ref. Fig. 4.13),
T= =Tpqg T ¢ L
Where ¢is the diameter of the bar. Noting that L = L, the development length, when, T is

np?
tension permitted in the steel i.e. T'= 0.87 fy , we get.

2 v 0.87
0.87 fyLZ— =Ty ®OLy; or Ld=——4$ 4.11.

Hence all bars should extend to a distance of L, beyond the section where they are required
to take full design force. Fig. 4.14 shows some of such situations.

F:‘ Ly »:‘ Ly—> S
||

(a) For negative reinforcements near supports.

. L .
u d ot
f

L[_ i _ {

(b) Anchorage length in columns for —ve Reinfrocements of beam.

Theoretical Point of curtailment
for Tension steel

|

=

(¢) Anchorage Length for curtailed Beam.

!
2 a

(d) Anchorage Length for Lap Splicing

Fig.4.14. Anchorage Length Required.
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gqlmvalent Development Length of Hooks and Bends
andoslgféovg tl})le anchorage of the bars many times standard hooks are provided in Qlainb:;
S eairs 5 ends are Provided in high yield bars as shown in Fig. 4.15. The impro i
g ue to bearing stresses developed between concrete and steel. The equivalen

development lengths fo =208
clause No. 26.2.2) gl'venrbg;ie; standard books and bends may be taken as (IS 456

t— 4 Xp—»

For mild steel , k=22

w8
P
&
T (k+1) o le— T
(a) Standard Hook.
|
46
J For Fe 415 and Fe 500 steel
| k=4
+Q
(==

(b) Standard bend.

Fig.4.15. Standard Hook and Bend.
(@) The anch '
Thae barorage value of 5 standard U — type hook shall be equal to 16 times the diameter
(6) The anchorage value of
bar for each 45° bend g

Development Length of Compression Bars

I5-456 mak : i
es the following provisions for finding development length of compression et

(@) the val
S ;etgill)g Tﬁ'ﬁiis pi?gtfe‘i in compression is 25 per cent more than the VAIUes
YOIy the rc; A '
videJ:i shall)lrﬁJ: Eted length of hooks, bends and straight lengths beyond bends, if Pro-
Ly, 3 onsidered ag equivalent development lengths
ample 4.6 An overhang, n :

i
2 m. It carries a design loadnf;“beam has 6m span from support to support and an overhang of

250 mm x 450 mm. To ¢ ’40kN !m throughout. The cross section of the beam selectt?{d is
: % ATty the cantilever moment 4 bars of 20 mm plain bars are provided
with 50 mm effective cover. Wha L

Lis the maxim, ;
1 : u ’ ¢ anchora
length required for cantilever reinforcemen; iy trers develgpecs S Deterraing g

the standard bend shall be taken as 4 times the diameter of the
ubject to a maximum of 16 times the diameter of the bar-



Strength of R.C. Section in Shear, Torsion and Bond

69

(@ If hooks are not provided.

(®b) If standard hooks are provided.

Assume f,;, = 25 N/mm? and f,=250N/ mm? and the balanced section.
Solution. '

Fig. 4.16 shows the overhanging beam.

40 kN/m
]
6000 mm s T 2000 mm _ZL——-—O

g -
Z

s
(a) Without Hook
40 kN/m
l Z -
2000 mm
6‘\0‘?0 T.T.,. k-L.,2457mm—:r JOSUR S

; == =<

=
Z

(b) With Hook.

Fig. 4.16

In this case, the maximum shear force at the support of overhanging beam is,
V,=40x2 =80 kN

Effective depth = 450-50 = 400 mm.
Total perimeter of the bars in contact with concrete = Z 0=4x7 ¢= 4120
= 251.3 mm. '

Since it is balanced section,
X, =X, 1im = 0.53d
Lever Arm =jd =d—0.42 x,
=(1-0.42x0.53)d

=0.7774d.
Flexural bond stress T, is given by
V. 80x1000
Tor = jd3.0 07774x400x2513
= 1.023 N/mm?

Anchorage Length L :
(@) If no hook is provided :
Design bond stress for M25 is (Table 4.4)
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Tpq = 1.4 N/mm?
Equating bond resistance to design tensile force we get

‘ 2
L Ty mo=0.87f,%"
4

L 087f, ¢ 087x250x20
i = =

4 Tod 4x14
' L; =777 mm (as shown in Fig. 4.16. a)
(d) Ifstandard hook is provided, L

Its equivalent length =16 ¢
=16 x 20 = 320 mm.

- Length of bar required beyond support

) =T777-320 : ]
=457 mm as shown in Fig. 4.16 (), ; idth
Example 4.7. In the above problem, if the cantilever portion is supported by co‘umn of wid!

400 mm, determine the anchorage length aytd sketch the anchorage details.
Solution. e

As in the previous problem,
) Ld =777 mm.

Anchorage detailg are shown in Fig. 4.17

N

{

Fig.4.17

Example 4.8. Column of o multistory building is reinforced with 25 min diameter Fe 415 bars.

Calculatt! the lap length required and sketch the details. M25 concrete mix is used.
Solution.
Load carried by a bar =0.87 f,.A
! : . ye Ay
; 2
| =087, l‘i_
Anchorage resistance = Tpq 9 L.

2
e T9Ly=087f, %
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| 087f, 0
. 97 4y

: Tpq for M25 concrete in tension = 1.4 x 1.6
. Tpg for M25 concrete in compression = 1.4 x 1.6 x 1.25
(25 % more than in tension)

f, = 415 N/mm?
= 087x415%x25 _ 806 mm.
4x14x1.6x125
Provide L; =806 mm.

The details of lap are shown in Fig. 4.18
(\

Lap

e ‘

Fig.4.18

| questiONs |

1. Briefly explain the reasons for the development of diagonal tension cracks in R. C.
beams.

2. Sketch the various types of shear reinforcement normally provided in practice.

8. Explain the various types of shear failures and shear design of R.C.C. beams.

4. Briefly explain how the torsional moment is taken care in the design of beams.

5. A R.C. beam 250 x 550 mm is reinforced with 4 bars of 25mm diameter bars of Fe 415
grade steel. Effective cover is 50mm and M20 concrete is used. It is provide with 2 legged
8mm stirrups at a spacing of 150mm. Determine ultimate strength of the section.

6. In the above example if two of the bars are bent up at 45° at a section, what is the

strength of the section in shear? _
7. AR.C. beam of size 300 mm x 500 mm is subjected to the following factored loads:

M, =100 kN-m
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T,=40 kN-m
and V, =80 kN-m
Determine the equivalent bending moment and shear force for which the section

is to be designed.

8. A column of size 250 x 500 mm supports a cantilever beam of span 2.5 m. The cross
section of the beam is 230 x 500 mm and is reinforced with 4 bars of 20 mm Fe 415 steel.
Concrete used is of grade M20. Assuming effective cover is 50 mm. Calculate the
anchorage length required and sketch how it is provided.
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Limit States of Serviceability

5.1 INTRODUCTION

As explained in Chapter II, among the various limits states the limit states of deflection and
cracking are important in R.C. Designs. In this chapter various limits for deflections (as pre-
scribed by IS 456-2000) are presented and method of calculating the deflections are explained.
Designers can safely assume limit state of deflection safe, if span to depth ratio of beams are
within prescribed values by IS code. This aspect of ensuring safety against failure due to
deflection is explained with examples. Cracking in structural concrete members is discussed

and the method of calculating crack width is also presented.

5.2 DEFLECTION LIMITS AS PER IS 456-2000

Deflection in the R.C. members may be divided into the following two types:

(@) Short term deflections

(b) Long term deflections
Short term deflections are due to elastic deformations which occur immediately after the

member is loaded. But the deflections in the members goes on increasing with the life due to
creep and shrinkage under sustained loads. The deflections observed in aged members is

termed as long term deflections.
IS code expresses the allowable deflections in terms of span divided by an integer constant as
given below [Clause 23.2 in IS 456]
(@) Final deflections from cast level
span
? "250
() Final deflection due to partitions and finishes

¥ %%102 or 20 mm whichever is less

5.3 THEORETICAL METHOD OF CALCULATING DEFLECTIONS

The total deflection is the sum of short term deflection and long term deflection due to
sustained loads. These values can be determined theoretically as explained below:
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Short Term Deflections .. members. Readers
- Short term deflection is calculated treating R.C. men'xbers as e-lasucsubjects strength.of
must have studied various methods of finding deflections in beams in the

. d cases is listed
materials and structural analysis. Maximum deflections in some of the standar
in Table 5.1

Table 5.1 Maximum Deflections in Standard Cases

Maximum
SL. No.| Case Description Sketch Deflection
\ P} pL?
1. Cantilever with load at free end y L - 3EI
w/ unit length wL?
2. Cantilever subjected to udl L f\! 8EI
throughout l
I " PL?
8. | SS. beam with central 48EI
L = L
concentrated load 1‘— 2 2 __I
— - 5wL? .
w/ unit length —_— .
4. S.8. beam with udl throughout P"C\M’_‘f S84El

In the above cages p and w are the design (factored) loads as per the lil?litlgtzgéfzfos:;]me‘
ability (table 2.1) and E and 7 are to be taken as specified below (Annex C 1n ”

E = E,_ = Short term modulus of elasticity of concrete
[
= 5000/ ..,

Ir <Ieff<Igr Sa
where,
Ieff = Effective moment of inertia
Igr = Moment of inertial of gross section

1
= 1—26D3, for rectangular section 532
Ir = Moment of inertia of the cracked section .
Mr = Cracking moment, and

M = Maximum moment under design service loads
x = Depth of neutral axis

z = Lever arm ‘
b,, = Breadth of the weh
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b = breadth of the compression flange
d = effective depth of beam
D = Overall depth of beam

Cracking moment is given by

My = [ 187 5.3
Y
Where f,, = tensile strength of ctoncrete
= 0.7 f ck 5.4
¥, = the distance of extreme tensile fibre from centroid of gross section
-D | 5.5
2

Maximum moment under design service load, are to be calculated. Readers can recollect

the expressions shown in Table 5.2, which are learnt in strength of Materials/Structural
Analysis Courses

Table 5.2 Maximum Moment in Standard Cases

Si. Case Description Sketch Maximum
No. Deflection
1. Cantilever with concentrated load 4 Py PL
at free end L I
. . w/ unit length wI?
2. Cantilever subjected to udl :QAAQQQ? fadendil
throughout L | 2
. 1 PL
3. S.S. beam with central f i ol
concentrated load b— L / 4

4. S.S. beam with udl throughout

wiunit length wI?
f L } 8

The moment of inertial of the cracked section Ir, is found by assuming linear stress strain
diagram as explained below:

(@) For Singly Reinforced Rectangular Section (Ref. Fig. 5.1)

Equating moment of areas of transformed sections about the neutral axis, we get

2
-‘3’;— = m Ast (d —) 5.6

 le——b—»

I
1

S
A

D¢ 2 Nl’ : A
P
()
Ast ax
yH oTdo T , , i —
(a) The section (b) Variation (c) Variation (d) Transformed section’” Ast
of strain of stress

Fig.5.1.
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where x= distance

Ofneutra] a-Xler . flange
= 0m compression flang
and  m = short terpy Modulay yqy;, of steel to concrete 57
=5
E, | : tic theory i£
Some of the authorg have ygeq the value of ‘m’ as it is used in elas
280 b it is used as given in equation
= . e . 2 i su
30 Y Design Aid for 15 456 1978 (SP-16), it i he valueofm
5.8 with the meanjy, of N, ] the author has used the v
as used in SP—1¢. 8 OtE. as givep In equation 5.1. Hence .
Then moment of inertj, a4 taking moment of area of tra
section about the DNeutrg) ;’ii‘;ra:lglllged section is found by ta
- Thus
' 58
3
Ir= é;-—-—-&-rn Ast (d —x)*
P Douh_-_‘bly?e illfOI‘ced Rectangular Section (Fig. 5.2)
Tl I : o s ,
£k S S (m-1) Alc
Asc T 1 e ///
il SR i ______ 4
07?%0 ax
-x ’
| i
i ' Ast
(am (b) Strain J (c) Stress (c)‘r;gnsformec "
n
Diagram Diagram SR
m Asc areq ig

b Fig.5.2. f Asc can be taken as
; 8plit intq * ¢, so that the area o 5 ment of
portion of rectang, equ::':liiw and (mLe]‘;) ;Ai)e depth of N—-A. Then, taking mo
e

bx® '

B (m-1) Ags (=g =

59
m Ast (d —x)
From this 4 can be £,
und, '
Re%he moment of inertia of cracked section
y 5.10
2
= E + (m—1) Ast (d —d")? + m Ast (d —x)
() For Singly _ Reinforceq Flanged Section (Ref. Fig. 5.3)
b ,
S b ; f -
Wt .,
f T i E
I | i
" o
Ast i E
b, — mAst .
(a) Section (b) transformed section

Fig.53, Flanged section with N~ A in flange.

B
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. - - m,
(@ If N-A is in flange, the depth of N-A i8 obtained fro

Then Ir = bf £_+ m Ast d —x)2 5.12
3
() If N-A is in Web (Ref. F ig. 5.4) ¥
[~
I //////A?‘f
N— =~ A
! d-x
L X-X-X"} ' nmw@:mziﬁo%z

(a) The section (b) Transformed section

Fig. 5.4. Flanged section with N —A in webs.

Equating moment of compression area with moment of tensile area of transformed section
about N—-A we get,

2
-D
bef(x_"_D'z—f_J-‘_bw(fo) =m Ast (d"'x) 5.13 7
D, \? (x—D )3
_ 1 34+b,D i A\t & 20 4
Then, Ir—ﬁbef"' f f(x > ) +b, 3 5.1
= m Ast (d —x)? 5.15

Example 5.1. A rectangular simply supported beam of span 5m is 300mm x 650mm in cross
section and is reinforced with 3 bars of 20m{11 on tension side at an effective cover of 50mm.
Determine the short term deflection due to an imposed working load of 20 kN/m, (excluding self

wt). Assume grade of concrete M20 and grade of steel as Fe 415.

Solution.
b =300 mm D =650 mm Cover = 50 mm .
fx =20 N/mm? £, =415 N/mm®
L =5m, IL =20KkN/m

Ast =3x -;ﬁx 202 = 942 5mm 2
=0.8x0.65x25=4.5 kN/m

Self weight
Total service load =920 + 4.5 = 24.5 kN/m
wL?
Max bending moment at service load = 3
52
= 245x% —g-
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M =176.5625kN m

3 3
5D _300x650 _ ~o65 625 x 10° mm?*

Ie = 12 12
fir = 07ff.;, =07J20 = 3.1305 N/mm?
D 650
=== _-325
Y 2 2

Cracking moment

fo Ig 31305x6865.625 x 10°
¥e 325

=66.132x 10 N mm

E, = 5000,/f,, =5000v/20 = 22360.68 N/mm?®
E, = 2 x 10° N/mm?

E, 2x10°
=—Lf=————— =8.944
_ E, 2236068

: Let x be depi.:h of N-A from compression flange. Equating moment of compression area to
N moment of equivalent tensile area about N-A, we get

bx?

5 =m Ast (d -x)

30042

2

M, =

= 8,944 x 942.5 (600 — x)

o P % = 56.197(600 — x)
or +56.197x- 337181 = 0

o —56197+561972 + 4 x 337181
2

3 =157.66 mm

3
Ir= b—';— +m Ast (d —x)?

3
- 300x157667 | § 944 x 942.5 (600 — 157.66)?

=2041.26 x 10° mm*

Ieff = Ir
7 12-&3(1-&)9&
Md d]) b

b
Now, 2
p =1

= 547.47 mm

X
z=d-%=600-
3

" Leff = 2041.26 x 10°
, 66132x10° 54747 157.66
12 - X - x1
/ 765625x10° 600 600

157.66
3
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= 3297.91x 10° mm*
But as per code,

Ir <Ieff<Igr
Ieff = 3297.912 x 108 mm*is OK
Maximum Deflection '

5 wL!

~ 884 EI
24.5 %1000 4
) 5 1000 x (5000)
384 22360.68 x 3297.912x10°
=2.70 mm Ans,

24.5x1000
1000

Example 5.2. A T - beam section has the following data:
() Effective width of flange = 120 mm
(i) Thickness of flange = 120 mm
(iii) Width of rib = 300 mm
(iv) Effective depth = 600 mm
Main reinforcement consist of 8 bars of 20 mm. The grade of concrete and steel used are
M20 and Fe 415 respectively. Determine the short term maximum deflection if it is subjected to
a total service load of 40 kN/m, when used as a simply supported beam of span 6 m.

Solution.
b, =300 mm d = 600 mm

[Note w = 24.5 kEN/m = =24.5 N/mm]

Ast=8x%x202=2513mm2

f.x = 20 N/mm? f, = 4156 N/mm®
Serviceload = w = 40kN/m L =6m
Maximum bending moment at service load

2 2
M= ﬂsL—=40x%-=180kN-m
tt———————— 1600 MM ————»{ i
| ‘ AJ120 mm
600 mm T
530 mm l
FR4 59 mm
—»{ 300 mm e—
Fig.5.5

To find Igr
Let overall depth D = 650 mm, and y, be the depth of centroid of the T-Section from
compression fibre.
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_ Moment of areas about topmost fibre
Total area

Ye

1600 x120x 60+ (650 —120) x 300 x
1600 x 120 + (650 — 120) x 300

(650 -120 + 120)

72735000
= m— =207.2 mm

¥, =D —y, =650 —207.2 = 442.78
Igr= % % 1600 x 120° + 1600 x 120 (207.2—60)?

2
+ % x 300 x 5303+300 x 530 (gg_o_ +120— 2072)

=13138.99x 10° mm*

To find Mr
for = 0.7[fo = 07420 = 3.1305N /mm?
. Y, =442.78 mm
R Craclnng moment
My = fer 187 _ 31305x13138.99 % 108
¥ 44278
=92.894 x 10° N-mm = 92,894 kN-m

Modular Ratio:

E, = 5000,/f,, = 500020 = 22360.68 N/mm?
E, = 2 x 10° N/mm?

E, 2x10°

Lot b the & E, 2236068
X be the depth of N. i i i . ing 3
is within the ﬂange, eutral axis of cracked section from compression flange. Assuming j3,

= 8.944

bf xz ’
S =m Ast (d—x)

2 N
1600% = 8.944 x 2513 (600 —x)

. . % = 28.095 (600 )
lLe., x"+28.095x-16857.2 =

o = —28095 +28095% +4 x16857.2
2
) =116.56 mm < 120 mm
Assumption that x is within the flange is correct. Hence x = 116.55 mm

i
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3
Ir= b 3x +m Ast(d—x)?

3
_ 1600x ;16'55 +8.944 x 2513 (600 — 116.55)?
= 6097.617 x 10 mm*
I Ir
eff — Mr z x ) by
12-% 2(1 z) b
by, _ by _ 300
Now, b b 1600
z=d-%=600-1%% - 561.15mm
3 3
_ 6097.617 x10° - & mm?*
Lg= 1o 92894 56115 ( 1o 116.55) 300 5410.1 x 10° mm
180 600 600 J 1600
I,<Ig<I,
Lg =I,=6097.617 x 10° mm*
. 5 wl* 5 wL®
Max Deflection T 384 EI 384 E_Ieff
5 40x 1900 (6000)4
1000 =4.95 mm

384 " 22360.68 x 6097.617x 10°

Example 53 A cantilever beam of span 3 m has a cross section of 2560 mm x 500 mm. It is
reinforced with 4 bars of 20 mm diameter on tension side and 2 bars of 20 mm on compression
side, with effective cover of 50 mm on both sides. Determine the deflection at free end, if it is
subjected to a total service load (i including self weight) of 30kN/m. Grades of concrete and steel
used are M 25 and Fe 415.

Solution.

A cantilever has tension on top side and compression on bottom side for vertically down-
ward loads. However for the convenience of calculating deflection, it is shown with tensile
reinforcements at bottom and compressicn reinforcements at top in Fig. 5.6

Comp. Side
T i 5_')*9 S o
D =500

d =450

A

- 0609009 Tension side

f—
250 mm

Fig.5.6. Cross section of cantilever shown upside down for convenience of calculating.
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b=b, =250 mm d =450 mm i
D =500 mm d’ =50 mm i
|
/4
A8t=>4XZX202=.1256mm2 A8c=2x§x202= 628 mm2 \'1
= 2

fax = 25 N/mm f, = 415 N/mm? li
Total service load = 20 EN/m. SpanL =3 m ‘l
< Maximum bending moment at service load ]i
L 20x3? |
M = L = = —_— i
) > 90 kN—-m :
3 3 '

I, = %=250’1<% = 2604.167 x 10 mm*

Tofind M :

fer = 07ff., =07v25 = 3.5 N/mm?
Y= 5—(2)2 = 250 mm
Mr< T Lo _ 35x2604167x10°
¥ 250
=36.458 x 10 N-mm

=36.458 kN-m
Modular Ratio;

E, = 5000,/f,;, = 500025 = 25000 N/mm?
E, = 2 x 10° N/mm?

2x10°
m — -

" 25000 '
Let  be the depth of neutral axis of the cracked section from compression flange. Then
g moment of transformed section about N-A we get,

x2 x
o5 Y- Ascle-d') = Ast (d - —)

) 2
ie.,

X
5t (8-1) 628 (x-50) = 8. 1256 (450 - i)

2 + 85.168 (x - 50) = 80 384 (450 - g]
% + 61.963x — 379319 = 0

. - 51963+ 619637 + 4 x 379312
- 2

=166.23 mm
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3
Ir= b_{;_ + (m—1)Asc (d—d’)%+ m Ast (d—x)?

3
230x16623° o 11698 (450 —50)2

+ 8x 1256 (450 — 166.23)?
= 1895.257 x 10° mm*

Ir
fefr = 12-.&&(1_£).b£
mal " d)
Now, b 21 2=d-2-450-26%28 _ 39450 mm
o 3 3 |

Mr = 36.458x 10° N-mm
M= 90x10° N-mm

Teff= 1895.257 x 10° :
19 36458 39459 ( ~ 16623) <1
90 450 450
= 1941.85x% 10 mm*
But IrSIeﬁ'SIgr
Ieff = 1941.85x 108
Deflection at free end of cantilever
_wL* wL?
8EI ~ 8E_I
_ 20 x (3000)*
8 x 25000 x 1941.85 x 108
Apax= 4.17 mm Ans.

" Short Term Deflections In Continuous Beams:

To find deflections in continuous beams, the values of Ir, Igr and Mr are to be modified,
since they are not same at supports and mid span. The suggested modification by IS 456 is as
given below:

X, = kl[-xl—;—"&] + (1 — kg 5.15

where X, = modified value ofx
x,, Xo = values of x at the supports
x = value of x at midspan
k, = coefficient given in table 5.3
x = value of Ir, Igr or Mr as appropriate
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Table 5.3 Values at Coefficient, &,

ko 0.5 or less 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 14

ky 0 0.03| 008 |0.16 | 0.30| 0.50 | 0.73] 0.91 0.97 1.0
Where k&, is given by
‘ Bo = Ml +M2
g = —— L2
Mpy +Mpy

where M, M, = Support moments, and
Mgy, M gy = Fixed end moments
Long -Term Deflections:
It mainly consists of deflection due to shrinkage and deflection due to creep. IS 456 procedure
to assess these deflections is given below:
Os = Rg¥/ sl ' 5.16

where, k3 is a constant depending upon the support conditions

= 0.5 for cantilevers

" = 0.125 for simply supported beams
= 0.086 for members continuous at one end
= 0.063 for fully continuous members

¥, is shrinkage curvature to be calculated based on shrinkage strainse,, . In the absence of
test data, IS code permits taking e,, =0.0003 [clause 6.2.4). :

Shrinkage curvature is given by the expression,

e .
W=k, ﬁ 5.17
where D is total depth of the section and

ky=07222"Pc 01 for0.25<p,~p, < 1.0,
Pt

and =0.65 Pt —Pc <0.1f,, forp,—p.=1.0

. Py
where p; — percentage of tensile reinforcement

and p, — percentage of compression reinforcement

Deflection Due to Creep

The creep deflection depends only

upon th nt loads. It may b
following equations: P © permane ‘ ybe °al°“1ate‘¥§9¥‘, the

a(perm) = a;, .,(perm) ~a, (perm) 7 5.18
where a,.(perm) = creep deflection due to permanent loads

a;, ..(perm) = Initial plus creep deflection due to permanent loads obtained usin.
elastic analysis with an effective modulus of elasticity £,,. 8
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E,= Ee_ 0 being the creep coefficient (Ref. Art. 1.2) and

1+0°
a; (perm) = Short term deflection due to permanent load using E,
Example 5.4. A rectangular simply supported beam of span 5m is 300mm x 650mm in cross
section. It carries a total load of 30 RN/ m over its entire span, out of which 10 kN/m is the live
load. The beam is reinforced with 3 bars of 20mm on tension side at an effective cover of 50mm.
Calculate the deflection at central span due to shrinkage and creep, if

(@) Ultimate shrinkage strain =0.0003 -

() Creep coefficient = 1.6
Concrete mix of grade M20 and steel of Fe 415 are used.

Solution.
SpanL = 5m, b =300 mm D =650 mm
Effective cover = 50 mm d =650 - 50 = 600 mm
Ast= 3xTx202 =9425mm?  p = —222 100 =05236
4 ' 600 x 300

Singly reinforced. Hence A,, =0 ie. p.=0
Total load (includes live load, dead load, self weight, weight of partitions etc.) = 30 ZN/m

. Live load = 10 kN/m
(@) Deflection Due to Shrinkage

It is given by

acé = ks"Pcst

since it is simply supported beam, k3 = 0.125
£, =0.0003,
D =650 mm
p;—D, = 0.5236 which is between 0.25 and 1
p—p. _072x05236

k,=0.72 4t —=—%=——0——=0.5210

Hence * Jo: 05236
00003 _ 5 4046x 10~

Wes = ky Eg =05210 x

a,, = 0.125x 2.4046x 10~ x (5000)*
= 3.132 mm.

() Deflection Due to Creep
Permanent load = Total load — live load = 30 — 10 = 20 kN/m

Due to permanent loads, maximum bending moment at service loads,

wl? 20x52

= —= =62.5 kN-m.
m="3 8
3. 3
Jgr = D" _300x650° _ gg65 625 10° mm*
12 2

fer = 0.7.[f = 0720 = 3.1305 N/mm®




|
1
I
1}

- 1*7")“‘"‘"“7_“""*

Cracking moment M, = fr 18"
Yt

_ 31309 x 6865.625 x 10°

325
=66.132x 10° N-mm

E, = 50007, = 500026 = 22360.68 N/mm®

E = Eec - Ec - 22360.68
®"1+0 1+16 = 26
E, = 2 x 10° N/mm?

Es 2x10°
m—

= 8600.26 N/mm?

) == = = 23.255
Ece 860026
~. Depth of neutral axis x is given by
2
b% = m Ast (d—x)

2
300% = 28.255 x 942.5 (600 —x)

x* = 146.12(600 —x)
x? +146.12¢ - 87671.75 = 0

~14612 +/(14612)° + 4 x 87671.35
X =
2

=231.91 mm

3
Ir= %— +m Ast(d—x)?

3
- 800x32191° o3 055 942.5 (600 — 231.91)?

=4216.917 x 10° mm*

Ir
Ieff =
7 1_2-&&(1_£)9£
Md\" d)b
b 23191

O _ =d-X=600-22"7" _
b 1 z=d 3 600 3 522.697

4216917 x10°
66132x10° 522697 23191
- - x1
2~ e25x10° < 600 (1 600 )
=6646.05 x 10° mm*

Ieff =
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_As per IS code,
Ir <Ieff<Igr
Ieff = 6646.05 x 10° is O.K.
Initial plus creep deflection due to permanent loads.

20%1000° ",
5 wL* 5 20 % (5000)*

. = (P = =
% = (PeTm) = oo X T =384 < 860026 x 6646.06 X 10°

= 2.85 mm

Short Term Deflection Due to Permanent Loads:

Noting that the beam is same as in exercise problem 5.1, we have
E, =22360.68
x =157.66

117.66

z = 600—- = 547.47 mm

Ir =2041.261 x 10°

2041261 x10°

_ 66132x10° , B4747() 15766 .
625 x 108 600 600

=4181.03x 106

which is more than Ir and less than Igr.
Ieff = 4181.64 x 10° mm*

Ieff =

12

Hence
-. Short term deflection due to permanent loads
4
= 5 % 20 X (5000) .
384 22360.68 x 4181.03 x 10
=1.741 mm
~. Deflection due to creep only
=2.85-1.741

=1.11 mm Ans.

5.4 ALTERNATE METHOD OF ENSURING LIMIT STATE REQUIREMENTS OF
DEFLECTION

IS 456 gives simple guide lines to keep deflection of beams and slabs within the safe limits so
that appearance and efficiency of the structure or finishes or partitions are not adversely
affected. This alternate method of checking deflection limit is based on ensuring span to effec-
tive depth ratio within a specified limit as given below:
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(@) Basic values of span to effective ratio of different flexural members (beams, slabs etc) for
spans upto 10m shall not excee:

Cantilevers 7
Simply supported 20
Continuous 26

(b) For spans above 10 m, the values in (a) may be multiplied by s;];gn in metres, except for

cantilevers in which case deflection calculations should be made.
(¢) Depending upon the area and the stress in tensile reinforcement, the values in (a) or (b)
shall be modified by multiplying them with factor F, obtained as per Fig. 5.7 (Ref. Fig. 4

in IS 456).
2.0
AN
5 N RN N
& 12 N = f,= 145
AERNSEE Sy A
8 0s RN :\@\~
£ ~——fs=290 |
5] 1
2 04 Note : £, is steel stress of service
Loads in N/mm?

0 04 08 1.2 16 20 24 28 30
Percentage Tension Reinforcement

Fig. 5.7 Modification factor for tension reinforcement (Fig. 4 in IS 456 —2000)

(d) Depending upon the area of compression réiﬁi‘o;cement the value of span to depth ratio
be further modified by multiplying with factor F, obtained as per Fig. 5.8 (Fig. 5 in

IS 456).
1.5 l/
= /

% 1.4 —

®1.2 )
8 //
1.0 ==

1] 050 100 150 2.00 250 3.00
Percentage Compression Reinforcement

Fig 5.8. Modification factor for compression reinforcement ( Fig. 5 in IS 546 —2000)

(e) For flanged beams, the values of (a) or (b) are to be modified as per Fig. 5.9 (Fig. 6 in IS
456) and the percentage reinforcement used in finding F, and F, should be based on area
of section equal to bsd.
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1.00

095 ’

0.80 7

g
(]
w
§ 0.85 /
8 L/
z 0.80

0.75

0.70

0 02 04 06 08 1.0
Ration Of Web Width
To Flange Width

Fig.5.9. Reduction Factors for rations of span to effective depth for flanged beans. (Fig. 6in
IS 456) Ratio of web width to flange width.

Hence the final requirement of span to effective depth ratio is

d

Example 5.5. A rectangular beam of size 300 mm x 600m is reinforced with 6 bars of 20 mm
diameters on tension side and 6 bars of 16 mm diameter on compression side with Fe 415 steel.
The effective cover on both sides is 50mm and the effective span of the simply supported beam
is 7.5 m. Check whether depth provided is sufficient from the deflection consideration. Assume,
exactly the required amount of steel is provided.

Solution.
The cross section of the beam is as shown in Fig. 5.10. In this beam,

i 3 - / 6#16
T B_II—_://

s";" < F, F, F; (basic 22 permitted) 5.18

6#20
Fig. 5.10
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D =600 - 50 = 550 mm and A = 300 mm
Ast = 1885 mm? Asc = 1206 mm?
Span =7.5m )

The beam is simply supported. Hence basic span to deflection ratio permitted is = 20

The steel used is Fe415 and the amount of steel provided is exactly equal to the amount of
steel required.

f,=0.58x415x 1 (Ref. Fig5.9)

= 240.1 N/mm?®
1885x 100
i i = ———— =1.142
% Tension reinforcement 300550
From Fig. 5.7 (IS Fig. 4), modification factor for tensile steel provided
F,=0.98
% of compression steel provided
- 1206, 100=0.731
300 x 550
Modification factor for compression steel as per Fig. 5.8 (IS Fig. 5) is
F 2 = 1.2

Since it is rectangular beam, ratio of web width to flange width is 1 and hence F; = 1

Limiting value of P2~ = F, F, F, x basic ratio
=0.98x1.2x1x20
=23.52

span 7500

ided = —— =13.636 M < 23.52
provided = - <

Hence the depth provided is sufficient from the consideration of deflection.

Example 5.6. Check whether the depth provided for T-beam in example 3.5 is sufficient from
the consideration of deflection.

Solution.
The cross section of this beam is shown in Fig. 5.11
[ b= 1620 > l
[ | 120

o0
oo

oo
00
e

—= 300 M

Fig. 5.11.
in this problem,
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b, = 300 mm d =580 mm
Ast = 2513 mm? L = 3.6 m, simply supported
Steel used is Fe 415

span _ o

Since it is simply supported beam with span 3.6m basic value of
Assuming area of cross section of steel required is exactly equal to area of cross section of
steel provided

f. = 0.58 f, x 1 = 240.1 N/mm?
. Percentage of tension reinforcement based on area of flange

- 2518 %100 = 0.267
1620 x 580
Modification factor for tensile reinforcement
F 1= 1.55
There is no compression steel i.e. p, =0
ae F 9 = 1.0
The ratio of web width to flange width
= 390 _o185
1620
From Fig 5.9 F3=0.8
- Permissible ratio of effective span to depth
=F, F, F3 x basic ratio

=155x1%0.8x20=24.8

Ratio of effective span to depth provided

= w =6.2<21.92. Hence O.K.

580

5.5 CRACKING IN STRUCTURAL MEMBERS

In Art 2.2, while explaining the limit state of cracking, the adverse effects of cracking have
been listed and it was pointed out that tensile cracks in reinforced concrete are unavoidable.
The following acceptable limits of crack widths under service load conditions have been
specified by IS 456-2000, keeping in mind that cracking should not affect the appearance or
durability of the structure [clause 35.3.2, page 67]

e 0.3mm in members where cracking is not harmful on the durability of the structure

e 0.2mm in members continuously exposed to moisture or in contact with soil or water

e 0.1lmm in members exposed to aggressive environment such as the 'severe' category

given in Appendix A.

Cracks due to bending in a compression member subject to a design axial load greater than
0.2f,; A,, where f,; is the characteristic strength of concrete and A, is the area of the gross
section of the member need not be checked. According to IS 456 (clause 43), a compressive
member subjected to lesser load than 0.2 f,, A, and the flexural members may be treated as
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92 Design of R.C.C. Structural Elements

sufficient to central cracking, if the following spacing requirements of reinforcement are met
[clause 26.3.2 of IS 456]:
(@) The horizontal distance s,(Fig. 5.12), between two parallel main reinforcing bars shall
not be less than the greatest of the following
(0) the diameter of the bar, if the diameters are equal

g poo

—>S1<—

Fig. 5.12, Horizontal spacing Between two Bars.
(Zg t;h::lmdlameter of the larger bar, if the diameters are unequal and
" ® If needle :ill;)re than the nominal maximum size of coarse aggregate.
redu Cedtotwl;a:(];li.: are used, the horizontal d.istance between bars of a group may be
sufficient spac- hirds the nominal maximum size of the coarse aggregates, provided that
(©) Where theps ai is left between groups of bars to enable the vibrator to be immersed.
" minim e two or more rows of bars, the bars shall be vertically in line and the

nomina] n‘l’el“jlcal distance between the barss, (Fig. 5.13) shall be 15 mm, two-thirds the

greater. IS 45¢ um size of aggregates or the maximum size of bars, whichever is
Some unaygig speclﬁes that if the above requirements of detailing cannot be met due to
able reasons, the cracle width should be calculated and checked.

000 oll

S,

OOOO—T

Fig.5.13, Vertical spacing Between two Rows of Bats.




Limit States of Serviceability 93

5.6 CRACK WIDTH CALCULATION

Many researchers have worked for several years to establish theoretical expressions for crack
width calculation. Different formulae's have been accepted as satisfactory by different codes.
IS 456 — 2000 has accepted the following formula for crack width calculations (Annex F in IS

456)

W, = —%rtm 5.20
1+ 2(acr - cmin)
h-x
where a,, = distance of the point under consideration from the surface of nearest
longitudinal bar.

€pmin = Minimum cover to the longitudinal bar.

€,, = average strain in longitudinal steel
h = overall depth of the section

x = depth of neutral axis from the compression, calculated considering both
steel and concrete as fully elastic.
For the above calculation modulus of elasticity in steel and concrete are to be taken as

given below:
E, = 2 x 10° N/mm? = 200 kN/mm?

and Ec = 5000 V fclz
These terms a,, and cy,;, are illustrated in Fig. 5.14

__ [
| ch _i_mn

f/Ec

A

Point under consideration o
(a) Section (b) Strain Diagram

Fig. 5.14. Parameters for calculating crack width at A.

In the equation 5.20, the term &, may be calculated from the following formula

= £ - b(h - x)(a - x) 521
1" 3E, A,(d-%)
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where g, = strain at the level considered which may be calculated using transformed section in
the elastic state, and the second term is to consider the effect of stiffening of the concrete in

tension zone.
In this expression.

b = width of the section at the centroid of the tensile steel
a = distance from the compression face to the point at which
crack width is being calculated.

d = effective depth
A, = area of tension reinforcement

To find long term crack width, the second term in equation 5.21 i.e. the reduction factor to
b(h - x)(a - x)

account for stiffening due to concrete, may be taken as 055 3E.A.(d—2)

Examplc? 5.7 A reinforced concrete beam of size 260mm x 500mm is provided with 4 bars of
20 mm with an effective cover of 40mm as shown in Fig 5.15. The section has to resist a bending
moment of GOkN-m. Determine the crack width at point A which is the mid point of tension
eage and at point B, which, is on tension edge just below bar (as shown in Figure). Take grade
of concrete mix M20 and grade of steel as Fe 415.
Solution.
b =250 mm D =h =500 mm

A = 4XTx20? = 1956 mm?

. DEs =2x10°N/fmm®  E,= 5000120 = 22360.68 N/mm?
-+ Lunng service condition (stress variation linear), depth of neutral axis is given by

d =500 - 40 = 460 mm

b 2
% = m Ast (d—=)

25022
5 =8.944x1256 (460 —x)
x% = 89.872 (460 —x)

le., x2+89.879,_ 43141 =0
2
. ~89872+V89872% +4x 41341 _ 163.30 mm

Th . . 2
€ moment of inertia of transformed section

3
Ir = b% +m Ast (d —x)2

3
= 25001633)” | ¢ 944 1256 (460 — 163.3)% = 1351.77x 10° am?

Stress at the levelofaA = M Xy
I

60x 108
=——""Y % (500-1633) = 14.9 2
135177 x10° | ( ) 45 N/mm
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f _ 14945
E, 2236068

e =& _ bk —x)a-x)
™= "1 3E.A,(d-x)
Now h =a =500 mm

x = 163.3 mm
As = Ast = 1256 mm?
Es = 2 x 10° N/mm?

b =250 mm

d = 460 mm

Strain at A, &; = =6.6835x107*

250(500—-163.3)(500 —163.3) =5.416 x 10~

g, =6.6835x 107 =
3x2x10° x1256(460—163.3)
Crack width
w. = 3a.,€n
- 1+ 2(acr - cm.in)
(h—x)
Now Cin = 40—-10 =30 mm
: 2 (35
For point A , a, =,/30"+ <) = 34.73 mm
3x84.73x5416x10™*
o W, at A-=- |, 26473-30) - 0.055 mm Ans.
500-163.3
For point B, a,. = 30 mm
3x30x5416x10™* _ 4
. w,, at B= 1. 530 — 30) =3%x30x%x5.416x 10
500-163.3
= 0.049 mm Ans.

Example 5.8 Flange of a T-beam R.C. section is 1200 x 130mm, width of rib 300 mm and
effective depth is 550 mm. It is reinforced with 8 bars of 20 mm provided in two rows with
effective cover of 50 mm. Determine crack width at A (Ref. Fig. 5.16) which is just below the
bar, when the beam is subjected to a moment of 120 kN-m. Concrete mix used is M25 and steel

grade is Fe 415.

__le—250 mm—>1
[
e 1200 ~
500 mm I l'f
550
35 mBm— naoo _1110
] (o] a o '_‘40 mm O O OQ==—20 T
\A B e300 39
20 mm bars

Fig. 5.15.
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Solution.
bf= 1200 mm Df= 130 mm
d =550 mm h =D =550+ 50 =600 mm

Ast = 8x%(20)2 = 2513 mm?
E, = 5000425 =25000N/mm?

E, = 2 x10° N/mm?

m=s—=———=
Ec 25000 .
During service condition depth of neutral axis is calculated assuming linear variation of

stress. Assuming neutral axis is within the flange,

2
b—;— =m Ast (d—x)

2
1200% = 8x 2513(550 —«)

x2 = 33. 506x (550 —x)
£ + 33.506x — 18428.7 = 0

, 33506+ V33506 + 4 x 1842817
- 2
=120.03 mm < 130 mm
- Hence assumption that the neutral axis is within the flange is correct i.e. x =120.03 mm.

Moment of inertia of transformed section

bex® ‘
Ir= f; +mA,, (d—x?

_ 1200x12003°

3
= 4408.43x10° mm*

Stress at the level of point A

M 120x108
= —yE—— - = 13.066 2
fe I Y = Ja0843x10° €00 120.03) N/mm

+8x 2513 (550 — 120.03)*

*- Strain at A in cracked section
f. 13.066 :
= f=——=5 4
oo & E. - 25000 226x 10
str a;ilSIdenng the restraint exercised by concrete in cracked section on tension side, average _

j e _bh—x)a-x)
| fn="17""3E A (d.2)
f, In this case A =a =600 mm
{ x= 120.03 mm
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1.
2.
3.

4.

6.

7.

A, = 2513 mm?
E, = 2 x 10° N/mm?
b =b, =300 mm
d = 550 mm
300(600 —120.03)(600 — 120.03)
3x2x10°% x2513(550 —120.03)

£, = 5226x107% -

=4.16x10™*

At A, cp, = 20 mm
a, =20 mm

W< 3a., €, _ 3x20x416x107*
e 1+2(ac,.—cmin) 1+0
(k- x)
= 0.025 mm Ans.

Discuss in brief ‘short term’ and ‘long term’ deflections of R.C. beams.
List the factors influencing deflections of R.C. beams.
A rectangular simply supported beam of clear span 4.5 m is 300 x 500 mm in cross
section. It is reinforced with 4 bars of 20mm diameter. M20 concrete and Fe 415 steel
are used. The effective cover is 40 mm. Taking super imposed live load as 25 kN/m and
dead load as 15 kIN/m, calculate the short term and long term deflections of the beam.
A simply supported T-beam has the following data:

() Effective width of flange = 1500 mm

@) Thickness of flange = 130 mm
(i) Width of rib = 250 mm
(iv) Effective depth = 500 mm

(v) Effective span=6m )
It is reinforced with 4 bars of 25 mm. The grade of concrete is M20 and the grade of steel
is Fe 415.
Determine the short term deflection due to a total service load of 30 kN/m.
Use IS code specifications may be used for taking shrinkage strain and creep coeffi-
cients.
A beam of cross section 250 x 450 mm is reinforced with 4 bars of 20 mm with an
effective cover of 50 mm. The effective span of the simply supported beam is 6 m. Using
empirical formula check whether depth provided is satisfactory from the criteria of de-
flection control. Take grade of concrete as M20 and grade of steel as Fe 415. Assume

that exactly required amount of steel is used.
Check the criteria of deflection control in case of the T-beam given in problem 4. Use

empirical formula.
Calculate the maximum crack width under one of the bars in the beam given in ques-

tion 5, when a bending moment of 70 kN-m acts.
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6.1 INTRODUCTION

Design of reinforced concrete beams involves sizing and finding required quantity of steel
based on the consideration of strength and serviceability requirements. It also involves
detailing. The major consideration in the design of beams is bending moment. Hence first,
beams are designed for bending moment and then the design for shear is taken up. Checks are
applied for deflection and crack width. Ifthe requirement for any limit state fails redesign is to
‘Pe made. The detailing of reinforcement is to be made with neat sketches/drawings taking
into accountbond, cracking and durability considerations. Some of these design considerations
have been discussed in earlier chapters. In this chapter all design requirements are presented
first and then various problems are solved to illustrate complete design procedure.

6.2 TYPES OF BEAMS

Designer has to decide whether the section of the beam is going to act as rectangular or L or

as T-beam. A single span beam supported on masonry wall can be considered as simply
supported beam (Fig. 6.1).

y Beam
a‘\Masonry wall
.]! L - beam

i T i

] 1

) |

i E
R g heam 4
[T H

: :

] 1

a - e
R St A
.r,l-----------_------:::::::::::::;
Li’\_’_ﬂ/_—/:

1

Fig.6.1. Simply Supported Beamn.
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It has zero moments at ends and sagging (+ve) moment throughout. If slab is cast over it
monolithically, the slab is on compression side. Hence when beam bends part of slab acts as
flange of the beam in resisting bending moment. If the slab is on both sides, it becomes
T-beam and if it is only on one side it is L-beam. This is illustrated in Fig. 6.1.

If the beam is part of a framed structure or is continuous over a number of supports, it will
be having sagging (+ve) moment in mid span and hogging (-ve) moment near the supports. If
as usual slab is on the top of the beam and is cast monolithically with beam, the mid span
section of the beam becomes a flanged section. At interior supports, the flange is on tension
side and hence will not assist in resisting moment. In such cases the beam is to be designed as
a rectangular section for negative moment. This situation is shown in Fig. 6.2.

Recgngular beam LRectangu!ar beam

t 7 LY ) L 1 ?

T- beam T- beam

(a) Continuous Beam
Rectangular beam - Rectangular beam

p T- beam
Rectangular beam ' Rectangular beam
pu T- beam
1 (b) Member of a frame |

Fig. 6.2

The designer has to decide whether the section is to be designed as singly reinforced or
doubly reinforced. For this the depth of balanced section may be found. If this depth cannot be
permitted from the consideration of head room requirement or from architectural
consideration then the section is to be designed as doubly reinforced. Otherwise it may be

designed as singly reinforced.

6.3 EFFECTIVE SPAN

For the calculation of bending moments and shear forces, effective span is to be considered. IS
456 clause No.22.2, specifies effective span, various cases as given below :

@) Simply supported beams or slabs
Effective span = clear span + effective depth
Or

centre to centre distance between the supports,

whichever is less.
(i) Continuous beams or slabs (Fig. 6.3)

d- effective depth
\Y p c b

A y B
A
E clear span ﬁ clear span
w w w

w - width of support

xmum

Fig.6.3. Continuous Beam
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(@) If width of support, w<%th of clear span, the effective span is same as for simply

supported case.

() For end span with one end simply supported and the other end continuous (span AB, DE
in Fig. 6.3)

Effective span = clear span + —;—d
V Or
clear span + -;— the width of simple support

whichever is less.
@Z) In case of roller supports (Fig. 6.4)

N ]
‘F)—-—— Effective span __:T

Fig.6.4. Roller Supported Beam.

Effective span = distance between the supports.
(iv) Cantilevers (Fig. 6.5)

]

le———clear span ——————j

> Q-

Fig.6.5. Cantilever Beam.

Effective span = clear span + d
(v) Overhangi i 2
) Uverhanging portion of continuous beams (Fig. 6.6)

. 1
= oy o
% % effective span,

Fig. 6.6.

. Effective span = Centre of support to free end.
(vi) Frames

Effective span = centre to centre distance.

6.4 SIZE OF BEAM

() Depth of beam. To
unexpected worst loa
steel required is aro
considerati

get sufficient warning before the collapse of the beam under
d case, it is desirable to keep the depth such that the percentage of
s around 75 per cent of that required for the balanced section. The another
on in selecting the depth of the beam is to ensure that limit state of deflection
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@)

(@

®)

is not reached. If we select depth of beam as —115 th to % th of span, for simply supported

beams and %th to 21—0th of span for continuous beams, normally the above

requirements are satisfied. Form the consideration of standardizing form works, overall
depth is kept in multiples of 50 mm. Commonly used depths are 250 mm to 700 mm in
multiples of 50 mm. )

Width of beam. The width of beam should accommodate the required number of bars
with sufficient spacing between them and ensuring minimum side cover requirement.
However the bars may be accommodated in more than one layer also. The width is
normally taken as 200 mm, 250 mm, 300 mm and 350 mm. Use of 230 mm is also
common, since walls of width 230 mm (9” brick walls) are commonly constructed. The
beam of width 230 mm will be flush with wall. The larger widths are preferred if the
section is subjected to torsional moment. Clause 23.3 in IS 456 specifies the following
slenderness ratio limits to ensure lateral stability:

A simply supported or continuous beam shall be so proportioned that the clear distance

2
between the lateral restraints does not exceed 600 b or 250 %, whichever is less, where

b is the width of beam and d is effective depth.
For a cantilever, the clear distance from the free end of the cantilever to the lateral

2
restraint shall not exceed 25b or 100 %—, whichever is less.

From the above clauses, it may be observed that for about 12 m simply supported beams

and 5m span cantilevers, beams can be 200 mm wide only. Since in practice minimum 200 mm
width is used and simply supported beam of more than 12 m span and cantilevers of more than

5m are hardly built, the designer rarely face the problem of lateral stability of beams.

6.5

COVERS TO REINFORCEMENT

From the consideration of durability, minimum value of nominal cover to all normal weight
aggregates is as shown in table 6.1 (Table 16 in IS 456):

Table 6.1 Nominal Cover to Meet Durability Requirements
(Clause 26.4.2, Table 16 in IS 456)

~Exposure Condition Minimum Cover in mm
— Mid 20
Moderate ; 30
Sever 45
Very Sever 50
Extreme 75

Minimum nominal cover to meet specified fire resistance are also listed in 1S-456 (table 16.1)
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6.6 REQUIREMENT OF REINFORCEMENTS

() Main Reinforcement
The following guide lines are given for selecting main reinforcement:
..(@) Reinforcing steel of same type and grade shall be used as main reinforcement.
(b) At least two bars should be used as tension steel and not more than six bars should be
used in one layer in a beam. o
(c) The diameter of bars should not be less than 10mm. The usual diameter of bars chosen
are 12, 16, 20, 22, 25 and 32 mm since they are easily available in the market. The bars
of diameter 14, 18 and 28 mm may be obtainéd by placing special orders to steel mills.
-+~ »-Due to delay in procuring them; the site engineers do not prefer to use them.
(d) Minimum Reinforcement [Clause 26.5.1.a, IS 456] : - T o

The minimum area of tension reinforcement shall be not less than that given. by the
. following:

_ Ast_085
D¢, min = bd ~
Thus for Fe 250, p, ,,;, = 0.34

Fe 415,p, ... = 0.205

, . And for Fe 500, p, ;, = 0.17
(e) Maximum Reinforcement:

The maXi{num area of tension reinforcement shall not exceed 0.04 bD [4 per cent of
gross sectional area],
() Bars may be arranged singly,

: enclogefl Within stirrups or ties. Bundled bars shall be tied together to ensure the bars
remaining tog

. ether. Bars larger i 1 dled.
i) Shear Reinforcementgs arger than 32mm diameter shall not be bundle

(@) This type of reinforc
sion bars,

(®) Ifno compression
be used to suppo

or in pairs in contact or in groups. Bundled bars shall be

ement shall be taken around the outermost tension and compres-

steel is used, two suspender bars of minimum 10 mm diameter should
rt shear reinforcement.

() The maximum spacing of shear reinforcement measured along the axis of the member

shall not exceed 0.754 for vert . ed ] :
i ) rti 'd' t45°. 1
the spacing shall exceed 300n. l<131al stirrups and 'd’ for inclined stirrups a N no case,

@ I::mlmu:; shear reinforcement in the form of stirrups shall be provided such that
Law 5 9

b, - 087 7 with the notations as specified in Chapter III. The above provision need
t o il s ,
:i%l: i:loutlll::;di:lth, limMum shear stress calculated is less than half the permis-
membpe:; 3 : .
(e) When 7, < z < TS of minor structural importance such as lintels.

T s shear t Y %
following shearcrl;?;f orcemz n1;:t?ng1:h of section may be enhanced by providing any of the

e Vertical stirrups

¢ Bent up bars along with stirru
. .
e Inclined stirrups pe

() Shear reinforcement of diameter 6,8,10 or 12mm may be used. It may be of mild steel or
Fe 415 grade steel.
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(@) Two legged shear reinforcements are very commonly used. If spacing comes out too

close, leading to problems in concreting, shear reinforcements of 4 legged or 6 legged

. also may be used.

-(fii) Side Face Reinforcement.

Where the depth of a beam exceeds 750 mm, side face reinforcement shall be provided
along the two faces. The total area of such reinforcement shall be not less than 0.1 per cent of
the web area and shall be distributed equally on two faces at a spacing not exceeding 300mm
or web thickness whichever is less.

6.7 GENERAL DESIGN PROCEDURE

In general, design procedure consists of the following steps:

() Identify the critical sections to be designed.

(i) Ifslab is monolithically cast with beam (which is usual procedure of construction), care-
fully decide whether the section is to be designed as rectangular section or as flanged

section.
(i) Fix up dimension of the beam using thumb rule guidance, which are based on control-

ling the deflections. If the same beam acts as rectangular section in some portion and as
flanged beam in some other section, overall dimension is to be based on consideration of
rectangular section and same is maintained throughout.
(iv) Determine effective span.
(v) Determine design moment and design shear.
(i) Design the section for flexure and determine longitudinal bars.
(vii) Design the section for shear.
(viii) Check for deflection.
(ix) Sketch the details.

6.8 DESIGN OF SINGLY REINFORCED RECTANGULAR SECTIONS

() Take the depth as —115 th to %th span (higher value for heavier loads). Round it off to

nearest multiple of 50 mm.

(i) Take breadth as %rd to % the depth, minimum being 200 mm Round it off to multiple of

50mm. However 230 mm is also permitted.

(i) Determine M, j;,. o
(iv) IfM, im> M, go to step (v); otherwise increase the depth.
(v) Equating moment of resistance to bending moment, determine the area of steel re-

quired. For this,

C=T, gives

0.36f,, bx, = 0.87 f, Ast

0.87f, Ast

or xu - —
0.36fck b

Moment of resistance = Design moment, gives
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TxLA=M,
0.87fy Ast (d - 0.42x,) =M,
or " M, =087, As{d - 0'42:3(;’:; 4 As‘]
= 0.87, Ast 4(1- 1.95% 7’:—’;)
ie. M, ~0.87f, Ast d(l-%g—;)

The above approximating relation is recommended by IS 456 (Annex G, IS 456)

The above quadratic equation in Ast is solved to get area of steel required. Then select
suitable diameter and number of bars.

() Design for shear consists of the following:
(@) Determine nominal shear T, = -Z—“ .

(®) Find design shear strength of concrete 7, using table no. 4.1 (table 19 in IS 456).

(©) If 7, < 7, provide nominal shear reinforcement consisting of 2 legged 8mm (or 6mm)

bars at not more than 0.75 d or 300mm whichever is less.
@) If7, <7<z, design shear reinforcement
@ Ifz > ¢

> max» Y€vise the section.
Example 6.1. 4

rectangular beam is to be simply supported on supports of 230mm u.lid.th- The
¢.:lear SPan of the beam is 6m. The beam is to have width of 300mm. The characteristic super
imposed load is 12 kN /m. Using M20 concrete and Fe 415 steel design the beam.
Solution,
Overall Dimension of the beam:
Width of beam = 300 mm, as specified in the problem.

Depth of beam = I{‘Z—th to lth span

15
= L %6000 to -1 x6000
12 15
=500 mm to 400 mm
Let d =400 mm
and D =450 mm
Effective Span

Centre to centre of supports = 6 + 0.23 = 6.23 m
Clear span + d = ¢ + 04=64m

- Effective span = 6.23 m
Design Moment (M) and Shear (V,):

\ Imposed load = 12 kN/m
Self wt =0.3x0.45x 1 x 25 ='3.375 kN/m
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—_——————

Design load for strength consideration
w,=15x12 +1.5x3.375

-

= 23.06 kN/m
2
M, = w = 111.88 kNm
Maximum shear occurs at support and is equal to half the total load.
v, = %wuL =%x23.06x6.23
=71.83 kN

Check whether it can be singly reinforced section:
%, 1im = 0.48 d = 0.48 x 400 = 192 mm.
M, 4im =0.36f1 bx, jim (d —0.42x,, ;)
=0.36x 20 x 300 x 192 (400 — 0.42 x 192)
=132.45x 10° N-mm

=132.45 kN-m
(or M, ;. = 0.138f., bd?)
Thus M, >M, L ’
Hence the section can be designed as singly reinforced section.
Ast .
=0. Lk AL A
M, 87f, Ast d( ba Tok )
111.88x 10° = 0.87 X 415 x Ast x 400 (1— Ast 415)
300x400 20
' Ast
.68 = Ast|1-
774.68 s ( 5783.13)

orAst?—5783.13 Ast + 774.68 x5783.13=0

578313 — /5783132 —4 x 77168 x 578313
2

Ast =
=922 mm?
Provide 3 bars of 20mm diameter
Ast provided = 3x % x 20% = 942 mm?
Design of Shear Reinforcement :

r = Yu _7183x1000 _, ~g0 \ymm? |
= 5d ~  300x 400 »

942 100 =0.785

Pt = 300% 400

From Table (19 in IS 456)
7, = 0.57 N/mm?
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% mex (From table 20 in IS 456)

= 2.8 N/mm?
Thus, %<7 < T, max
Shear reinforcements are to be designed.
Total shear force V. =71.832kN =71832 N
Shear resisted by concrete V.=17xbd

=0.57 x 300 x 400
Shear to be resisted by reinforcements
Vi = V.-V, :
= 71832 - 0.57 x 300 x 400
=3432 N
Using 6mm, 2 legged Fe 250 steel as stirrups,
v O8Tf, Asvd
us = Sv A
P
O.87x250x2xzx6 x 400
. 3432 = S,
S S, =1433 mm
But maximuym spacing permitted is
@ 0.754 = 0.75 x 400 = 300 mm
®) 300 mm
Hence provide 2 legged 6mm stirrups at 300 mm c.c throughout
Check for Deflection :
Since it is simply supported beam,
basic A £’_ =20
M . . d
odification Factor for Tensile Steel ¥Fy):
P, =0.785
Area of Ast required
= 08X fy X ——  Provided
942
=0. —_—
58 x 415 x 999

= 246 N/mm?
From Fig 4, in IS 456

F 1= 1.1
No. compressive steel, Fy=1

Not flanged section, - Fy=1

: L .
Maximum permitted g fatio=F, F, Fyx 20

|
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=1.1x1x1x20=22

.'E.. provided = @ = 15.575
d 400

Thus, g provided < Max % permitted.
Hence deflection control is satisfactory. Crack width control is taken care by satisfying

detailing requirements.

Details are shown in Fig. 6.7
$6- 300c/c

% F2#10
(T I TITTTTTTTITITIIEITTIIT]-
“Z ~3#20 S
X
(a) Longitudinal view
30 : 72 #10
L¢ 6 @ 300 c/c Concrete Mix = M20
450 Main bars = Fe 415
[ Stirrups = Mild Steel.
50

3#20
(b) Cross section

Fig. 6.7 Details of Reinforcements.

6.9 DESIGN OF DOUBLY REINFORCED RECTANGULAR SECTIONS

In case of doubly reinforced section design, the depth of beam is known from other considera-
tions. The width can be selected suitably. For the section selected

() Find M, j;,, using the formula
M, im = 0.36 fck b x,, i (d —0.42 x,, ;)

= 0.36 fek x,, jyp (d— 0.42x,1im)
=0.36 fck 2= :zlm (1 ~042 %@-) bd?2

= 0.148 fck bd? for Fe 250
= 0.138 fck bd? for Fe 415

= 0.133 fck bd? for Fe 500
(i) When M, > M, j;,, doubly reinforced section is to be designed. In the design depth of

neutral axis x = x, i, ) ] . . .
(i) FindAst, required to resist M, j;,, as singly reinforced section. For this horizontal force

equilibrium gives
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C=T
0.36 1.4 b x, i, = 0.87f, Ast,.
(v) Now findM, o =M, - M, ;.. . :
The moment M, is the moment of resistance to be provided by compressive steel and
additional tensile steel Ast,. ‘
. M, =0.87f,Ast, (d -d’)

where d’ is the cover to compression steel. The above expression gives additional tensile steel ‘
Ast,. Hence total tensile steel required is given by

Ast =A3tl +A$t2
(v) From strain diagram (which is linear), we get
x, lim-d’
x, lim .
where €, is the strain in compression steel. Then find the corresponding stress fsc- For this
use stress strain diagram for steel (Fig. 28 in IS 456) or table A in SP-16. Pick up the value

€, = 00035

. f,
corresponding to th B
p g e curve 115

Find area of compression steel, A,, required from the relation
fs‘_. Am_. = 0.87f;A3t2
Then select tensile and compression bars.
(i) Design procedure for shear reinforcement is same as used in singly reinforced sections.

Example 6.2. Design a rectangular beam of section 230 mm x 600 mm of effective span 6 m.

Effective cover for reinforcement should be kept as 50 mm. Imposed load on the beam is 40 kN/m.
Use M20 concrete and Fe 415 steel.

Solution.
Given :
b =230 mm D =600 mm
d =500 mm d’ = 50 mm
fe =20N/mm® £ - 415 N/mm?®
Self weight =0.230x 0.600 x 1 x 25 = 3.45 kN/m
Imposed load = 40 kN/m Fr ‘%@
Total load =40 + 3.45 = 43.45 kN/m
Factored load w, =1.5x43.45 kN/m
Effective span =6m 60 (;5 20
Design (Factored) moment
M, = wu£82-=],5x43.45x%
=293.29 kN-m Y :_Jao
Design shear = %wue = % x15x4345%x6 Fig6.8

=195.525 kN
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Limiting Moment:
Xy lim = 0.48 d = 0.48 X 550 = 246 mm
Mulim = 0.36]‘;;‘ b xulim(d— 0.42 XXy hm) :

=191.976 x 10 N-mm
=191.976 kN-m
Thus M, > M yin
- To find Ast, to resist M, j;,:
C = T gives

0.36 Xf;_.k b Xy lim = 087f;,A8t1

0.36 x 20 x 230 x 264 = 0.87 x 415 Ast,
Ast, =1210.9 mm?

€= 0_0035(§M]
Xulim

= 0.035 % M
264

=2.837x1072

To find Ast,

From stress strain curve for Fe 415, corresponding ﬁ},’

f.. = 352 N/mm?®
Equating horizontal compressive force to, horizontal tensile force corresponding to Ast,, we get,
fioAs = 0.87f, Ast,
352A,, = 0.87 x 415 x 561.2
A, =575.6 mm®

Relnforcements
Provide 6 bars of 20mm in tensmn zone (Ast provided = 1885 mm?) and 2 bars of 20mm

diameter (A,, provided = 628 mm 2) in compression zone.

~ Design for Shear:
V, = 195.525 kN = 195525 N
_V, _ 195625 _ . 546 N/mm?
5d _ 230x 550
Ast 1885 %100
_ Ast q00=2899%199 _,
P=3g 230550 L2
From table 19 in IS 456,

7, = 0.718 N/mm®
From table 20, in IS 456
= 2.8 N/mm?

cmax
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Thus,

%<%<7%max
. Shear reinforcement is to be designed.
Shear to be taken by steel reinforcement,

Vis=V,— 7 bd
- =195525-0.718 x 230 x 550
=104698 N
Using 2 legged, 8mm vertical stirrups, spacing S, may be found from the relation,
0.87f, Asvd

V.=
us Su
0.87x415x(2x%x82)x550

104698 =
S,

- S, =190.67 mm
Maxlmum spacing permitted = 0.75 d = 0.75 x 550 = 412.5mm or 300 whichever is less.

Hence S, =190 mm is sufficient.

Provide spacing of 190mm near the support and gradually increase it to 300mm towards the
centre of the span.

Check for Deflection: Since it is simply supported beam
L
Basic = =20
sic =
p=149

f.=0.58 f, Ast required

Ast required

= 058 x 415 x 177251 - 226 N/mm?

From Fig. 4 in IS 456, modification factor for providing tensile steel,

F,;=0.98
Asc 628
100= —————— %100 = 0.496
Pe =g *100= 250 <550
From Fig. 5 in IS 456, modification factor for providing steel
Fy=115
Since this is not flanged section
F 3= 1.0

Maxzimum % permitted

=F1F2F3basic—3
=0.98x1.15x1x20=22.54
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%provided = 6?0:02 =10.91 < 22.54

Hence deflection control is satisfactory

Detailing

Since it is not possible to accommodate 6 bars in a row within 230 mm width so as to get
minimum side covers and minimum spacing between the bars, reinforcement is provided in
two rows as shown in Fig. 6.9

8¢ @ 190 80@300 8¢@ 190
rm\ I/.20f20/ A
|

AARNENEEENANER] [1111_| 600 mm
Q ~60f20
! 6000 mm -t
Longitudinal view
he—230—=

¥

1%

Steel : Fe 415
600 500 Concrete : M : 20

p O [e
o N o d

y L ——
Cross Section

Fig. 6.9.

6.10 DESIGN OF FLANGED BEAMS

The following steps are involved in the design:

() Fix up the overall dimensions as usual.
(@) To the given super imposed load add the self weight of rib, which is equal to

b, _(P-Dy) . i .
= X x1x25 kN, ifb,,, D and D, are in mm units.
1000 1000

(i) Find design momentM, and design shear V.
(iv) Calculate effective width of flange.
() In the design for longitudinal reinforcement many cases arise.
(@) Assuming uniform compression in the flange and neglecting contribution of rib in

resisting moment. Calculate M,, ;. Then
M, ym = 0.446 f;, bp De(d — 0.5 Dp)
If M, > M, ;;..,, doubly reinforced section is to be designed.
®) IfM, <M, ;,, determine moment of resistance of flange M, , assuming x,, = Dy.
M, =0.36f,; b;Ds(d—-0.42Dp)
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IfM, < M, , the heutral axis x, < D. Hence, compression area is rectangle of size bsxy
Find Ast from the relation,

: Ast f,
=0. dl1-22 1y
M,=087f, Ast [ d ck]
) ¥M, > M butless than M 3, determine M, the moment of resistance of the beam-

' 7
when %xu =Df ie., x,= ng

My =0.36f,, b, x, (d~0.42x,) + 0.446 £, (b,—b,) D; (d~ 0.5D)
IfM, < M” ,itis a case of non- uniform stress in flange. In such case x, is to be found by
trial and error method. ‘
* Assumer,

* M, cal=0.36f, b, x, (d-0.42x,) + 0.446 for (bs-b,) ¥¢(d -0.5y))
¢ Compare it with M

When calculated M, is close to actual M w 8ssumedyx, is correct. Then equating tensile force
to compressive force, Ast can be found

0.87f, Ast = 0.36f,4b, %, + 0.446 f,, (5~ b,) y,

@If Mu < Mulim
> M,
and > M}, then it is case of uniform compression in flange. Then

find exact x,, using the expression,

_ M, =0.36f,,bx, (d-0.42 x,) + 0.446f1,, (bs~b,) Dr(d-0.5Dp
Equating tensile force to compressive force, we get,

_ O87f, Ast = 0.36f,, b, x, + 0.446f,, (b,-b,) D,
Ast required can be found and required bars selected.

(i) Shear reinforcement is designed taking it as a rectangular section of size b, xd.
The design Procedure is illustrated with the problems below:

Example6.3 47 Beam slab floor has 125mm thick slab forming part of T-beams which are

of 8m clear span. The end bearing are 450mm thick, Spacing of T-beams is 3.5m. The live load
on the floor is 3 kN /mZ. Desi

; - Lesign one of the intermediate beams. Use M20 concrete and Fe 415
steel.
Solution,
D¢= 125 mm Spacing=35m
LL = 3 kN/m? fer = 20 N/mm?

f; =415 N/mm? Clearspan = 8 m
El}d bearing width = 450 mm
Dimensiong of Beam:

1 1
= —th
Depth 12t:h to 5 span

= — 0 —
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= 667 mm to 5633.3 mm
- Let . d = 600 mm
and - :D = 650 mm
1.1
bw = E t0§ d
Let b =250 mm

Effective Span:
- Clear Span +d =8+ 0.6 =8.6 m
c/c of bearings =8 + 0.45=8.45m

< Effective span = 8.45m
Flange Width:
@ by= £6°-+b,,, +6Dy
Since it is simply supported, I, = L = 8.45 m = 8450 mm
by= 2220+ 250+ 6125 = 2408 mm

®) br=0.5(L; +Lg) +b,, i.e c/c of adjacent slabs
= 3.5 m = 3500 mm

by =2408 mm
The cross section of the beam to be designed is as shown in Fig. 6.10
J = 2400 _
| 125
600
'f — 2;0 fa—
Fig. 6.10.

Design Moment (M,,) and shear force (V,):
Load per meter run of beam is calculated as shown below:

Load from slab
Self weight of slab = 0.125 x 1 x 1 x 25 = 3.125 kN/m®
Weight of floor finish = 0.6 kN/m? (assumed)
Live load = 8 kN/m?

Total 6.725 kN/m?

Since beam is taking case of 3.5 m width of slab.
Load on beam from slab = 6.725 x 1 x 3.5 = 23.577 kN/m
Self weight of rib :
Width of rib = 250 mm = 0.25 m
Depth of rib = 650 — 125 = 5256 mm = 0.525 m
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Self weight of rib = 0.25 x 0,525 x 1x 25 = 3.28 kN/m
Weight of plaster to rib = 0.5 kN/m (assumed)

Total load on beam = 23.577+3.28 +0.5

=27.3 kN/m
Factoredloadw, = 1.5 x 27.3 = 40.95 kN/m

2 2
M w,ée - 4095 845

=365.5 kN-m

V,= %xwu£=%x4095x8.45 =173 kN
Design of Longitudinal Bars:
| %yn=0.48d = 0.48 x 600 = 288 mm
Neglecting contribution of rib and assuming uniform compression in flange,
M, 1 = 0.446, b,D;(d - 0.5 D))
= 0.446 x 20 x 2408 x 125 (600 — 0.5 x 125)
'=1443.145x 10° N-mm

lim- It can be designed as singly reinforced section.
Reutral axis coincides with flange

Mu<M

u

Assummg

%, = Df = 125mm
M, =0.36f,, be, (d- 0.42Dp)

=0.36x20x 2408 x 125(600 — 0.42 x 125)

' =1186.542x 10° N-mm .
ﬂanTlgl:i:{u < M, i.e. N-A is within the flange. Let depth of N-A from extreme compression
% Then equating moment to moment of resistance, we get,

7

365 8 Ast x600|1- Ast x 415]
5x10°=0.87 x 415 x Ast x 2408 x 600 20
Asg? _

1687.21 = Ast|1- Ast ]

696289
69628.945¢ + 1687.91 x 69628.9 = 0

At - 696289 1/69628.97 - 4x 168721 x 696289
- 2

. =1730 mm2
Provide g bars of 20mm diameter

Ast provided = 6 x -475 x20% = 1885 mm?
Design o Shear Reinforcement

p= 85 100 =1.257
250 600
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From table 19 in IS 456,
"1, = 0.67 N/mm?
V, 173x1000 2

= YVu _178x1000 _, 429 N/mm
%= 5d " 250 % 600 /

From table 20 in IS 456
Temax = 2.8 N/mm?
T, < Ty < T max
Shear reinforcement is to be designed.
Vs =V,—7bd

= 173000 — 0.67 x 250 x 600

=T72600 N
Using 2 legged 8mm diameter Fe 415 steel as vertical stirrups, spacing S, can be found

from the relations,

087f, A, d
V - y 'SV
us Sp
087 x415x2x = x 82 x600
72500 = 4

Sy
S, = 300.39 mm

Mammum spacing allowed is 0.75 x 600 = 450mm or 300mm, whichever is less. Hence
provide 2 legged 8mm dia Fe 415 stirrups throughout at 300mm c/c.

Check for Deflection Control:
As it is simply supported beam,
L
basic — =20
asic 7
P, =1.257
Ast required = 1730 mm?

Ast provided = 1885 mm?

1730
8
f, = 058x 1885

From Fig.4 in IS 456, modification factor
F,=10
No compression steel. Hence from Fig.5 in IS 456, Fy, = 1.0
b 250
zﬁf'- = 2408 = 0.104
From Fig.6 in IS 456,
Fy3=038

x 415 = 220.9 N/mm?

%max = F, F, Fy basic value
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=1x1x0.8x20=16

L 8450 L
- ided = —— =14 < —max
g provide 600 )
Hence deflection control is satisfactory.
As 6 bars of 20 mm diameter cannot be accommodated in 250 mm width with sufficient side
cover and gap between the bars, provide bars in two rows as shown in Fig. 6.11

/2 of 12, hanger bars.

| NEENEEREENENENNNEERRRNEES
%= -6 0f 20 =
[ 1,8 mm dia @ 300 c/c throughout g 5 ]
450 : 450
(a) Longitudinal view
20f12 M 20 concrete
Fe 415 steel
2 ] $

600 | -8 mm dia @ 300 c/c

L2 9T 60f20
250>

(b) Cross sectional letal
Fig. 6.11.

Example 6.4. Calcylqs, the area of longitudinal reinforcement required for a L-beam for an

“”;”i‘f,‘:‘; b.ending moment of (@) 340 kN-m (b) 430 kN-m and (c) 520 kN-m

L -beam flange width = 1100 mm
Flange thicknegg = 120 mm
- Width of weh = 300 mm
Overall depth = 500 mm
Effective cover = 60 mm
Concrete = M20

Solution, Steel = Fe 415

The section is shown in Fig 6.12

1100

| 120)

el
Fig. 6.12.

Effective depthd = 500 — 60 = 440 mm
%y lim =0.48 X 440 = 211.2 mm
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Neglecting contribution of rib in resisting moment and assuming uniform compression in
flange,

M, jim = 0.446 f;, by D (d — 0.5 Dp)
- =0.446x 20x 1100 x 120 (440 - 0.5 x 120)
=461.47x 10 N-mm
, =461.47 kN-m
(@ M, =340 kN-m
M, <M, ;n
Singly reinforced section can be designed.
Assuming N-A is exactly atx, =Dj,
M;, =0.446f,, b;D;(d - 0.5 Dy
=0.36 x 20 x 1100 x 120 (440 — 0.5 x 120)
= 360.115 x 10° N-mm

In this case M, < M, i.e. neutral axis is within the flange i.e. x, < D, Hence compression
area is a rectangle of size by X x,,. From the relation,

|
| M, = 0.87fyAst d[ -%-}%], we have
340 x 10° = 0.87 x415 x Ast x 440 [1 ___Ast 415]
1100440 . 20
2140.2 = Asz[l— Ast ]
233253

i.e., Ast®—23325.3Ast + 2140.2x 23325.3 =0

Ast = 233263 V23325.32 — 4 x 2140.0 x 233253
2

= 2384 mm? Ans.

(b) M, =430kN-m
In this case M, > M/, and it is less than M, ;.. To check whether it is a case of uniform

stress in flange (-3— x, 2 Df) or non-uniform stress (—3— x, <D f) M is to be found which is the

moment when %xu =Dy .
ie. xu=:73—Df=-g—x120 =280 mm

But this value is more than x,, ;. This situation is not permitted.

Hence (%xu < Df) i.e. it is a case of non uniform stress in flange. In such case x, is to be

found by trial and error method. Since x, > Dybut < x, j;n, let us try
x, = 180 mm
¥p=0.15x, + 0.65 D= 0.15 x 180 + 0.65 X 120 = 105 mm




118 Design of R.C.C. Structural Elements

Trial 1, moment of resistance
M,, = 0.36fck b, x, (d-0.42x,) + 0.446 f), (b;—b,,) y;(d—0.5y)
=0.36 x 20 x 300 x 180 (400 — 0.42 x 180) + 0.446 x 20
(1100 -300) x 105(440 -0.5x 105)

= 432.025x 10° N-mm
ThusM, <M,
i.e. actual x, is slightly less than assumed x,,.
Trial 2 : Let x, = 175 mm. Then

¥r=0.15x 175 + 0.65 x 120 = 104.25 mm
M, =0.36 x 20 x 300 x 175 (440 — 0.42 x 175) + 0.446 x 20
(1100 - 300) x 104.25(440 — 0.5 104.25)

=427.088 x 10° N-mm
M, is slightly less than M,

z, should be within 180mm and 175 mm
Let us assume M, =M,;, whenx, = 178 mm
Then equating compression force to tensile force we get,
0.87f, Ast =0.36f,;, b, x,, + 0.446f,, (bp—by)yr
¥r=0.15x178 + 0.65 x 120 = 104.7 mm
0.87 % 415 Ast = 0.36 x 20 x 300 x 178 + 0.446 x 20 (1100 — 300) x 104.7
Ast = 3134 mm?. Ans,

In this case

(©) M, =520kN-m
In this case M, > M,, ;;,,. Hence doubly reinforced section is to be designed.
M, =461.47kN-m
0.87f, Ast(d ~0.42x ) =M, .
0.87 x 415 Ast, (440 - 0.42 x 211.2) = 461.47 x 10°
s Ast; = 3638 mm?.

C.opsidering oment of resistance offered by compressive force in steel and tensile force in
additional tensile steel, we get, |

0.87f, Asty(d ~d’) = M,-M,un.
0.87x 415 Ast, (440 - 60) = 520 x 10° — 461.47 x 10°
. Ast, = 427 mm?,
' Ast = Ast, + Ast, = 3638 + 427 = 4065 mm>.
As strain varies linearly from zero at neutral axis to 0.0035 at extreme compression fibre

strain in compression steel ig given by ,

€, = 00035 ("un_un“_fi_] — 00035 211-2-50
P 2112
=2.675x 1073
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From stress stain curve design stress in compression steel

x fie = 0.83 f, = 0.83 x 415 = 344.45 N/mm?
_ Equating compressive force in steel to tensile force in additional steel, we get,

ficAye = 0.87f, Ast,
344.45x A, = 0.87x 427 x 415

- A, =448 mm?®
Thus A, = 4065 mm?
and A,, = 448 mm®, Ans.
Thus Ast = 4065 mm? and A_, = 448 mm?® Ans.

6.11 DESIGN OF CARTILEVER BEAMS

Design procedure for such beams do not differ from the design of simply supported beams.
However the designer has to carefully remember the following points:

(}) Maximum value of -2—' permitted is 7 i.e. select trial section depth around %th span.

(i) Expression for moment and shear forces are different. For example, in case of udl over

entire span
2
Mu=w,‘? and V,=w/l ,'
(iii) For the usual downward loading, tension is at top. Hence reinforcement is to be given at
the top.

(iv) Anchorage length should be provided near fixed end of cantilever beyond the support so
that steel develops design stress of 0.87f, at the support.
The procedure is illustrated with the example below:
. Example 6.5. The portico of a guest house building consists of cantilever beams of effective
span 3m, spaced at 2.5m centre to centre. The beams support 120mm thick slab. Live load on
slab is 1.5 kN/ mZ. Using concrete mix of M20 and steel Fe 415, design an intermediate beam,

if slab is flush with
(@) top of beams
(b) bottom of beams
Solution.
Effective span =3 m
Spacing of beams = 2.5 m D; =120 mm?
f, =20 N/mm® and £, =415 N/mm®

Cross Sectional Dimensions
1
Depth of section = %th span = ;x 3000 = 428 mm
Let us select d =450 mm and D =500 mm
1.1
= = to = depth
b=gtogdep

Let us select b =250 mm
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Design Moment M, and shear force V,

Dead Load of slab =0.120x1x2.5x25 =75 kN/m
L.L. from slab =16x%x2.5 =3.75 kN/m

Wt. of rib =0.25 (0.500 - 0.120) x 25 = 2.375 kN/m

Total =13.625 kN/m

Say with finishingload w =14 kN/m
¥ w,=15x14 =21kN/m
. £2 32
M, = wu-2—=21x—2— = 94.5 kN-m
V,=w,l=21x3=63kN
(@) If slab is flush with the top of beams

In cantilevers tension is on the top. Hence slab will not assist in resisting moment, There-
fore beam is to be designed as a cantilever of rectangular section i

X, 1im = 0.48d = 0.48 x 450 = 216 mm
M, jim = 0.36f3, b %, 1im (d-0.42x,, 1;)
= 0.36 x 20 x 250 X 216 (450 — 0.42 x 216)

=139.688x 10° N-mm
i.e. Mu <M u lim
Hence it can be designed as singly reinforced section. From the expression

M, = 0. Iy
= 087f,Ast d[ ! —st :', we get

94.5 % 10° = 0,87 x 415 x Ast 450[1 ___Ast 415
250%450 . 20

i Ast
581.637 = 1____.]
As’[ 5421686

i.e., Ast’ - 5421.686 Ast + 581,637 x 5421.686 = 0

Ast = 5421686 - V5421686 — 4 x 581637 x 5421.686

2
= 663 mm?

Provide 4 bars of 16mm diameter.
Ast provided =4xZx 162 = 804 mm?

4

804

p = —_— =
t S EOx 450 x100 = 0.715

Design of Shear Reinforcement

V, 63x1000
Ty = L= =0. N/ 2
4~ 250x 450 ~ 0-06 N/
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Since p; = 0.715, from table 19 in IS 456,
' 7, = 0.55 N/mm? '

7, is very close to 7,. Hence provide nominal stirrups of 2 legged 6mm at 300 mm c/c.

Check for Deflection:
pt = 0.714

f, = 058x 415 ':oiz = 198.48 N/mm?

From Fig. 4 in IS 456,

F1=1.4
F2=1 and F3=1
L
Basi = =7
asic d

£max=F1F2F37

d
=14x1x1x7=98

% provided = % =-6.667 < g max

Hence deflection control is satisfactory.

Anchorage Length
Anchorage length required from the face of support:
0.87
1,2 0871y
47pq

From clause 26.2.1.1, design bond strength for
Fe 415 steel and M20 concrete is
%y = 1.2 x 1.6 = 1.92 N/mm?

L= 087x415%x16 = 759 mm
4x192
Reinforcement details are shown in Fig. 6.13
6,21 d 6 di 300 clc.
760 4 #16 ,2 legged 6 dia @ c. #?6
I TITIIHIL 500 6 dia @ 300 clc
2 # 12, hanger bars
1250 ™2 # 12
Fig. 6.13.

@) If Slab is Flushed with Bottom of Beams (inverted beam case)

In cantilevers compression is in bottom portion. Hence when slab is flushed with bottom of
beam, the beam behaves as flanged beam. In case of cantilevers the term [,, the distance
between the two points of zero moment is indefinite. Hence let us take widtk of flange as

Ly +L, +bw: L-e. the distance between the centres of adjacent slabs. Thus in ihis case,
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bf=2.5m = 2500 mm
The section selected is as shown in Fig. 6.14

bwi/Ast Comp. Fibre
bt
i { i |Df
- d §
Dfl___ [ ] L
bf ?\_ J

Comp. Fibre  bw/Ast
(a) Actual inverted beam (b) For design purpose imagined
like this.

Fig. 6.14.
M )i of this beam is definitely more than M), of previous case, since apart from web,
flange also contributes in resisting moment.
Hence this section also can be designed as singly reinforced section.
Ifx, =D;=120mm
=0.36 x 20 x 2500 x 120 (450 — 0.42 x 120)

=863.136 x 10° N-mm
Thus M, < M,

Neutral axis is within the flange.
Equating moment to moment of resistance, we get

As 415
94.5 x 106 = 0. [1 - ¢
0° = 0.87x 416x Ast x 450 | 1~ —-" . x

54216.85
Ast®—54216.85Ast + 581.637 x 54216.85=0

581.637 = As ———Ait—]

g = 421685 V54216857 — 4 x 581637 x 54216.85
2

. = 580 mm?
Provide 3 bars of 16mm diameter.

Design for shear reinforcement, check for deflection control and calculations for anchorage
length are same as in case (;).

The cross sectional detail for this case is shown in Fig. 6.15
3#16

i 1250
6 dia @ 300 c/c %o
450
| . 120

\2#12

Fig.6.15. The cross sectional details of inverted cantilever beam.
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6.12 DESIGN OF CONTINOUS BEAMS

In the design of continuous beams the following points are to be noted:
(?) Effective span is centre to centre distance of supports, except at end spans.

(@) Effective depth may be taken as -113 th to %th span

(@i) The critical sections for the design are usually at supports and in the mid spans.

(iv) It needs rigorous structural analysis to get design moments and shear forces. However,
IS 456, 2000 permits (clause 22.5.1) use of design coefficients shown in table 6.2 and 6.3,
(table 12 and 13 in IS 456) subject to conditions. .

(@) There are 3 or more spans.
(b) Spans do not differ by 15 per cent of the longest.
(c) loads are predominantly uniformly distributed.

Table 6.2 Bending Moment Coefficients [Table 12 of IS 456]

Type of Load Span Moment ~ Support Moment
Near At middle| At support At other
middle of of interior| next to the interior
end span span end support supports

. 1 1 1 1

Dead load and d load = — - -

ead load and imposed loa 12 16 10 12

(fixed)

1 1 1 1

I d load (not fixed — — - -

mposed load (no ed) 10 15 9 9

Note: For obtaining bending moment, the coefficient shall be multiplied by the total design load and
effective span.

Table 6.3 Shear Force Coefficient [Table 13 of IS 456]

Type of Load At end At support next to end At all other
support support : interior supports
Out or side Inner side
Dead load and 04 0.6 0.55 0.5
imposed load (fixed)
Imposed load 0.45 0.6 0.6 0.6
(not fixed) '

Note: For obtaining the shear force, the coefficient shall be multiplied by the total design load.

(v) The reinforcement may be varied to take care of varying moment.
Example 6.8. Design a continuous rectangular beam of spans 7m to carry a dead load of 12
EN/m and a live load of 16 kN/m. The beam is continuous over more than 3 spans and is
supported by columns. Use M20 concrete and Fe 415 steel.
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Solution.

L =Tm wy; =12 kN/m w; =16 kN/m
fz =20N/mm® £, =415 N/mm?
Cross Sectional Dimension

1 1
= —th to —th of 7000
d 5 th 20 tho
Let

'd =450 mm
D =500 mm
b =250 mm
Design Moment M, and Design Shear V.
Self weight of beam =0.25x0.5%x25 = 3.125 kN/m
Dead load =12 kN/m
Finishing load =0.875 kN/m
- S Total w,; = 16 kN/m
~ Liveload wy, =16 kN/m

Wy = 1.5 x 16 kN/m
, w,r, = 1.5 x 16 kN/m
The moment is maximum at support next to end support. Using the table 12 of IS Code :

2 2
M, = 15x16x7 +1.5><16x7

= 248.267 kN-m
» 10 9
2
Moment at mid span _ 15x16x7* 15x :(6) X7 _ 215.6 kN-m
. 12
I\;Iaxlmum shear force occurs at

outer side of suppert next to end support (see table 13 of IS

V,=15x16x0.6x7+15x16x0.6x%x7

Deci ) =201.6 kN
.eslg.n of Longitudinal Reinforcement
Since it is Fe 415 steel,

%y 1im = 0.48 d = 0.48 x 450 = 216 mm

M, s = 0.36 fck b x, i, (d-0.42x, 1)

=0.36 x 20 x 250 x 216(450 — 0.42 x 216)
=139.688x 10° N-mm
M, >M, ;. Hence doubly reinforced section is to be designed.
0.87f, Ast) (d~0.42x, . ) =139.688x 10°

0.87x 415 Ast, (450 - 0.42 x 216) = 139.689 x 10°

Asty = 1077 mm?
Equating moment of resistance offered by forces in compressions steel and addition tensile
steel, we get,
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0.87f,Asty(d~-d)=M,~-M, s,
0.87 x 415 Ast,(450 — 50) = (248.267 — 139.688) x 106
Ast, = 752 mm?

Ast = Ast, + Ast, = 1077 + 752 = 1829 mm?
Since strain varies linearly, we get

c = 216-50

s 216
o [ =0.83x415
Equating compressive force in steel to tensile force in additional steel, we get
0.83x415A,, = 0.87 x 415 x 752

A, = 788 mm?
Provide 6 of 20mm bars in tension zone and 3 of 20 mm bars in compression zone.
At mid span

x 0.0035 = 2.6898 x 1073

M, =2156 kN-m>M,,..
~. Ast, is same as at support section i.e.
Ay = 1077 mm?®
0.87 x 415 Ast, (450 — 50) =(215.6 — 139.688) x 108
| Ast, = 525 mm?
f.c = 0.83 %415 in this case also
0.83x415x A, = 0.87 x 415 x 525
A, =550 mm?

| A, = 1077 + 525 = 1502 mm?>
| A,, = 550 mm?
| Provide 6 bars of 20 mm diameter in tension zone and 2 bars 20 mm diameter in compres-
|
|
|
|

sion zone.
Shear Reinforcement
V, = 201.6 kN = 201600 N.
T = 201600
v 250x450

6 7%/, x 207
D= m x100=1.676
7, from table 19 in IS 456 is
7, = 0.74 N/mm*
V,e=V,—7.bd
V,, = 201600 — 0.74 x 250 x 450
= 118350 N

= 1.792

From the formula,
087f, A, d

Vis S,
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and using 2 legged 8mm stirrups, we have

| 087x415x 2 x 82 x 450
118350 = 4
. S,
S,=137.2mm
Provide 2 legged 8 mm stirrups at 130 mm c/c.
Check for Deflection
% basic =26
From Fig 4. in IS 456 for p, = 1.676, F; = 0.9
Ast required
F,=058x4156x ——————— =240
s 210X st provided
3 x%x 202
Pe= —2— %100 = 0.837
. 250x 450
From Fig. 5 in IS 456,
Fy=1.23
From Fig. 6,
Fs = 1
% max =0.9x1.23x 1x 26 =28.78
L provided = %Q =1555< gmax
Het.nce deflection control is satisfactory
Reinforcement Details:
It shown in Fig. 6,16

8 dia @ 300
y 2#20 6 # 20

201 | 6#20 3#20
3 #1 2(')Lé<—Column8000 L Column

- 6#20

l _ 8 dia @ 130
Section®-@ Section@-Q@
Fig. 6.16.

6.13 DESIGN OF BEAMS SUBJECTED TO TORSION

sCi;‘}UIar beams of water tanks, balcony beams etc. are the common examples of beams
ubjected to torsion. Such beams are associated with bending and shear also. Let the section
€ Subjected to
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M, = ultimate bending moment
T, = ultimate twisting moment and

V, = ultimate shear force
As discussed in Chapter IV, as per IS code, equivalent shear and bending moment is given by

\74 2u

e = Vu+1.67
(1+—Lb)
M;3=Mu+‘zu' T

The section is to be designed to resist V, and M.
1S code recommends the following additional requirements:

(1+2

T) exceeds M,, the longitudinal reinforcement shall

be provided on the compression side also. The design moment for this is
M, = M, — M, (numerically)

(@) If the numerical value of T,

(2
where M=T, 7
(i) Minimum requirement for stirrups is enhanced to,
A = T, S, v, S,
®  byd, 087f, 25d, 087f,
where b, = Centre to centre distance between compression bars in the direction of width

d, = Centre to centre distance between corner bars as shown in Fig. 6.17.
But, the total reinforcement shall not be less than
(106 - Tc) b Su
087f,

04—————.9.———.'
e Qo

H——b,——ﬂ 1
-—— >t

Fig. 6.17

(iii) The spacing of stirrups shall not exceed any of the following (clause 26.5.1.7)

@ %, ®) ﬂ%"—‘ () 300 mm.
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where x, and y, are short and long dimensions of stirrups. Thus
x=b1+¢

y1=dy+¢
where ¢ is diameter of stirrups.
(iv) There should be at least one longitudinal bar placed at each corner of the stirrups

Whep the cross sectional dimension exceeds 450 mm, additional longitudinal bars should be
provided on side faces as specified below (clause 26.5.1.7 in IS 456):

M1mm11m 0.1 per cent of the web area and shall be distributed equally on two faces at a “
spacing 300 mm or web thickness whichever is less. Typical side face reinforcement is as;.
shown in Fig. 6.18, :

( “ )
> 450 mm °‘\cm

[o

Side face reinforcement

Fig. 6.18.

The des;l .
Example Gg.: ll’;‘oc.edure is illustrated with example below:
date: *~esign the reinforcements required for a rectangular beam section with following

Size of the be

am

Grade of Concrete — 300 mm x 600 mm.

Grade of Stee] . —M20

gactored shear foree Vv, —Qiek§5

act . =
ored torgiong) moment u
Factored pepg: T, = 45 kN-m

d =600 - 50 = 550 mm

17 17
M, <M,. Hence n, Deeq ¢, =79.41 kN-m

Provide steel on compression side.

M, <M, + M, =115 + 79.41 = 194.41 kN-m

Ve:V + T 45
16— = 6—— =335
u 6b 95+16030 kN

M, = ﬂ* D) 45(L+600/300)
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Design of Longitudinal reinforcement
X, 1im = 0.48 d = 0.48 x 550 = 264 mm. -
M, =036 bx, i (d-042x, ;) _
=0.36 x 20 x 300 x 264 ( 550 — 0.42 x 264)

= 250.40 x 10° N-mm = 250.4 kN-m.
M, <M, ;.. Hence singly reinforced section can be designed.
Tensile reinforcement A, is given by

M,=087f, A, d[l -2 7’%]

194.41x 10° = 0.87x 415 4, x 550[1 A 415]

300x550 20

A
018= A,|1- st
979 ”‘[ 7951307]

A2 -7951.807A, + 979.013x 7951.807=0

- 2 _
Aot 1951807~ V7951807 - 4x979013x 7951807 _ .. ., ,

Provide 4 bars of 20 mm diameter.
A, provided = 4 x % x 20% = 1256 mm?2.

Design of Shear reinforcement
_ 335%1000
%e = 300 550
1256
Pt = 300x550

= 2.03 N/mm?.

x100 = 0.76

From table 19 of IS 456,

‘ 7, = 0.56 N/mm?.
" From Table 20 of IS 456,

| 7. = 2.8 N/mm?.

c max

Thus 7. < % < % max
Hence shear reinforcement is to be provided.

Vi=V,—%bd
= 335 x 1000 - 0.56 x 300 x 550
= 242600 N
Selecting 2 legged 8 mm HYSD bars for shear reinforcement.
087f, A, d
s = ————Sv gives.
0.87x416% 2% 7, x 8% x 550
242600 =

S,

v
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or S, = 82.29 mm.
Spacing is too close, creating problems in concreating. Hence provide 4 legged sh’rru_p’s
160 mm (< 2 x 82.29) centre to centre.
Check for minimum reinforcement: Assuming 50 mm side cover
b, =300 - 100 = 200 mm.
d, =600 — 100 = 500 mm.

b,d, 087f, 25d, 0.87f,
45x10° x 160 95000 x 160 3
= + =233 mm°®, -
200x500x 0.87x415 25x500x0.87%x415
A,, provided = 4xZ x8% =201 mm? < A,, reqd.
) 4
Reduce the spacing to 150 mm. Then
A, minimum = 233 % % =194 mm? < A, provided. B

The maximum spacing requirement is
%) = 200 + 8 = 208 mm.

Hty _ 208+508 _ . n9 mm
or t _ |
By selecting S, = 150 mm thi= 300 mm is also satisfied. Hence 2 legged 8 mm stirfu
at 150 mm c/c jg satisfactory, requirement s | ) | pa
Side face reinforcement

d i i
1> 450 mm. Hence side face reinforcement is required.

0.1% of web areq = 01x300x600 _ 180 mm?
100

Reinforcement, required on each face = 180 _ 90 mm?
Hen i 2
¢e provide 1 bar of 12 mpy on each face as shown in Fig. 6.19

Area provid
provided = §x122 =113 mm?

t— 80—-—4
- ) L 0
1 } [ —Tt~4 # 12, hanger bars

4 legged 8 dia @ 150 c/c
soglp] | "%

k2#12

|4 #20
= ——"I50
Fig.6.19
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6.14 CURTAILMENT OF TENSION REINFORCEMENT IN FLEXURAL
MEMBERS ' ~

Tension reinforcement is designed for sections where moment (+ve or —ve) is maximum. But
we k.now moment varies from section to section depending upon the loading and support
conditions. Hence tension reinforcement need not be taken to entire length of beam. Some of
them may be curtailed, where bending resistance can be offered by remaining bars.

.We know the moment of resistance is given by M, = 0.87 fy Ast (d — 0.42x,) in singly
r(?mforced sections. It means, if the same section is maintained throughout Ast required is
directly proportional to bending moment. If we decide to curtail n, number of bars out of
bars, then the bending moment at the section should not be more than

M, = Lo M,

The section may be located where moment is equal to M, ;. However this is the theoretical
section. SP—34, Hand book on concrete reinforcement and detailing specifies:

() Bars shall extend beyond the point of theoretical cut off for a distance equal to the

effective depth of the member or 12 times the bar diameter, whichever is more.

(i) At least one-third the maximum positive moment reinforcement in simple members and

one-fourth the maximum positive moment reinforcement in continuous members shall

extend along the same face of the member into the support for a length equal to L?d

(ii7) Minimum 2 bars should extend throughout. :

(iv) At least one third of the total negative moment reinforcement shall extend beyond the
point of inflection by 12 times the diameter of the bar or one-sixteenth of the clear span,
whichever is greater.

For more details designers may refer to SP-36 clauses 4-6 published by Bureau of Indian
Standards.

(v) When bars for +ve reinforcement are curtailed shear strength of concrete near support

reduces. This reduced strength of shear should be carefully noted and reinforcement is

designed.

r Questipns ]

1. A rectangular beam 200 mm wide and 350 mm deep upto the centre of reinforcement,
has to resist a factored moment of 40 kN-m. Design the section. Use M 20 Concrete and
Fe 415 steel.

2. A T-beam slab floor of R.C.C. has 150 mm thick slab forming part of T-beam which are of
10m clear span. The end bearings are 450 mm thick. Spacing of T-beam is 3 m. The live
load on the floor is 4 kN/m?. Design one of the T-beams using limit state method. Use
M20 concrete and Fe 415steel.

3. The overall cross section of a R.C. beam is 300 mm x 600 mm. The factored design
moment at a particular section of the beam is 330 kN-m. Design the necessary
reinforcement by limit state method, if the effective cover to the reinforcement is
35 mm. Adopt M25 concrete and Fe 415 steel.
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4. Areinforced concrete T-beam has a flange width of 1000 mm and thickness 120 mm
web is 250 mm wide and 600 mm deep. Design the T-beam to carry a live load of 20
over a span of 8m. Use M20 concrete and Fe 415 steel. Sketch the reinforcement d

5. A rectangular beam of 230 mm x 450 mm is reinforced with 3 bars of 16 mm diam
Design the shear reinforcement at the section where shear force of 100 kN is act

6. At a particular cross section of R.C. Beam 300mm x 600mm in size, a factored ben
moment of 120 kN-m, a factored shear force of 100 kN and a factored torsion mom

60 kN-m are acting. Design the necess reinforcements using M25 concrete
415 HYSD bars. s
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Design of Slabs

7.1 INTRODUCTION

Slabs are usually supported on two parallel sides or on all the four sides. Beams or walls are
the common supports for slabs. If a slab.is supported on two opposite edges, it bends in only
one direction as shown in Fig. 7.1. Hence it needs reinforcements in only one direction. How-
ever distribution steel is to be provided at right angles to main reinforcement so that load is
distributed properly. Apart from this distribution steel helps in distributing secondary stresses
like temperature stresses. Hence in slabs reinforcement is always provided in both directions.

Distribution steel

4

y

Man steel

Plan of slab

Cross section showing
defected shape

Fig. 7.1. A ‘typical’ slab supported on two opposite edges.

If the slab is supported on all the four sides, it bends in both directions and needs
reinforcements in both directions. Fig. 7.2 shown a typical slab supported on all the four sides
w1th spans [, inx direction and /, in y— direction, where x is the direction of shorter side (/, <

l).In such case the remforcements are to be designed for both directions. However, from the

l
analysis of slabs by plate theory it is found that if the ratio of larger span to smaller span (ll)
x
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is more than 2, the bending momeaut in the direction of larger span is very small. The main:
reinforcement required works out to be less than that required as distribution steel for on
way slab. The bending moment in shorter span is almost equal to bending moment in one w.
slab and hence the slab may be designed as one way slab if the ratio of large span (/,) to shorter

span ([, ) is more than 2.

\
A}
\

\
[}
A}

\
1
1
1}
)
]
1
]
lJ
]
]
4
1
1
[}

[
[

!
................. ' Bent shape in y - direction

_______

Bent shape in x - direction

Fig. 7.2. A typical slab supported on all the four sides.

The slabs in which main reinforcement is to be designed in only one direction is called one
wlzg slab. If main reinforcement is to be designed in both directions, the slab is called two way
slab.

The slab may be simply supported or continuous or may be a cantilever. The bending
moments at critical sections are to be found and reinforcements designed. Slab is usually
designed as a beam of one metre width to carry moment over a strip of 1 metre. Instead of
numbfer of bars, spacing of bars are to be found. 8 mm or 10 mm bars are commonly used,
Occasionally 12 mm bars are also used.

7.2 DESIGN OF ONE WAY SIMPLY SUPPORTED SLABS

The procedure for the design of slabs supported on two opposite edges or for the design of slabs
supported on all the four edges but with the ratio of larger to shorter span equal to or more
than two is as given below:
1. In Simply suppox:ted slabs or in beams, to satisfy deflection criteria span to depth ratio is
F; x Fy x F3 x basic value. The basic value in simply supported case is 20. Usually F,, the
factor to account f'or tensile reinforcement works out to be more than 1.25. In slabs
compression steel is normally avoided and the section are to be designed as rectangular,
Hence the factors F, and F; are unity. Therefore to satisfy deflection criteria, span to

.1
depth ratio 7 225. So the depth of slab may be taken as —21—5 span.

2. Find thg factored moment M « in 1 m width of slab.
3. Det?rmme M, i for IQOO mm wide slab. If M, < M, y;,,, design the singly reinforceq
section. If M, > M,, j;,, increase the depth and design singly reinforced section. In the
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design effective depth may be taken as D- effective cover. Nominal cover may be re-

. duced by 5 mm (table 16 — IS 456), since the diameter of bars used is less than 12 mm.

4. The required area of steel A is to be provided in 1000 mm width. Instead of finding

~ number of bars for 1000 mm width, find, S the spacing of the bars using the following
expression. : :

/) 42
S= é¢—x1000.
st

5. As per clause no. 26.3.3 the spacing should not be more than 3D or 300 mm whichever is
smaller. Check the value of spacing S and make final choice.

6. Check for shear in 1000 mm strip: For this find 7, = %

Clouse 40.2.1.1 says for solid slabs, the design shear strength of concrete may be taken as
7, k, where k, is given by :

Over all depth2> 300 275 250 225 200 175 150 or less
k 1.0 105 110 1.15 120 125 1.30

8
Also note for slabs, nominal shear stress (7, ) shall not exceed %'tc max» Where 7, ... is as

given in table 20 (IS 456). Shear reinforcements in slabs should be avoided, since they work
out cumbersome and expensive. Hence, if 7, > 7, , increase the thickness of slab and redesign.

7. Check for Deflection Control
Since F,, and F3, the modification factors are unity

é— max = F; x basic value
= 20 F 1¢
Determine F, from fig 4 in IS 456.

—g—provided should be less than ;ll— max. If this criteria is not satisfied either redesign by

increasing d or calculate deflections and get satisfied with the values.

8. Distribution Steel (Clause 26.5.2.1in IS 456)

A minimum of 0.15 percent of total cross section if mild steel is used or 0.12 per cent of total
cross section if Fe 415 is used, as required as distribution steel. Thus if, Fe 415 is used.

012
A,=_—bD
100

Hence spacing of distribution steel is given by

T 2
S = —/‘—1-¢—x 1000 mm.
st

where ¢ is diameter of distribution steel. For the simplicity in construction usually ¢ is taken
same as for main bars. However smaller diameter of bars also may be used.

Example 7.1. A hall has clear dimension 3 m x9 m. with wall thickness 230 mm. The live
load on the slab is 3 kN/m? and a finishing load of 1 EN/ m? may be assumed. Using M20 grade
concrete and Fe 415 grade steel, design the slab.
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*+ singly reinforceq sect;

Hence it will be designed a4 one way glah,
Depth of Slab;

1

1
o5 SPan = gxaooo =120 mm
Let us select

d=125 mm
and ‘ D =150 mp
Bending Moment and

Shear Force per metre width of slab:
Loads
DL=0.15x1x 1x25=375 kN/m,
Finishing load =1kN/m
Live load

=3 kN/m
Total = 7.75 kN/m

= 3230 mm = 3,930 1y
1=3125m
2 2
M, =y, % =15x775% 3155 =14.19 kN-m
V,=w, é =15x775x 3“1225 = 18.164 kN.
Design forMu:

J‘ulim=0-48d=0.48x125:60mm

Mulim =0.36 f;:k b Xy lim (d-0.42x

u l'un)
=0.36 x 20 x 1000 x 60 (125 — 0.42 x 60)
=43.114x 10 N-mm

=43.114 kN-m.
Mu <M, u lim-
ion can be designed.

= 4y Q ives
Mu-0.87fyA,, d{l b 7 },gl

ck

A, 415
- 14.19x 106 = 9,87 « 4154, 125[1 - E— x ]

1000x125 20
A, ]
314416 = A, [1 5024




~
or Ast?_6024.1A, +314.416x6024.1=0

a4, = 80241~ V602412 — 4 x314.416 x 6024.1
2

= 333 mm?
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Main Reinforcement:
Using 10 mm bars, spacing

7/, %102
S = —/4——>< 1000 = 235.8 mm.
333

Hence provide 10 mm bars at 225 mm c/c.
Check for Maximum Spacing:
() Smax =3 d =3 x 125 = 375 mm

(i) 300 mm
The spacing provided is satisfactory.
Check for Shear:
_V, _18164x1000 _ 2
%= 5d = 1000x125 0415 N/mm
7/ x10°
4 A
=<= ___x100=0.279
Pt= 995x125
7, for beams (from table 19 in IS 456)
= 0.375 N/mm?
For slabs 7, = 1.3.x 0.375 = 0.487 N/mm?
Now 7, < 7, and also. 4, < 0.5 7, .

Hence slab is safe in shear.
Check for Deflection Control:
p, =0.279

f, = 0.58 x 415 = 240.7 N/mm®

From Fig 4 in IS 456,
Fl = 1.50

-tl;max=1.50><20=30

l . 3125 l
— provided = o5 25.< 7 max.
.. Deflection control is satisfactory.
Distribution Steel:
_ 012xbd _ 012x1000x125

= 150 2
4 100 100 mm

Selecting 8 mm bars

7/ % 82
S = —/A——XIOOO = 335 mm.
150
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\

Provide 8 mm bars gt 300 mm /e, |
Reinforcement details are shown in Fig. 7.3

di 225
;0.5 Ast /8\ dia @ 300 /-10 lai@

a|_ 150
AT 10 dia @ 225 7
A 3m 236~
>230- Section x-x
| 3000 - -
J \. r e ;
T i
: )
Thickness = 150 loda@ ?;E
Efb cover=25 8 dia H
« Fe-415 :
|| ¥ o000
Y — *
PLAN
i
Fig.7.3

7.3 DESIGN OF CONTINUOUS SLAB

Continuous slabs are subjecteq o negative moments at supports and to positive moments ag

esign ig required for all critical sections. However to avoid problems ip

: » usually design is made for the maximum bending moment and shear force anq
the reinforcement is provideq,

IS 456 (table 12 anq 13) o i i nts and shear forces at critica)
sections. The 3) gives expressions for finding mome

: S€ are presented in table 6.2 and 6.3 also. However it may be noted that these
coefficients are for heamg/slabg of uniform cross sections which supports substantially,
uniformly distributed loads gyey 3 or more spans which do not differ by more than 15 per ceng
of the longest span, For a7 other cases, rigorous structural analysis is required.

o onay be noted i i nt is at support next to enq
support that if all spans are equal maximum mome
2 2
M, = "’ld_zl + QSL
and Vi

is at outer of first interior support

) Vinax = 0.6 w; +0.6 wy,
Design Procedure; -

(@) Assume g depth of %th of span.

(u) E.ffectiVe Span shall be found as explained in Art. 6.3 (Clause 222 IS 456).
(l_u) Flnfl design moment and shear force.
(v) Design for moment,

(v) Check for shear. \
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(vi) Check for deflection control.

(vit) Design distribution steel.
(vit) Sketch reinforcement details.

gsample 7.2. Design a continuous R.C. slab for a class room 7 m wide and 14 m long. The
00f is to be supported on R.C.C. beams spaced at 3.5 m intervals. The width of beam should be
pept 230 mm. The superimposed load is 3 kN/m? and finishing load expected is 1 kN/m?. Use
M20 concrete and Fe 415 steel.

Solution.
Depth of Slab
Span 3500
= = 116.67
30 30 o

Let d =120 mm and D = 150 mm
Effective Span
Width of support =230 mm
Clear span = 3500 — 230 = 3270 mm

l 3270

ﬁth clear span =79 = 272.5. mm

Thus width of support < lizth clear span.

. Effective span = 3270 + 120 = 3390 mm
=3.39m
Design Moment and Shear for 1 m wide Slab
Self wt of slab =0.15 x 1 x 1 x 25 = 8.75 kN/m?
Finishing load = 1 kN/m?
Total DL = 4.75 kN/m?
Superimposed load = 3 kN/m?
Maximum moment occurs at support next to the end support and is given by
M, = 15X 339% | 15x3x33% _ 1303 1cN-m.

Maximum shear force occurs at outer side of the support next to end support and is given by
V,=0.6x15x4.75x3.39 + 0.6 x 1.5 x 3 x 3.39 = 23.65 kN.

Design of Main Reinforcement:
X, 1im = 0.48 X 120 = 57.6 mm
M, ;=036 bx,5,(d—-042x,,)
=0.36x20x 1000 x 57.6 (120 — 0.42 x 57.6)
= 89.733 x 10° N-mm
oM, <M, i
Hence singly reinforced section can be designed.
From the relation.
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Ag Ty

=0. 1-
M, 087f,A,,d[ T

), we get

13.93x 10° = 0.87 x 415 x A,, x 120 (1 o Ax 415)

1000x120 20

. A
ie., 321516 =A,, |1 - — 2
st ( 578313)

ie. A’ ~5783.13A, +321.516x 5783.13 = 0

578313 — \/5783.132 -4 x321516 x578313
2

Ast=

=341.7 mm?
Using 10 mm bars,

7/ %102
S= A_x1000 = 229 mm
. 341.7
Provide 10 mm bars at 225 mm c/e

. . 7/ %102

saﬁl\gg?;imum 8pacing permitted is 3 x 120 or 300, whichever is less. Hence this requirement jg

Check for Shear:

7/, x102
D /L— %100 = 0.291

From table 19 in IS 456, 220120

Since slab thickness ig les:cth:;x31850mm, enhance factor 2, = 1.3 (Clause 40.2.1.1)
7. for slab = 1.3 x 0.38 o

= 0.494 N/mm?
. - V. _2365x1000

°" bd  1000x120
T.max = 0.5 x 2.8 = 1.4 N/mm?

= 0.197 N/mm?

Then T, < T,
and < Te max

- Shear reinforcemen; is not required.
Check for Deflection Control:

l
Fi Provided = @Z‘}_O@ = 928.25
120

For continuous slab basici =926
p .
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P e e e e

Py =0.291f, = 0.58 x 415 x 3;41; = 235.7 N/mm?
~. From Fig. 4 in IS 456,F, = 1.55
é maximum =26x1.55=40.3
l . l
— provided < 4 max.
Deflection control is satisfactory.
Distribution Steel
_ 012x1000x150 _ 2
A = 100 = 180 mm

Using 8 mm bars

7yx82
S, =74 " x1000 =2 ) ,
v 180 X 79 mm ;

Provide 8 dia @ 270 mm c/c.

(or 6 dia @ 150 mm c/c)
Reinforcement Details
The details are shown in Fig. 7.4.

Fig.7.4. Reinforcement details in one way continuous slab.

7.4 DESIGN OF CANTILEVER SLAB

Common example of cantilever slabs are chajjas and balcony slabs. These slabs are free at one
end and may be treated as fixed at other ends to lintel beams. They may be overhanging
portions of interior slabs. They need reinforcement at top since in cantilevers subjected to
vertical downward loads, tension is on top. Moment is maximum at fixed/continuous end.
hence design is for the section at that end. We know in cantilevers moment reduces to zero at
free end. Hence the thickness of cantilever slab may be reduced gradually towards free end.
Hence a minimum thickness of 75 mm is maintained at free end.

In the design the following points are to be noted:
w, [?
2

(@) For uniformly distributed load M,, =
and V,=w,L
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(i) Basic value of -1—:'-

C. Structural Elements

a for cantilevers =17,

(i) Main bars detapm:

; TMined gy to be Provided at top :
(@) There shoulq be chec for anchorage length of main bars. .. Adopt a live loc"
Example73. Design cantileye,- balcop,, slab projecting 1.2 m from a beam.
of 2.5 kN/ m%. Use M20 Concrete and Fe 475 steel.
Solution,
Depth of Slah ;
d= %th Span = ?,Z_QQ =171.4 mm
Use =175 mm and D - 200 mm
The depth p may be gradually reduced to 100 mm.
€51gn Momen¢ (M,) ang Sheay V,):
SEIfwelght = Average load taken as udl
2
Fmishingload = 1 kN/m?
1ve loaq = 2.5 kN/m?
Total Joaq = 7.25 kN/m?
Oment g4 shear Per metre wigtp of slab are
2 12 ’
M, = -———w"zL =15%725 x —5~ =7.83kN-m
Vu=w,L=15x795x1.2=13.05 kN,
DESIB‘II of Main Reinforcement
Fulin=0.48d = 0.48 x 175 = 84 mm
i)
i =0, b i (d —_ 0_42 xu lim
Hoin =0367, 01, 5—0.42 x 84)
=0.36x 20 x 1000x 84 (17
=84.50 % 60° N-mm
=84.5 kN-m
MH <Mu lim -
Siﬂgly reinforceq Section can be designed.
Tom the relation,
Ay fy , we get.
M,=087f, A, d[l “bd 7 J

A, xﬁ]
1000x175 20

7.83x10°=0.87x 4154, x 175[1 -

At
123.924 = Ast[l " 843373

te A%, 8433.734,,+123.924 x 84.33.73 = 0.
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A, = 8433.73 — /843373 — 4x123.924 x 8433.73=0
2
Minimum reinforcement :
012 012
A.s—TOF bD—-m—0x1000x200 240mm'

7/ x 82
S = —/‘;-4—0x1000 =209 mm
-. Provide 8 mm bars at 200 mm c/c.

Distribution Steel:

A, = %% % 1000 x 200 = 240
i.e. Provide 8 mm bars at 200 mm c/c.
Anchorage Length
087f, ¢ 0.87x415x%10

2= T4, 4x12x16 376 mm
Provide it as shown in Fig. 7.5
Check Deflection control:

L . 1200 _
:Z—Prowdc;:i 175 = 6.857
oL q
Basic 3
D:= /4 x8 <= %100 =0.196
t™ 200x 200
Area reqd.
=0.58 x 415 x = 240

2 Area provided
From Fig. 4 in IS 456,

Fl = 2

F2 = F3 = 1

%max=2.0x1x1_x7=14

Thus g provided < % max.

Deflection control is satisfactory.

Reinforcement details:
It is shown in Fig. 7.5

8@200 8#200

-

(7]
[+]
o

et mm e

Fig. 7.5.

Details of Reinforcement in Balcony slab.

= 125.8 mm?
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146 Design of R.C.C. Structural Elements

M,, M, — are moments on strips of unit width of span /, and /, respectively
I, and [, — are length of shorter and longer spans respectively.
The coefficients are given in tables 7.1 and 7.2.

Table 7.2 Bending Moment Coefficient for Slabs Spanning in Two Directions at
Right Angles, Simply Supported on Four Sides (Table 27, IS 456 : 2000)
[Clause D-2.1]

l,/Ix 1.0 L1 1.2 1.3 1.4 1.5 1.75 2.0 25 | 3.0
o, 0.062 | 0.074 | 0.084 [0.093 [0.099 | 0.104 0.113 | 0.118 [0.122 | 0.124
a, 0.062 © 0,061 | 0.059 |0.055 |0.051 | 0.046 0.037 | 0.029 |0.020 0.01_1

IS 456 consider the middle §th portion as middle strip and edge - P th portion as edge stnp as

shown in Fig. 7.7. Then it recommends,
Torsional Reinforcement (8 @ 225 — 4 layers, siz\e 0.2/, x 0.21,)
VA

---------------- N

3 ) \‘ j:
; Edge strip
8 @ 225\ _
8 @ 225
»” 8 @225
0.1 L,
‘J % Middlestair
10 @ 225 0.1/ 9;‘.755/’6

%

Thickness = 180 8 @190
M20 w4
Fe 415

Torsional
7r Reinforcement

=i | . 8@225

|

Y
- -+ | Edge strip
= >
e R S I O

| Edge strlp - Middle strip —————»{ Edge strip |
0.25 1 stip 0.75 1, = 3000

8 @ 190
/\@

. 160 180
Z 8@ 150 T
éﬁm” @ s,

b Section along x-x 474

Fig.7.7.
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({) The maximum moment applies to only to middle strip.
(#i) Tension reinforcements provided at mid strip shall extend in the lower part of the slab
to within 0.25 ! of a continuous edge or 0.15 / of discontinuous edge.

(@ii) Over the continuous edges of a middle strip, the tension reinforcement shall extend in
the upper part of the slab a distance of 0.15 / from the support and at least 50 per cent
shall extend a distance of 0.3 /.

(iv) Due to imperfection of boundary conditions, negative moment may occur at
discontinuous edges. To take care of such moments, tension reinforcement equal to 50
per cent of that provided at mid span extending to 0.1/ in to the span will be sufficient.

(v) Reinforcement in edge strip, parallel to that edge, shall comply with the minimum
requirement.

(vi) Torsional reinforcement: ,

Torsional reinforcement is to be provided at corners where two adjacent edges are
discontinuous/simply supported. It consists of two layers of reinforcement mesh at top and
other at bottom of slab with required cover. The area of reinforcement in each of these four

layers shall be % th of the area required for the maximum mid spah in the slab and shall be of

length —::;th of the shorter span.

Design Procedure
() From serviceability criteria, depth required is much less compared to one way slab, if
short span is less than 3.5 m and live load less than 3 kN/m?2. For such slab allowable

—Ldiratio is as follows:

, Fe 250 Fe 415 or Fe 500
For simply supported 35 28
For fixed or continuous 40 32

For two way slab with shorter span greater than 3.5 m or live load greater than 3 kN/m2,
the allowable % ratio same as for one way slab.

(@) Find effective I, and L, .
@iZ) Calculate design moments using coefficients given in table 26 or 27 in (IS 456) and shear
' 4
r l 2,
i =W,—— =.Wh ==
V,. at support. Design shear V. = W, a7 2 erer Z.
(iv) Design reinforcements in both directions.
(v) Check for deflection control. . . .
(vi) Provide reinforcements as per the IS 456 guidance which will take care of crack width
control.

(vii) Design torsion reinforcements at corners where two discontinuous edges meet.
Example 7.4. Design a reinforced concrete slab for a room of clear dimensions 4. mx5m.
The slab is supported all around on walls of width 300 mm. The slab has to carry a live load of
4 kEN/m? and floor finish 1 kN/m? Use M20 concrete and Fe 415 steel. Assume corners are
held down. Sketch the details of reinforcements.
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Solution:
Thicknesg
Since L>35
t. £ ]
ake S 25, de & say 160 mm
25
D= 1g4
Effective Span;: e
Now 3x=4+0.16:=4.16
l,=5 +0.16 <5 14 m
=516
=Rt =
. 418 125 <9
Hence twq Way slab ig ¢, be designed
Design Moment and Shegy, .
Loads:
Self wt = 18><1><1x25=4.5 kN/m?2
Finishing 1 kN/m?
Live loaq 4 kN/m?2
Tota] 9.5 kN/m?2
Factored load

; W,=1.5x% 95 = 14.25 kN/m?
e slah ig Simply SUpporteq

TDErs are
ince it rests on walls). The co;

on all the ides, (since it res . -e obtained from
held down by Providing torsiong) reinforcell?:r:ts.lemce moment coefficients are o

table 7.1 (table 26, 1S 456), cage 9

O = 0072 . 0.007 % —‘{
o, =0.058

=0.0748

M, =0.0748 14.25 x 4.16% = 18.45 kN-m.
M, = 0.056 14.25x 4,162 = 13.81 kN-m
4
V,.=14.95 —_l%__x 416 _ 17.96 kN.
‘ 1+12447 ¢
Design of Main Reinforcement
@ Reiﬂforeements inx- directions;
d =160 mm,

*ulim = 0.48 % 160 = 768
M, . =0.36 Xfer X b x, i1 (d—0.42 Xy lim)
=70.63x 10° N-mm
=70.63 kN-m.
M, <y

ulim- Hence under reinforced section.

415
ASE b4 _——«-]
18.45x10°% = 0.87 x 415 A, % 160[1 " 1000 % 160 20
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319.38 = As,[l - ﬁ‘——]
771084

A2 _7710.84A,, +319.38 x 7710.84 = 0.

A= 771084 — \/7710.842 —-4x31938x%7710.84
st —
2

= 333.83 mm?2.
Using 10 mm bars, )

. 74 x 10
Spacmg = M %1000 = 235.3 mm

Hence provide 10 mm bars at 225 mm c/c.

@) Reinforcements iny-directions:
These reinforcements will be placed above the reinforcements in x-direction. Hence in

tbese case.
d= 160—8_=152mm

From the relation,
Ay 1y
bd f ck

M, = 087f, A, d(l—- ) , we get

13.81x 10° = 0.87 x 415 A, x 152 (1 Au 415) ~

T 1000x152° 20

251.64 =A3,[1 A
7325.30

A2 —7325.30A,, + 251.64x7325.30=0

st~ 2
= 260.9 mm?2. '

42 _ 732530 732530° — 4 x 25164 x 7325.30

Using 8 mm bars, spacing.

7/ % 82
S = —A—xIOOO =192
2609

Provide 8 dia bars at 190 mm c/c.
It satisfies the prescribed maximum spacing clauses (i.e., 3 xd or 300 mm whichever is less)

Check for Shear:

T, =-t=—T— ——— =0.112
° bd 1000x160

_ %x102 x 100

- =0.218
Pe 225 < 160




AR

=

U med o o arg

150 DesignofR.C.C. Structural Elements

Permissible bagic Te = 0.33 N/mm? 9.1.1)
Enhancement factor for slab of 180 mm thickness is 1 242 (Clause 40
Permissible shear =0.33x1.24 = 0.409 N/mm
Tomac = %xzs = 1.4 N/mm?
Thus t, <1,
and <7, . . ,
Hence shear reinforcements are not required.
Check for Deflection

8 Criteria :

| gprovided - ﬁw =26

Basic 3 =20,P, = 0.218,

d
f;=098x415x A Teqd

=240
A,, provided

Fl = 1.60

—

3 max=20x1.6=39.

Thus g provided < L max,

Deflection control ig satisfactory,
Torsiona] Reinforcement at Corners:

Size of mesh = 5‘- = 416

~— =0.832 m. = 832 mm.
5 5

Size of wal] = 300 mm,
Provide mesh

of size 300 + 832=1100 mm
with side cover of 30 mm,

a of torsiona] reinforcement

= %x 33383 = 250.05 mm2.
Using 8 mm bars

7/ x 82
§=44"7_ =201 mm c/c.
25005 <1000
- provide 8 mm mesh of 200

mm c/c,
Reinforcement in Edge Strip;

A= 012x1000 X180 % 216 mm?2
1000

/o2
§= %XIOOO = 232 Provide 8 mm @ 225 c/c.
The reinforcement detail is shown in Fig. 7.7.
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Example 7.5. Design a slab for a room of clear internal dimensions 3 m x5 m supported on
walls of 300 mm thickness, with corners held down. Two adJacent edges of the slab are continu-
Oous and other two discontinuous. Live load on the slab is 3 kN/m?. Assume floor finish of
1 kN/m?. Use M20 concrete and Fe 415 steel Sketch the details of remforcements

Solution.

¢
Since l—y <2 , it will be two way slab.
X

Thickness of Slab
As [ < 3.5 m and load is 3 kN/m only, from deflection criteria, depth of slab requn'ed is

glvenb ——32
Y d

Hence let d= M
A 32
say d= 100 mm

D= 125 mm

Eﬁ'ectwe span As thickness of wall is more than depth of slab,
l.= . 3000 + 100 = 3100 mm = 3.1 m
l,= 5000 + 100 5100 mm=51m-:

li = §:1- =1 65
I.. 381.
Bending Moment & shear Force:
Self weightofslab™ = 7 7% ’6‘T25 x1x1x25= 3 125 EN/m?2
Floor finish =1 kN/m?2 -
LL | = 3 ¥N/m?
Total ‘= 7.125'kN/m*®

w, —15><7125 1069kN
Referring to case 4 in table 26 (in IS 456) in short span d1rectlon,

Coefficient for -ve moment = 0.075 + —_— (O 084 — 0 075) 0.0804

Coefficient for +ve moment = 0.056 + —ég (0.063 — 0.056) = 0.0602

For long span,
Coefficient for — ve moment = 0.047
And Coefficient for +ve moment = 0.035
Design —ve moment for short span
= 0.0804 x 10. 69 x 3.1 = 8.26 kN-m
Design —ve moment for long span = 0.047 x 10.69 x 3.1% = 4.828 kN-m
Design +ve moment for short span = 0.0602 x 10.69x 3.12=6.18 kN-m
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‘Design +ve moment for long span = 0.035x 10.69 x .12 = 3.560 kN-m
‘ %y 1im = 0.48 X100 = 48
M,y =0.36f4, bx, i (d - 0.42x, )
=0.36 x 20 x 1000 x 48 (100 — 0.42 x 48)
=27.592 x 10 N-mm.

=27592kN-m. >M,.
- Singly reinforced section can be designed.

Design for —ve Reinforcement;

Using the expression,

M, =087f,A, d[l B :2‘ ff ]
k
for short span direction, we get c

; A 415
8.26 x10° = _ st
0°=0.87x415x A, x 100 [1 1000 %160 = 20

A
228.777 = ——t
A [1 4819.277]

2
Le., Aj- 4819.2774,, + 228.777 x 4819.277 = 0.

A _ 4819277 V48192772 — 4 x 1x 228777 x 4819277

st = 2
. . = 240.8 mm?.
8ing 8 mm dia @ spacing reqd is given by
7/ x 82
S= —-/;HB——XIOOO = 208 mm.
Provide 8@ 200 c/c.
Inforcement in long direction:
M, = 4828 kN-m
d=100-8=92
A 415
4.828x 105 = ~ 100092 )
0.87x 415 A4, 92 |1 -0 93 % 20

145349 =4, [1 - 4;‘;;73]

. 2
lLe., A% - 4433.735A,, + 145.349 x 4433.735 = 0

o A= 4433.735 - /4433.735 — 4 x 145.349 x 4433.735
3 - ' 2

= 150.[15 mm?
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A,, Minimum = 91%(2; x 1000 125 = 150.
. Provide A, = 150.45 mm?,

“Using 8 mm dia Fe 415 steel, spacing reqd.

7y x 82
=Z4" " 41000 = 334 mm
15045 .

.. Provide 8 mm bars at 300 mm c/c, which is maximum spacing permitted.
Provide the same in edge strips also.

Extend 50% of the tension steel to the supports and 50% steel to within 0.1/, or 0.17, of the
support as appropriate.
Torsional reinforcement at corner of two discontinuous edges:

A, = %x240.8 = 180.6 mm?

Using 8 mm bars,

‘/zx82

4

= 1 00—

S 30. x 10 =278 mm

Provide 8 mm bars at 275 mm ¢/c
Design for +ve moment:
In x — direction M, =6.18 ka-m.

6.18x 10° = 0.87 x 415 A,, x 100 (1 - x
1000x100 ~ 20

A, 415)

171.167 =As,[1 - —-ﬁz‘_]
4819277

AZ —4819.277A,, +171.167x4819.277 = 0.

4819277 - JV4819.277 — 4 x 1713167 x 4819277
2

A, =
= 177.7 mm?
Provide 8 dia bars. Spacing reqd

7/, x 82
s = _/‘L_xmoo = 282 mm

. 1777

Provide 8 dia bars at 275 mm c/c.

In y — direction, M, = 3.56. Too small. Provide

8 @ 300 mm c/c. : '
Check for Shear: : /

rt '
V,=05 w,l, -i-:;z
4
_05x1069x3.1 % _146kN.

1+1654




154 Design of R.C.C. Structural Elements

1461000 )
Toi= _ . )
q m =0.146 N/mm

%sz
»= 200195 <100 = 0.251
* 7. from table 19 in IS 456

=0.36.

Enhancement factor for slab of thickness less thap 150 mm = 1.3.

%=1.3x0.36 = 0,468 N/m®

Temax=0.5X2.8 = 1.4 N/mm?
Then TL<T

(4
and algg < e
Hence safe in shear,

Check for deflection Control:

L 3100

= 1 = — = 31.
. = Provided 100

From Fig. 4ip Ig 456,

g— max = 1.56 x 20 = 31.2

L
Thus g Provided < L max

* Deflectjop

_ contro] g satisfactory.
einfy

Teements detaj] is shown in F ig. 7.8

015 /,~

ja0.3 fy —]

0_151; l=0.25 l'y"
5m =

Fig. 7.8.
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3.

5.

( - QUESTIONS ]

Design a corridor slab for a college building given:
Width of corridor =25m

Live load = 5 kN/m?
Finishing load = 1 kN/m?

Use M20 concrete mix and Fe 415 steel.

Design a one way continuous slab of spans 3.6 m, if imposed load is 3 kN/m? and finishing
load is 1 kN/m?2. Assume width of beams as 250 mm. Use M20 concrete and Fe 415 steel.
Design a cantilever slab of span 2 m to carry a imposed load of 2 kN/m? over its entire
span. Take finishing load as 0.5 kN/m2. Use M20 concrete and Fe 415 steel. Sketch the
details of reinforcement, if the slab is supported by a beam of size 300 mm x 500 mm.
Design a reinforced concrete slab for a room of size 5.5 x 4 m clear in size if the
superimposed load is 5 kN/m?. Use M20 concrete and Fe 415 steel. The edges are simply
supported and corners are held down.

Design a reinforced concrete slab of size 6 m x 4 m whose one short edge is dlscontmuous
and corners are restramed at supports. The slab has to carry a live load of 3 EN/m? and
a floor finish of 1 kN/m?. Use M20 concrete and Fe 415 steel. Sketch the details of
reinforcements.
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8.1 INTRODUCTION

Columns is a compressio i . times the
le ] . n member., the effective length of which exceeds three Wmes i3
le::: llaatteeﬁ ‘gl:en‘fmn; A compression member with effective length less than three times
design of struts ension is called pedestal. The design procedure for columns hold good for the
columns and truals?’ since strut is also a compression member. Note that difference betweel'al
t0 Some ofhy struts is that.; column transfers the load to footing while strut transffers. th.e loa
as short, if T membe;' as in case of compression members of trusses. A column i8 consuiere.d
» 1ts effective length to least lateral dimension is less than 12. If the above ratio

exceeds 12, the column is treated as long or slender.

a chlzgﬂ:sl ct};apt‘il‘ the terms length and effective length of column is explained. Then various loads

explained. ‘Hex columns is presented. The slenderness limits and minimum eccentricity terms are

axial ang en des{gl.l of short columns subjected to axial load and columns subjected t0 combined
moments is illustrated. The design of slender (long) columns is also explained.

8.2 LENGTH OF coLumns

t'll‘lheel;::.l;lslp"!ted length of column may be taken as clear distance between end restraints. In
ing situati situation there should not be any problem in finding this value, but in the follaw-
o F;a 10ns, the unsupported length ‘I’ may be taken as indicated below:
oft]t Slab. construction: It is clear distance between the floor and the lower extremity
€ capital, the drop panel or slab whichever is less (Fig. 8.1).

 Flatslab _§ ) Flatsiab } ) Flatslab }

Drop panel
Column capifa rop pane

Sotumn

llllllllllll VIIITI77077ITITITI777F77777777777777777777777727777777

Fig.8.1. Lengthin Flat Slab Construction.
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@)

(U7))

(v)

Beam and Slab Construction: In this
case [ is the clear distance between the
floor and the underside of the shallow
beam framing into the column in each di-
rection at the next higher level as shown
in Fig. 8.2.

Columns Restrained Laterally by
Struts: In these cases unsupported
length [ is the clear distance between
consecutive struts in each vertical plane,
provided that two such struts meet the
column approximately at the same level

through the strut shall not vary more than
30° from a right angle (Ref. Fig. 8.3).

shall be of adequate dimensions and
should have sufficient anchorage to
restrain the member against lateral
deflections.

Columns Restrained Laterally by
Struts or Beams using Brackets at the
Junction: In these cases the unsupported
length ! shall be the clear distance
between the floor and the lower edge of
the bracket (Fig. 8.4), provided that the

However it may be noted that such struts ]} %

i T TP

Beam ?

7 Beam

h

Il 7 7777777777777 77777777/77777

and the angle between the vertical planes Fig.8.2. Lengthin Beam and Slab Construction

A~

§sm

? Strut »
' Strut

(a) Elevation

: - Column
\--— Column i .

Strut Strut
®

(b) Plan

_ bracket width equals that of the beam or Fig. 8.3. Length of Columns Restrained Laterally
strut and is atleast half that of the

column.

Beam

i)

by Struts

Beam

Bracket

- Column

S/ 777
Fig.8.4. Length of columns restrained laterally using brackets.
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8.3. EFFECTIVE LENGTH

P s . d for cOl '.
In the subject strength of materials it has been shown that Euler’s buckling loa:

| EL 1) these cases may be
with different end conditions works out to be of the formP, = a Z

represented by a single expresion like
2
p - WEI

o= T,

l
if we define 1, as effective length.

condi-
2 .. tice end -
The buckling load o * 2EI can be found for idealized end conditions. In prac

. idealise ends
tions are never ideal. For example in case of framed structures, it is dlmz}:}: ggsgth for sgch
as fixed, free or hinged, Ig 456 gives a method of determining the effecti so depends upon
cases which is in terms of stiffnesses of members meeting at the joint. It af sr Annex E in IS
whether the frame joint Sways or do not sway. For this the reader may refe
456

; ined
‘ . h determined
In normal ysqge idealized end conditiong may be assumed and effective lengt

) theoretical
as shown in tap)e 8.1 (Table 28 in IS 456). These values slightly differ from the
values,

Table 8.1 Effective Length of Compression Members
[Table 28 of IS 456-2000] —ded
Degree of End Symbol Theoretical Recg_;'; ue of
straint of Value.Of Effective
Compresgion Effective Length
embers Length

X S @
T

(&)
2 0.651
Eﬂ‘e}ctively held in 0.50 7 ’

LL
Position ang restraineq
775/77 ]
V4

against rotation in
0!
0.70 1 0.8

R

both endsg,

Eﬁ‘ectively held in
Position at both ends,
restrained againg
rotation at ope end,

Effectively held in
position at both ends,
but not restraineq
against rotation.

Effectively held

in position and restrained
against rotation at one
end, and at the other
Lrestrained against

1.00 1.00¢

1.00 ¢ 1.201

rotation but not held

1n position
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Degree of End Symbol Theoretical Recommended
Restraint of Value of Value of I
Compression Effective Effective ‘
Members Length Length 1,
(1) ) 3) 4)
Effectively held in N — 1.50! :
position and restrained N Ll ) ;
against rotation in ; ‘
one end, and at the ' ‘
other partially restrained 77

against rotation
but not held in position

Effectively held in 2.001 2.0017
position at one end

but not restrained

against rotation, and

at the other end restrained
against rotation

but not held in position

Effectively held in 2.00! 2.00!
position and restrained )
against rotation at one
end but not held in
position nor restrained
against rotation at the
other end.

Note: ! is the unsupported length of compression member.

8.4. LOADS ON COLUMNS

The columns get the load from beams. The end reaction of the beam is the load on the column
supporting the beam at that end. Self weight is also to be considered. The load on the column
may be central or may be eccentric. Apart from the vertical load we know from structural
analysis that columns are subjected to moment also. Moment may be uniaxial if plane frame
action is predominant or it may be biaxial, if the frame action is predominate in both direc-
tions.

8.5. SLENDERNESS LIMITS FOR COLUMNS

IS 456 clause 25.3 imposes the following slenderness limits for columns:

@) The unsupported length I shall not exceed 60 times the least lateral dimension of the
column, (7 # 60b.).




160 Design of R.C.C. Structural Elements

(#) Ifin any given plane, one end of the column is unrestrained
2
1% 100%
D
where b = width at that section
and D = depth at that section.

8.6 MINIMUM ECCENTRICITY

N o column can h.ave perfectly axial load. There may be some moments acting due to imperfec-
tion of construction or due to actual conditions of loadings. Hence IS 456 clause 25.4 specifies
minimum eccentricity to be considered in the column design as given below:

[ Lateral dimension
Cmin = +
500 30

subject to a minimum of 20 mm.
If biaxial bending is considered, it is sufficient to ensure that eccentrically exceeds the
minimum about one axis at a time.

2

8.7 ASSUMPTIONS

In the limit state of collapse — compression, the following as-
sumptions are made in addition to those made in the limit state of /l\ M
collapse — flexure:
(i) The maximum compressive strain in concrete in axial com-
pression is 0.002.

() The maximum compressive strain at the highly compressed
extreme fibre in concrete subjected to axial compression and
bending and when there is no tension shail be 0.0035 minus
0.75 times the strain at the least compressed extreme fibre.

Referring to Fig. 8.5,
gmax = 0.0035-0.75 &,

81

Frr7777 FT7777777

8.8 DESIGN OF AXIALLY LOADED SHORT COLUMN

Making the assumptions listed above and taking care of minim.ur?:l
eccentricity clause, IS 456 specifics (Clause 39.3) that when mini.-
mum eccentricity does not exceed 0.05 times the la-teral dun'en-
sion, the member may be designed by using the follow1ng equation:

Pu = 0.4 f;‘k AC + 0.67]‘_:;Asc 8'2
P, = Factored Axia] load on the member .
A, = Area of concrete

and A, = Area of longitudinal reinforcement,
|

where,
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If helical reinforcements are used instead of laterals, the strength value given by equation
8.2 may be multiplied by 1.05, provided in such case the ratio of the volume of helical
reinforcement to the volume of the core shall not be less than

Ag fer
0.36 ( A 1] 7,
where A,— Gross area of the section of column
and A, — Area of the core of helically reinforced column measured to the outside diam-
eter of the helix
The reinforcement selected by the designer should satisfy the clause 26.5.3 given in the IS
code. Some of the important specification are given below: '
(@) Longitudinal Reinforcement:

@) The cross sectional area of longitudinal remforcement shall be not less than 0.8%
nor more than 6% of gross sectional area. Where bars from the column below are to
be lapped with those in the column under consideration, the steel shall usually not
exceed 4 per cent. Thus it is preferable to maintain the reinforcement in the range
0.8 per cent to 4 per cent of gross area of column.

(i) In any column that has a larger cross sectional area than that required to support
the load, the minimum percentage of steel shall be 0.8 per cent of required area
rather than 0.8 per cent of area provided.

(i) Minimum number of bars to be provided are 4 for rectangular sections and 6 for
circular sections spaced at equidistant.

(fv) Minimum diameter of bars to be used is 12 mm.

(v) Spacing of longitudinal bars measured along the periphery of the column shall not
exceed 300 mm.

(b) Transverse Reinforcement:
These reinforcements are required to provide lateral support. If these reinforcements are not

provided reinforcement may buckle and the failure of columns take. The transverse reinforce-
ment provided should satisfy the following requirements:

@) The internal angle ¢ of the transverse reinforcement should not exceed 135° (Fig. 8.6.)

<>
” ,
(a) ¢ »135° (b) If ¢ > 135°
Fig. 8.6.

(ii) If spacing of longitudinal bars is less than 75mm. altemate bars may be unsupported as
shown in Fig. 8.6(c).

(2] [*]
0 o
lajal] lalal

as75
Fig. 8.6 (c)
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N . ‘\
(@) Diameter of ties should not be less than

. @ %gh of largest diameter of longity

(5) 5 mm. -
(i) The pitch of ties shall not be more than

(@) Least lateral dimension of the column,
®) 16 x the diameter of smallest longitudina] bar.
. (¢) 300 mm.

. irement, if
() The piteh of the helica] reinforcement should satisfy the following requirem
, strength is enhancedby 1.05.

(@ not more than 75 mm,

dinal bars

(®) not more than %th core diameter of helix bars
(©) not less thap 25 mm,

) 10t less than 3 tipeq the diameter of helix bars.
Ample 8.1, Deg;

. . h ends o
. SteN @ column, 4 1y, long restrained in position and direction at bot.
carry an axial logq of 1600 kN, Use M2

0 concrete and Fe 415 steel.
3 Solution ;

l=40m,
Both ends are fixed, 40m

Ler=0.650=0.65x 4= 2.6 m.
u=15x 1600 = 2400 kN.
s We get, = 99¢, Ag and Asc =1% Ag-

99 L4,
2400x 1000 = 0.4x20 iO_OAg +067x415x% 100 ¢
o =224288 mm?,
Using a 8quare colunm, Bize, Ag Smm

ST M

Assuming 1% stéel

. =22 =474 mm.
Provide 500 mm x 500 mm, ¢ 4288
Check for slendernegg of co} Umn,
1 in
o 2
" S ‘% =562<12
It is a short columy,

i Minimum eccentricity
n=—_,D _4000 500
! emm=\_+\=__+—=24.67
; e 5007307500 * 730
T D= 2:7? =0.049 < 0.05 -
| Hence design as axially loadeq short ’
|

Longitudinal Reinforcement.
; - 1

f/ Aw“mxAg regd
t

_ 1 ' 2
-.mx224288 = 2243 mm
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Provide 8 bars of 20 mm. diameter. ( Always provide even number of bars, preferably in
multiples of 4)

Lateral Ties: -
Diameter of lateral ties should not be less than
(aj %=% = 5mm b) 5 mm.

Hence use 6 mm bars.
Spacing : It shall be minimum of
(a) least lateral dimension = 500 mm. - (b) 16 x¢ =16 x 20 = 320 mm.

() 300 mm. , A
Provide 6 mm lateral ties at 300 mm.c/c as shown in Fig 8.8
—
\ 6 dia @ 300
8#20
=
T~
i /
6 dia @ 300
e =
400
X
— 40— —40+—
b 500 '

Fig.8.7. Details of Reinforcement
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Example 8.2. Design the reinforcement for a short axially loaded square column of
mm X 400 mm to support a load of 1000 kEN. Use M20 concrete and Fe 415 steel.
Solution :

Factored load, P, =1.5%1000
= 1500 kN.
=1500000 N
size of the column = 400 mm x 400 mm.
A; =400 x 400 = 160000 mm?.
Using p’ percentage reinforcement, from the expression :

P,=046f,A, +0.67f, A, we get

1500000 = 0.40 x 20 x Ag( —J’—)+ 0.67x415x -2 A,.
100 100

| ie. 1500000 = 0.40 x 20 x 160000 (1 - L) +0.67 x 415 x —£— x160000p
i 100 100
P 1500000 = 1280000 — 12800 p + 444880 p.
f
L or p=0.509
: This is less than minimum reinforcement of 0.8. Hence provide 0.8 per cent reinforcemeng_
To find ifequiredAg,
1500%1000 = A (1—-9'§- 04x20 +0.67x4 &S—A .
" 100 X + X 415 x 100
A, =147632 mm?.
08 2
A = Jo5 % 147632 = 1181 mm®.
- Provide 4 bars of 29 mm ¢,

A, provide = 1256 mm?.
Lateral Ties:

Diameter not lesgg than

$_20
(a)4—4—5mm. () 5 mm.
Use 6 mm ties,
Pitch: Not more than
(@) least lateral dimensigng - = =
() 300 mm. N8 =400 mm. () 16 x ¢ = 16 x 20 = 320 mm

provide 6 mm tieg g¢ 300 mm c/c.
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The details are shown in Fig. 8.8

\/
\ 6 dia @ 300

T —

/4 #20
F q 6 dia @ 300

A e
400
a0 T4
jat————400 ——

Fig. 8.8. Details of Reinforcement

Example 8.3. Design a circular column oi' diameter 400 mm with helical remforcem;::;
subjected to a working load of 1200 kN. Use M25 concrete and Fe 415 steel. The column y
unsupported length of 3 m and is effectively held in position at both ends, but not restraine

against rotation. .
Note: Sometimes dimensions are fixed from architectural consideration. Designer has to seé tha

column can be designed with steel between 0.8 to 4 per cent.
Solutions :

Unsupported Length l=3m.
Ends are effectively held at both ends and rotation not restramed (hinged ends)

L=l=3m.

L 3000
—=—2=17. 12
d 400 7.5<

~. It may be designed as short column.




L

: .;‘./64‘-3'-/»&}‘5“ T

166 Design of R.C.C. Structural Elements

-
Minimum Eccentricity:
L D 3000 400
in= T—+— = 2YVV _ = 19.33<20mm
“min = 500 * 30 500 30
emm = 20 mm
Cmin = 20_ =0.0

also D 490 =005

Hence it may be trated as axially loadeq column,
Main Reinforcement:

. b
ITying capacity is giver 0¥
P,=1.0500.47,4 4 0.67f,A,]
P =1200
P, =1.5x1200 = 189 kN = 1800 x 1000 N.
Let p be the % reinforcement ugeq,
D
=4 [1-_P_
4 Ag[ 100)
p
A=
* %7100 4
1800x 1000 D L 4
D
= Ag[lo =15 +27805 p]
= §x4002[10 +2.6805p)]
) P=1.3586
Thus p i between 0.8 g 4.0%. Hence satisfactory.
2
' A= 306} 4, =1.3586x£—x4002 =1707.3 mm®.
Provide 6 bags o g4 mm diameter.
A Provided = 6 g *20 = 1885 mm?,
Helica] Reinforcement
Let us.try 8 mm gpjrq)q at pitch 'S' with clear cover of 50 mm.
Core diameter =400-2x 50 = 300 mm.
Area of core A, =Zy3002_ 1885
4
= 68800 mm?
Volume of core per pitch height S,
=68800x S
Length of one spiral of 8 mm diameter

=n(300-8)=292
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Volume of one spiral , )
V,, = fsz x 2027

= 46110 mm?®.
». According to clause in IS 456,

Vas <0.36 [ﬁg-—_l]fi

Ve A, 5
Now Aqg = 5 x400° = 1256637 mm®
~. According to the above clause,
46110 [125663.7 25
———_<0. 1
68800S 36[. 68800 ]-415
S 237.4 mm.

Maximum pitch specified : 75 mm. or
Core diameter 300

6 = 5 = 50 mm. L
Minimum pitch : 25 mm or 8 x diameter of helical reinforcement
= 24 mm.
i.e. 24 mm.

Provide 8 mm spirals at 40 mm pitch
Reinforcement detail is shown in Fig. 8.9.

~— 8¢ @40 clc

8¢@40clc
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8.9 DESIGN OF COLUMN s ED TO COMBINED Axjar LOAD AND
UNIAXIAL MOMENT (USING sp. ;g

When there is no moment 31, =0], then it js 5 pure axial load case and in this case fal=

strain in compression i5 0.002. For such case taking into account only minimum eccen
IS code gives load Carrying capacity g

P,=04f, 4 +0.677 A ol
If axial load P, = 0 anq bending m, e -y oment case
hence the design will be like thas I beam, (1 00l load. it is pure m

?111]: 2 d-e S1En of many coiu_mn, we know we Come across the above two extreme E
sal?)uld(f(}dls mgr%s naturally jtg Moment carrying capacity will be less and vice versaarﬁgv
Desi ogsuggl::q;lu 456.recomm.gnds design of such column with assumption (i) hstedef_l el
suchgc-[;_lc i, inlf:m 1?}’01"6 lengthy calculations using equilibrium equations. Bas
i iszac 10D curves haye been developed to assist designers and are p ar:dsenm
B e e orcement Concrete to IS: 456 - 1978’ by Bureau of India S.tand & =
Fig. 8.10. In this the b F 211y known as Sp_ 1 4 typical interaction diagram is as shown

e S the f“HO"Vlng three pointg are clearly visible:

10¢C

7] Compression failure

B, Balanced failure

0

T T L s
0.05 010 A'015 020 0.25 0.30

u

2
fo bD

Fig, 8.10, Typical Interaction curve.
A : Pure moment case

C : Pure compressiop, case

B : Shows the point : ir limiti alues
simultaneously, Where failure strain in concrete and steel reach their limiting v.

In the region B to ¢ comprESsion fiiluse takes plice.
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The design Cha;ts are gl};en in the form of interaction dia- " .-Ais of bending )
gram in which o Il; D Vs kab‘I‘)z are plotted for different val- i e § T S

O o i )
ues of -2 , where p is the percentage reinforcement. SP-16 I o : o

ck . o : o
gives charts for designing rectangular sections having reinforce- l o ; °
ments on two sides [Charts 27 to 38] as shown in Fig. 8.11 and :
for reinforcements on four sides [ Charts 39 to 50] as shown in te D >
Fig. 8.12. The charts for the cases shown in Fig. 8.12 are pre- Fie. 8.11
pared for a section with 20 bars equally distributed on all four - 8.5 _
sides, but they can be used without significant error for other 1~ Axis of rotation
numbers also. But to use these charts minimum of 8 bars P O
should be selected, distributing equally on the four faces. — —

The charts for circular sections [chart 51 — 62] have been T 3 ' S
prepared for a section with 8 bars but they can be used for bly g
section with any number of bars but not less than 6. Charts l R .o oad
have been given for three grades of steel and four values of D " b —

Fig. 8.12

for each case mentioned above.
Example 8.4. A column of size 300 mm x 400 mm has effective length of 3.6 m an_d. is
subjected to P, = 1100 kN and M, = 150 kN-m about the major axis. Design the column using
M25 concrete and Fe 415 steel, providing the steel

(@) On two sides
(b) On four sides.
Assume cover of 60 mm.

Solution : ;
L =3.6m=3600 mm D =400 mm
L 3600

—=—=9<12,
D 400

Hence it can be designed as short column

Actual eccentricity

M,  150x10°
P, 1100x10°
L D 3600 400

= =" 34— =20.53 mm.
emin = £00%30 " 500 = 30

= 136 mm

e=

e >€enin

Hence design it as short column subject to axial load and uniaxial moment.
In this problem,

P, 1100 %1000

fobD _ 25x300x400

6
M, _ - 150 %10 _=0.125 |
fabD 25 % 300 x 400 |

= 0.367




T A S —
[
t [}
R

ey

3 = m = 0.15
two faces only:
Referring to chart No. 33 in SP-16,

(@) Réinforéement on

p
~— =0.093
fek

p=0.093 x 26 = 2.325

A, = 23)%5 x300x400 = 2790 mm?.

dia bars, 3 on each face.
A provided = 2945 mm?,

Provide 6 numbers of 25 mm

Design of lateral Ties

Selecting 8 mm bars, maximum spacing 16 x ¢ = 16 x 25 = 300, least lateral dimension 3
mm. Hence provide 8 mm Jaterq) ties at 300 mm c/c. as shown in Fig. 8.13.

F——400——>1 425
] 4
300 1
7 ] |§s dia @ 300
60 60
Fig.8.13.

®) Reinforcement on all the 4 faces:

From chart 45, for _B, _
_ fobd = 0.367
and u P
F a3 =0125 £ -0.115
2 b >
f"‘kbd f ck
P =0.115 %25 = 2.875

A, = z’f%x 300x 400 = 3450 mm?>.
Provide 8 bars of 95 mm diame telf)

Ay Provideq = 2
In this case also ] 3927 mm?.

aterals reqy; . . £300 mm c/c. Provide them a8
shown in Fig. 8.14, €quired will be 8 mm at a spacing o m

R——400—=1 g425

1K

1601 m\e dia @ 300

Fig. 8.14.
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8.10 DESIGN OF COLUMNS SUBJECTED TO COMBINED AXIAL LOAD AND
BIAXIAL MOMENTS

If three dimensional frame analysis is carried out, one can observe that many columns are
subjected to axial load and biaxial bending. Biaxial bending is more predominate in the corner
columns of buildings. The exact design of such columns is extremely laborious. IS 456 permits
(clause 39.6) the design of such members using the following interaction formula:

on M an
[M"x] += | <10
Muxl Muyl .

M., M,, = Moments about x and y axes due to design load

M., M,,; = maximum uniaxial moment capacity for an axial load P,, bending
about x and y axes respectively and o, is related to P, / P,

where,

2.0

10

0.8 1.0

Fig. 8.15. Variation of 0, w.r.t. 2%
Puz

P, =045f,A, +0.75f, A,

For values of %‘L = 0.2 to 0.8, the values of o, vary linearly from 1.0 to 2.0. For

where

values less than 0.2, o, is 1?6, for values grater than 0.8, o, is 2.0.

For g—“— between 0.2 to 0.8.

uz

However in using the above procedure designer may experience difficulty in calculating
M,,, and M. Since percentage steel p’ is not known. For this trial value ofp is to be assum
and proceed to check interaction formula. '

Devadas menon had suggested that trial value of p may be selected based on axi

a uniaxial moment of M, = 1.15\’fo +M?, . This way number of trials may be reduced and

al load and
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AR may be fol-
many times succeeding in first trial itself. Hence the f‘ollowing design pmcedure y

lowed:

u

P,
@) Find M, = 1.15,/fo+M3y , Calculate s

ck

Fing ¢
D

Use appropriate chart in SP — 16 for equal bars on a]] four faces to

u

fcka
number of bars (multiple of 4) on all the faces.

P

ck

M, using the appropriate chart in SP-16.
Similarly determine M/ Lot

Determine P, using the relation
P,=045f,A_+0.75 ; O

@) Find actual 'p' provided and hence . For

(@2)
(Zv)

(v) Find o, corresponding to L :

uz
raction formula is satisfied.

ula is not satisfied increase ‘P’ and try again
reinforcements.

lustrated with the example below:

(vz)
(vii)
(viii)

Check whether inte
If interaction form
Design transverse
The procedure is i
Example 8.5 A corner
M,. =190 EN-m and Muy
concrete and Fe 415 step]
Solution:

Size of column 400 x 499 mm.
P, =1300kN, iy,

=190 kN-m M,, =110 kN-m.
for =25 Nfmm? p _ o0 o
(@) Selecting trial rej forcement
/2 o’ 1300 = 0.325

fexbD ~ 25% 400 %400
Uniaxial M, tria]

M

——u_ __ 2525x10°

fedD? ~ 95 400 < 4007
d” 60
H=-—=0.1

D 409 015

Referring to chart 45 i SP—IS,

= 0.158

P
> =01
fck o

})u . )2
7~ Zlven and -
fcka g f:-.‘c

+ P for axial load
ck

ge

; elect equal
and M, the uniaxial moment. Calculate area of bars required and s

provided, determine

= 1300 kN,
column 400x 400 mm, is s ubjected to the factored loadsalsj;uming M25
=110 EN-m. Design the reinforcement in the column, T
and effective cover of 60 mm. Assume it is a short co

/ 2 =252.5 kN-m
=115 (M2, + M2, =1.15 V190? + 110° =25
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p=0.145 x25 = 3.625

A -3625><400x400 = 5800 mm?

* 100
Provide 12 bars of 25 mm diameter.

Area provided = 5890 (May ref to table 95 in SP-16)
5890

Actualp= ——— =3.
p 400)(400x100 3.68
P _368 _
e "2 0.147
@) To findM,, .4
D P, d’
-— =0.147, —-0325 —=0.15
fck fckb D
From chart 45.
M,
—u=l =01
f.xbD? 6

M1 = 0.16 X 25 x 400 x 400? = 256 x 10® N-mm = 256 kN-m.
i) To find M,

P, M -
Since 7%— 7 bD —2—and fT;)z are the same as above, here also.
ci [ ck

M, = 256 kN-m.
(v) Tofind P,
P, =045f,A +0.75fy A,
Now A, =400 x 400 — 5890 = 154110 mm?
A, = 5850 mm?2.
P,, = 0.45x 25 x 154110 + 0.75 x 415 x 5890 = 3567000 N

= 3567 kN.
@) To find o,
P, _ 1300 _
P, 3567 0.364
This is between 0.2 and 0.8
o, = 1+0'3_64‘_0-2 =1.273
0.6

(vi) Checking Interaction Formula

M, on M, an [190]1273 +[m]1273
M., | Y|M, 256 256

uxl

=0.684 +0.341=1.025 >1
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(ii) Interaction formula is not satisfieq,
However since it slightly exceeds the pr
) . (viii) Design of Ties

Needs revision o
escribed value it may be accepted als’,

| ; . Diameter of Ties 25

= —4— = 6.25

. Use 8 mm diameter ties
' ‘Maximum pitch;
(@) least lateral dimension = 400 mm

1 B (*) 16x¢ =16x 25 = 400 mm,
' - (¢) 300 mm,

[ o1 2825
(=

l [T 8dia@ 300

D___

— |
200 ——

Fig. 8.16.

-
i

.

I T 2

8.11
DESIGN oF SLENDER COLUMNS
Let D pe

the de;
effective length l:::lhtl: iggillemc:lil:oalon

—
1
[

e

g the major axis—x and %’

be along minor axis—y.
x—axis and l., is effective len

gth with respect to y—axis,
D T . ion of such columns

! axial load, 15 Subater . D °r b exceed 12. Lateral deflection o

J fOl]owing e‘luaau;iomfntl and cayge additional moments. IS 456, recommends the use

| : tofing these additional moments M, and M,,:

e | Mu=Pueu and My=Pueay

i 3 {' , Where ¢ . i(l\f

f i

I |

2000\ p

and

- eay = i(fﬂ)z
How 20001 »
andM,::ver’ the code Yeco

Mmends the use of the following factors to reduce the values of

—

where uz

.45 x4 +0 _
. . e +0.75£ 4 . )
C gz(l)((i):‘)'};b i:f :;fcf;leal lo correspol:di;cg to the condition of maximum compressive Stmin
C (t' ble 60 in SP_1g) tensiop Strain of 0.002 in outermost layer of tension steel. Tablé
' a &1ves guide lines for finding P, as shown below:
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Bb o —ky+hy -2

. . D
for rectangular sections and
fexdD fer

fcsz =itk 3

fer

for circular sections.

Table 8.2 (table 60 in IS 456)

Values of &k,
Section a l D
0.05 0.10 0.15 0.20
Rectangular 0.219 0.207 0.196 0.184
Circular 0.172 0.160 0.149 0.138
Values of K:
Section fy in N/ mm? di/D
) ~0.05 0.10 0.15 0.20
Rectangular, equal 250 —0.045 —0.045 — 0.045 —0.045
reinforcement on 415 0.096 0.082 0.046 —0.022
two opposite sides 500 0.213 0.173 0.104 —0.001
Rectangular, equal 250 0.215 0.146 0.061 -0.011
reinforcement on 415 0.424 0.328 0.203 0.028
four sides 500 0.545 0.425 0.256 0.040
Circular 250 0.193 0.148 0.077 - 0.020
415 0.410 0.323 0.201 0.036
500 0.543 0.443 0.291 0.056

According to the code the modification of M,, and M,,, is optional. However it is suggested to
take advantage of it, since the value of £ could be substantially less than unity.

The notes given below the clause 39.7.1 suggest that the following moments be added to the
additional moments:

Muxl = 0.6 Mxl - 0.4 sz
Muyl = 0.6 Myl b 0.4 Myz

Where M,, and M,, are larger end moments and M,, and M,, are smaller end moments. It

is to be noted that the above corrections are for braced columns, without any transverse load
and the column bending in double curvature.

It is also suggested that in no case the M, and M, uy1 Shall be less than those calculated from
the consideration of minimum eccentricity. Then the design moments are
Mux = M ax + M uxl
) . My =My +M,,
The design axial load is P,. Then the design procedure is the same as for short columns.
The following example illustrate the design procedure of slender columns:

Example 8.6 Design a Column of Size 450 mm x 300mm using M30 concrete and Fe 415
steel. Given.

l,, =6.0m




% _ 6009

D =55 =1333>12

by 55

Therefore the columyg ;, 0 . 300 = 1833 > 12

VHehce, the additional m

For further ca}

. culat; f reinforcemen
a first trial let. p < 3-(;:??1]'1];::: have to proceed with assumed percentage ol T

Calculation of P,

~. Chart COI’respollding to ”,

<. chart corresponding to LA
From table 8.2 (SP-16), we get

slendep about both axes.

& _ Q3ayr
D 2000 = (0.089

%y _ (18332
200y~ = 0-168

Oments are

M

ax

=80.667 kN-m

4= 450 x 300 = 135000 mm>
A, = 450 x 300 x -3 = 4050 mm?
00 x 100

4, = 135000 — 4050 = 130950 mm?
Pa=045f,4,+0.75%f, As
= 0.45 x 30 x 130950 + 0.75x 415 x 4050
= 3028387 N = 3028.39 kN

Cover = 50 mm.
d 50

n =-—==0111
D 450

D =0.15 will be referred

D~ 300" 1.667

0.20 will be referred

e = 45 kN a¢ top and 30 kN-m at bottom.
=40kN-; at top and 25 kN-m at b?ttom.
€ Curvature and agsume a cover of 50 mm.

— 64.080 kN
=P, e, =16000 x 0.089 x 450 = 64080 kN-n:; mt;
o =P, e, =1600 x 0.168 x 300 = 80.667 x 103 kN-mm.
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Pbx — 3 —_
= 0.196 + 0.203 x = = 0.2136
P, = 0.2136 x 30 x 300 x 450 = 876015 N
= 879.015 kN
Similarly
ﬂf’;’p = 0.184 + 0.028 x % =0.1868
- P,, =0.1868 x 30 x 300 x 450 = 756540 N
= 756.540 kN.

Hence the reduction factors for additional moments are,

B B.-PF, __3028390-1600
* P,—P, 3028390-876015
g - Pez—P, __3028390-1600
FB,.-P, 3028.390-756540
M, =0.6636x64.080 = 42.52 kN-m

May = 0.6287 % 80.667 = 50.72 kN-m
Initial moments to be considered

M, =0.6x45—0.4x 30 = 15 kN-m

M, =0.6x40—-0.4x25=14kN-m
Initial moments from the consideration of minimum eccentnclty

l D 6000 450

= 0.6636

= 0.6287

®= 500 30 500 & 30 mm > <9 mm
5500 300
ey—mﬂ'—sa— 21mm>20mm.

M,_, = 1600 x 27 = 43200 kN-mm = 43.20 kN-m > 15 kN-m.

M,,, = 1600 x 21 = 33600 kN-mm = 33.600 kN-m > 14 kN-m

M, , =43.20 kN-m and M,, y1 = 33.60 kN-m.
Hence the design moments are
M, =M_+M,,=42.52 + 43.20 = 85.72 kN-m.

M, =M, +M,,=>50.72 + 33.60 = 84.32 kN-m.
Check for Biaxial Bendlng

P, _ _1600x1000 _ ...
foxbD  30x300x450
d' = 0.15 for M, calculation and 0.2 for M, calculatxon
) . —i- =0.1
f ck 30

|
i Hence referring to chart 45 in SP-16.
i
|
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1
fﬂi“ﬁ > =0.11
ck! 6 NI
M, = 0.11 % 30 x 300 x 4502 = 200.475 * 10" N-mm.
Le M, = 200.479 kN-m
Referring to chart 46.
M.y 5 =0.1
fcka 106 N
M,, = 0.1 x 30 x 450 x 300 x 300 = 121.5> gt
=121.5 kN-m.
P 1000
Zu o= T -0.528
P, ~ 302839 _ °°
g 1_'_0.52086—0.2 = 1.547
Hence the interaction formula gives,
200475 1215
H = 0.836, which is less than one.
ence the design is safe
| Reinforcement
| s
| A %x.‘.’-OOx 450 = 4050 mm?
? Provide 12 bars of 22 mm diameter
| A, provided = 4561 mm?
. \ Latera] Ties
| . 1
r Diameter : 1 X22 = 5.5 Use 6 mm ties.
(Sfacing - Not more than
* (g et lateral dimension — 300 mm.
| ) 1622 = 350
©) 300 mm_
Provide 6 mm ties at 300 mm c/c. as shown in Fig. 8.17
' 12 #22
e 450 =
300
i . 6 dia @ 300
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1.

2.

3.

5.

Design a short axial column of effective length 3 m to carry an axial load of 1600 kN. Use
M25 concrete and Fe 415 steel.

A R.C.C. square column is to be designed to carry a factored load of 2400 kN. The
reinforcement is to be restricted to 2% of gross area. Adopting M25 concrete and Fe —
415 steel, design the column. The column may be considered as short.

Design a R.C. circular column section to carry a factored load of 2400 kN. Provide helical
reinforcements as transverse reinforcements. Adopt M20 concrete and Fe — 415 steel.
Determine the reinforcement to be provided in a square column 300 mm x 300 mm
subject to uniaxial bending with the following data:

Factored load = 1000 kN
Factored bending moment =120 kN-m
Grade of concrete =M20
Grade of steel =Fe -415

The reinforcement is to be provided on four faces equally. Use SP — 16.
Determine the reinforcement required for a short column subjected to biaxial bending,

using the following data:

6.

7.

Cross section of the column : 400 mm x 600 mm
Concrete Mix : M 20
Steel : Fe — 415

Factored load P, =1800kN :
Factored moment acting parallel to the larger dimension M, = 160 kN-m
Factored moment acting parallel to the shorter dimension M, = 120 kN-m.

Use of SP — 16 permitted.

Design a short column 450 mm square in section to carry an axial load of 800 kN with
moments of 60 kN-m and 40 kN-m about two axis at working loads. Assume M20 con-
crete and Fe — 415 steel. Use of SP — 16 permitted. ,
A square column 500 mm x 500 mm is reinforced with 2.4% steel. It is subjected to a
factored load of P, = 2000 2N and moments M, =M, =200 kN-m: Check the adequacy
of the section adopting M20 concrete and Fe — 415 steel. The effective cover to stee] may
be taken as 50 mm and steel is to be provided equally on all the four sides.




9

Design of Isolated Column Footings

9.1 INTRODUCTION

Ercl)ost:iligdsiﬁg walls and columns transfer the load of superstructure to soil. The footing may rest
direct] ct.;ly or may t1:an§fer the load through piles. In this Chapter the design of footings
col umgsr'eStmg on soils is discussed. Load bearing capacity of masonry or concrete walls and
soil. The lls n(;“"h higher than that of soil. Hence they can not be made to rest directly on the
the saf " oad from superstructure is to be spread to.wider area so that load on soil is within

€ bearing capacity of the soil. The footing does this job of spreading the load over wider

area. In doing this job, the footing itself is subjected to bending moment and shear force.
Footing may be of ma

. C sonry, plain concrete or of R.C. C. In case of plain concrete footings
the dispersion angle of load is 45° as shown in Fig. 9.1.

>
e b ot o o aaoeoade da

/
f-b, o@‘-‘t‘\‘t‘t‘-bb‘ﬁ&
’45 b b b b b b b b G )G
1

e B - N

Fir.9.1. Dispersionin Plain Concrete Footing.

.

9.2 TYPES of R.C.C. FOOTINGS

There are mainly two types of footings
(@ Onew

ay reinforced footings
b) Two way reinforced footing
(@) One Way Reinforced Footings:

These footings are for wall i i
s. In case nf masonry walls footing, the footing m i
as a cantilever of apan nry ooting ooting may be designed

W
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where B is the width of footing
and b, is width of wall as shown in Fig. 9.2.

te—bw—
-
e
i el
i
-
”’
e
jo
-
)
l' -
T e T s Nt 3 T r
W& ) e Tep o s,;,‘.cd.. ¢ G o 8 <, ""
. iTh LN I I SRRl I I
TR THESTRRED PSS bt RIS PEES LI -
SR EER I EASPEE I LIRS SR R S <
P H N I R 2 BT Sty LTI Ll E
< < - -
1 ]
{4 bl
te B
[ ! 3

FF i r v 7'
Fig.9.2. Cantilever span for R.C.C. Footing of a wall.

In case of concrete walls, the footing is designed as a cantilever of span

l= E—b?“’ , as shown in Fig. 9.3.

2
— b, e

I
Fig.9.3. Cantilever span for R.C.C. Footing of R.C.C. wall

(®) Two Way Reinforced Footings :
For all R.C.C. columns two way reinforced footings are provided. The following types of the

footings are commonly used:
() Isolated Column Footings: For each column a separate footing is provided as shown

in Fig. 9.4.

[]

Fig.9.4. Isolated column Footing.
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(i7) Combined Footings: Common footing may be provided for two columns. This type of
footing is us_ually preferred when the column is very close to boundary of the property and
1.181}1;‘:8 tlglere is no scope to project footing much beyond the column face. Such footing is shown
in Fig. 9.5.

i |

[I€ |

[ L]

Fig.9.5. Combined Footing

4 (iii) Raft Footing: If the load on the columns is quite high or when SBC of soil is low, the
sizes of isolated columns may work out to such extent that the footings of adjacent columns

overlap. I_n such cases for all columns a common footing may be provided as shown in Fig. 9.6.
Such footing are known as raft footing

= a a a =

[ =1 (=] [=] = .Cl

=1 a = a a

=] = a a =
.

(=} (=} (=] = (=]

Fig. 9.6. Raft Footing.

9.3 LOAD FOR FOUNDATION

The loads to be used to determine th

conditions and not On. the limit state of collapse conditions. Thus for
() Dead load plus imposed case, 1.0 DL + 1.0 IL

(b) Dead load plus wind load case, 1.0 DL + 1.0 WL

@ Dead + 11?1130353? + Wind loagd case, 1.0 DL + 0.8 DL + 0.8 WL

10 percel}t ot loac irom column may be taken as self weight of footing for determining the
sl of footing required. However it ;

o Attty s to be noted that self weight directly get transferred to
goil withou

: .et?ding moment and shear force in the footing.
In case of multistory buildings, one sh,

. : ould tak. t of the all ble reduction i
live Joad for residential and office buildings, srondnaniags ©atowabe -
i :

e size of the footings should be on the serviceability
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9.4 DEPTH OF FOOTING .+ . . -, | _ " .

Rankine’s formula is used to determine the minimum depth of foundation. The formiila is as
given below:

' pl:l--si]:up:l2 _ ¥
h=>=—F——
w|l+sind : o

where & = %..' ir "umdepf._l: -
. p =safe bearing capacity
- w = unit weéight of Hgil‘*’i‘and -

¢ = Angle of -:‘ié&;'qfsoilf L

9.5 COVER

“ If plain concrete bed is provided, the minimum cover to main reinforcement shall be 50 mn
If plain concrete bed is not provided minimum cover to main reinforcement shal} be )

75 mm_
9.6 MINIMUM THICKNESS

Theoretically, the thickness required at the edges of footings is zero, éince at free egq,

bending moment and shear force are zero. However to take care of accidental situatio ge the

the requirement of cover, IS 456 prescribes the following minimum thickness: 0S and
~ For footings on soil — 150 mm

For footings ongpiles — 300 mm

BT

N 2TV AT

©.7 MINIMUM REINFORCEMENT

The minimum reihfmment described for slab and beams are applicable for foot;j
Minimum diame&er of bar to be used is 10mm. Otings also.

9.8 DESIGN OF ISOLATED COLUMN FOOTINGS SUBJECTED T ﬂm—
‘ LOADS :

thickness thrgughout or may have sloping top. The design procedure for footin, Ve unsi orm
and illustrated in this article. - 3 aineq

g8 is ex‘pl
9.8.1 Design of Square Footing with Uniform Thickness
Let the axial loadfi:ransferred by column be P. "

Step 1: Size of footing -

Add 10% of P a$ self weight of footing. . _ v

Load on the soil =P+i%=1.]P -




184 Design of R.C.C.Structural Elements

Area of footing required,

L 1P
~ SBC of soil

Size of footing, B=JA
This is rounded to next — higher multiple of 100 mm size.
Step 2: Determine the soil reaction for the factored load.
et 1.6P

= A

Step 3: Determine the minimum depth required from the consideration of
(@) bending moment
(b) single shear
(c) double shear

(@ From consideration of bending moment: Fig- 9.7)-
Critical section from the consideration of moment is at the face of the column (see
Projection of the footing = B-

&~

. Hence the bending moment about x —x 1is,

X

Fig. 9.7. Critical Section for moment.

M, = qu(Bﬁb]}“(B_b): 0 B8 _aut®

2 )2\ 2 8 ?
where =B —b, the Projection

. lid d : 4 i
Minimum depth requireq g obtained by treating above moment as limiting moment-
Mu = 036 fck X, lim (d — 0-42 Xy lim)

=0.36 fck xucliim (1 _ 0'42xu1i1n dez

d
=0.148f,, bd?, for mild steel
=0.138 f,;, bd?, for Fe 415 steel

= 0.133 £, bd?, for Fe 500 steel
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(b) Minimum Depth from the Consideration of One Way Shear:
‘For this critical section is at a distance ‘d’ from the face of the column as shown in Fig. 9.8.

X

£y

T

I

1
W

] :f,

'
Fig. 9.8. Critical Section For One way shear.

pesign shear
V, = soil pressure from shaded area

B-b
ReC

Y

Bd .
This value should not be more than 7, the critical shear stres:s in concrete. Hence the
minimum depth required from the consideration of one way shear is given by

#Bd= tu[%—d]

However at this stage 7, is not known, since percentagq s.teel is not kn.own, 7, may be
assumed as that corresponding to 0.2% steel which is the minimum va!ue given in Sp_1¢g o
which may be obtained by interpolating between the values corresponding top = (.15 t0 0,95
as given in Table 19 of IS 456. If we refer to SP-16 tquor M20 may be taken as 0.33N fmm? oy
by referring to IS 456 it may be taken as 0.32 N/mm®.

(¢) Depth from the Consideration of Two Way Shear:

Two way shear is also known as punching shear. If footing depth is less, the colun

punch through the footing. For this tendency, IS 456 recommends that critical section is a¢
i . a
i distance % from the column face. Referring to Fig. 9.9, perimeter of punching shear areab

=4(b +d)

(A

may
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= SrUCtural B g
\

=9, xshadeq Areq
Pun . =gq [B2~
ching ghe,, Stress 7 3 "gl von 1:3-'- a3
P 'Z'p = §
erCI:;SSible Value js T = : 25 [f
€ of footin . = ck
oth S i .
T two cageg magy l::‘th uniform thickpegg usually one way shear governs the depth,
p 4: Determine hused fOr Checking the’ depth selecte d. o
€ area of reinforcement required in width B using the expression
Us M, = 0875 Ay d[l- ﬂ.&]
ng the bars of dlam te bd f ck
€ter not less than 10mm, determine spacing of bars
T/ 42
Pr . S = /4\¢ X B
Ovide t}, reinf, Ast
Step 8:C Orcements in hoth directio
Since the k for bond length " -
ootine : . Ny
j(ffength t th € 1s designed g5 5 cantilever with reinforcements subjected to designed
Umnp ace, sufficient bond length should be available from the face of the
Ste La= 0.:7fy :
P 6 Tod
Sketch the reinforcement detail
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rt axially loaded column of size 300mm x

Example 9.1. Design a square footi or a sho
> o : foote I d Fe 415 steel. SBC of soil is 180 kN /m?.

300mm carrying 600kN load. Use M20 concrete an
Sketch the details of reinforcement.

Solution:

1. Size of Footing:

P =600KkN
, Self weight = 6—1069 = 60 kN Loe
Total load = 660 kN ol
SBC = 180 kN/m?
~. Area of footing '
660
A = ——=9. 2
180 3.667 m
. Size of footing = 1.91 x 1.91m
Provide 2m x 2m footing
2. Soil reaction for the factored load:
_ 15P _15x600 _ 2
= BB 2x2 = 225 kN/m
= 0.225 N/mm?

3. Depth of footing:

From the consideration of shear, depth will be found and checked for two way shear and
bending.

The critical section is at a distance 'd' from the face of the column as shown in Fig. 9.10.

x

< d—> 300
; 300
e X 2000 o
Fig. 9.10.

V, = Soil pressure from shaded area
4

B-b
= q,B| T—d)

oo




BEEEE—— e

188 DesignofR.C,

(€ St‘ruct'ural Elements .

300
= 02252000 20002,7__7_ dd]

: =450[850 ~d]
Assuming 0.29 steel, for Mag concrete

T = 0.32 N/mm?
ed is

0.32 x 2000 x d =450[850 —d]
d =351 mm

d =360 mm

~» Minimum depth requir,

Provide
Check for Bending:

Mu]im = 036}‘;:1& B Xy lim

. 0.42xu,lim d2
=0.36f, B x“g”“ (1 - ]

(d —0.42x,, ;)

d

Zulim _ o 4o
7 8., bd>
N g 0.13 k 6 N-
Mu::: = 0.138x 20 x 2000 x 360° = 815§X goli\T )
wtim = 0. in Fig. 9.11.
M, is to be calculated at the face of the column as shown in
X

T

300 2000

N

300

A\

I
N
o
s
(oN]
f=}
o

N
\

X 2000 ‘J'
Fig. 9.1,

tion X—x
M, = Moment of force under shaded area about sec
u —

(B-b)°
=, 2
= 0225 %2000 (2000-300)"

8
= 162.563 x 10° N-mm < M,, 1im
1 o
Depth provided is sufficien
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Check for two way shear:

Critical section is at a distance % from the face of column as shown in Fig. 9.12.

:

Fig. 9.12.

Perimeter of critical section

=4 (b +d)=4(300 + 360) = 2640 1nm
Area of critical section

= 2640 d = 2640 x 360

Upward pressure in shaded area
Area of Critical Section
0.225(2000 x 2000 — 660 x 660)
2640x 360
= 0.844 N/mm?

Maximum shear stress permitted

= 0.25,[f,, =0.25\20
= 1.118 N/mm?®
Depth of 360mm is sufficient from the consideration of two way shear.

Step 4:

Two way shear stress =

M, = 162.563 x 10° N—-mm over a width of 2000mm

Ast < 415]
2000x360 20

162.563 x 10°% = 0.87 x 415 x Ast x 360[1 -

Ast
1250.7 = -

Ash1 34699]
Ast? — 34699 Ast + 1250.7x% 34699 =0

_ 34699- V346992 — 4 x1250.7 x 34699
2

Ast

= 1299 mm?




P provideqd — f/i_x}_?‘i x100 = 0.185 r
T from table 19 of g 450 skag

e . 0035 _ ¢ 508
(4 [0.36 028] x 0.10

—300
v 0225x% 2000[3@%“ B 360]
e

d 2000 x 360

=0.30 2
Step 5; Development Length et O

Tz o
5d 10T M20 concrete & Fe 415 stee] - 1.2x 1.6 = 1.92 [clause 26.2.1.1 in IS 456]

L= 287670 _087x415x12 _ 564 mm

1, : : 41y, 4x192
einfmuc]:.l length is available beyond column face. Hence O-K-
Orcement details are show

nin Fig. 9.13.

r Column

Reinforcement

360
7 o ——==1a 70clci
b= 2000 M‘l? fii‘[reclior? n both
/
/
'ﬁ 2000
A
/ N
/] N\
el J
Fig.9.13.
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9.8.2 Design of Footing with Uniform Thickness for Rectangular Columns

For rectangular columns, economical design of footing is o}.Jta.ined if the projection of footing
in both directions is same. Then design can be carried out s1m1}ar to square footn.lg for square
column and the same reinforcement is provided in other c};ggphon also. This case is illustrated

with example 9.2. . .
Example 9.2. A rectangular column 400mm X 600mim carries a live load of 2000 kN. The safe
fthe soil is 150 kN /m?2. Using M20 concrete and Fe 415 steel, design a

bearing capact e an
rectangular fookipe to support the column. Sketch the detailg'of@e-reinfomement.

Solution @ ‘ S £8

Area of Footing: :

Load from column P =2000 kKN '

Self weight = 200 kN

Total load on soil . = 2200 kN

. SBC = 150 kN/m?
2200
- A= ST N 14.667 m?
Provide 3.8 m x 4.0 m footing. .
Area provided =3.8x4 =15.2m? ‘ "
Soil Pressure for Design :
2000 .
q,=15x B2 - 197.4 kN/ m?
=0.1974 ,I‘f‘lmmz
Cantilever projection l= _3_'8__5%_ = 1.7m, as shown in Fig. 9.14.

T

[e——1700—>
»
BRI 8
h\A

P




1700

N\\2

d

4000
600

-

700
1700

SANNN

AR,
ir.
I 3

Fig, 9.15. Critica] section for one way shear.
Tota] sheap force across Section x —

v 00 (1700 - q)
Asspin. * =9y X shaded area = 0,1974 x 40
s

2
N/mm
P:=0.20, 7 for pag concrete = 0.32

Let dept, of footing be g

. - t
- Then equating applied shear to resisting shear, we ge
0.1974, 4000 (170 ~-d)=0,

32 x 4000 ¢
N . d = 648 mm
Prowde d =650 mm and D = 725 mm
eck for Bendip
l’itic .

PO U3 GO

4000

‘

7 9.16. Critical section for moment.
Fig. 9.16.
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M, for 4000 mm width is given by ,
' 1700
M, =0.1974 % 4000 x 1700 5
=114.972x 106 N-mm
xu lim = 0.48 X 50 = 312 .
M, ;sm = 0.36 x 20 X 4000 x 312 (650 — 0.42%x 312)
= 4663.16 x 106 N-mm > M, .
Depth selected is sufficient to design footing as singly reinforced section
Check for Depth from the Consideration of Two Way Shear:

The critical section is ata distance _c_2Z_ = —6? = 325 mm from the face of the column as shown

in Fig. 9.17.

Fig.9.17. Critical section for two way shear.
Perimeter of this section

= 2 (400 + 650 + 600 + 650) = 2 (1050 + 1250)
= 4600 mm ) :
- Area of concrete resisting two way shear

= 4600 x 650 = 2990000 mm?
Punching shear
V, = 0.1974 [4000 x 3800 — 1050 x 1250]
= 2741392 N
Equating it to resisting shear, we get
2741392 = 2990000 7z,
7, = 0.917 N/mm?
Two way shear stress permitted [clause 31.6.3.1]
=k, T,
where %k, = 0.5 + B, but not greater than 1,
B. being the ratio of smaller to larger side
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since B. = % =0.95
ky=1
- 1, = 1025,ff,, =025vJ20 = 1.118 N/mm?
But actual 7, = 0.917 N/mm?
Footing is safe in two way shear
Depth selected 13 =650 mm )
Reinforcement:
Ast
M, =0.87f,Ast ~od g]

1140.972x10° = Q. -
0.87 x415 Ast x 650 [1 1000 <650 = 30

Ast
4861.8 = 1-—
As’[ 125301]

Ast®—125301Ast + 4861.8 x 125301 = 0

Ast 415]

Agp - 125301 — V1253012 — 4 x 4861.8 x 125301

2
= 5068mm?, to be provided in 4000 mm width

Using 12mm bars,

8=%xlz2

5068 x 4000 = 89.3 , too close

Try 16mm bars

7/, %162
8= Lxmoo = 158.1 mm

5068
Provide 16mm bars at 150mm ¢/c in both directions
_ 7, %162 0.2 p .
= m %100 =0.206 > 0.2 assumed for taking t,.
Hence O.K.
Check for Development Length;
087fy ¢ '
0879 ., for M20 concrete and Fe 415 steel = 1.92 N/mm? [Clause 26.2.1.1 in IS 46

d = 4 Tpa

L, = 987x416x16

. 4x192
Hence development length is available

=752 mm < 1700 mm
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Details of Reinforcement are suown in Fig. 9.18.

‘Kto#é.sé?m: s 650 -
I — - — e
e 3800 -
7 16 # 150 clc ]
16#150 cl
o o0 - {4000
o 00

Fig. 9.18.

9.8.3 Design of Rectangular Footing with Uniform Thickness

Some times the boundary of property line restricts one side of footing. In such cases we may
have to go for rectangular footings with unequal projections. The depth of footing is to be
based on longer projection. Such footings require design of bars in the two directions
separately. In the long direction reinforcement is placed uniformly. But in short direction,
IS 456 (Clause 34.3.1.c) recommends more steel near the column. For this, a column band
equal to the shorter side of footing is marked as shown in Fig. 9.19. Number of bars in this
band shall be

g

Middle Band B.

[

Fig.9.19. Middle Band of Rectangular Footing.
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ere L= Long 8ide of footing
B= Short side of footing
n=
oo gy um'ber of barg required in long side :
800EN. SB e?:gn 0 fOOting

C of so;, for a column of size 400 x 400mm which carries a loac
be restricted ¢, Lglm 200 &N/ m®, Use M20 concrete and Fe 415 steel. One side of footing is

S g g

lution ,

| Size of f00ting;

" Selfweighs P=800 kN

Load on goj) R :gokl?N

| SBC = 200 kN

880

e A - =—— =44m?

B & Ehnee oy . i

': R one side jg 1.5m, the othfg (s,ide is

g 44

4. oo =— =293 m

o] . & e f . . I 00 g

L o»ohng‘sasshovvninmg 9.20

A 550

f«———1300 400 1500
B 400 l
b= = 3000 T

| Soi1 ig. 9.20. Size of the Footing.

i S Pl‘essure for Design Fig. ize o ting

:J .

800 2 2

z = = 267 kN/m* = 0.267 N/mm

FDepth of Foo; %= 15X 1530

I or o i

1 Shown ; n;‘iway Shear, the critical section is at distance 'd' from the face of the column ag

04"’_"113400 1500
400 l

3000 >~

Fig.9.21. Critical Section For One way Shear.
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Assuming permissible shear is 0.32 N/mm? and equating resisting shear to shear force at
critical section, we get
0.32x 1500 x d = 0.267 x 1500 (1300 —d)
d =591.3 mm
Provide d=600mm and D =650 mm
Check for Depth from Bending Consideration:

_ The critical section is at the face of the column as shown in F1g 9.22. At this section,
X

400 1500

X 3000 . .
Fig.9.22. Critical Section for Bending.

M, = 0.267 x 1500 x 1300 x 13% — 338.423 x 10° N-mm

X, 1im = 0.48 d = 0.48 X 600 = 288 mm

M, i, =0.36x 20X 1500x288(600 0. 42><288)
= 1490.0 x 10° N-mm

Thus M, < M, in

Hence depth selected is sufficient from bending consideration.
Check for Depth from the Consideration of Two Way Shear:
The critical section is as shown in Fig. 9.23.

500

Fig.9.23. Critical Section For Two way Shear.

Perimeter of resisting section

= 4[400 + 600] = 4000 mm
Resisting area = 4000 d = 4000 x 600 = 2400000 mm®
Punching (two way) shear force

= Upward force from shaded area

= 0.267 x [3000 x 1500 — 1000 x 1000] = 934500 N
Two way shear stress on the critical section




%

Pe o . . =209 2
Tmissible stregg [clauge 31 6234(1’?000 0.389N /mm
For this case, | =k, 1, = £,025120 = 1.118k, N/mm?

t

-Permigsip) ¢

. AWo way 1 ¢ I

Actual tw, Wway she::.y :fear =1.118 N/mm? 4
. SiTess = 0389 N/mm? ‘

Hence de
pth pronde .
; d . A
Deslsn of Reinf, 'S sufficient from the consideration of two wéf} shear.

(@) Orcement

' M, = 338.423x 10° N-mm
338.423 x 108

Ast 415]
X

=0.87x 415 600 |1-
X Ast x [ 1500x 600 20

1562.2=A3 1- Ast ]

s g, 433735
13.545¢ 4 1562.2x 43373.5= 0

Agp 433735 - 4337357 - 4 x 1562.2 x 433735
2 .

Using 16 pyy, bars o <1623 mm? -

o 2
M, = 0267 x 3000 x 222

d =600 - 16 = 584 mm

=121.15x 10° N-mm

ra

Ast ,415]
X

121.15% 10° = 0.87 x 415As¢ x 584[1 -
3000x 584 20

P R

- 574.57 = Ast]1- A5t ]
8443377

st2_
84433.7 Ast + 574.57 x 84433.7=0

_ 844337 - V8443372 — 4 x 57457 x 84433.7
2

-
i X

Ast

=579 mm?

@

w} k =0.5+E 10" ) ooal
. e T30 =1.0 w_
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_ "The above area of steel is to be providedin a width of 3000 mm. Area of steel to be provided

in the column band width of 1500 mm is, .
' % 579 = 386 mm?>.

o

2 o 2
1o —Ii+1A8t —3—029+i
b 1500

Minimum steel to be provided in this 1500 mm width, A, = 100 % 1500 x 650 = 1170 mm?

> A, reqd. ‘ .
Provide minimum reinforcement throughout Using 16 mm, spacing
Z x162 :
s=4 x 1500 = 257 mm.
Provide 16 mm bars at 250 mm c¢/c throughout. The reinforcement detail is shown in Fig.
9.24. :
|_16 dia @ 250
\— 16 dia @ 180
_ . 16 dia @ 250
1 - rara /16 dia @ 180
L]
1500 200
400
2
: 3000 mm "
Fig. 9.24.

9.8.4 Design of Sloping Footing

Zlie ha:Ve seen that the critical sections in the footings are at or near
there is neither shear force nor bending moment at the edges. Hence to achieve economy, it
is suggested that the depth of footing is kept more near column faces and reduced to minimum
at th? edges. For the simplicity of construction, the variation of depth is kept linear. As
mentioned earlier, the minimum depth at free edges should be 150 mm for footings resting

directly on the soil and 300 mm for the footings resting on piles.

the column faces and

T v rm———
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Fig. 9.25. B
Assuming th; rmine
the r:iul?ol:-::gegns momeflt 13 resisted by the footing of width equal to that of column dete

@) Methodq e;t ];equn-ed_ Provide this reinforcement over entire width. 1 oded grea
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Fig. 9.26,
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Assuming it to be resisted by footing of width b, = width of column plus —;—th the projeqﬁbm

nd depth of footing equal to that at column face, determine the reinforcement required. In
ther words the bending moment is resisted by the section b, x d, where

1 -
b = ~(B-
e b+"8 (B-b)

md de =d.

The reinforcement found is to be distributed over entire width.

In the design of sloping footings, usually the depth required from bending consideration
vorks out to be more compared to depth required from the consideration of one way or two
~vay shear. Hence it is advantageous to determine the depth from bending consideration and
-heck for shear. For this, determine the depth required for balanced section for which x,, =X
Since sufficient extension of steel is to be allowed before collapse under unexpected disaster
conditions, many codes recommend steel to be used in R.C.C. structures to be restricted to 75

percent of that required for balanced section. It amounts to providing 33%rd percent extra

depth. Hence select depth equal to % times the value found for balanced section. In sloping

footing for rectangular columns, it is better to keep the sides of the footing in the
same ratio as the sides of column. o : .

Check for one way shear is to be made at a distance 'd' from the face of the column. The
section resisting it is trapezoidal as shown in Fig. 9.27. In the literature there appears to be lot

of confusion about finding nominal shear in trapezoidal section. Some have calculated it as two
way shear and compared the value with permissible one way shear. Some have tried to find
maximum shear at neutral axis, but approximated in taking the area resisting it. Author

suggests the following method as more appropriate:
Since the moment increases numerically in the direction as the effective depth 'd' increases,

the nominal shear is given by (Clause B.5.1.1)
_ Mtan B

d
bd

Vu

T, =
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Where M is the design bending moment at the section and f is the angle between the top
and bottom edges. In sloping footings width ‘4’ is not constant. This may be approximated as

B+b’ i) . B+b’
. Hence resisting area is

d or may be taken as cross sectional area.

Example 9.4. Design a sloping footing for a short axial column of size 300 mm x 300 mm,
carrying 600 kN load. Use M20 concrete and Fe 415 steel. SBC of soil is 180 kN/m?. Sketch the
details of reinforcement.

Solution :
Size of Footing
Load from column =600 kN
Self at of footing = 116 x 600 = 60 kN
Total load on soil =660 kN
SBC of soil = 180 kN/m?
; " 660
Area of footing required =A= 180 " 3.667m>
Provide 2 m x 2 m footing
Design Pressure
15 x% _ 295 kN/m? = 0.225 N/mm?.
Design of Footing By Method 1:
Bending Moment:
The critical section is at the face of the column as shown in Fig. 9.28.
o Xi_2000
300
i 1300 2000
20000 A |
"1 850 Xm0 850 |
Fig.9.28
Area of shaded portion
e 3@9&@ x 850 = 977500 mm®

Upward force from soil on this portion
=q, A=0.225%977500 = 219938 N
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Centroid of this force from the face of column is at a distance.
- 2B+b _l_= 2x 2000 + 300 % 850
B+b 3 2000+ 300 '3
=529.71 mm. o
Hence bending moment of this force about column face
M, =219938x 529.71 : .
=116.503 x 10° N-mm ;
Let d be depth of balanced section required to resist this moment. Width of sectlon to be
considered is b. Since Fe 415 steel is to be used
Xyiim = 0.48d
M, = 0.36f; b x3im (d — 0.42 x,31,)
=0.138f,;, bd?
Le., 116.5x 10° = 0.138 x 20 x 300 d?
d = 375.15 mm.
To make footing more flexible let us take

d= §x375.15 = 500 mm

The depth at edges should be minimum of 150 mm. Let us keep the depth at edges as 200
mm, Fig. 9.29 shows the section selected

e 2000 >
Fig. 9.29.

Checking the depth for one way shear

The critical section is at distanced = 500 mm from the face of the column as shown in Fig. 9.30.

Z
2000% 500
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Depth of footing at this critical section
850 —-500
= > x(500-200
200+ —2-o ( )
d =323.5mm

Top width of footing at this section
=500 +300+500 = 1300 mm

1300
-. Average width b= ?%2*——— — 1650 mm

Design moment at this section is

= 27562500 N-mm

2
M = 0.225 x 2000 X (M)

500290 _ 0.353
850
157500 — 27562500
T = 3235
v 1650 x 3235
= 0.235 N/mm?

But minimum strength of M20 concrete is 0.28 N/mm? (table 19 in IS 456). Hence depth

provided is sufficient.
Check for Two way Shear

tanp =

% 0.353

The critical section is at a distance % from the face of columni.e. at 250 mm as shown in Fig. 9.31,

80¢
: : 2000
78 0Oks1 300
800 —»1
A 200
2000
Fig. 9.31.

Side of critical section
= 250 + 300 + 250 = 800 mm
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Perimeter of this section
=4 x 800 = 3200 mm

850 - 250

Depth at critical section =200 + x (500 -200) = 411 mm

Area of concrete resisting two way shear
= 3200 x 411 mm®

Two way shear force (punching shear) on the critical section
V, =0.225 (2000 x 20600 — 800 x 800)

= 756000 N.

_V, 756000

»="A T 3200x411

But permitted two way shear stress = 025420 =1.118 N/mm?
Hence the section is safe in two way shear.
Reinforcement

The bending moment is resisted by an equivalent section 300 mm wide and 500 mm deep.
From the expression,

Nominal shear =0.57

M, = 087f, A, d[l b .qu] , we ge
‘ Ay 415
116.503 x 10° = 0.87 x 415 x A, x 500 [1- 300500 %_]

Ag
6454 =4, = [ - 72289]

ie., Ast®-7228.9A,+6454x72289=0
o A, =716 mm?
This is to be provided in a width of 2000 mm. Using 12 mm bars,

7 x122
s=4 %2000 = 315 mm -
716

Provide 12 mm bars at 300 mm c/c in both directions.
Check for Bond Length
0.87f, ¢
47,
fe=12%x16= 1.92 N/mm? (clause 26.2.1. lmls 456)
087x415%x12 _ 564 mm.

Li=— 102
Assuming 50 mm side cover -

Length of bars beyond column face,
= 850 — 50 = 800 mm.
= sufficient bond length is available.

d=
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The details of reinforcement is shown in Fig. 9.32.

300
: sy 360 -
i 2000 i
' T
‘7 L, g ,.i‘l'i; gs 300 in both
2000 DD M:20
e o Fe : 415
X -
Fig.9.32. ‘
. Design by Method 2 P
f : Bending moment about critical section at the face of the column :

M, = 0.225 x 2000 x 850 x —8—22 = 162.56 x 10° N-mm.
Equivalent width of section resisting it

i“’“- = Column width + -]§ x projection
=300 + % (2000 — 300) = 512.5 mm.

. xu lim = 0-48 d A}
-- Depth of balanced Section is given by ‘ >
162.56 x 10° = 0.36 x 20 x 512.5 x 0.48d[d — 0.42 x 0.48d] -
d =339 mm
i
| Depth to be selected =2 339=452 mm :
i Say 3 ;S
) Check d = 460 mm ‘;
' o t.he depth for one way and two way shear. :
They will be found safe. !
Reinforeement , :
i
:

A,
M,=087f,A,d Ty
* [ bd 1ck:|

r'

-

Ay 415]
" B125x475 20

162.503x10° = 0.87 x 415 x A,, x 475[1

9475=A,|1- T 1?;‘1 9]
Ast®—11731.9A,, + 9475 x 11781.9=0
- _ Ast = 1040 mm?
As against .the requirement of 716 mm? in the previous method. Provide 12 mm bars at 210
mm c/c. Required bond length is available.

.. .
= St sttt S bty ! (et o A s
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Conclusion :

If method 1 is used for the design it needs more concrete and less steel, while if
method 2 is used concrete requirement is less and requirement of steel is more.

9.8.5. Design of Footing for Circular Columns

Circular columns may be provided with square footings or circular footings.

Square Footing

A typical square footing for a circular column is shown in Fig. 9.33. The cross section of
footing is kept uniform if the footing size is small and is made sloping if it is large. According
to clause 34.2.2 in IS 456, for the purpose of design, the face of the column shall be taken as
the side of a square inscribed within the perimeter of the round column. Thus for a column of
diameter d, equivalent square column has the side d sin 45° = 0.707d. Then the design
procedure is the same as the design of footing for a square column

Fig.9.33. Circular Column with square footing.
Circular Footing

Figure 9.34 shows & typical circular footing for a circular column. The soil has
r

=

Fig. 9.34. Circular Column with circular Footing.
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to resist a load of P +-1}6P. Hence if SBC is known, radius of footing required is given by

Pt p
ﬂRz— 10

B el 7]

Then design upward pressure g, =15 ;2. Depth of footing is calculated from the
z

consideration of bending moment and checked for two way shear. For this a quadrant of circle
may be taken and bending moment at the face of column may be found.
Total upward pressure in the quadrant

_ =gq, "(R%-r?
The centroid of quadrant of a circle from the two diametral x-y axis is
Xory= k.
3z

Its centroid from the centre of circle
P 2
Y v J—
3 3z

B The di R = 0.6 R for quadrant of footing. )
e distance of centroid of shaded area from the centre of circle

T R206R-"r2x06r
4 4

]

1)
4

06(R*~7*) 06[R>+Rr+r’]
i R? g% r R+r

The distance of centroid ot wpward pressure from the face of Yhe ¢o)
Olumn

oS R 47

N

The moment of upward pressure abgyt, th
ec

- Olumn nee
ﬂd;‘ =q, n(R2 + Rr +7 1&(3[,

Breadth of quadrant '2) X

' ig obtained by the equation

i 6
e
reinfy /;kob Lulim (d — 0.42 X1im) the

depth by 331
Tg s 5 percent of that for balanced section, increase

3 Percent
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Check for two way shear

. - L. d
Circular sections are checked for two way shear for which critical sectionis atro=r + 3

Two way shear force

F2 = QM”I('R2 —7‘22)
If depth at this section is d,, the area resisting above shear force

This value should be less than permissible value of &, X 0.25\/—5 (clause B.5.2.1)

If not safe increase the depth. For the selected depth design the reinforcemex?t.' One way
shear action is not predominant in circular footing. The procedure is illustrated with example
below: 4

; 3 ing for a circular column of diameter 400 mm carrying a
52:7:;1;1 ?o?zg.of ggg%a S‘:;;;l;)l:c:.rfi‘(r)lognc,:zé}’)ﬁcity of soil is 200 kN/m?. Use M20 concrete and Fe
415 steel. ‘

Solution :

400

Radius of circle r=—-= 200 mm.
P =850 kN f. =20 N/mm? f, =415 N/ mm®
SBC =200 kN/m?
Size of footing
P =850kN
Self at =85 kN
Total load on soil Z 850 + 85 =935 kN.

SBC = 200 kN/m?

935 2
-~ Area of footing required = 200 =4.675 m".

Radius R of the footing is obtained by nR? = 4.675
R R=122m.
Provide R =125m.
The footing selected is shown in Fig. 9.35.
Upward soil pressure for limit state design
= M = 260 kN/mz.

W= "1 252
= 0.260 N/mm?
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Total upward pressure

= _ozsox%[mso2 - 2002] = 310900 N
Controid of upward pressure on quadrant of footing from the centre of column
O.G[R2 +Rr+r7]
- R+r

0.6[12502 +1250x200+200‘°‘]
T 1250 + 200 ’

=767 mm.
Its dlstanee ﬁ'om the face of the column

=767 - 200 = 567 mm.
Moment of soil pressure ahoyt the column face
M, =310900x 567

=176.28x 10® N-mm

Width at column face resisting this moment

= §r= er.xZOO = 314.159 mm.

For balanced section, When Fe 415 steel is used

0.48d.
Equating moment of l'esmtan Folim =
ce tom
176.28x 28 106 oment, we get

= 0 36fc]¢ bx hm(d 42x,,1,m)
=0. 36)(20)(314 159x0.48d (d - 0.42x0.484d)

. 2 d =451 mm,

Provice d=133x4

15 = 600

Provide 160 1 depth at freq gggq g oo M o 0.35.
check for Two-Way Shear;
Critical gection is at a distance

= 0
T2 = 200+ 5 =500 mm from the centre of circular column.

Depth of footing at this Section d, = 150 4. 1050-300

050
Two way shear (Punching) force on the cnltlfal sec

Fy=

%(600-150) = 471.43mm

tion

= 0260 212502 - 500%]

. =10720
08 0 £ footing resisting jt 68 N.

4 =2mr,q= 21 x 500 x 471.43 . E
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F, 1072068
T, = %=

T A, 27x500x47143
= 0.724 N/mm?2,

Permissible value.

=k, 0.25 J20
=1.118 N/mm?

Since k, =1 ford = 300
Thus actual two way shear stress is less than permissible. Hence d = 600 mm is sufficient.

Design of Reinforcement
Let A,, be the reinforcement required at critical section. Then,

A, T,
M,=0.87f,A, d/1-2 22
* f:y * [ bd fck]

176.28x 106 = 0.87 x 415 A,, 600[1

Y VRN
314159x600 20

A
813.74 = A |1-—=2
"[ 9084.11]

A, = 904 mm?
Provide it in a width R in both directions. Using 12 mm bars, spacing required

_ % x 122
T 904
i.e., Provide 12 mm bars at 150 mm in both directions as shown in Fig. 9.36.
%112 dl: @ 150 c/c in both
/"_ irections
e ~
/[ N\
/ .

x1250 = 156.

6°°9
Qo

Fig. 9.36.
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Check for Development Length
Development length required s given by

.- 287f,0 087x415x12
d= B e e

41y, 4%192
=564 mm.

More than this length is available from the face of the column.

9.9 DESIGN OF FOOTING FOR COLUMNS CARRYING AXIAL LOAD
MOMENT

; M
. 3 ent
Figure 9.37 shows 5 typical case, In this column is subjected to axial load P and bending mo™
W =P + self wt.

M
AR

Fig.9.37. Column Subjected to Axial Load and Bending.
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The soil pressure due to axial force is uniform and is g:iven by P= -;lz :where W is load in

column plus self weight (usually taken as 10% of P).
Due to moment one side tension is created and the other side compression is created as
shown in Fig. 9.37. Let g’ be the maximum pressure due to bending. Then equating moment of

pressure diagram to applied moment we get,

1 B 2
=Xg'X—xBx=B =M
27773 3
. 6M
ie., qg = B3
<. Maximum soil pressure
_ W eM
=gt g
and least pressure,
_ W _eM
%= pT =g | v

The total pressure diagram is also shown in the figure which varies linearly from g, to q;.
The S1ze of the footing should be selected so as to keep ¢; within SBC. The right hand side
portion in the figure which is subjected to higher pressure is considered for design. It may be

noted that for limit state design,

P  6M
: P 6M

The critical section are same as before. The selection of depth becomes more complicated
since the pressure diagram is varying. However with few trials one can arrive at required
depth from the considerations of bending, one way shear and two way shear.

Alternative to above, a simple procedure is possible by providing column at a suitable
eccentricity from the centroid of footing. Fig. 9.38 illustrate it. In this case, column is provide

at an eccentricity e = —Ai

P
tre of /] .
C;?ur;: \M Centre of footing
y

e

-1=-=--=F

Centre of |
column —my

e

—— . = —
T

Fig.9.38. Footing with Eccentric Column.

|
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This is equivalent to a footing subject to an axial force P. Hence the pressure distribution is
uniform. However footing projection is more on one side and less on the other side. The side

with larger projection is designed and the same may be accepted throughout. This is ﬂlustrated
with a problem below:

Example 9.6. Design a suitable footing for a 400 mm x 400 mm column transferring 800 kN

axial load and a moment of 32 kN-m. SBC of the soil is 200 kN /m?. Use M20 concrete and Feﬂ
415 steel. '

Solution :

Size of Footing

Axial Load from = 800 kN
Column

Self weight of footing = 80 kN.
Total w = 880 kN.

\ SBC = 200 kN/m?
Area of footing required

=880 _iam?
200

Provide 2.1m x 2.1 m footing. Thus actual area of footing is 2.1 x 2.1 = 4.41 m?2,

Position of Column

Moment carried by column = 32 kN-m

M _ 32x10° o
e=—=—""—"3" =40 mm. :
Position th P 800x10 _ g
Fig. 9.39 1 the column with 40 mm eccentricity w.r.t. the axis of footing as shown s
420
1050 )
1 3
! 1
!
!
4I0!
400 2100

400 [+ 880 —™

2100 =
Fig. 9.39.
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5

[l

2100 | 40— 200 = 890 mm.

Larger projection r=

Soil Pressure for Design

- It is uniform since the column load and moment acting on the footing is equivalent to an
axial load of 800 kN at the centre of gravity of footing.

Design pressure

800x10°

— . =0.272 N/mm?2.
2100x2100 ~ ° fmm

q,=1b6x
Depth of Footing N
Since footing size is small, footing of uniform thickness is going to be designed. In such cases,

one way shear determines the thickness. Assuming permissible shear is going to be 0.32 N/mm?, .
which corresponds 0.2% steel will be tried. The critical section is at a distance d from the face

of the column. Equating resisting shear to applied shear, .
we get,
0.32xBd=q,B(1-d)
te., 0.32 x 2100 x d = 0.272 x 2100 (890 —d)
d = 408 mm.
Provide d = 420 mm.
Check for Moment 4
M, = 0.36fb Xy (d —~ 0.42%,,)
For Fe 415 steel, Xyulim =0:48d
’ My, = 0.36 % 20 x 2100 x 0.48 x 420 (420 — 0.42 x 0.48 x 420)
= 1022.4 x 10° N-mm
Critical section for moment is at the face of the column. At this section

M, =0.272x 2100 x 890 X % = 226.224 x 10° N-mm.

Thus M, < M.
Hence depth selected is satisfactory.
Check for Two Way Shear

The critical section is at a distance 321- from the face of the column.

One side of critical section
_b+ 925 +%=400+420=820mm.

Perimeter : =4x820
Area of critical section resisting two way
Shear = 4 x 820 xd = 4x 820 x 420 mm®,
Punching shear force = 0.272 (2100 x 2100 — 820 820) '

0.272[2100 x 2100 - 820 x 820]
= = 0.738 N/mm?
" 4x820x420 38N
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Permissible =k
(k;=1Since d> 300 mm),
Thus 1, <7, permissible.

Depth provided is satisfactory,

2
0257, = 1x0.214/20 = 1.118 N/mm?2.

Reinforcement

Area of reinforcement required may he obtained from

A, 415:‘
'—‘-0. - s b
A As'[l 2100x 420 20

1491= 4 [1_ _:isl_J
ASt® - 49506 4, + 1491 » 42506 = ()

42506
Ast = 1547 mm?2
ing required

Using 19 mm bars; spac

Provige 12

mm bars at 150 mm
Check for

development length:

Tha 4x%x1.92
from the face of

OWn in Fig. 9 40

= 564 mm.
Thjs much Jep

: gth is available
emforceme

. isfactory.
the column. Hence design is satisfa
e .
nt details are sh

12@ 150

2100

ia@ 150 c/c
7i1n2b(:)fh directions

N

' o
“—‘—————m

Fig.9.40.  Details of Reinforcements.
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9.10. DESIGN OF PEDESTAL

A pedestal is a short compression member which has of length to width ( yD) less than 3.

These are commonly used to connect steel column and R.C. footings. They help in distributing
heavy bearing pressure from steel columns over a larger area before applying the load on R.C.

footings. These pedestal usually project 75 to 100 mm over the floor level so that steel columns
are kept from frequent wetting when floors are washed. Pedestal may have uniform cross

section or may have shape of a frustum as shown in Fig 9.41. Some times
-Ml :

- Steel column
L
D Base plate
Pedestal
Dowel Bars

Sloping Foot§n9

Fig. 9.41(a) A Typical Pedestal on sloping Footing.

- Steel Column

A_I\__Base Plate

estal
Dowel Bars

l«— Rectangular Footing

Fig.9.41b. Typical Pedestal of shape of frustrum on Rectangular footing

pedestals are provided to reinforced concrete columns also. In such cases, pedestal may be
treated as a top step of a stepped footing.

Is 456 gives guide lines for designing the pedéstals in clause 34.4.
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: . . ‘o ' l &g
Permissible stress in beanng compression for = .0-45 f;ll; earing area on the footing, 418
: If A, is the bearing areg under colump and A, is the

N =

€ more than) br ‘/ L '!
bearing stress in concrete at the top ofpedestal should not b Ag
greater than 2 ’ bre

. ied by concrete alo ;
the size of pedestal is such that the entire load is camenun};ber of bars to ber:::lgg
reinforcement of 0,5 Percent may be provided. lglm?:glmdow el bars may b:dpshb aldndt
all the load by bearing, ize of bars us ano

the size o ;
: is fzr cox;:;re;e colulililnno case diameter of bars
umn bars mm,

exceed 36 mm,

ich is given by
The dowel barg should have sufficient bond length which is gi

L= 0877, ¢
4 Tod

:in tensile
t1n g
in compression bars is 25% more than tha
T example for F,

4 jion=12
i sion
€415 steel and M20 concrete Tpg 1N cOMpres _

It may pe noted that Tpd Value
(clause 26.2.1.1). Fo

X1.25 = 24 N/mm?2,
ple 9,7, Design

@ concrete pedestq] for a steel column ca"ymg; f;:;o; steel.
ke size of bage plate is 300 mm x 309 mm. Use M20 concrete an
Solution : '
Permigsiple bearing stregg 2
for =045 £, < 0.45 x 20 = 9 N/mm?.
Pressure o the top of the pedestal 2
15001000 _ 16.67 N/mm? < 2 x 9 N/mm
00x 300
Hence gj,e of base plate selected ig satisfactory
L esign of Pedestal withoyt dowel barg:
3% stress permitteq =9 N/mm2,
©a of pedegta] required
A 1500;1000 - 166667 mm?.
Size of Pedesta] requireqd

Design of Pedastal with D
ize ‘of pedestal 10 mm'm
ad carried by concrete

owel barg ’ 310 mm.
ore than steel plate i.e. 310 X

=9%x310x310 = 846900 N
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Load to be carried by dowel bars : - ’

= 1500 x 1000 — 846900
= 635100 N.
Area of dowel bars required

_ 635100 _ 635100

= = - = 17569 mm?..
087f, 087x415 B
Minimum steel required, / ,
- 05x310x310 _ 480 mm>. |
100
<. Provide 4 bars of 256 mm diameter
A, provided = 4% i’- 252 = 1963 mm?>.

Bond length required
087xf, ¢  087x415x25
4= T 45,  4x(12x16x125)

This requirement should be taken care either by adjusting the pedestal height or by
Providing hooks, if required.

= 940 mm.

The reinforcement details are shown in Fig. 9.42 H -
- 450 mm—p> - 310
4#20—> pedastal X 12 dia @ 300
|\ 12 dia @ 300 -——— 4 #25
! } I R
Footing —_—
(a) (b)
Fig. 9.42.

1. Design a footing of uniform thickness for a column of size 400 mm X 400 mm carryinga
load of 1200 kN. SBC of soil is 250 kN/m?2. Use M20 concrete and Fe 415 steel. Sketch
the reinforcement details. 4

2. Design a rectangular footing for a R.C. columns 300 mm x 450 mm carrying an axial load
;f 1000 kN. The safe bearing capacity of soil is 200 kN/m?. Adopt M20 grade concrete and

e 415 steel.

8. Design a sloping footing for a columin of size 500 x 500 mm carrying a load at 2000 kN.
SBC of soil is 200 kN/m?2. Use M25 concrete and Fe 415 steel.
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The footing of uniform thickness is to be designed for a column of size 300 x 450 mm
carrying an axial load of 900 kN. Due to site condition one side of the footing is to be
restricted to 2 m only. Design the rectangular footing using M20 concrete and Fe 415

steel.

Design a sloping square footing for a circular column of 500 mm diameter carrying an
axial load of 1600 kN. SBC of soil is 250 kN/m?. Use M20 concrete and Fe 415 steel.
For the column given in Ex.5, design suitable circular footing.

Design a square footing for a column of size 500x 500 mm carrymg an axial load of 1000
kN and a moment of 50 kN-m. SBC of soil is 250 kN/m?. Use Fe 415 steel and M20

concrete.
A steel column is carrying a factored load of 2000 kN. The size of base plate is 350 x 350

mm. Use M20 concrete and Fe 415 steel. Design a pedestal
() With dowel bars () Without dowel bars.
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Design of Stairs

10.1 INTRODUCTION

Stairs are needed for ascending and descending from floor to floor. A stair consists of a number
of steps to move from one level to another. The room / space housing stairs is called stair case.
To give some relaxation to public using stairs landings are provided. The stretch between two
landings is called a flight. It is felt in a flight number of steps should be a maximum of 12 to 15.

- Width of stairs is kept at about 900 mm in residential buildings. In public buildings it may
go upto 1800 mm to 2400 mm, depending upon rush hour utilization. To allow free flow of
users, the width of landing should be at least equal to width of stairs.

Each step has one tread (going) and one rise. Rise and tread are proportloned S0 as to
provide convenient access. The accepted relation between a tread and rise are

(?) 2 xrise + tread = 600 mm to 640 mm.

(i) rise x tread = 40,000 to 42000 mm?.

Usually a rise of 150 mm is convenient. For every increase of 5 mm rise tread is reduced by
10 mm. In public buildings the tread may be kept about 270 mm to 300 mm. However in

commercial complex steeper stairs are used. IS code recommends that the slope of stairs
should be between 25° to 40°.

10.2 DESIGN OF STAIRS

Many types of stairs are used which have different shapes and structural behaviour. Some of
the commonly used stairs with different geometric shapes are shown in Fig. 10.1.

TR} TR

(a) Straight start-single flight (b) Straight start-two fiights

P

(c) Dog Legged (d) Open wall
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IR’

(o) ls}uaner Tum Stairs

1

(f) Spiral Stairs

Fig.10.1. Types of stairs.

Based on structura] behaviour, the stairs can be classified into two groups
1. Stairsslab spanning horizontally

2. Stairs slab spanning longitudinall
1. Stairs Slab § o F :

Th . panning Horizontally :
i e stair slab may he supported on each side by side walls or by stinger beam on oneps_ldy,v
? vlvall on other side as shown in Fig 10.2. In such cases each step behaves as an independént
'mply supported beam spanning horizontally. Each step is considered as a rectangular beam:
of widthb and effective depth 2. as shown in the figure, where b= VR + 77 , R heing rise il
T - being treaq, 2
X [ e
2
/A Next step E
’ 1
4 u g -
Elevation

Section Along x-x

Fig. 10.2.
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Some times cantilever steps are used which project from inclined beam. Steps may
cantilever on only one side or may project on both sides of supporting inclined beams. In such
stairs, design of step may be usually taken care by minimum sections but design of inclined
beam is more important. Such stairs are shown in Fig. 10.3.

e — . ~——1
1]

Beam | S®p |
1
I
[

—

N
(a) Single over hang (b) Double over hang
Fig.10.3. Elevation of cantilever Steps.
2. Stair Slab Spanning Longitudinally ) - -
Dog legged, open well and quarter turn stairs come under this category of stairs. These

stairs span longitudinally. Clause No. 33 in IS 456 gives guidelines to designers about depth of
section, effective span and distribution of loading which are presented below:

(@) Depth of Section . ) .
The depth of section shall be taken as the minimum thickness perpendicular to the soffit of

the stairs as shown in Fig. 10.4.

Fig. 104,

() Effective Span ] ]
The effective span of stairs without stinger beams shall be taken as the following horizontal
distances.

@ If supported at top and bottom risers by beams spanning parallel with risers. Distance
centre to centre of beams (Fig. 10.5) ~

1

Fig.10.5
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(%) When spannip : .
(Fig. 10.6) thepspan og on to the edge of a landing slab, which spans parallel with the risers

table below : ibe Stairs depend upon the width x and y of landing spans as shown in
7z 74
| |
I |
! [
20 I,
’ X~ ———————Goign = G —y Y —>
Fig.10.6. Stairs spanning Parallel to risers.
v ¥y Span in metres
<lm <lm G+x+y
<lm >1m G+x+1
>lm <lm G+y+1
(@) Iflandin >lm >lm G+141. ‘
ered as acting ti;};‘:g:pans in the same direction as the stairs (Fig. 10.7), they shall be consid-
centre of the Supporti;:)bf:rm a single slab and the span determined as the distance centre to

ams or walls, the going being measured horizontally.

AN TR

(c? Loads on Stairs
Live loads on stairs are prescribed in IS g7

: 5. ibed it horizon
area. In general, a designer may take live 1o The values prescribed are per uni =l

ad on stairs as

. ‘ﬂl
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@) 5 kN/m?, if crowded

(@) 3 kN/m?, if not crowded.
Dead loads are to be calculated per unit honzontal area. If T, R a.nd t are tread rise and

waist thickness,
(@) Weight of waist slab per unit horizontal area

VR2 +Té o5

w1=t T

2~
=t,(1+ (—g—) 25 kN/m?, if t is taken in metre unit.
For example, if t = 80 mm, R = 150 mm and T = 300 mm.

150

300

(i) Weight of steps per unit horizontal area
1 _RxT 1

w2=§x T 25=§R 25whereRisinmetre

For example in the above case

w, = 0.080 1+( ) x 25 = 2.236 kN/m? ] e |

w, = % x 0.150 x 25 = 1.875 kN/m?

Hence total dead load in the above case

w =w, + wy=2.236 + 1.875 = 4.111 kN/m?
Finishing load may be added to the above value.
IS 456 gives the following clauses regarding the distribution of loads:

(@) In case of stairs with open wells, where spans cross at right angles, the load on areas
common to any two such spans may be taken as one half in each direction as shown in

Fig. 10.8. w
HEEEERERE NN et Se

- B

Fig.10.8.

(Z) When flights or landings are embedded into walls for a length of not less than 110 mm
and are designed to span in the direction of the flight, a 150 mm strip may be deducted from
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the loaded area and the effective breadth ¢

L of
design. This situation ig illustrateq jp Fig. ffg’g section increased by 75 mm for the purpose

———

Hand Rail
/
110 150

k\Eﬁwidthh.

|

Fig. 10,9, Stairg épanning Longitudinally, built into wall on one side.
mp;: 01’::;" tl?e St;';:eight J0air in a residential building is supported on wall at one séde and b-"'!

o s . . y mm
tread 300 mm, Design th’;s;:iej; with a horizontql span of 1.2 metres. The risers are 15

3 2
Solution ; 8. Use M20 concrete and Fe 415 steel. Take live load as 3kN / m®,
R =
f. _150mm2 T =300 mm l=12m
% 20N ang f, =415 N/mm?.
Fig.10.10,
Referring to big. 10, 10,

b= VR? + T? = /1502 + 3002 = 335.4 mm.
T

D=t+RcosO=t+R—b—

Takin .
€ waist slah thickness ¢ ag 2—10th span plus cover, we have

t= —2%x1200 + cover

= 80 mm.

300
D= 00X — = .

Effective depth d=D_214

=2 ="=107 mm,
2= 2 07 mm
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Loads:
Loads on each step are calculated as shown below:

D.L of waist slab per metre width of stairs

w, = 0.080 x 0.835x 1x25= 0.67 kN/m .

D.L. of each step per metre width of stairs

Wy = % x 0.15 x 0.30 X 25 = 0.5625 kN

Taking finishing load at a rate of 1 kN/m, its value per steP = 1x0.30 = 0.3 kN/m.

Total DL = 0.67 + 0.56 25 + 0.3
= 1.5325 kN/m

Live load =0.30x1x3=0.90 kN/m.

Total load per metre width of a step
= 1.5325 + 0.90 = 2.4325 kKN/m.

12° 7&N-
M, =15x24326x —o— = 0.65 m.

My, = 0.36 f3, b Xy (€ — 042 Xlim)
Xyim for Fe 415 steel = 0.48 d -
My, =0.36f,bx0.48d (d— 0.42 % 0.48 d)
=0.138f,;, bd®
= 0.138 x 20 x 335 x 107°
=10.59 kN-m. >M,..

-~ Tt can be designed as singly reinforced section. Hence
obtained by ‘

tensile reinforcement A, is

, A _j_“,_
M, =0.87fyA8,d [l—zg- ka]

A 415 |
. 6 _ - ;13 ;
0.657x10% = 0.87 x 4156 Ay X 107 [1 336 x 107 x 20 ]

Ay
17.00 = As,[l 1727_5]

or A% _17275A,+17.00x1727.5=0 f e
A, =17.17 mm? -

But minimum steel required is

L et SR DS -a-rg_-—ﬂ'
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<012 2
= m b 107><335 =43.0 mm

for each step. Thyg
A, provided = g x 82

Provide one bar of 8mm

= 50 mm?
]
Distribution Steel:

Distributjon steel requireq Per metre width of steps

" 100 %107 % 1000 « 64.9 mm?
Using g mm bars, Spacing
‘ % x 82
8= W.ZXIOOO =778 mm.
Provide g mm bars at 39¢ mm c/c,
The ¢

etailg of reinforcements

are shown jp, Fig. 10.11.
8dia @ 300
oA
La dia
8dia @ 300
8 dia one for
each step
Fig.10.11,
: ing2.8mx
: — measuring
5Example 10.2, Design q dog legged stairs for qn, office building in a room
2 ;n ¢ ertical distance between the 1l
e

Allow
X . m.

00rs is 3.6 m. Width ofﬂlg’go‘j cf,‘;c”rié'iid Fedl15
" dof 3 by m’. Sketch the details of 11, reinforcements. Use M
Steel. As Sume the Stairs are
slabg

of landing
“Pported on 230 p,, walls at the end of outer edges
solution H
Let g Select 8teps of rige 150 mm,
90r to flogr height =3.6m
Height of one flight = §2§ =1.8m = 1800 mm.
1800
Number of Risers =150 =12
Hence “Umber of treads required = 19 1=11. od = 1.25 m. be
As Width of Stairs is 1.25 m, minimum landing wigtn requll';1 = 300mm, the steps may
or 11 tl‘eads we need a length of 11 x T. Selecting tread -
arrangeq as shown in Fig. 10:12.
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L

SAAANY

—

e e
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-0

- 2&;—1.25 } 3.3 t 1.25—! 5—

Fig. 10.12.

e e o —mme s

Effective Span:

The stairs slab span longitudinally
Effective span : = Centre to centre dlstance of walls
=1.25+3.3 +1.25 + 0.23

=6.03 m
Loads:

Thickness of waist slab is to be th to «z}gth span i.e., 300 to 240 mm.
Let us take t= 250 mm and D = 280 mm.
Let us find load per metre horizontal width of stairs.

.  Weight of waist slab = 028,/1+ (;gg) x25

= 7.83 kN/m . | I
Weight of steps - % x 9.%%2_5 x 25 = 1.875 kN/m
Dead load =7.88 + 1.875 = 9.7 kN/m

In going portion with finishing load, let us take

DL = 10.5 kN/m
In landing portion

DL = 0.25 x 1 x 25 = 6.25 kN/m
With finishing material, it may be taken as = 7.25 kN/m
Live load = 8 kN/m?
<. Factored load on going per meter horizontal width
= 1.5 (10.5 + 3) = 20.25 kN/m
and on landing slab per metre width total load

=1.5(7.25 + 3) = 15.375 kN/m
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-\

Loading on the projecteq slab is ag ghown in Fig. 10.13.

15.375 kN/m 20.25 kN/m J~ 15375 kN/m
A IR 2
1-365‘.“\ 3

1.365 —
Ra=125+ 23 33m ———— Rg
2
- Fig.10.13,
Design Moment; &
Due to Summetry,
R, =Rp= %Xtotal load

) % X[15375x 1365 + 3.3 x 20.26 + 15.375 x 1.365]
Maximum, =54.40 kN
. Mmoment o¢eyyg

at mid span ang jts value is 33
603 6.03 - 1365) - 33 42025 *T
M, =54.40x —5- ~15.375x 1.365 (—7—— 2
=875kN - m
M, 1m=0.36 fa b, i (d - 0.42 5, 1)
For Fe 415’ - Xy lim = 0.484

M

u

imn=0.36£, 5 0.48 4 (d-0.42x0.48d)
=0.138f,, pg?

=0.138x 20 x 1000 x 2502
H =172.5 X 10® Nomm >M,
enee the section cap be designeq a4 singly reinforced.

87.5x 108

A 415]
8t x
=0.87x 415 XA, x 250 [1

71000x250 20
A
9.39 = -
96539 A“[ 12048]

le, A2_ 120484, + 969.39 x 12045 - ¢

A, = 1063 mm?

Using 16mm bars, spacing required
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/5 2
S = _/&_ x 1000 =189 mm
1063
Provide 16mm bars at 180 mm c/c

Y

ow .

A, =012 percent of gross sectional area

012 | 1000 x 280 = 336 mm? | ;
100 | .

Using 10mm bars. Spacing required

. ﬂ' 2 ) // ‘\
S = _/J_l_xio_xlooo =233 mm
336
Provide 10mm bars at 230 mm c/c
The reinforcement is provided in the other flight
reinforcement is shown in Fig. 10.14 [carefully note
be provided at the inner edges of landing slab)}

also in the same manner. The details of
the manner in which reinforcement is to
-

’\1

Rise = 160

fe—11.25 m—mel— 3.3m 'L 1.25—

Fig.10.14.

Example 10.3. In the example 10.2, if landing slab is supported on sides as shown in Fig.
10.15, design the dog legged stairs.

20 [ 777777 72772, T T

1.25

“‘ |
) | 28m -

e 1.25

i l ¥
230777777 77777 )
te—1.25—»4 3.3 je—1.25-—>1 .
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———— T “®ents

Solution :

In this case
1 )5 T
X = ﬁ m - 125
2 = T m
=0.625 m =0.625m
Eﬂ‘ . .
ective span 1=0.625 + 3.3 + 0.625
) =455m
H .
ence thickness of Waist slab should be about
455 %1000 4.55 x1000
to
Provide 20 25
, ¢t = 200 mm and overall depth D = 230 mm
_Loads:
Weight ofWaist Slab =0.23x./1+ (ﬂ)z x 25
L =6421N/m
Weight of Stepg - _1 Mx 95~ 1.875 KN/m
2 0.30 ’ .
With finchs DL =6.42 + 1.875 = 8.30 kN/m
@ fnishing let us say DI, = 9,95 KN/m
gv On landing g1,
eight :
Witk ﬁn:: slab = 0.23 x 1x 25 = 5,75 kN/m
L hing say, DL = 6.75 kN/m
e load 3 kN/m?
. = m
f;ctope;metre width of stairs,
) o .
load on going =1.5x(9.25+3.0)=18.375 kN/m

and factg
The e rc0 10ad on landing = 1.5 (6.75 + 3.0) = 14.625 kN/m

e factored 1oaq is as shown in Fig. 10.16.

—18.375 kN/m 14.625 kN/m
xR RERR4 RN ER! !
~*]0.625k 33 10.625|—
ke 455
‘ Fig. 10.16.

Ry=Rp= —;—[14.625 % 0.625 + 18.375 x 3.3 + 14.625 x 0.625]

=39.46 kN
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M, = 3916 x 222 14625 0.625(—————2-—— 837522

= 46.82kN - m .

)
Mu lim = 0'36fclz b Xy lim (d- 0.42.‘”,., 1lim:
=0.36f, b 0.48d (d—0.42% 0.48d)
=0.138f,, bd?

— 0.138 x 20 x 1000 x 200°
=110.4 x 10® N-mm g
M,< M, ;. Hence singly reinforced section can be designed. _
Ag 4156

~ 963855

A2 —9638.55A,, + 648.38 x 9638.55 = 0
A, = 699 mm®

648.38 = As,[l —‘-43&—]

T/, x 122 '
Using 12mm bars, S = Z‘%g—g——xlooo =161.8 mm

Provide 12mm bars at 150 mm ¢/c |

Distribution steel
= 032 4000 x 200 = 240 mm® )
. T/ x82 \
Provide 8mm bars at S = /é 10 %1000 = 209 mm c/e

i.e., provide 8mm bars at 200 mm c/c

Design of Landing Slab:
It spans parallel to risers
I = 2.8 + thickness of wall
= 3.03 m

Factored load on it = 14.625 kN/m
Moment per meter width !

2
M, = 14625 x 3'083 = 16.78 kN-m

A 415]
~1000x 200 20

16.78x 10% = 0.87x 415A,, 200[1

23243 = A st[l_ A |
9638.6




234 Design of R.C.C. Structura] Elements
— T e

2
A, f9638.6A3,,+ 232.43%9638.6 = 0

. ‘ Ay =238 mm? 2
FiPrfgl](.i; 8;111!1 ba.rs at 200mm C/c, w .ch ﬁ ]E]ls the minimum requirement Of 240mm ’ Steel.
g. 10.17 shows the details of reinforcement
BN :
N
%)
Z 1
/
g ~
% .
E 12@ 150 c/c B
¢ m—>+ 33m 126 m™
A1
1.
Ld

. Fig.10.17. |
Examzsz‘; 324 D?ngn an intermediate flight of dog legged stairs for the details given in
Solu tion. » Providing landing beams at the inner edge of landing slabs.

In thi
only. Sht]:ircsa:?;pan reduces to 3.3m only. Hence waist slab thickness can be about 160mm
-3m with waist thickness 150mm may be designed taking

M, 2?

The d M, =~
€ design Procedure is ¢ -
Example 19,5, 1s the same as used in Examples 10.2 and 10.3

Exa Design the first flight of the dog legged stairs for the problem given in
mple10.2 , _
SOlutiOn ;/
In th, . .
® first flight there is no landing on one side. Hence the span is

l=3.3+1.25+—0'2?3-=4.665m .
kept same - esigned as explained in the example 10.2. Waist thickness may be reduced or
but reinforas In the other flights. Usually same thickness is maintained from aesthetic point,

noteg o Cément may be reduced. The details of its connection to ground is to be carefully
*¥18. 10.18 shows the details )

Floor level

Plinth

—Hard ground

Fig.10.18.
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s havi 20 280mm x150mm; The arrange-
Example 10.6. A stair with open well is having steps of ;‘z'eazlive Joud of 3 kN/_mz_ i,

ment of stairs is as shown in Fig. 10.19. Design the stairs "
concrete mix and Fe 415 steel. Sketch the details of reinforcement.

I 77T T ZZTIIZIIIAAZTITILLTT T30 -
D | c -[ ‘
- -— 1400 A
28: |27|26|25|24|23]22[21|20]19]18 17 ‘-
E ! 16 )
b 15 WA
b )14 1400
o I3
i 12 i
A— | |1]|2]|3]|a]s|e|7|8|9]i0 11 1400
: B
% : 7 & ;00
—1400 ; 2800 r —1400- 305T
Fig. 10.19. )
Solution :
Effective Span )
Flight AB and CD 1=0.15+28+14+0.15=45m
Flight BC © 1=015+14+14+14+0.16=45m

Thus all flights have effective span = 4.5 m
Hence thickness of waist slab is to be between §1§ x 4500 to % % 4500. Let us take

t =200 mm and D = 230 mm
Loads

Consider 1 m wide stair.
Load on going:

/ :
. 2
Weight of waist slab” = 023 % 1‘/1 + (%J x 25 = 6.523 kN/m

1 0280

Weight of steps =3 % 0150 x 9280 % 25 = 1.875 kN/m
D.L. = 6.523 + 1.875 = 8.398 kN/m

Say with finishing " DL = 9.0 kN/m

Live load =3 kN/m

. Factored Load =15(9.04#3)=18kN/m

— e A e oo
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\

“——____;‘-'—'-'6—
Load on Landing;
Weight of landingslah = .3 1x 25 = 5.75 kN/m é
Liveload - = 3 kN/m !
F 'i‘;tal DL =9.75 kN/m
:1
_ actored Load = 1.5x9.75 = 14.625 kN/m
- Design of Flight AB
- Fig. 10'20_ shows the load on this flight per meter width
- -f'\ 18.0 kN/m /—14.625 kN/m
HANERNENEEEEEZEEERER'
T —— 28+0.15 ' 1.4 +0.15—]
R, =285m =1.55m Rg
- 45m -
Fig. 10.20.
Taking oment ahgyy B,
1.55
R, x4.5=18x2.95 (4.5- 2—25) +14.625x 155 x o=
S = 39.6 kN
Shear force i8 zerg at R,=39.6

x= ﬁ =2.2m from A
18

h UM moment, occurs at 2.20m from A. Hence design moment,

M, =39.6 x 2.20 — 18 x 2.20 2—22

Reinforcemepg, = 43.56 kN-m

A, [
M = _ st 'Y
, = 087, A“d[l - fck]

43.56x10° = 0.87x 4154, 200[1

Aw 415]
T1000x200° 20

: A
603.24 = A - st
"‘[1 9638.55]

+603.24x 9638.55 = 0

_ A4 =646.6 mm?
€Ing required is

A7 -9638.554,,

Using 12mm bars, spa




\
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e

2 .
_2aX12° 000 = 174.9 mm
646.6
Provide 12 mm bars at 170 mm c/c

Distribution Steel:

-, _
Ag=g—g(2,XI000xzoo=240mm - ~ -

Using 8mm bars, spacing required

2 B
748" 1000 = 209 mm
240

S=

Provide 8mm bars at 200 mm c/c.

Design of Flight BC:

Loading on this is as shown in Fig. 10.21. 18 kKN/m - 14.625 kN/m
—14.625 k*NIr'n { L
] Yy ¥ ¥ v ¥ _______,I.._-—-—1.55 C
Bl 455 ___—plq-—-—-“i 4
Fig. 10.21.

Due to symmetry, ) ) . o
x 1.4 +14.625x1.55] = 35.27 kl\\T

\
Y

1 + 18.00
Rp=Rc=75 [14.625% 1.55+1

Maxi id an i B
aximum moment occurs at mid Sp o5 45155 1800 1_‘-1— 5 5
Mu = 3527 x —2—‘ —14.625X% 1.55(—"" 2 - 2 4
) = 41.40 kN-m
Reinforcement: ‘ .
A, 415]
41.40% 10°% = 0.87x 415454 X 200[1 ~ 1000 x200 20

- fishal]
573.32 = A«|* " 96386

A% _-9638.6A,, +573.32x9638.6=0
A, = 612.2 mm?
Using 12mm bars, spacing required is

n/ %122
= _/4__-— % 1000 = 184.7 mm

6122
Provide 12mm bars at 180 mm c/¢

Reinforcement detail is shown in Fig 10.22.
Distribution steel is again 8mm diameter at 200 mm c/c
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— (a) Flight AB

8 dia @ 200
12 dia @ 180

(b) Flight BC
Fig. 10.22

~—

\

3 D)
ron Esf"i“ OF TREAD-RISER TYPE STAIRS
ical tread.. » ’ .
type of sta; ai(: Tiser type stairs is shown in Fig. 10.23. It is not having any waist sla.b. This 1
from the designlz‘i’,p“lal}-bet':ause of its aesthetic appearance. Its design is not much different
melnt istope pmvi?lzlaezf tairs. But there is considerable difference in the manner reinforce-
tis desi * .
landing Blain::das a slab of effective depth ‘d’ and of span ‘L’ . The spacing of reinforcementin
10.7 below - 80Ing portion may be varied. The procedure is illustrated with the example
Example 19 ' - : ;
considereq ,sg klsll) esig’" tread-riser type stairs in flight AB shown in Fig. 10.23. Live load to be
Im?, Use M20 grade concrete and Fe 415 steel. )
|

10

1200

AN\\\'y

—+B00—1200 —>+——— 280 x 8 = 2240 ——>+=—1200 —>1300H<—
¢ Fig.10.23.
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Solution :
R =150 mm
fir =20 N/mm?
Thickness of walls

Effective span

-

Thickness of stairs

Let

Loads per metre width of stairs

(@) on going :
Self weight of one step

- - Self weight per metre length

/ Live load
Total Load
Factored load

(i) Load on Landing: 4

Self weight of slab

Weight of Finishes

Live Load

Total Load
Factored Load

- Width of landing slab = 1200 mm

—~

T =280 miir
f, =415 N/mm?

= 300, mm
300

sy

+ 1200 + 2240 + 1200 + 2
= 4940 mm

= — ——th Ofspan
25tht0 20

= 197 mm to 247 mm .
d = 200 mm and D = 230 mm

1 le—230—+

= (0.15x 0.23 + 0.28 X 0.23) x 1 25
=2472kN -

2472
=== =8.83 kN/m
028

Say with finishes, self weight = 9.5 kN/m -~ . -

= 3 kN/m_ B
=9.5+3 =125 kN/m \ |
=1.56x12.5 =18.75 kN/m .

—

= 0.23 x 25 = 5.75 kN/m?
= 0.75 kN/m?~

=3 kN/m_

= 9.6 kN/m

= 1.5 x 9.5 = 14.25 kN/m

.~
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\
Design Moment

Loading on the stairg op Plan area is as shown in Fig 10.24

: 8.75 kN/m 14.25 kN/m
ines lHHylHyll
Rale—1350_____

2240 t 2240 ——» RB

Fig.10.24.
Due to Symmetry,

By=R,= % x total load

= %[14.25 % 1.35 + 18.75 x~ 2.24 + 14.25 x 1.35]

at mid span
224 224
94 135)_ x 22
M, = 4024 x % - 1425(47 - -—) 1875 x 225 x =
=62.05x 10 N-mm
Mazximyp, m . = 62.05 kN-m . the end support. Design
moment for 1anf1{f,egn:1$1“dlng slab occurs at a distance 1.35m from

' 135
=40.24%1.35-14.25x 1.35 X —5—
. =40.94 kN
%, lim = 0.48 d
Mt = 0.36 £, b x, 1, (d— 0.42 %, o)
=0.36f,; 5 0.48d (d — 0.42 x 0.48 X, 1im)
=0.138f,, bd?
=0.138x 20 x 1000 x 2002
= 6
which is more than M, =110.4x 10° N-mm

Hence singly reinforced section can be designed. Equating moment to moment of resistance

A 415]
6 st A
P06x10 77000 %200 20

=0.87x415x A, x 200[1

859.3= A (1 4w
“[ 9638.6]
A, -9638.55A,, + 859.3% 9638.6 = ¢

Ay =953.7 mm?
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-

Using 12mm bars, spacing required is
T 2
= ﬂ_ %1000 = 118.6 mm
9

-

Provide 12mm bars at 110mm c/c as shown in Fig.' 10.24.

Design of landing slab:

- * Moment = 40.94 kN-m o o
T st x_4_1—5-] ‘
40.94x 10° = 0.87x 4154 200[1 ~7000x200 20

557 = As,[l ——A—s‘-—]'.

~ 963855
A% -9638.55A4,, + 585.6 x 9638.55 =0 : :
A, = 594 mm? : . _

Using 12mm bars spacing required is

17 2 '
5= 74512 1000 = 100.4 mm
. 594 ' -
Provide 12mm bars at 190mm c/c -

-

' Distribution Steel:

Ast = 912 1000 x 230 = 276 mm
100 .

Using 8mm bars, spacing required is

) 82 .
S = /‘;:6 «1000 = 182.12 mm |
Provide 8mm bars in landing at 180 mm c/c and at each bend of the bars as shown in Fig.

10.25.
8 dia

8 dia @ 180

N 12 dia @ 110
\-12dia@1go

Fig. 10.25.
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| quEstioNs |

1. Design second flight of dog legged stairs, given the following data:
Floor to floor height = 3.6 m.

Steps of size = 150 mm rise and 280 mm tread
Imposed load = 3 kN/m?

Dimension of stair case=,'2.4 mx 5.5 m.

Assume stairs are to be supported on landing beams of width 250 mm parallel to stairs.
Use M20 concrete and Fe 415 steel. Sketch details of reinforcement.

2. Floor to floor vertical distance in a residential building is 3.2 m. Design a dog legged
stair case, taking

Step size : 160 mm rise and 250 mm tread
. Imposed load : 2.5 kN/m?

" Width of stairs : 1.2 m.

Dimension of stajr case :2.4 m x 4.75 m.
Assume stajrg

are to be supported at the ends of landing slabs only, parallel to risers.
Use M20 concrete and Fe 415 steel.

3. Design a open well type stair for a college building using the following data:
Floor to floor height =36m
' N'°- of flights per floor =3 ’
Size of steps = 150 mm rise and 300 mm tread.
Landings are supported

all around by walls and by beams of width 300 mm at floor
levels, Thickness of wall = 300 mm. -

415 steel. -

.

Use M20 concrete and Fe




APPENDIX A

ENVIRONMENTAL OSURE CONDITIONS
(Clause 8.2.2.1 and 35.3.2, table 3 of IS 456-2000)

Si. No. Environment Exposure Conditions

1. Mild—_ Concrete surfaces protected against weather or ag-
gressive conditions, except-those situated in coastal’
area s o

2. Moderate Concrete surfaces sheltered from severe rain or

freezing whilst wet. Concrete exposed to conden-
sation and rain concrete continuously under water
Concrete in contact or buried under non aggressive
soil/ground water. Concrete surfaces sheltered from
saturated salt air in coastal area

3. Severe 4 Concrete surfaces exposed to severe rain, alternate
wetting and drying or occasional freezing whilst wet |
or severe. condensation. Concrete completely im-
mersed in sea water. Concrete exposed to coastal
environment. ’ ' '

4. Very severe _Concrete surfaces exposed to sea watér spray, .
: corrosive fumes or severe freezing conditions whilst

wet. Concrete in contact with or buried under aggres-
sive sub soil/ground water

5. Extreme Surface of members in tidal zone. Members in direct
contact with liquid/solid aggressive chemicals

APPENDIX B-
WORKING STRESS METHOD

B-1 INTRODUCTION ' N

A brief introduction to this method has been given in Chapter I (Art 1.8). The concept of this
method is explained here and few problems are solved. !

/ ;
B-2 PERMISSIBLE STRESSES \
The main design criteria in the design is to keep the stresses in steel and concrete, due t0
working load, within the permissible values. The permissible stress in concrete is fieﬁned as
ultimate stress divided by a factor of safety. In concrete a factor of safety upto 3 18 used for
compressive stress in bending and upto 4 for direct compressive stress. In case of mild stee;
permissible stress is defined as yield stress divided by factor of safety. In case of high ¥ el
strength deformed bars (Fe 415 & Fe 500), where yield point is not clearly visible, 0.2 Rercent
proof stress is taken as yield stress. For steel, factor of safety of 1.75 to 1.85 is used. TI?:
permissible stresses specified in IS Code for concrete and steel are shown in tables B—l to B-3. |




v
AR

e
X ¥ Yoo
-t

m‘\ Units S
| Permissiple Stress in Compression Permissible Stress
Bending - Direct in Bond (Average) b
. for Plain Barsin
-(1)\ Tension L
2) 3) @
M1o Oche c T
M1z 3.0 25 =
Mgo 5.0 4.0 0.6
M2 - 7.0 ] 5.0 0.8
M3g . 85 6.0 0.9
M35 10.0 8.0 1.0
M 49 11.5 9.0 1.1
M45 13.0 10.0 1.2
. M50 145 - 11.0 1.3
Noteg; 16.0 12.0 1.4

Value . .
2 The bongd S of Permissible shear stress in concrete are given in Table B.2
: €88 given in col 4 shall be increased by 25 percent for bars in compression.

~ Table B2 Permissible Shear Stress in Concrete
1004
bd Permissible Shear Stress in Concrete, tc, N/ mm?
- Grade of Concrete
% MI15 | M20 M25 M 30 M 35 M40 and above
| S0 @ | @ @ ) © @™
— 025 0.18 0.18 0.19 0.20 0.20 0.20
0.50 ' 0.22 0.22 0.23 0.23 0.23 _ 023
0.75 0.29 0.30 0.31 0.31 0.31 |-~ 0.32
l.og 0.34 0.35 0.36 0.37 037 0.38
125 0.37 0.39 0.40 041 | 0.42 0.42
150 0.40 0.42 0.44 0.45 0.45 0.46
175 0.42 0.45 0.46 0.48 0.49 0.49
2.00 0.44 0.47 0.49 0.50 0.52 0.52
2.25 0.44 0.49 0.51 0.53 0.54 0.56.
2,50 044 | 0.51 0.53 0.55 0.56 057 -
§.75 044 | 051 | 055 0.57 0.58 0.60 :
00 V 0.44 0.51 0.56 . 0.58 0.60 0.62
20d above 044 | 051 0.57 0.60 0.62 063 |
Note: An i th . S—— |

8 . . . N
effective qe hﬂt area of longitudinal tension reinforcement which continues at least one
tension reing, €yond the section being considered except at supports-where the full area of

T¢ement may be used provided the detailing conformsto 26.2.2 and 26.2.3

-
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tresses in Steel Reinforcement

Table B.3 Permissible S ——
o —— 7, Stresses in N/mm |
Si. Type of Stress in Steel PermlsSl:;edit;e Tens‘ivle~ g Hzgh - Yzeld -
. e 1 i A - 4 i
No. Reinforcement Mild Steel Steel Conforming ‘Strength
Bars ) t0 IS D_eformeﬁ Bars
Conforming (Part Conforming to
to Grade 1 of , | IS 1786 (Grade
Fe ?15)0 iSI )432 Fe 415)
a. - :
— 4 ®)
|- () 2) @) @
® Tension (6., or G5, ) aranteed 230
(@) Up to and including 140 Half the Buatts o ,
20 mm yield asximum of 190 -230
. (b) Over 20mm 130 a m 50 190
@) Compression in column 130 : ‘
S— bars (Tse) . s . !
(i) Compression in bars in The calculated comr::.let:;i;eedsgei%;n h::ees
a beam or slab when surrounding c°n°fete mu. whichever is lower
the compressive the modular ratio 0r G .
resistance of the
concrete is taken into
| account
Gv) Compression in bars in
! a beam or slab where
the compressive
resistance of the
concrete is not taken T : ?
into account teed 190
(a) Up to and including 140 H?Jf the guar allla'ect
20mm yield stress &v 60 190
(b) Over 20mm 130 to a maximum of !
Notes: .
(1) For high yield strength deformed bars of Grade Fe 500 the %im;sel:::s for :hl:ar and
tension and flexural tension shall be 0.55f,. gh; pzlinsmsm es
compression reinforcement shall be as for Grade I'e 419- . . . 0
(2 For welded wire fabric conforming to IS 1566, the permissible value in tension 0 is 23
N/mm*. . :
(3) For the purpose of this standard, the yield stress of steel for which there is no clearly
defined yield point should be taken to be 0.2 percent proof stress. sgible
(4) When mild steel conforming to Grade II of IS 432 (Part D) is used, the permissit

stresses shall be 90 percent of the permissible stresses in col 3, or if the design details

have already been worked out on the basis of mild steel conforming to Grade I of IS 4'32 _

(Part I); the area of reinforcement shall be increased by 10 percent of that require
Grade I Steel. : -

for




246 Design of R.C.C. Structural Elements

B-3 ELASTIC 'l‘l‘lE()KY OF RC SECTIONS

It is based on linear elastic théory that is, within working condition stress:es are proporhqr_l&l
to strain. It assumes the bond between concrete and steel is perfect (no slipping takes plice).
Hence if ¢ is the'strain at any point,

Stress in concrete =c,=E_ ¢
And stressinsteel =~ =o¢,=E,¢
| % _Eu
.o, _E,
Le. Oy = Z” o, = mo,, where m is the modular ratio B1
. c
The modular ratio may be assumed as
30 cbe

where Oeh I8 permissible compressive stress in concrete. IfAst is the area of steel and 6, is the
stress in it, the force resisted by steel

=Ast GB‘
=Astm o,
=(Ast m) o,

Hence.a composite area of steel and concrete may be looked as a transformed area of
concrete in which areq of steel

! is replaced by area of concrete equal to m Ast. However it may
be noted that this transformation should not alter the centroid.

B-4 MOMENT OF RESISTANCE OF SECTION

Consifier a rectanglﬂar section of width ‘0% and effective depth ‘d’ as showa in Fig. B2.1. (a‘

@ - ®)

Let the neutral axj ' o . . b
assumed that plan, axis be at a depth from maximum compression flange. Since'it is

g, e.section remains plan®; the strain diagram across the depth is linear as
shown in Fig. B.1(b) in which, CE -
~ & = Strain At-extreme compression end and
g, = Strdin in Steel

- T
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‘ g, = Strain in concrete around steel
.Since perfect bond exists between steel and concrete at working load, €, = £ B-3
' “Fig. B.1(c) shows the variation of stress across the depth. If g, is the stress in concrete at
the level of steel and o is the stress is steel, from the condition
g, =€, we get

S _ O
Es EC
E, 1
or o, = —E:o's=;;os B4

In working stress method, the tensile stress resisted by concrete.is neglected. Hence tensile
force in horizontal direction across the section is only due to stress in steel.

T =ocAst BS -
The compressive force is due to linearly varying stress in concrete as shown in Fig B.1(d).
Hence the horizontal compressive force across the section is given by

C = Average compressive stress x Area of beam in compression

= %ac xb nd o o B6
If we consider the equilibrium of horizontal forces across the section, we get
‘ C=T

Moment of resistance of the section is due to the couple moment of C & T., which is equal
to

M = C or T x distance between them

- a5 )err(a-)

=Cjd or Tjd BT

where jd:d—%orj:l_% i | . Bs

B-S BALANCED, UNDER REINFORCED AND OVER REINFORCED SINGLY
REINFORCED RECTANGULAR SECTION\S:
NN

From the expression for moment of resistance it is clear that moment of resistance deperfds
upon the neutral axis coefficient n. If the value of n is such that the extreme compressive
stress in concrete and stress in steel reach their permissible values simultaneously, then the
section is said to be balanced section. Thus in balanced section

O = Ocpe
and O, =Gy,
where G.pc — 1s permissible stress in concrete
and O — is permissible stress in concrete.

Hence from Fig. B1 — (¢), we find
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o, nd _ n

Ocbe = n
o+ T 1
m
: 1
or n=
1+ 1 %
m O
1l o st _ 1 O gt = 3032
Now, © Moy | 280 “5,. " 280
30'cbc
Noting this neutral axis as n,, we have N
e 1+ i‘i

280
- Critical neutra] axis coefficient n

@ for mild steel, n, =

B-10(a)
=04 ,
1+ 3x140 P

280 -

@) for Fe 415, n_= ;230 = 0.289

B100)
1+3x 230
To% 580

(@) for Fe 500, n, =fﬁ/12\75 =0.253

N\

N
B-10(¢)
S //1 +3x=— |

_ -~ 280
Since o, = 140 N/mm? for

It maybe noted that foy
.- grade of co

. — = §
of resistance may be calculated using 6, = 6, or 6, = o,,. Thu
M=cCjd

%acbncd(l - -"—C)d

3
1 n 2 - B11
= EO'C nc(l—?c)bd
For Fe 250, '
1 04 2
M=_= 4 1-—= |bd
50 0 4(1 3 )b
, =0.1730,bd?.
For Fe 415,

‘B-11()

-

M= %ac 0.289(1’; 9‘2-333)bd 2

_ . g
mild steel, 230 N/mm? for Fe 415 steel and 275 N/mm? for Fe 5:;:)e ,
balance section neutral axis coefficient 2, do not depend upon the
ncrete. Moment
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=0.1300,bd? : C B-11(b)
For Fe 500, '
‘ M=%xccx0253(1—0—'2;§)bd2
=0.1160,bd> I B-11(c)
The moment of resistance of balance section may be found by the relation.

M =Tjd = o, Ast jd - B2

Percentage of Steel for Balanced Section

If p, is the percentage of steel for balanced section, then

Ast P ‘
=100— = 2t
Dy bd or Ast 10Obd -
From the equilibrium condition

T =C, we get,

Oy Ast = %acbcb(nd)

: . -
ie., Ou jocbd = Zoubnd) - N
or p, = 50n Zeke y B-13

o-st

Under Reinforced Section

If reinforcement provided in a concrete beam is less than that required for balanced section,
then neutral axis moves above the critical section (n < n,), stress in steel reaches its maximum
permissible value before the maximum compressive stress in concrete reaches its permissible
value. This situation is shown in Fig. B—2 (a). The actual neutral axis 'n' may be located :Dy
equating moment of compression area about neutral axis to moment of equivalent tensile
area about the same axis. Thus, it can be obtained by the expression, ‘

o.= 0',?,_. .
974 A
ne n - \
17408 TR N
. \
L -
(a) Under Reinforced (b) Over Reinforced
Seciton Section.

Fig. B-2,
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B
b(nd) (ﬁ;ﬁ) =mAst(d - nd) be obtainedﬁcm
: ce can
As tensile strength reaches permissible stress, moment of resistan
M=Tjg B
3
Over Reinforced Section tion, the? o o
. c ’ i
If the reinforcemeng Provided is more thap that required for balanced:"es 0 00 s
axis moves tfelow the position of critical neutral axis (n > n) and res ching It’”o“”df{::
stress reaching itg Permissible value before tensile stress in steel rea cret?
value. This situatio ; 1 axis © o°
ol 118 shown in Fig B2(b). The actual neutra stress
eglacle o1 B(13). The moment, of Tesistance of the section is governed by
‘:E o M=(;
AN =Gid= -0, bng jd 4
\
.f o
Example gy, beam of iy 230 Janced 5S¢ freszs
concrete and Fe 475 tee X450 mm is 6 be designed as a ba mome™ .
the balanceq Section, g, wo ek. the areq of steel required and the er of 40
Solution ; TRINg Stregs Method. Provide effective oV
i Overal} depth
( Effective cover =450 mm
i =40 mm
L.
oy i 230""" c
i = - |_cbe)
%‘lu L nci
‘ d= 410,
] I 450mm d
L§ = K l
4Omm | Ot
(@) % =
)
o Eﬁ’ecti Fig.B3, ?{
Thus the effectiy, :ie depth < 410 -
stress in concrete O~ %@ of the »

5(301"“)Il
€am is . ce
For M20 concrete ™ 2ud tensi)e stfei,o X410 mm. As it is bala?

8
For Fe 415 stee] Ces gy, ool ;teel o, = o,
L\ T 0",
From Fig. B-3(3), we - =93 N/ 2an



L =0.289

1+3%st
280

Equati .
quating tensile force to compressive force We get,

n=n.=

GstASt = %acbcb nd

930Ast = -é «7x 230 % 0289 410

Ast =414.7 mm®> Ans.
M=Cjd

O gpe X n(l - %)bdz

T X 0.289[1 " 9%-89-) 230 x 410°

_ 35.34 x 10° N-mm

Exampj M = 35.34 kKN-m Ans.
ple B2, A R.C. Section of size 230 600 mm is provided with 3 ba

With ¢ .
o ffective cover of 40 mm. What Super imposed uniformly distribute
5 m? The materials to be used are; M25 concrete am

Ty ov ;
1 stee‘lzrg simply supported span of
- Use workin
Solution : ing stress method.

Eff, .1 depth = 600 mm
ective cove
= = 40 mm

20Ty

]
Q
[}
g
o
=
=¥
e

ol olH M=

rsof 16 mm diameter

d load the beam can
e

|

40mm

Fig. B-4-

Effucs Effective depth = 560 mm
ctive size is 230 x 560 mm.

In thi
1S ¢ )
e Ope = 8:5 N/mm?, Os = 930 N/mm".
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7
"

I! “‘T/ Z,
{ ; I{let‘_‘tw of actual N-A be = nd
i of s provided

= 603 mm?

Equating moment of compression area and moment of transformed tensile area about the

N-A, we get

b(nd) (%) =mA_(d-nd)

2
2302 5602 = _280_, 6031 — n)560
2 3%85

) n?=0.1028(1—n)
n”+0.10287—0.1028 =

ie.,

or . _ 01028 +010282 + 4 x 01028
2

=0.2733

Criti :
ritical neutral axjs when Fe 415 steel is used

el RTRENOYY
1450
e 280
Mom;ca L-:-, 1t lslunder reinforced section.
at of resistance ig governed by the strength in steel

M=Tjd
d
= o td_n_._
‘AS[ 3)

=230 % 603(1 - 0'2;33 J % 560

=70.591 x 10° N-mm
Instead of chECking Gt =70.591 kN-m

concrete governs the o critical N—A and deciding whether stress in steel or stress in
it as lower of the L v?l?ﬁagcan-ying capacity, one can find moment carrying capacity taking

permissible stresses. Thug
3

. Now, :
o M=Tjd =70.591 kN-m
and '
M = C jd gives
Ll d
= 5 X Oupeb (nd) (d - ’%)
= 10— n 1__E bd2
2 cbc 3

of C and 7T in which stresses for concrete are taken as their
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- -;—x8.5x0.2733(1— 0‘2733)x230 x 5602 |
=223.96 x 10°N-mm
=223.96kN-m |
Moment of resistance of the section . LT
M =170.591 kN-m Ans.
2 .
If w is the total udl per metre run, then —Sl- =170.591 !
52
ie., w X 5 - 70.591 or w = 22.586 kN/m ‘
Self wt. = 0.23 x 0.6 x 25 = 3.45 kN/m . \L
superimposed udl = 22.5860 — 3.45 =19.136 kN/m Ans.

Example B3. Ifin the beam given in example B2 is reinforced with 4 bars of 16mm Lpste
3 of 16mm, determine the moment of resistance of the section. All other parameters remam

same.
Solution : R : St

Ast = 4x—’4£162 =804 mm?®

Equating moment of compression area and transformed tensile area about the N -A, wéiget:

b(nd) (1‘-21) = mAst(d - nd)

2 : '
2307 x 560° = 28;’ x 804(1 - n)560 B
ie., n? =0.13708(1-n) L
or n® =0.13708n — 0.13708 =0 ~
— 2 S
or ., —013708+ V(13708)2 +4x 013708 _ 0.308.
2 I

If we assume compressive stress govems the moment carrymg capaclty, then

M=Cjd= Ex cvc,,cb (nd)_;d

= l cbe nj bd2

2
= 2x85x 0.305{1 - 3?;?—8 30 x 5602
=84.722x10°N-mm -’ S
= 84.722 kN-m S - T
If we assume, tensile stress in steel governs the moment carrymg capamty, then . __,//

—
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A7

A
S < e o 0.308
AT 23 830 =230x 804[1 - —3——]560
g s =92.924 x 10° N-mm
=92.924kN-m
Moment of resistance of the section
=84.722 kN-m
If w kN is the total udl per metre run then
wl?
—— =84.722
8
52
WX -— =84.722
8
or w=22111 kN/m
Self

wt. =0.23 x 0.6 x 25 = 3.45 kN/m

superimposed udl =27.111 - 3.45 = 23.661 kN/m Ans.

B-6. DOUBLY REINFORCED SECTIONS AND FLANGED SECTIONS

The concept used for sin,
also. The additiona] po
developed in compressi
analysis of flanged gect
past, author is not goi

gly reinforced sections may be extended to doubly reinforced sections
int to be remembered in the analysis of such sections is the stress
on steel is modular ratio times the strain in concrete at its level. The
lons also can be carried out without any difficulty. This is the method of
ng into detailed analysis of these sections.

B-7 DESIGN OF R.C. SECTIONS FOR SHEAR

f-‘,l};:aitfl;:- ’i{;uil:l?ending moment is most of the time associated with shear forr:'e. We know, t-he
i €ams and slahg i_s maximum near the sup.ports._The R.C. Section should resist
T Iorce safely. The design of sections for shear is as given below:
r stress (t,) on gross area using the expression
iy Ve

e
= shear force due to design loads.
b = breadth of section. For flanged section it is breadth of web
d = effective depth.

2. Determine the Pérmissible sh

3. (@) If1, < Te, Provid i
8 If?r o de nominal

1. Find nominal shegy

5 T
where v

ear stress T, from the table B2
reinforcement
max 81Ven in Table B-4, redesign by increasing the section,

Table B-4 Maximum shear stress Te max, N/mm?

Concrete Grade M 20 M 25 M 30 M 35 M 40 and above
Te max 1.8 1.9 2.2 2.3 2.5
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(¢) Ift. < T, < T, pax Provide shear reinforcement in any of the followmg forms .
, (L) Vertlcal stirrups :
<. (i) Bent up bars along with stirrups .
" (iti) Inclined stirrups ' ; w©
In case (ii) vertical bars shall be designed to carry at least 50 percent of total shear.. N »f,' ‘
Shear reinforcements shall be provided to carry a shear equal to V—, bd. The strengl:‘h of
shear reinforcement shall be calculated as below [B-5 —.4, IS 456-2000]:

(@) For vertical stirrups

7.
.

V. = Osv Asv d
S Sv -
(@) For inclined stirrups or a series of bars bent up at dlﬁ‘erent cross sectlons
V, = %—i(sma +cosa)

(iit) For bent up bars
V,=0,,Asv sin o
Where, Asv = Cross sectional area of stirrup legs

—

i = Spacing of stirrups

O, = perm1ss1ble tensile stress in shear remforcement subject to a maximum
! of 230 N/mm?

0. = Angle made by bent up bar with the axis of the beam.
Example B4. The effective cross section of a R.C. beam is 250 mm x 500 mm and is remforced
with 3 bars of 16 mm diameter. The section is subjected to a shear force of 100,kN. Design the
vertical stirrups. Grade of concrete used is M20 and grade of steel i is Fe 415. \

Solution : WA : \
100 x 1000 ~g
T, = ——"""" _ 0.
= 550 x 500 0.8 N/mm°

percentage of steel, |

r 2
Ast 100)(3)(2‘)(16

=1
P, =10057 250 % 500
From table B-2, (Table 23 of IS 456—-2000),

1, =0.294 N/mm? [After linear mterpolatlon] ,
T, max (from table B-4) = 1.8 N/mm? _ : ) T
| Te < Ty < Ty max
Hence shear reinforcements are to be provided to carry V,; = V-1, bd
= 1,00,000 - 0 284 x 250 x 500

i = 63250 N -
: A O, = 230 N/mm? for Fe 415 _
Using 8mm 2 legged stirrups, \

=0.483

A, = 2x%x8? = 100.58 mm?



i
or (s Sy
e Sy =182.8 mm
Provide 2 legged 8 <8
mm stirry t
Example B5. Ifin the o By o0 e

et
g - tior
0 7 Ove problem, i 16mm diameter is bent up at the sec
angle 45 design the shear reinﬁrcemenfone "o

Shegr resisted by the bent up har
Vsl =0y A,, sin o,
=230 x 7 x 162 x sin 45

= 32700 N > 50% of V/,

ertical stirrupg will be designed for a minimum of 50% of V i.e.

U 2 =0.50% 63250 = 31625
| Sing 2 leggeq 8mm Fe 415 stirrups, we get,
i 230 % 2x % % 82 x 500
31625 = 4
or — Sv Fe

But Maximum spacing permitted 300 mm. Hence provide 2 legged 8 If
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