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Design of RC Structural Elements 15CV51

1.1 Introduction
A structure refers to a system of connected parts used to support forces (loads). Buildings,
bridges and towers are examples for structures in civil engineering. In buildings, structure
consists of walls floors, roofs and foundation. In bridges, the structure consists of deck,
supporting systems and foundations. In towers the structure consists of vertical, horizontal
and diagonal members along with foundation.

A structure can be broadly classified as (i) sub structure and (ii) super structure. The portion
of building below ground level is known as sub-structure and portion above the ground is
called as super structure. Foundation is sub structure and plinth, walls, columns, floor slabs
with or without beams, stairs, roof slabs with or without beams etc are super-structure.

Many naturally occurring substances, such as clay, sand, wood, rocks natura fibers are used
to construct buildings. Apart from this many manmade products are in use for building
construction. Bricks, tiles, cement concrete, concrete blocks, plastic, steel & glass etc are
manmade building materials.
1.2 Objectives

1. To understand various design phil@soph
2. To understand the necessity of reinforc
3. To understand the stress block
4. To understand the necessity of p

of section.
saf eﬁi\gn of RC member.

| &
t %%ucture.

1.3 Advantages Disadvantages of RC mqqg%s v

Advantages 0 N

* |t has high tensile and compressiv r}éngtﬁ

* |tismore durable and may long up to 100 years

* [timparts ductility

» Raw materials used for construction of RC buildings are easily available and can be
transported.

» Overall cost for constructing a building using RC proves to be economical compared to
steel and pre-stressed structures.

» RC components can be moulded to any desired shape, if formwork is designed properly.

» |f RC structures are properly designed then it can resist the earthquake forces.

Disadvantage

« Tensile strength of RC member is about 1/10" of its compressive strength

1.4 Materialsrequired for RC member

a. Concrete
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Concrete is a product obtained artificially by hardening of the mixture of cement, sand, gravel
and water in predetermined proportions. Depending on the quality and proportions of the
ingredients used in the mix the properties of concrete vary amost as widely as different kinds
of stones. Concrete has enough strength in compression, but has little strength in tension. Due
to this, concrete is weak in bending, shear and torsion. Hence the use of plain concrete is
limited applications where great compressive strength and weight are the principal
regquirements and where tensile stresses are either totally absent or are extremely low.
Properties of Concrete

1. Gradeof concrete

Mild M?20
Moderate M25
Severe M30
Very Severe M35
Extreme M40

2. Tensile strength

Fer = 0.7* Vfck \/ t .
3. Modulus of elasticity (::} o

Ec = 5000*Vfck &Q/
4. Shrinkage of concrete: Depends o 0
> Constituents of concrete '6 .
» Size of the member
» Environmenta conditions
5. Creep of concrete: Depends on
» Strength of the concrete
» Stressin concrete
» Duration of loading
6. Durability: Mainly depends on
» Type of Environment
» Cement content
» Water cement ratio
» Workmanship

> Cover to the reinforcement
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7. Cover to thereinforcement
Nominal cover is essential

» Resist corrosion

» Bonding between steel and concrete
b) Reinforcements
0 Bamboo, natural fibers (jute, coir etc) and steel are some of the types of reinforcements
Roles of reinforcement in RCC
* Toresist Bending moment in case of flexural members
* To reduce the shrinkage of concrete
* Toimprove theload carrying capacity of the compression member
» Toresist the effect of secondary stresses like temperature etc.
» To prevent the development of wider cracks formed due to tensile stress
Advantages of Stedl Reinfor cement
* |t has high tensile and compressive stress
* Itisductilein nature
e It haslonger life L ¥ Q/

It allows easy fabrication ( easy tq cut, bend r)ﬁ%

* Itiseasly available o
* It haslow co-efficient of thermal expansi o@easthat of concrete

Disadvantages of Steel Reinfor cementé&"
* More proneto corrosion

» Losesits strength when exposed to high temperature

Classification of Steel bars
1. Mild Sted plain bars
» Cold worked steel bars
» Hot rolled mild steel bars
Eg: Fe250
2. High Yield Strength Deformed (HY SD) Bars
Eg: Fed415 & Fe500
3. Steel wireFabric
4. Structural Sted
5.CRSand TMT

N
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1.5 Introduction to RCC Design

Objective: -

1. Structure should perform satisfactorily during its life span

2. Structure should take up the forces which are likely and deform within the limit

3. The structure should resist misuse or fire.

Design of RC member involves

1. Deciding the size or dimension of the structural element and amount of reinforcement
required.

2. To check whether the adopted size perform satisfactorily during its life span.

1.6 Methods of Design or Design philosophy

1. Working stress method

2. Ultimate or load factor method

3. Limit state method

Working Stress Method — Based on Elastic theory

Assumptions:-
» Plane section remains plane befofe and“&fter defor@ takes place
» Stress—strain relation under % for both steal and concrete
f@fC

» Tensllestressistaken careby r d none of them by concrete
» Modular Ratio between steel and con emal ns constant.
Modular ratio

Es 280 .Q
T = — =

Ec s

Where &.5,. =ispermissiblestress

Advantages:.-

1. Methodissimple

2. Methodisreliable

3. Stress is very low under working condition , therefore serviceability is automatically
satisfied

Limitations:-

1. Stressstrain relation for concrete is not linear for concrete

2. It givesanideathat failure load = working load * factor of safety, but it is not true

3. This method gives uneconomical section

. Ultimate load method or L oad factor method
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* Thismethod usesdesignload = ultimate load * load factor
. Loadfactor = Collapse Load
Working Load

* This method gives slender and thin section which results in excessive deflection and
cracks

» This method does not take care of shrinkage of concrete

* This method does not take of serviceability

Limit State Method

Limit state is an acceptable limit for both safety and serviceability before which failure

occurs

1. Limit state of collapse

2. Limit state of serviceability

3. Other limit state

Limit state of Collapse

The structure may get collapse because of
» Rupture at one or more cross-sections
> Buckling

» Overturning

While designing the structure fol |0WI n %%%g; should be considered
L Qx

. Flexure

2. Shear 0
3. Torsion Q'

4. Tension

5. Compression
Limit state of Serviceability

a) Limit state of deflection
Lack of safety
Appearance
Ponding of water

Y V VYV V

Misalignment in machines

» Door, window frames, flooring materials undergoes crack
Methodsfor controlling deflecting

* Empherical formula—- span/depth

» Theoretical - dimension

b) Limit state of cracking
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» Appearance
> Lack of safety
> Leakage
» Creation of maintenance problem
» Reduction in stiffness with increase in deflection
» corrosion
Other Limit states
a) Vibration
b) Fireresistance
¢) Chemica and environmental actions
d) Accidenta loads
1.7 Typesof Loadson RCC Structures
Dead Load 1S 875 (Part 1)1987
LiveLoad 1S875 (Part 2)1987
Wind Load IS 875 (Part 3)1987
Snow Load IS 875 (Part 4)1987 & > Q/
Earthquake Load IS 1893 2002 &
» Low intensity Zone (IV or I
> Moderate intensity Zone (VII) - z@;
» Severeintensity Zone (VIII) e vV
> Very Severeintensity Zor@v( and ébove) —ZoneV
1.8 Characteristic load
Characteristic load = Mean Load+1.64S

o ~ w DN PP

Characteristic Strength
Characteristic Strength = Mean Strength -1.64S
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1.9 Partial safety factor

2. For materid
ra

F e
3. Forload
Fa=F* s
1.10 Stress-strain curvesfor reinforcement

Fa —

5 - f, = 250 N/ mm"
f,/1.15=217.39 N/ mm"

E. = 200000 N / mm’

0.00709 Strain —™
: : vy > . L .
Stress-strain curvefor Mild steel\(c,le(a}%) (Fe 250) with definiteyield point

[
VL r"r'

s Ty Fvs/1. 15

' L™
O AN
1.4k

Stress-strain curvefor cold worked deform bar
Figures show the representative stress-strain curves for steel having definite yield point and
not having definite yield point, respectively. The characteristic yield strength fy of stedl is
assumed as the minimum yield stress or 0.2 per cent of proof stress for steel having no
definite yield point. The modulus of elasticity of steel is taken to be 200000 N/mm?
For mild steel, the stress is proportional to the strain up to the yield point. Thereafter, post

yield strain increases faster while the stress is assumed to remain at constant value of fy.
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1.11 Limit state of collapsein flexure

The behaviour of reinforced concrete beam sections at ultimate loads has been explained in
detail in previous section. The basic assumptions involved in the analysis at the ultimate limit
state of flexure (Cl. 38.1 of the Code) are listed here.

a) Plane sections normal to the beam axis remain plane after bending, i.e., in an initialy
straight beam, strain varies linearly over the depth of the section.

b) The maximum compressive strain in concrete (at the outermost fibre) [ cu shall be taken
as 0.0035 in bending.

¢) The relationship between the compressive stress distribution in concrete and the strain in
concrete may be assumed to be rectangle, trapezoid, parabola or any other shape which
results in prediction of strength in substantial agreement with the results of test. An
acceptable stress-strain curve is given below in figure 1.6. For design purposes, the
compressive strength of concrete in the structure shall be assumed to be 0.67 times the
characteristic strength. The partial safety factor y, = 1.5 shall be applied in addition to this.

d) The tensile strength of the concrete isignored.

€) The stresses in the reinforcement are derivethfrom repr ive stress-strain curve for the
type of steel used. Typical curves are giv e 3 For design purposes the partial
safety factor equal to 1.15 shall be %@/ %ﬂr

f) The maximum strain in the tension rel nfor m the section at failure shall not be less

than Iy 0002 0 N
115K, ‘Q

1.12 Limiting Depth of Neutral Axis

0.0035
0 002 0.4461., O 43,
]II_ Bi T:,_i.., 7 To.e2x
T I I
! [——— | ¥ TR [ SR—— -
D LA, i J Py ¥
R == - |k — e e e
* ~1 S yoo L T=0.87TTA
5 bEmed r y 0.871
Sveel bars (A OO0
=,
Section A, Stress diagram
of Fig. 3.4 18 Strain diagram

Rectangular beam under flexure xu < xumax
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0.446f_, 0.42x
- h —» Q..Q_Qz\\ 003 /
¥ 7
T .*:,&f{ —— I _____ +—1C - _Iq“"-
/ Ky oo y
| +- d ¢ :’J
/
D - p
!
/ T=0.87LA
= Y . L T
AT -
R | 0.87¢
Steel bars (A, ., ) L E + 0.002
Section AA Strain diagram Stress diagram

Rectangular beam under flexure xu = xu,max

Based on the assumption given above, an expression for the depth of the neutral axis at the
ultimate limit state, xu , can be easily obtained from the strain diagram in Fig

Considering similar triangles,

X 0.0035 ‘
(1)

o 0877,
4 00035 Ef-' 1 0.002

§

Accordmg to IS 156:2000 cl no 38.1 (f) ,when the maxunum stramn m tension remforcement

0.87f, S
Y 1+ 0.002 . then the value of neutral axis will be A

1s equal to
&

"‘H.Illil‘\ _ 00035

0.877,
—+0.002
£ @

Therefore.

0.0035 +

The values of xu,max for different grades of steel, obtained by applying Eq. (2), arelisted in
table.

Limiting depth of neutral axisfor different grades of steel

Steel Grade Fe 250 Fe 415 Fe 500

X,

1.Max /d 0.5313 0.4791 0.4791

The limiting depth of neutral axis xu,max corresponds to the so-called balanced section, i.e., a
section that is expected to result in a balanced* failure at the ultimate limit state in flexure. If

the neutral axis depth xu is less than xu,max , then the section is under-reinforced (resulting in

Page 15



Design of RC Structural Elements 15CV51

a tension® failure); whereas if xu exceeds xu,max , it is over-reinforced (resulting in a
compression® failure).

1.13 Analysisof Singly Reinforced Rectangular Sections

Analysis of a given reinforced concrete section at the ultimate limit state of flexure implies
the determination of the ultimate moment MR of resistance of the section. This is easily

obtained from the coupl e resulting from the flexural stresses

3 0.0035 04471, (314, 0447f.
Ed T T 1_
= =0.416 x,
(3-'f T]Xt.' C'I X u
T ooczly > - = - .c
s &
(47 7)xy A
l (5;8)’((41{?))@ C.J = 0362 fck b Xu
......... 4 -
Ao L . il
BEAM SECTION STRAINS STRESSES
(truncated)

Concrete stress-block parametersin compression
MR=C*z =T*z
where C and T are the resultant (ulti mat&fok;in corr:&@% and tension respectively and
zisthelever arm. g&
T=0.87fy As \/ %bsr S
Concrete Stress Block in Compression Q/
In order to determine the magnitude of @fi

N

its Ii'ne of action, it is necessary to analyze the
concrete stress block in compressidQS ultimate failure of a reinforced concrete beam in
flexure occurs by the crushing of concrete, for both under- and over-reinforced beams, the
shape of the compressive stress distribution (_stress block*) at failure will be, in both cases,
as shown in Fig. The value of Cu can be computed knowing that the compressive stress in
concrete is uniform at 0.447 fck for a depth of 3xu/ 7, and below this it varies parabolically
over adepth of 4xu/ 7 to zero at the neutral axis.

For arectangular section of width b,

} P [3x, | 4x,
C, =047/ b 2+ | \—]}

taa | )

~1

Therefore, Cu=0.36* fck * b * xu
Also, the line of action of Cu is determined by the centroid of the stress block, located at a

distance x from the concrete fibres subjected to the maximum compressive strain.
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Accordingly, considering moments of compressive forces C u, C1 and C2 about the

maximum compressive strain location,

AN e,

X, ——x—t
T\ T8 7 )]

: _ . (3
(03621, bx,) X ¥ — (0417 £, v, )‘ [ =)=

Solving x =0.416x,

Depth of Neutral Axis

For any given section, the depth of the neutral axis should be such that Cu = T, satisfying
equilibrium of forces.
EquatingC =T,

0877, 4,

X, —————— . valid only if resulting x, <x,
0.3617,;b '

1.Max

1.14 Ultimate Moment of Resistance

The ultimate moment of resistance MR of a given beam section is
Accordmgly, m terms of the concrete compressive strength,

M, =0.361f,bx,(d-0.416x,) forallx,

Alternatively, in terms of the steel tensile stress,

M,z = [ A;(d—0416x,,) forallx,

With f=0.87f, for x, <X, 1«

Limiting Moment of Resistance

The limiting moment of resistance of a given (singly reinforced, rectangular) section.
according to the Code (CL. G—1.1), corresponds to the condition, defined by Eq. (2). From

Eq. (9). 1t follows that:

‘:“{H.lim =036 lf:ﬂ?\ b'\‘n.lmx (d_ 0416 Xy max ) ( 11 )
X ). 0.4l6x Y-
_-'1[”_]-1111 — 0361{‘0‘_( 1. INax 1_ dh“lllﬂ,\ bd- (l la)
J\ J

1.15 Modesof failure: Typesof section

A reinforced concrete member is considered to have failed when the strain of concrete in
extreme compression fibre reaches its ultimate value of 0.0035. At this stage, the actual strain
in steel can have the following values:

(a) Equal to failure strain of steel

(b) More than failure strain, corresponding to under reinforced section.

(c) Lessthan failure strain corresponding to over reinforced section.
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Thus for a given section, the actual value of xu / d can be determined from Eq. (7). Three
cases arise.

Case-1: xu /d equal to the limiting value xu,max /d : Balanced section.

Case-2: xu /d less than limiting value: under-reinforced section.

Case-3: xu /d more than limiting value: over-reinforced section.

Balanced Section

In balanced section, the strain in steel and strain in concrete reach their maximum values
simultaneously. The percentage of stedl in this section is known as critical or limiting steel
percentage. The depth of neutral axis (NA) iS Xu= Xu,max .

Under-reinforced section

An under-reinforced section is the one in which steel percentage (pt) is less than critical or
limiting percentage (pt,lim ). Due to this the actual NA is above the balanced NA and

XU < Xu,max .

Over-reinforced section

In the over reinforced section the steel percentage is more an limiting percentage due to
which NA falls below the balanced NAﬁn > xu m ause of higher percentage of
stedl, yield does not take place in st fall hen the strain in extreme fibres in
concrete reaches its ultimate value.

1.16 General Aspects of Serviceability: Q/

The members are designed to withstan all Ioads liable to act on it throughout its life
using the limit state of collap %ese members designed should aso satisfy the
serviceability limit states. To satisfy the serviceability requirements the deflections and
cracking in the member should not be excessive and shall be less than the permissible values.

Apart from this the other limit states are that of the durability and vibrations. Excessive
values beyond this limit state spoil the appearance of the structure and affect the partition
walls, flooring etc. Thiswill cause the user discomfort and the structure is said to be unfit for
use.

The different load combinations and the corresponding partial safety factors to be used for the
limit state of serviceability are given in Table 18 of IS 456:2000.

Load combination Limit Siatc of Limit sitaftc of
Collapse serviceahility
A
f )
121 IL. Wl 121, 1L Wl
i
i ]
DL | IL I:& 1.0 1.0 1.0
DL + WL 1.5 or - 1.5 1.0 - 1.0
0.9
A
DL+ T+ WI ‘ 152 ; 1.0 0.8 0.8
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Limit state of serviceability for flexural members:

Deflection

The check for deflection is done through the following two methods specified by IS 456:2000
(Refer clause 42.1)

1 Empirical M ethod

In this method, the deflection criteria of the member is said to be satisfied when the actual
value of span to depth ratio of the member is less than the permissible values. The IS code
procedure for calculating the permissible values are as given below

a. Choosing the basic values of span to effective depth ratios (I/d) from the following,
depending on the type of beam

1. Cantilever =8

2. Simply supported = 20

3. Continuous = 26

b. Modify the value of basic span to depth ratio to get the allowable span to depth ratio.
Allowablel/d = Basicl/d x Mtx Mcx Mt Q/

Where, Mt = Modification factor obtal n& fromMig st%ezooo. It depends on the area of

tension reinforcement provided and the type of/st
Mc = Modification factor obtained fronvtig 56:2000. This depends on the area of

compression steel used. &Q/ .

M+ = Reduction factor got from fig 6 of @56: 2000

Note: The basic values of 1/d mentio aboi)e is valid upto spans of 10m. The basic vaues
are multiplied by 10 / span in meters except for cantilever. For cantilevers whose span
exceeds 10 m the theoretical method shall be used.

2 Theoretical method of checking deflection

The actual deflections of the members are calculated as per procedure given in annexure ‘C’
of 1S 456:2000. This deflection value shall be limited to the following

i. The final deflection due to all loads including the effects of temperature, creep and
shrinkage shall not exceed span / 250.

ii. The deflection including the effects of temperature, creep and shrinkage occurring after
erection of partitions and the application of finishes shall not exceed span/350 or 20 mm

whichever isless.
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Cracking in structural members

Cracking of concrete occurs whenever the tensile stress developed is greater than the tensile
strength of concrete. This happens due to large val ues of the following:

1. Flexural tensile stress because of excessive bending under the applied load

2. Diagonal tension due to shear and torsion

3. Direct tensile stress under applied loads (for example hoop tension in a circular tank)

4. Latera tensile strains accompanying high axis compressive strains due to Poisson’s effect
(asin acompression test)

5. Settlement of supports

In addition to the above reasons, cracking also occurs because of

1. Restraint against volume changes due to shrinkage, temperature creep and chemical
effects.

2. Bond and anchorage failures

Cracking spoils the aesthetics of the structure and also adversely affect the durability of the
structure. Presence of wide cracks exposes the rei nforcemer%the atmosphere due to which

the reinforcements get corroded causi ng%e d io% oncrete. In some cases, such as
t

liquid retaining structures and pr vessels r%‘
itself (such as water tightnessin m‘(( C:} )
Permissible crack width e
The permissible crack width in structur@anprée members depends on the type of structure

s the basic functional requirement

and the exposure conditions. The permisSible values are prescribed in clause 35.3.2
IS 456:2000 and are shown in table below

Lablc: Permissible values of crack width as per 1S 456:2000

No. Tvpes of Exposure Permissible widths of crack
at surface (mm)

Protected and not exposcd to aggressive

: 5 0.3
environmental conditions

2 Moderate environmental conditions 0.2

Control of cracking

The check for cracking in beams are done through the following 2 methods specified in

IS 456:2000 clause 43.1

1. By empirical method:

In this method, the cracking is said to be in control if proper detailing (i.e. spacing) of
reinforcements as specified in clause 26.3.2 of 1S 456:2000 is followed. These specifications
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regarding the spacing have been already discussed under heading general specifications. In

addition, the following specifications shall also be considered

i. In the beams where the depth of the web exceeds 750 mm, side face reinforcement shall be

provided along the two faces. The total area of such reinforcement shall not be less than 0.1%

of the web area and shall be distributed equally on two faces at a spacing not exceeding 300

mm or web thickness whichever isless. (Refer clause 25.5.1.3 15456:2000)

ii. The minimum tension reinforcement in beams to prevent failure in the tension zone by

cracking of concreteis given by the following

As=0.85fy/0.87 fy (Refer clause 26.5.1.1 IS 456:2000)

iii. Provide large number of smaller diameter bars rather than large diameter bars of the same

area. Thiswill make the bars well distributed in the tension zone and will reduce the width of

the cracks.

2. By crack width computations In the case of special structures and in aggressive

environmental conditions, it is preferred to compute the width of cracks and compare them

with the permissible crack width to ensure the safety of t?z/structure at the limit state of

serviceability. The L ¥

IS 456-2000 has specified an anal metho 'gstl mation of surface crack width in

Annexure-F which is based on theylj%w é& 110) specifications where the surface

crack width isless than the permissible wi d’é&rack control is said to be satisfied.
Problems:

1. Given the following data of a simply supported T beam, check the deflection criteria by
empirical method
Width of the beam (b) = 230 mm
Effective depth (d) =425 num
Effective span =80m
Area of tension steel required = 977.5 mm”
Area of tension steel provided = 1256 mm?®
Area of compression steel provided = 628 mm”
Type of steel = Fe 415
Width of flange (bs) = 0.9 m
Width of web (b)) =03 m

Solution:

. :
Basic Pl 20 for simply supported beam from clause 23 2.1

1 . I
Allowable = = Basic = x M; x M. x Mg

1265 x 100
Ppb=——  _ =130%
230 x 425
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0.58 f,, x Area of steel required
Area of steel provided

. =

_ 058 x 415 x 977.5
SO 1256

= 187.3

From fig 4, for P, = 1.3%,_ f. = 187.5 N/mm"
M,

628 x 100

= = 0.659
£ 230 x 425 o

From fig 5, for P. = 0.65%, M.

by _ 0.30

From fig 6, for E T

=033, M;

Substituting a. b and ¢ in equation (1)

4
We get allowable = 20x11x1.15x0.80=202

I a8
Actual —=

= 18.82 << allowable z
d 0.425 o

Hence OK

(R

A rectangular beam continuous over several supports has a width of 300 mm and overall
depth of 600 mm. The effective length of each of the spans of the beam 1s 12.0 m. The
effective cover is 25 mm. Area of compression steel provided is 942 mm” and area of
tension steel provided 15 1560 mm’. Adopting Fe 500 steel estimate the safety of the
beam for deflection control using the empirical method

Solution:

1 . I
Allowable 5 = Basic i x M, x M. x M;

= Tl ; :
Basic 1 = 26 as the beam 15 continuous

0.58 f, x Area of steel required

4 Area of steel provided

0.58 x 500 x 1560
- 1560 B

From fig 4, for f. =290, P,=0.90, M; = 0.9

From fig 5, for P. = 0.54%, M. ({b)
bw
From fig 6, for — = 1.0, M, (c)
L
E i 10 = 10 i
The equation (1) shall be multiplied by R l.e -as the span of the beam 1s greater

than 10.0 m
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0

Allowable — = = X26x09x1.15x1=224

L
d
I 12 I
Actnal — = =20 .86 < allowable —

d 0.575 d

Hence deflection control 1s satisfied.

3. Find the effective depth based on the deflection criteria of a cantilever beam of 6m span.
Take f; =415 N/'mm’”. Pt = 1%, Pc = 1%.

Solution:

| reo | I
Allowable 5 = Basic 3 M, x Mo x My

ol :
Basic 7 = 7 for cantilever beam

Ay required

Assume 1.0

A provided i
f.=058x415x1=2407

From fig 4. for £. =240, P,=1%_ M;=1.0

From fig 5, for P. = 1%, M. =125

b
From fig 6. for — = 1.0, M;=1
by

L
Allowable i Tx10x125x10=875

I G000
d=—=——=685mm
8.75 8.75

4. A sumply supported beam of rectangular cross section 250mm wide and 450mm overall
depth is used over an effective span of 4.0m. The beam is reinforced with 3 bars of
20mm diameter Fe 415 HYSD bars at an effective depth of 400mm. Two anchor bars of
10mm diameter are provided. The self weight of the beam together with the dead load on
the beam 15 4 kKIN/m. Service load acting on the beam i1s 10 kN/m. Using M20 grade
concrete. compute

a. Short term deflection
b. Long term deflection

Solution:
Data b=250mm D =450 mm. d=400 mm. f =415 MN/mm°
Ay=3 x% x20° =942 mm’ 1=4.0m DL =4kN/m Service load = 10 kN/m._

w

Total load = 14 KN/m. f4. =20, A, = 2x = x 10° = 158 mm"

o

E.=2.1x10°  Ec= 5000 /f,; = 22360 N/mm’
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280 280
in= =
30, 3x7

=133

f.=07 Jfs =07 V20 =3.13 N/mm’

a. Short term deflection

To determune the depth of N.A
Equating the moment of compression area to that of the tension area. we get

b"‘x*iz =m* A, * (dx)

t the steel into equivalent concrete area

xz

250 % — =13 %942 * (400-x)

Solving. x = 155 mm from the top

250 x 155° ;
C'rackedM{)III=+ + (250 x 155) x (155/2)* + 13 x 942 (400 155)

=1045x 10° mm*

250 x 4503
(2) Ig=G~rossMGI=% = 18.98 x 10° mm*

(3) M = Maximum BM under service load

wi? 14x 47

—t | MW =7 ﬁ:_
5 = 2B KN=28x 10" N-mm

M=

(4) Cracked moment of inertia

Jer: 3.13 x18.98 x 10%
¥, e L =26 x 10° N-mm
Ve 0.5 %450

Leverarm=z = (d == g)

a3

= (ii{lﬂ — 1T = 348 34 mm

e[

10.45 x 10°

12 (222100 (24824) (1 _155)
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Lz= 1493 x 10° mm*
Further It < Lg < I
(6) Maximum short term deflection

K,wi* 5 14 x(4000)2
= = =1.39 mm
Eclefr 384 22360 x14.93 x 109

Aifperm) =
5 .
Ky =— for S5B with UDL
384
b. Long term deflection
(1) Shrinkage deflection (a..):
A= K: o LJ

K; = 0.125 for simply supported beam from Annexure C-3.1
«« = Shrinkage curvature = K, E)

D
€., = Ultimate shrinkage strain of concrete (refer 6.2.4) = 0.0003
100 =942
P s
250 =400
100 x158
P.=—""—=0.158
250 =400

Pi-P.=(0942 0.158)=0.784

Pi-P.={(0942 0.158)=0734
This 15 greater than 0.25 and less than 1.0 Hence ok.
. Pr—Pr 0.942—0.158
Therefore Ky = 0.72 X /5 0.72 X e
KE;=058
0.58 = 0.0003 7
e O e R T

450
=Ky ekl
=0.125 x 3.866 x 107" x (4000)°
=0.773 mm
(2) Creep deflection [acciperm]
Creep deflection acqpemy = Biccjpermy  Aifperm)

Where. acc(pemy = creep deflection due to permanent loads

15CV51
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Aicc(permy = short term deflection + creep deflection

Aijpermy = short term deflection

wl®
dice ey = Koy (E I ff)
oe e

E A E. S E.
€€ T (148)  (1+16)

6 = Creep coefficient = 1.6 for 28 days loading

Aiccipermy = 2.6 X short term deflection
= 2.6 X Ajperm)
=26x139=3614mm
Creep deflection acqpery = 3.614 1.39=2.224 mm
Total long term deflection = shrinkage deflection + Creep deflection
=0.773+2224=3013 mm
Total deflection = Short term deflection + Long term deflection

=139+3013=4402 mm .
1.17 Outcome \/" W <
1. Ableto know various design philosophi ’
2. Ableto know the necessity of rei é \ent’ in RC structure.
3. Ableto know the stress block eter of RC beam section.
4. Ableto know the necessity of Sartial safety in design of RC member.
1.18 Assignment questions

1. What are the modes of failure of singly reinforced beam?
2. What are the methods of design philosophies?

3. What is moment of resistance?

4. What are the loads that are likely to act on the structure?
5. What issingly reinforced beam?

1.19 Future Study
https://nptel.ac.in/courses/105105105/
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Module- 2
Analysis of Beam subjected to Flexure, shear and torsion

2.1 Introduction to failure modes of beams
2.2 Objectives

2.3 Shear Stress

2.4 Design shear strength of beam

2.5 Design of shear reinforcement

2.6 Bond strength

2.7 Development length

2.8 Outcome

2.9 Assignment questions

2.10 Future study
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2.1 Introduction to Failure modes of beams
Failure Modes due to Shear

|
-'H___ Crack
L 3

- s T
Ve '

Figure 1.10 (a) Web shear progress along dotted lines

|
1};"—_1‘:&.1-;&

17/

Figure 1.10 (b) Flexural tension

__,-Ej =Crick
r 2

| T B i ,|"'
1

Z

Figure 1.10 (b) Flexural compression

Bending in reinforced concrete beams is\isual acc:msﬁgt;y shear, the exact analysis of

which is very complex. Howevery experiment . confirmed the following three
different modes of failure due to possiblegdmbinatoris of shear force and bending moment at
agiven section: &Q/

(i) Web shear (Fig. 1.10a) 0 N

(ii) Flexural tension shear (Fig. 1.10@

(iii) Flexural compression shear (Fig. 1.10c)

Web shear causes cracks which progress aong the dotted line shown in Fig. 1.10a. Steel
yieldsin flexural tension shear as shown in Fig. 1.10b, while concrete crushes in compression
due to flexural compression shear as shown in Fig. 1.10c. An in-depth presentation of the

three types of failure modes is beyond the scope here.
2.2 Objectives
1. To analyzethe RCC beam as singly or doubly

2.3 Shear Stress

The distribution of shear stressin reinforced concrete rectangular, T and L-beams of uniform

and varying depths depends on the distribution of the normal stress. However, for the sake of
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simplicity the nominal shear stress tv is considered which is calculated as follows (IS 456, cls.
40.1 and 40.1.1):

_p__r.. L
'l
T : '“-||I Curee fins
o
s o o ) . .99
! m— Straight ling
- [.;l-
e
- b -
Mioke:

(i) Al distriblicn
(@) dveracpe disiribution

[a) Rectargular beam

La
| TS
- hga
-|_._|._l:-l& e N
d - {i
[}
p—— (W)
i rcokirs ot sty
b,
™ a {b) T-taam

| ik A bua] distnbulion
| ] Aierace destrbifion

Figure 1.1 1: Dhstribution of shear stress and average shear stress

(£} In beams of unmiformy depth (Fizs. 1.11a and b}:

where " = shear force due to desien loads,

b =breadth of rectangular beams and breadth of the web b for flanped beams. and
Figure 1.11: Distribution of shear stress and average shear stress
(1) In beams of uniform depth (Figs. 1.11a and b):

T Vu

FZE

where 7 = shear force due to design loads,

b = breadth of rectangular beams and breadth of the web & for flanged beams. and
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d = effective depth.

(11) In beams of varying depth:

T
' bd

where 1., Vu. b or b, and d are the same as in (1),

M, = bending moment at the section, and

p = angle between the top and the bottom edges.

The positive sign is applicable when the bending moment Mu decreases numerically in the
same direction as the effective depth increases, and the negative sign is applicable when the
bending moment Mu increases numerically in the same direction as the effective depth

increases.

2.4 Design Shear Strength of Reinforc@ Concrete Q/Q/

even without any shear reinforcement. T

Recent laboratory experiments confirwr n r%@gc)ncrete in beams has shear strength

h (tc) depends on the grade of concrete

and the percentage of tension steel in beams. other hand, the shear strength of reinforced
concrete with the reinforcement is restri D 'some maximum value Temax depending on the
grade of concrete. These minimum imum shear strengths of reinforced concrete (1S 456,

cls. 40.2.1 and 40.2.3, respectively) are given below:
Design shear strength without shear reinforcement (1S 456, cl. 40.2.1)

Table 19 of IS 456 stipulates the design shear strength of concrete tc for different grades of
concrete with a wide range of percentages of positive tensile steel reinforcement. It is worth
mentioning that the reinforced concrete beams must be provided with the minimum shear

reinforcement as per cl. 40.3 even when tvisless than 1c
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Minimum Shear Reinforcement (cls. 40.3, 26.5.1.5 and 26.5.1.6 of IS 456)

Minimum shear remforcement has to be provided even when € 15 less than 3 given in Table 3

as recommended 1n cl. 40.3 of IS 456. The amount of mmnimum shear remnforcement. as given
mcl 26.5.1.6, 1s given below.

The minimum shear reinforcement in the form of stirrups shall be provided such that:

A 04

e

bs, 087f,

(15)

where AT = total cross-sectional area of stirrup legs effective in shear,
5 = stirrup spacing along the length of the member,

b = breadth of the beam or breadth of the web of the web of flanged beam b“_. and

-

f1 = charactenistic strength of the stirrup reinforcement in N/mm which shall not be

taken greater than 415 N.f'mmz.
The above provision i1s not applicable for members of minor structural importance such as
lintels where the maximum shear stress calculated 1s less than half the permissible value.
The munimum shear reinforcement is provided for the followmg:
(1) Any sudden failure of beams is prevented if concrete cover bursts and the bond to

the tension steel 15 lost.
(1) Brittle shear failure 1s arrested which would have occurred without shear
remforcement.
-\t .
(1) Tension failure 15 prevented which would have occurred due to shrinkage,
thermal stresses and mternal cracking m beams.
(1v) To hold the reinforcement in place when concrete 1s poured.
(v) Section becomes effective with the tie effect of the compression steel

Further, cl. 26.5.1.5 of IS 456 stipulates that the maximum spacmg of shear remforcement

measured along the axis of the member shall not be more than 0.75 4 for vertical stirrups and

o
d for mclined stirrups at 45 ., where 4 1s the effective depth of the section However. the

spacmg shall not exceed 300 mm m any case.

2.5 Design of Shear Reinforcement (cl. 40.4 of | S 456)

When tv is more than tc given in Table 6.1, shear reinforcement shall be provided in any of
the three following forms:

(@) Vertical stirrups,

(b) Bent-up bars along with stirrups, and

(¢) Inclined stirrups.
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In the case of bent-up bars, it is to be seen that the contribution towards shear resistance of
bent-up bars should not be more than fifty per cent of that of the total shear reinforcement.
The amount of shear reinforcement to be provided is determined to carry a shear force Vus
equal to

V.=V, —r.bd (16)
where b 15 the breadth of rectangular beams or EJ“_in the case of flanged beams.
The strengths of shear remforcement Vm for the three types of shear reinforcement are as

follows:
{(a) Vertical stirrups:

087f A _d
P:LT — -’ﬂATI (1 7)
F.

(b) For inclined stirrups or a series of bars bent-up at different cross-sections:

0.87f,4.d

e (sin e +cosa) (18)

5,
{c) For single bar or single group of parallel bars, all bent-up at the same cross-section:
Ve =087 f, A dsma (19)
N\ 7 AW\
where A_L.= total cross-sectional area of stirmip legs or bent-up bars within a distance 5

8§55 spacing of stirrups or bent-up bars along the length of the member,

1 = normunal shear stress,
5

T = design shear strength of concrete,
C

b = breadth of the member which for the flanged beams shall be taken as the breadth
of the web EJW,

f = characteristic strength of the stirrup or bent-up remforcement which shall not be

}
taken greater than 415 N/mm .

o = angle between the mclined stirmup or bent-up bar and the axis of the member, not

less than 45D. and
d = effective depth.
The following two points are to be noted:
(1) The total shear resistance shall be computed as the sum of the resistance for the
various types separately where more than one tyvpe of shear remnforcement is

used.

(11) The area of stirrups shall not be less than the minimum specified mn cl. 26.5.1.6.
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Numerical Problem

Find the moment of resistance of a singly reinforced concrete beam of 200 mm width 400mm
effective depth, remnforced with 3-16 mm diameter bars of Fe 415 steel Take M20 grade of
concrete.

Solution

A 3_1%(15)3 — 603.19 mm?

603.19
% p, =100x———— = 0.754%
200x400
0.754 415
T _9417p, 22 15 o oarr ST 5
af £, 100~ 20

A
MNow for Fe 415 grade of steel, “':'r‘ =0479

Hence the beam is under-remnforced.

The moment of resistance 1s given by

Sy

Tk o2
¢ &
— 0.87x415x603.19x400( 1 - —12x003-19 19 %

\ ""D;a 200 4:)(1

M, =087f,4, a" g

=73 48 EN-m.

3

W

2.6 Bond 0

The bond between steel and concreteis very important and essential so that they can act
together without any dlip in aloaded structure. With the perfect bond between them, the plane
section of a beam remains plane even after bending. The length of a member required to
develop the full bond is called the anchorage length. The bond is measured by bond stress.
The local bond stress varies along a member with the variation of bending moment.

Thus, a tensile member has to be anchored properly by providing additional length on either
side of the point of maximum tension, which is known as Development length in tension".
Similarly, for compression members also, we have Development length Ld in compression’.
Accordingly, IS 456, cl. 26.2 stipulates the requirements of proper anchorage of

reinforcement in terms of development length Ld only employing design bond stress nbd

ﬁ
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Design bond stress- values

The average bond stress is still used in the working stress method and 1S 456 has mentioned
about it in cl. B-2.1.2. However, in the limit state method of design, the average bond stress

has been designated as design bond stress nbd and the values are givenin cl. 26.2.1.1

Grade of concrete M 20 M 25 M 30 M 35 M 40 and
above
Design Bond Stress 1.2 14 1.5 1.7 19

Tpa I N/mm?2

For deformed bars conforming to IS 1786, these values shall be increased by 60 per cent. For

bars i compression. the values of bond stress m tension shall be increased by 25 per cent.

2.7 Development Length

B
NPT | . —
\\ 1@ =Bar diameter 2_-._, T
A ——— —— B
h = .

Figure 1.13 Development lenzth of bar

Figure 1.13 shows the free body dlag\arvm t AB of the bar. At B, thetensile force
T trying to pull out the bar is of the value T % s /4) where 0 is the nominal diameter of
the bar and (s is the tensile stress in the ‘section considered at design loads. It is
necessary to have the resistance for e developed by nbd for the length Ld to overcome
the tensile force. The resistance force = m 6 (Ld) (nbd). Equating the two, we get 1 6 (Ld)
(nbd) = (m 62 s/4) (29
Equation (19), thus gives

A (20)
42’501
The above equation 1s given m cl. 26.2.1 of IS 456 to determune the development length of

bars.
The example taken above considers round bar m tension. Similarly. other sections of the bar

should hawve the required ‘Ea as determuned for such sections. For bars in compression. the
development length is reduced by 25 per cent as the design bond stress in compression X 15

25 per cent more than that in tension (see the last lines below Table 6.4). Following the same
logic. the development length of deformed bars 1s reduced by 60 per cent of that needed for
the plamn round bars. Tables 64 to 66 of SP-16 present the development lengths of fully

stressed plain and deformed bars (when o_= 087 1} both under tension and compression. Tt is

to be noted that the consequence of stress concentration at the lugs of deformed bars has not

been taken into consideration.
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2.8 Outcome

1.
2.
3.

Ableto analyze singly and doubly reinforced beam
Able to know failure modes of beams

Able to know the shear behavior of beams

2.9 Assignment questions

1.
2.
3.
4.

What isthe difference is between singly reinforced and doubly reinforced beam?
Explain different types of stirrups with aneat sketch.
Describe the failure modes of beams with a neat sketch.

What is development length?

2.10 Future Study
https://nptel.ac.in/courses/105105104/pdf/m5I 11. pdf

O o2
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15CV51

3.1
3.2
3.3
34
3.5
3.6
3.7
3.8

Module-3

Design of Beams

Introduction to beams
Objective

Types of beams
Design procedure
Problems

Outcome

Assignment gquestions

Future study
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3.1 Introduction

Beam is a structural member which is normally placed horizontaly. It provides resistance to
bending when loads ae applied on it. Most commonly used materid
for beam is RCC (Reinforced Cement Concrete). RCC beam can be various types depending
on different criteria.

RCC beam can be various types depending on different criteria. Such as depending on shape,
beam can be rectangular, T-beam etc. Depending on reinforcement placement, beam can
be double reinforced beam, single reinforced beam, etc.

3.2 Objective

1. Todesign singly and doubly reinforced beam

3.3 Typesof RCC Beams

RCC beams are 4 types depending on their supporting systems.

1. Simply supported beam

2. Semi-continuous beam

3. Continuous beam, and

4. Cantilever beam.

Simply Supported Beam -

This type of beam has a single span. It is supported by two supports at both ends. This beam
isalso caled simple beam.

Semi-Continuous Beam

This beam doesn’t have more than two spans. And supports are not more than three.
Technically this beam is a continuous beam.

Continuous Beam

This type of beam has more than two spans and has more than three supports along its length.
The supports are in one straight line thus the spans are also in a straight line.

Cantilever Beam

It has only one support in one end, another end is open.

There is another type of beam we can see in the civil engineering world which is called over-
hanging beam. This beam extends beyond its supports. Actually this beam is a combination
of simply supported and cantilever beam.

In this chapter, it is intended to learn the method of designing the beams using the principles
developed in previous chapters. Design consists of selecting proper materials, shape and size
of the structural member keeping in view the economy, stability and aesthetics. The design of
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beams are done for the limit state of collapse and checked for the other limit states. Normally
the beam is designed for flexure and checked for shear, deflection, cracking and bond.

3.4 Design procedure

The procedure for the design of beam may be summarized as follows:

1. Estimation of loads

2. Analysis

3. Design

1. Estimation of loads

The loads that get realized on the beams consist of the following:

a. Self weight of the beam.

b. Weight of the wall constructed on the beam

c. The portion of the slab loads which gets transferred to the beams. These slab loads are due
to live loads that are acting on the slab dead loads such as self weight of the dab, floor
finishes, partitions, false ceiling and some special fixed loads. The economy and safety of the

beams achieved depends on the accuracy with which thelo e estimated.

The dead loads are calculated based on the d ity wh e live loads are taken from IS:
875 depending on the functional use«of the buil m%%

2. Analysis C:} S

For the loads that are acting on the b %/anali/sis is done by any standard method to
obtain the shear forces and bending mor@s. N

3. Design '{,\' :

a. Selection of width and depth of the beam.

The width of the beam selected shall satisfy the slenderness limits specified in IS 456 : 2000
clause 23.3 to ensure the lateral stability.

b. Calculation of effective span (le) (Refer clause 22.2, IS 456:2000)

c. Caculation of loads (w)

d. Calculation of critical moments and shears.

The moment and shear that exists at the critical sections are considered for the design.
Critical sections are the sections where the values are maximum. Critical section for the
moment in a ssimply supported beam is at the point where the shear force is zero. For
continuous beams the critical section for the +ve bending moment is in the span and —ve
bending moment is at the support. The critical section for the shear is at the support.

e. Find the factored shear (Vu) and factored moment (Mu)
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f. Check for the depth based on maximum bending moment.

Considering the section to be nearly balanced section and using the equation

Annexure G, IS 456-2000 obtain the value of the required depth drequired. If the assumed
depth “d” is greater than the “drequired”, it satisfies the depth criteria based on flexure. If the
assumed section is less than the” drequired”, revise the section.

g. Caculation of steel.

Asthe section is under reinforced, use the equation G.1.1.(b) to obtain the stedl.

h. Check for shear.

i. Check for developmental length.

j. Check for deflection.

k. Check for Ast min, Ast max and distance between the two bars.

Anchorage of bars or check for development length

In accordance with clause 26.2 1S 456: 2000, the bars shall be extended (or anchored) for a

certain distance on either side of the point of maximum bending moment where there is

maximum stress (Tension or Compression). This distan known as the development
length and is required in order to preventithe bar from puI t under tension or pushing in

under compression. The devel opmer\ength (

? o

S 1Zyq

where, @ = Nominal diameter of the bar
0, Stress in bar at the section considered at design load

Zni— Design bond stress given in table 20.2.1.1 (IS 156 : 2000)

Table 26.2.1.1: Design bond stress in limit state method for plain bars in tension shall be as
below:

Grade of concrete M20 M 25 M 30 M 35 M 40 and above

Design bond stress 1.2 1.4 1:5 1.7 1.9
Tpa N/mm’

Note: Due to the above requirement it can be concluded that no bar can be bent up or
curtailed upto a distance of development Iength from the point of maximum moment.

Due to practical difficulties if it is not possible to provide the required embedment or
devel opment length, bends hooks and mechanical anchorages are used.

Flexural reinforcement shall not be terminated in a tension zone unless any one of the

following condition is satisfied:
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a. The shear at the cut-off points does not exceed two-thirds that permitted, including the
shear strength of web reinforcement provided.

b. Stirrup area in excess of that required for shear and torsion is provided along each
terminated bar over a distance from the cut-off point equal to three-fourths the effective depth
of the member. The excess stirrup area shall be not less than 0.4bs/fy, where b is the breadth
of the beam, sis the spacing and fy is the characteristic strength of reinforcement in N/mma2.
The resulting spacing shall not exceed d/8 where is the ratio of the area of bars cut-off to the
total area of bars at the section, and d is the effective depth.

c. For 36 mm and smaller bars, the continuing bars provide double the area required for
flexure at the cut-off point and the shear does not exceed three-fourths that permitted.
Positive moment reinfor cement:

a. At least one-third the positive moment reinforcement in simple members and one-fourth
the positive moment reinforcement in continuous members shall extend along the same face
of the member into the support, to alength equal to Ld/3.

b. When a flexural member is part of the primary lateral 1o r&astmg system, the positive

reinforcement required to be extended ifito th support |bed in (a) shall be anchored
to develop its design stressin tensio at thefac o ort
c. At simple supports and at points of [ e fnoment tension reinforcement shall
be limited to a diameter such that Ld compute@g aby 26.2.1
|S 456:2000 does not exceed. 0 ,
Sm,,
v 0

Where, M1 = moment of resistance of the section assuming all reinforcement at the section to
be stressed to fd;

fa = 0.87fy in the case of limit state design and the permissible stress in the case of working
stress design;

V = shear force at the section due to the design loads,

Lo = sum of the anchorage beyond the centre of the support and the equivalent anchorage
value of any hook or mechanical anchorage at simple support; and at a point of inflection, Lo
is limited to the effective depth of the membersor 12, whichever is greater; and

¢= diameter of bar.

The value of M1/V in the above expression may be increased by 30 percent when the ends of

the reinforcement are confined by a compressive reaction.
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Negative moment reinfor cement:

At least one third of the total reinforcement provided for negative moment at the support shall
extend beyond the point of inflection for a distance not less than the effective depth of the
member of 12 or one-sixteenth of the clear span whichever is greater.

Anchorage of bars

Anchoring of barsis done to provide the development Iength and maintain the integrity of the
structure.

Anchoring barsin tension:

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

b. Bends and hooks — shall conform to IS 2502

1. Bends — The anchorage value of bend shall be taken as 4 times the diameter of the bar for
each 450 bend subject to a maximum of 16 times the diameter of the bar.

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

Anchoring bars in compression: L 3 Q/Q/

The anchorage length of straight bar.in compresSion g&be equal to the development length
of bars in compression as specified W %ﬁf }S 456:2000. The projected length of
hooks, bends and straight lengths beyond @5% provided for a bar in compression, shall
only be considered for development len

Mechanical devices for anchorage: "\'

Any mechanical or other device capable of developing the strength of the bar without damage
to concrete may be used as anchorage with the approval of the engineer-in-charge.

Anchoring shear reinforcement:

a. Inclined bars — The development length shall be as for bars in tension; this length shall be
measured as under:

1. In tension zone, from the end of the sloping or inclined portion of the bar, and

2. In the compression zone, from the mid depth of the beam.

b. Stirrups — Not withstanding any of the provisions of this standard, in case of secondary
reinforcement, such as stirrups and transverse ties, complete development lengths and
anchorages shall be deemed to have been provided when the bar is bent through an angle of
at least 900 round a bar of at least its own diameter and is continued beyond the end of the
curve for alength of at least eight diameters, or when the bar is bent through an angle of 1350

and is continued beyond the end of the curve for alength of at least six bar diameters or when
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the bar is bent through an angle of 1800 and is continued beyond the end of the curve for a
length of at least four bar diameters.

Reinforcement requirements

1. Minimum reinforcement:

The minimum area of tension reinforcement shall be not less than that given by the
following:

Where,

bd T,
Where, As= minimum area of tension reinforcement.
b = breadth of beam or the breadth of the web of T-beam,
d = effective depth, and
fy = characteristic strength of reinforcement in N/mm2

2. Maximum reinforcement — The maximum area of tension reinforcement shall not exceed

0.04bD Q/

on rei * <
Compression reinforcement: »(y
The maximum area of compression rM not exceed 0.04bD.

Compression reinforcement in beams sh @9 enclosed by stirrups for effective lateral

restraint. 0 D

Pitch and diameter of laterd ties: Q

The pitch of shear reinforcement shall be not more than the least of the following distances:

1. Theleast latera dimension of the compression members;

2. Sixteen times the smallest diameter of the longitudinal reinforcement bar to be tied; and

3. 300 mm.

The diameter of the polygona links or latera ties shall be not less than one-fourth of the

diameter of the largest longitudinal bar, and in no case less than 16 mm.

Slenderness limits of beamsto ensure lateral stability

A beam is usualy a vertical load carrying member. However, if the length of the beam is
very large it may bend laterally. To ensure latera stability of a beam the following
specifications have been given in the code.

Page 42



Design of RC Structural Elements 15CV51

A simply supported or continuous beam shall be so proportioned that the clear distance
between the lateral restraints does not exceed 60b or whichever is less, where d is the

effective depth of the beam and b the breadth of the compression face midway between the
lateral restraints.

For a cantilever, the clear distance from the free end of the cantilever to the latera restraint
shall not exceed 25b or whichever is less.

3.5 Problems:
1. Design a singly reinforced SSB of clear span 5m to support a working live load of 25

KN/m run. Use Fe 415 steel and M 20 grad concrete. Assume the support thickness as
230 mm.

Step 1 (a): Fixing up the depth of the section.

L
Taking e 20, for SSB [Refer 23.2.1, pg 37]
L 5
d =—=—=025m=250 mm
20 20

Providing a cover of 25 mm, overall depth D =250 + 25 =275 mm

Dimensions of the section.
Width b =230 mm
depth d =250 mm

Step 1 (b): Check for lateral stability/lateral buckling

g s |

Refer page 39, clause 23.3
v
2
Allowable 1 — 60b or R

Allowable 1=60b= 13800 mm=13.8 m

250 b2

Or — 52900 mm — 529 m

Allowable 1 = Lesser of the two values
—13.8m

Actnal 1 of the beam (5m) < Allowable value of I.  Hence ok

100 b*
d

Or

=11750mm=11.75 1

Allowable 1 — Lesser of the two valucs
— 575 m
Actual 1 ol the beam (5m1) < Allowable value ol 1.

ITence ok
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Step 20 Effcctive span
Relerring class 22.2 page 34,

Effective span 1. — clear span + d

1 i
Or l. — clecar span + S support thickness

Lg
— clear span + —
2
Whichever 1s lesser.
T.. 2 m~+ 450 mm — 2450 mm

zz0
OrL.=21m ! = =2115 nmuan

. Thercfore 1. — 2115 num
Step 3: Calculation of loads

Consider 1m length of the beam

a. Dead load = (0.23 x 0475 x Im x 25 kN/m*)x1.5 =4.096 % 4.1 kN/m
b. Facrored live load — 30 KN/m

Total Factored load W, =34.1 kN/m = 35 kKN/m

W, % 12 35 x2.115%
2 2

Factored moment My, — — 78.28 kN-m

Tactored shear= 35x 2.115=74.025 kN
Step 4: Check for depth based on tlexure or bending moment consideration
Assuming the section to be nearly balanced. and equating M, 10 M.

My — Mutim — 78.28 kKN-m

Using the equation G 1.1 {c)
Myim = 0.361“”% (1 —0.42 %) bd? for

78.28 X 10° = 0.36 x 0.48 (1 —0.42 x 0.48)230d2 x 20
d—222 mm
Qassumed = drequired
Hence ok.
Step 5: Calculation of steel
Since the section is under reinforced we have,

Using equation G 1.1 (b)

Asct
M, = 0.87f, Ag.d (1 _th:)

7828 x 10% = 087 x 415 X A, x 450 (1 _L‘“S)
230 x450 x20

Solving the quadratic equation, Ag = 540.33 mm® & 540 mm®

15CV51
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Choosing 16 mm diameter bars,
" 2 2
Area 0flba.r=z X 16° =201.06 mm

Therefore mumber of bars of 8mm required = 2.69= 3 bars
Distance between any two bars
Mmmum distance between two bars 1s greater of the followmg:

a. Size of the aggregate + 5 mm
20 mm + 5 mm
b. Size of the bar (whichever is greater)=16mm

Therefore minimum distance = 25 mm

. 230—-2%25-2x16—2X8B
Distance between the bars = : = 58mm

Distance provided = 58mm > Minmum distance 25mm

Hence ok.
Check for Ay min
0.85bd
Ast min = 0.877,
4 _ 0.85X230 X450 S
stmin — T g e7ars o ooo Q}
Asiprovided =3 x7 X 167= 603.18 mm’ > At g\’
Hence ok. b& & X

Check for Ag pax ) b N
5 Vl} “
Aip=004xbxD=4370 mm" ¢ N
A.;provided = 603.18 mm’

Asrmm < Ast < Aﬁtmax

Hence ok.
Check for shear

Vu=74.025 kN
T, = 2% — 0715 N/mm?

b

1004 100=x603.18
P, = st _ = —0.58

bd 230x450

From table 19,

T, — 0.51 MN/mm’

From table 20,

o i . 1 N/mm’

PR P e

Hence design of shear reinforcement is required

Selecting 2 leg vertical stirrups of 8 mm diameter, IF'e 415 steel,
A, =2 x%x 8% = 100 mm”

V. = Shear force taken up by the concrete
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Tebd  0.51X230X450

= = =5278kN
1000 1000
Vu=T4025kN
Vu: e 1Vu B Vc

=74.025-52.785=2124kN

0.87X fyy X AzpXd

ug S

3 0.87x415x100x450
= S

2124x10

S, =764 mm
Check for maximum spacing
Maximum spacing = 0.75d or 300mm whichever 1s lesser
Maximum spacing = 337.5 or 300mm
Therefore maximum spacing allowed = 300mm
Let us provide 8 mm dia 2-leg vertical stirrups at a spacing of 300 mm.
Check for A.y min’

A.. provided = 100 mm”

Asymm = g::;: = 76.44 mm’ Q,
A provided > Ay &Q’
Hence ok Yy .
Check for deflection: b

1 : o
Allowable 5 = Basic 7% M;: x M. x M;

1 ' .
Basic = = 7 as the beam 1s cantilever

Fromfig4 M;=12
Fromfig 5, M. =1

b S .
From fig 6, b—w =1 [Since it is rectangular section by, = by]
T
Therefore allowable /d=7x12x1x1=84

Actual I'd= % =47 < Allowable 1/d. Hence ok.
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. Design a remforced concrete beam of rectangular section using the following data:

Effective span =5m
Width of beam =250 mm
Overall depth = 500 mm
Service load (DL+LL) =40kN/m
Effective cover = 50 mm
Materials : M20 grade concrete and Fe 415 steel
a. Data
b =250 mm £ = 20 N/mm’
D = 500 mm £, = 415 N/mm’
d =450 mm E.=2x 10’ N/mm’
d’= 50 mm
l=5m

w =40 kN/m and W, =40 x 1.5 =60 kN/m

b. Ultimate moments and shear forces

Wy x I3 60 x52
= “3 £ = 3 =187.5 kN-m

Wux I

V.= Factored shear = 150 kN

c. Deternunation of My, and f..
Myiim = 0-36% (1 —0.42 x“dﬂ) bd2f.,

Mym = 0.36 X 0.48 (1 — 0.42 X 0.48)250 X 4502 X 20 Q/
&

=140 kN.m | | \

Since M, = My 1im. design a doubly reinforced section ,
Q&
(My— My iim) = 187.5-140 =47 5 KN.m

fsc = €5¢ X E;
0.0035(x —d'
Where, €, = {—( Lmax )}
Xu max
0.0035(xy max—d') 4
Hamg=—————— b F
Xy max

_ [0.0035[(0.48 x450j—50]} s
- { 0.48 %450 2 x*10

= 538 N/mm"
But f.. » 0.87f, — (0.87 x 115) — 361 N/mm?
Thercfore f.. = 361 N/mm®

Ml (M, — M, iirﬂ)]
steel A, .= [73’:“:("1—4’)

fé? 5 x10%)
361 X400

= 329 mm”

Provide 2 bars of 16unn dimneler (A.. = 402 uu.u:)

A 329 x361
Agpz — o (N ( ) = 329 i’
0.87)‘3; 3.87=x415
A . U-36JcxDXy lim
st 0.87 3

_ [0.36x20x250x0.48x450

] — 1077 mum’
0.87x415

Total tension remnforcement = A, = (A _; + A 5)

15CV51
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= (1077 + 329)
= 1406 mm’
Provide 3 bars of 25mum diameter (A.; = 1473 m_ml)

d. Shear reinforcements
7, = (V,/bd) =(150x 10%) / (250 x 450) = 1.33 N/mm’

(1004;) 100 X1473
— i — — 1'3

P
bd 250 %450

Referring table 19 of IS : 456 — 2000 ,
7, = 0.68 N/mm’
Temay = 2.8 N/mm’ for M20 concrete from table 20 of IS 456-2000
Since T, < Ty < Temax - Shear reinforcements are required.
Ve = [Va— (1.bd)]
= [150-(0.68 x 250 x 450)107] = 73.5 kN
Using 8 mm diameter 2 legged stirrups,

_ 0B7xf XA,Xd _ 0.87X415X2X50%450

=221mm
2 Vis 73.5x102

Maximum spacing 1s 0.75d or 300 mm whichever 1s less
S, = 0.75d = (0.75 x 450) = 337.5mm

Adopt a spacing of 200 min near supports gradually inereasing to 300 mm towards the centre
of the span.

e. Check for deflection control
(Ud)serma = (5000/450) = 11.1
(V) atiowate= [(Vd)pasic ® My x M, x My]
P,=13 and P, = [(100 x 402) / (250 x 450)] = 0.35
Refer Fig 4, M;=0.93
Fig 5. M.=1.10

Fig 6, Me=1.0

(VD) attowarie=[(20 x 0.93 x 1.10 x 1] = 20.46
(]-";d)acmal - (1"'Id)zliuwabie

Hence deflection control 1s satisfied.

f Reimnforcement details

2116 8- 150 of
7 AN 1
£
TN

N \‘

. Y
g 425 Py

Lt 5000 A
k] ¥
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3.6 Outcome

1. Ableto design singly and doubly reinforced beam

3.7 Assignment questions

A tee beam slab floor of an office comprises of a slab 150 mm thick spanning between

ribs spaced at 3m centres. The effective span of the beam i1s 8 m. Live load on floor 1s

4 kKN/m”. Using M-20 grade concrete and Fe-415 HYSD bars, design one of the
mtermediate tee beam.

3.8 Future Study

https://nptel.ac.in/courses/105105105/11
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Staircases

41.1
4.1.2
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4.1.4
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4.1.6
4.1.7
4.1.8

Introduction

Objectives

Types of staircases
Structura classification
Problems

Outcomes

Assignment gquestions
Future study
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4.1.1 Introduction

The staircase is an important component of a building, and often the only means of access
between the various floors in the building. It consists of a flight of steps, usually with one or
more intermediate landings (horizontal slab platforms) provided between the floor levels. The
horizontal top portion of a step (where the foot rests) is termed tread and the vertical
projection of the step (i.e., the vertical distance between two neighbouring steps) is called
riser. Values of 300 mm and 150 mm are ideally assigned to the tread and riser respectively
— particularly in public buildings. However, lower values of tread (up to 250 mm) combined
with higher values of riser (up to 190 mm) are resorted to in residential and factory buildings.
The width of the stair is generally around 1.1 — 1.6m, and in any case, should normally not be
less than 850 mm; large stair widths are encountered in entrances to public buildings. The
horizontal projection (plan) of an inclined flight of steps, between the first and last risers, is
termed going. A typical flight of steps consists of two landings and one going, as depicted in
Fig. Generally, risersin aflight should not exceed about 12 in number. The steps in the flight
can be designed in a number of ways. with waist slab, with d-riser arrangement (without

waist slab) or with isolated tread slabs —®as sewn in @ectively.
4.1.2 Objectives %

1. To design adog-legged and open Mr@ ¢

P

FLOOR

LAMDING 1 SOING LANDING
< +
| 1 T 1
L —
&4 S T (a)
| ‘ T '*"f*“ PLAN

step may b= in
concrete or brick

TREAD
L] /

\ (b)
waist slab ‘waist slab’
thickness ¢ type
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. ()
L |_.: “tread-riser
_J_I
£ [T Lo
ki 8
1
1 (d)
|5 Ty - —1 'isolated
tread slab’
R i [ . S\l Wpe
—1 /

|l:| 10 mm overap

A typical flight in a staircase
41.3TYPESOF STAIRCASES
Geometrical Configurations

A wide variety of staircases are met with in practice. Some of the more common geometrical

* Quarter-turn stairs
* Dog-legged stairs
* Open well stairs

* Spiral stairs

» Helicoidal stairs

{a) straight stairs (b) guarter-turn stairs

i

W LIP ‘ »

&

(c) dog-legged stairs (d) open-well stairs
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precast___——— T 1]
treads 2 '|I AN Faltl \
\"J“' \\ | /}\ ré \ | .I'| \ |
Nl PLAN VIEWS O \‘ Vi
AT AN
= S A
\ central ~/ r"”‘*-\_“'-::}\}y '
P ——
s o — |
(e) spiral slairs (f) helicoidal stairs '

4.1.4 Structural Classification

Structurally, staircases may be classified largely into two categories, depending on the
predominant direction in which the slab component of the stair undergoes flexure:

1. Stair slab spanning transversely (stair widthwise);

2. Stair slab spanning longitudinally (along the incline).

Stair Slab Spanning Transver sely

The slab component of the stair (whether comprising an isolated tread slab, a tread-riser unit
or awaist dab) is supported on its side(s) or cantilevers laterally from a central support. The
dlab supports gravity loads by bending essentialy in a transverse vertical plane, with the
span aong the width of the stair.

In the case of the cantilevered dabs, i\is>§omical Q%/ide isolated treads (without

risers). However, the tread-riser type of arr d the waist slab type are also
sometimes employed in practice, asgqtyed andrel beam is subjected to torsion

ers
(equilibrium torsion®), in addition to flexure %%ar.
When the dab is supported at the two si ,%ymeahs of _stringer beams* or masonry walls, it
may be designed as simply supporte@ retnforcement at the top should be provided near
the supports to resist the _negative’ moments that may arise on account of possible partial
fixity.
Stair Slab Spanning Longitudinally
In this case, the supports to the stair slab are provided parallel to the riser at two or more
locations, causing the slab to bend longitudinally between the supports. It may be noted that
longitudinal bending can occur in configurations other than the straight stair configuration,
such as quarter-turn stairs, dog-legged stairs, open well stairs and helicoida stairs.
The slab arrangement may either be the conventional waist slab type or the tread-riser type.
The dlab thickness depends on the _effective span‘, which should be taken as the centreto-
centre distance between the beam/wall supports, according to the Code (Cl. 33.1a, c).In
certain situations, beam or wall supports may not be available paralel to the riser at the
landing. Instead, the flight is supported between the landings, which span transversely,
paralel to the risers. In such cases, the Code(Cl. 33.1b) specifies that the effective span for
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the flight (spanning longitudinally) should be taken as the going of the stairs plus at each end
either half the width of the landing or one metre, whichever is smaller.

4.1.5 Numerical Problem

Design a (waist dab type) dog-legged staircase for an office building, given the following
data:

* Height between floor = 3.2 m;

* Riser = 160 mm, tread = 270 mm;

» Width of flight = landing width = 1.25 m

* Live load = 5.0 KN/m

* Finishes load = 0.6 KN/m

Assume the stairs to be supported on 230 mm thick masonry walls at the outer edges of the
landing, parallel to the risers [Fig. 12.13(a)]. Use M 20 concrete and Fe 415 steel. Assume

mild exposure conditions.

Solution

Given: R =160 mm, 7 =270 mm =+R722
= 314 mm Effective span = ¢/c distance between supports = 5.16 m [Fig below].
* Assume a waist slab thickness =/20 = 5160/20 = 258 —260 mm.
Assuming 20 mm clear cover (mild exposure) and 12 ¢ main bars,
effective depth d =260 — 20 — 12/2 = 234 mm.
The slab thickness in the landing regions may be taken as 200 mm. as the bending
moments are relatively low here.
Loads on going [fig. below] on projected plan area:

2
(1) self-weight of waist slab @ 25 < 0.26 = 314/270 = 7.56 KN/m

(2) self-weight of steps @ 25 = (0.5x0.16) =2.00 I{N,-’m2
(3) finishes (given) =0.60 kN.f'm2
(4) live load (given) =5.00 1{1\351112
Total =15.16 kI\L"m3

2
=Factored load = 15.16 x 1.5 =22.74 kKN/m
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*» Loads on landing

2
(1) self-weight of slab (@ 25 = 0.20 — 5.00 kIN/mm

2
(2) finishes @ 0.6 KIN/m
2
(3) live loads @ 5.0 kKIN/m
2
Total =10.60 KIN/m

=Factored load = 10.60 = 1.5 = 15.90 1'1_1\1,4‘1_112
*» Desion Momenrt [Fig. below]
Reaction R=(15.90x1.365)(22.74x2.43)/2 = 49.33 kKIN/m
Maximum moment at midspan:
M =1{49.33 x2.:58)— (1590 1.365) = (2.58 — 1.365/2)
—(22.74) % (2.58 —1.365) /2
= 69.30 KNmv/m

R= i’; =1.265 MPa
bd

Assuming /= 20 MPa.‘}j: 415 MPa, .‘.

P _ A 03810107
100 100 ! g\'

= (At )reg = (0.381x1077)x10° x234 =892 7

“~

S

Required spacing of 12 ¢ bars = 127 mm Q/C‘:)\ ©
Required spacing of 16 @ bars =225 mm O
Provide 16 ¢ @ 220c/c

* Distributors

(A4 =0.00125¢ =312 mmr” / m

st );'eq

spacing 10 @ bars = 251 mm

Provide 10 ¢ @ 250c/c as distributors.
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4.1.6 Outcome
1. Ableto design the dog-legged and open newel staircase
4.1.7 Assignment Questions

Design a dog legged stair case for a residentia building hall measuring 2.2m x 4.7 m. The
width of the landing is 1m. The distance between floor to floor is 3.3 m. The rise and tread
may be taken as 150mm and 270mm respectively. The weight of floor finish is1 KN/m2. The
materials used are M20 grade concrete and Fed415 grade steel. Sketch the details of stedl.
Here flight and the landing slabs spans in the same direction i.e, Flight spanslongitudinally.

4.1.8 Future Study

https://nptel.ac.in/courses/105105104/pdf/m9l 20. pdf
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Slabs

4.2.1 Introduction

4.2.2 Objective
4.2.3Classification of Slabs
4.2.4 Method of analysis

4.2.5 General guidelines

4.2.6 Behavior of one-way slab
4.2.7 Behavior of two-way dab
4.2.8 Types of two-way slabs
4.2.9 Design example

4.2.10 Outcomes

4.2.11 Assignment gquestion
4.2.12 Future study

Page 57



Design of RC Structural Elements 15CV51

4.2.1 Introduction to Slabs
A dabisaflat two dimensional planar structural element having thickness small compared to

its other two dimensions. It provides a working flat surface or a covering shelter in buildings.
It primarily transfer the load by bending in one or two directions. Reinforced concrete slabs
are used in floors, roofs and walls of buildings and as the decks of bridges. The floor system
of a structure can take many forms such as in situ solid slab, ribbed slab or pre-cast units.
Slabs may be supported on monolithic concrete beam, steel beams, walls or directly over the
columns. Concrete slab behave primarily as flexural members and the design is similar to that
of beams.

4.2.2 Objective

1. To design one-way and two-way slabs

423 CLASSIFICATION OF SLABS

Slabs are classified based on many aspects

1) Based of shape: Square, rectangular, circular and polygonal in shape.

2) Based on type of support: Slab supported on walls, Slab supported on beams, Slab
supported on columns (Flat slabs).

3) Based on support or boundary cc% %ﬁme{y supported, Cantilever dab,
Overhanging slab, Fixed or Continues ab

4) Based on use: Roof slab, Floor slab, Fou %asLab Water tank slab.

5) Basis of cross section or sectlonalé\bqqratlon. Ribbed dlab /Grid dlab, Solid dlab,
Filler slab, Folded plate ,{) '

6) Basis of spanning directions:

One way slab — Spanning in one direction

Two way slab - Spanning in two direction

424METHODSOF ANALYSIS

The analysis of dabs is extremely complicated because of the influence of number of factors
stated above. Thus the exact (close form) solutions are not easily available. The various
methods are:

a) Classical methods — Levy and Naviers solutions (Plate analysis)

b) Yield line analysis — Used for ultimate /limit analysis

¢) Numerical techniques — Finite el ement and Finite difference method.

d) Semi empirical — Prescribed by codes for practical design which uses coefficients.

4.2.5 GENERAL GUIDELINES
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a. Effective span of dab :

Effective span of slab shall be lesser of the two

1.1 = clear span + d (effective depth )

2. | = Center to center distance between the support

b. Depth of dab:

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

e Effective depth d= Span /((I/d)sasic X modification factor)

¢ For obtaining modification factor, the percentage of steel for slab can be assumed from 0.2
to 0.5%

¢ The effective depth d of two way slabs can also be assumed using cl.24.1, IS 456

Tvpe of support Fe-250 Fe-415

Simply supported /35 1/28

continuous

1/40
OR > Q/
The following thumb rules can be u g\"(y
o Oneway slab d= (1/22) to (1/28). K/
e Two way simply supported slab d= (/20 6212?
e Two way restrained slab d= (1/30) to (l@
c. Load on dlab: :
The load on slab comprises of Dead load, floor finish and live load. The loads are calculated
per unit area (load/my).
Dead load = D x 25 kN/m2 (Where D is thickness of slab in m)
Floor finish (Assumed as) = 1 to 2 kN/m2
Live load (Assumed as) = 3 to 5 kN/m2 (depending on the occupancy of the building)

DETAILING REQUIREMENTSASPER |S456: 2000
a. Nominal Cover:

For Mild exposure — 20 mm

For Moderate exposure — 30 mm

However, if the diameter of bar do not exceed 12 mm, or cover may be reduced by 5 mm.
Thus for main reinforcement up to 12 mm diameter bar and for mild exposure, the nominal

cover is15 mm
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b. Minimum reinforcement : The reinforcement in either direction in slab shall not be less
than

¢ 0.15% of the total cross sectiona areafor Fe-250 steel

¢ 0.12% of thetotal cross sectional areafor Fe-415 & Fe-500 steel.

c. Spacing of bars: The maximum spacing of bars shall not exceed

e Main Steel — 3d or 300 mm whichever is smaller

e Distribution steel -5d or 450 mm whichever is smaller

Note: The minimum clear spacing of bars is not kept less than 75 mm (Preferably 100 mm)
though code do not recommend any value.

d. Maximum diameter of bar: The maximum diameter of bar in slab, shall not exceed D/8,
where D isthe total thickness of slab.

4.2.6 BEHAVIOR OF ONE WAY SLAB

When a dlab is supported only on two parallel apposite edges, it spans only in the direction
perpendicular to two supporting edges. Such adlab is called one way slab. Also, if thedab is

supported on all four edges and the ratio of,longer span(ly)Q/shorter span (Ix) i.e ly/lx > 2,
practically the slab spans across the sho&r% SQ %bs are also designed as one way
owd

dabs. In this case, the main rel nforoTnt/is & ng the spanning direction to resist
one way bending. C:} o
4.2.7 BEHAVIOR OF TWO WAY SLA <

A rectangular slab supported on four edppoTts, which bends in two orthogonal directions
and deflects in the form of dish or cer is called two way slabs. For atwo way slab the
ratio of ly/Ix shall be< 2.0.

Simply

supported . UL . Sylindrica
edge e b deflected

suriacy

Two-way slab action
Deflection contours
(Saucer type surface)

Since, the slab rest freely on al sides, due to transverse load the corners tend to curl up and

lift up. The dlab looses the contact over some region. Thisis known as lifting of corner. These
dabs are caled two way simply supported slabs. If the dlabs are cast monolithic with the
beams, the corners of the slab are restrained from lifting. These slabs are called restrained
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slabs. At corner, the rotation occurs in both the direction and causes the corners to lift. If the
corners of dab are restrained from lifting, downward reaction results at corner & the end
strips gets restrained against rotation. However, when the ends are restrained and the rotation
of central strip still occurs and causing rotation at corner (slab is acting as unit) the end strip
is subjected to torsion.

4.2.8 Types of Two Way Slab

Two way dlabs are classified into two types based on the support conditions:

a) Simply supported slab

b) Restrained slabs

Two way simply supported slabs

The bending moments Mx and My for a rectangular slabs simply supported on all four edges
with corners free to lift or the slabs do not having adequate provisions to prevent lifting of
corners are obtained using

Mx = ox W Ix

My =ay W Ix

Where, axand ay are coefficients given ilgTablel (Table Q%% -2000)

W- Tota load /unit area

Ix& ly— lengths of shorter and Ionger P

Two way restrained sabs &Q/

When the two way dlabs are support eam or when the corners of the dabs are
prevented from lifting the bending moment coefficients are obtained from Table 2 (Table 26,
| $456-2000) depending on the type of panel shown in Fig. 3. These coefficients are obtained
using yield line theory. Since, the slabs are restrained; negative moment arises near the
supports. The bending moments are obtained using;
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ONE WAY CONTINUOUS SLAB\B( !b% £

The dlabs spanning in one direction and ﬁt"@upus‘ over supports are called one way
continuous slabs. These are idealised as coftiftious t;eam of unit width. For slabs of uniform
section which support wbstantially&g,ér\three or more spans which do not differ by
more than 15% of the longest, the B.M and S.F are obtained using the coefficients available
in Table 12 and Table 13 of 1S 456-2000. For moments at supports where two unequal spans
meet or in case where the slabs are not equally loaded, the average of the two values for the

negative moments at supports may be taken. Alternatively, the moments may be obtained by
moment distribution or any other methods.

4.29 DESIGN EXAMPLES
1. Design a simply supported one —way slab over a clear span of 3.5 m. It carries alive load

of 4 kN/m2 and floor finish of 1.5 kN/m2. The width of supporting wall is 230 mm. Adopt
M- 20 concrete & Fe-415 stedl.
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1) Trail depth and effective span
Assume approximate depth d =L/26
3500/26 = 134 mm
Assume overall depth D=160 mm & clear cover 15mm for mild exposure
d = 160-15 (cover) -10/2 (dia of Bar/2) =140 mm

Effective span 1s lesser of the two

i.  1=3.5+0.23 (width of support) =3.73 m

1. 1=3.5+0.14 (effective depth) =3.64 m

effective span = 3.64 m

2) Load on slab
i.  Self weight of slab=10.16 x 25 =4.00

1.  Floor finish =1.50
iii.  Live load =4.00
=9.5 kN/m?

Ultimate load W, = 9.5 x 1.5 = 14.25 kN/m’

3) Design bending moment and check for depth

My = W,I%/8 = % =23.60 KN/m

o Mx | z3.60%X10° A — . ’g’
d \|c:30;~.;\.h \||0138,'-.':0:\‘104’.‘0 92.4>140 (OK) K

Minimum depth required from BM consideration

4) Area of Reinforcement X <
Area of steel is obtained using the following equation ’ N
=087 Fll.d (2 — 2% N
Mu=087,A,.d (1 =

23 60X10°=0.87X¥415X 4 X140 (1 —

23 603X10°=50547A,, 74943,

Solving A =504 mum”

OR
P [1 = Ji ;.i.‘] bd
I "
O.5X Z0 | 2.6X23.60X 10% -
Aet = 415 [‘]‘ ) 1 :t};—:n:u}c-:-;-l;u}f-] 1000X140

—S05 mm~

Spacing of 10mm Sv—:“ X1000

Sy— - X¥1000—154 mm
Provide 10mm @ 150 C/C (== 34 or 300)

(120 or 300 ) OK
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Provided steel (A,=524mm’.Pi=0.37%)
Distribution steel@ 0.12%% of the Gross area.

T2 X1000X160 =192 mm’
Spacing of 8 nmun SV—TS;; X1000=260 mm

Provide 8 mm @260 mm C/C (<5d or 450)
(700 or 450) OK

5) Check for shear
Design shear V,=W_1/2

—14.25x 25— 2593 kN

25.53% 10° ey =
T, = ——— = 0.18 N/mm"~ <r.__. =28 N/mm*
v T 1000X140 e (< max / )

Shear resisted by concrete 7, = 0.42 for p, = 0.37 (Table 19, IS 456-2000)

However for solid slab design shear strength shall be
=1.k
Where. K is obtained from C1.40.2.1.1. IS 456 -2000
T,s =0.42X1.28 =0.53 N/mm’
T Ty OK

6) Check for deflection

- - -

Actual Allowabls

(i) - (i] Xk, Xk Xk XK

d/ aitowanie d/ gasic
k;- Modification factor for tension steel
k: Modification factor for compression steel
ks Modification factor for T-sections k4-Only
if span exceeds 10 m (10/span)
k, =138 for P,= 0.37 (Fig. 4,c1.32.2.1)

I

(E),m  =20X1.38=27.6

()  =3630/140=25.92

d/ gcenal

<) %)

Actual d/ gllowable

3
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7) Check for Development length

Development length

5 'Jld 0-'1
T 4ty

L,

L;=(0.87x415x10)/(4x1.2x1.6) =470 mum

At simple support. where compressive reaction confines the bars. to limit the dia. of bar

“el

A
L & 1.3 (T"_‘—) + L,

Since alternate bars are cranked M;=My/2 =23.2/2=11.8 kN.m
V1 =5.93 kN.. Providing 900 bend and 25 mm end cover
L,=230/2 25+ 3(dia of bar)=120

470 < (1.3x11.8x106) /(25.9x103)+ 120=711mm O.K.
However, from the end anchorage requirement

extend the bars for a length equal to 1d/3 = 156 mm from inner face of support
8) Check for cracking

e Steel is more than 0.12% of the gross area.

e Spacing of steel is < 3d

Check for cracking is satisfied.

e Diameter of bar used is < 160/8=20nun Q/Q/

- | Y I l
“Em@Erece  /10BEISce
SECTION B-B
Sy
s
& g
E i r—
1 PSRRI O S O & :I-\
l =L
360
‘I
& 3640 o
st B =
2 |Ei i
. | . = f > |2
= I~ = 1= 3 o e
_-ﬁ =] - [l (] =
g =1 § z . E
= | g
2|
~ \
jl ._j_' 18
B! EE 2 R o SV - __I]-_______ R et R R - b |
5} o, L1473 4 .
“ i
{..-.u_i

Reinforcement Detail of One way slab
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4.2.10 Outcome
1. Ableto design one-way and two-way slab

4.2.11 Assignment questions

1. Design a R.C Slab for a room measuring 6.5mX5m. The slab is cast monolithically over
the beams with corners held down. The width of the supporting beam is 230 mm. The slab
carries superimposed load of 4.5kN/m2. Use M-20 concrete and Fe-500 Stesl.

4.2.12 Future Study
https://nptel.ac.in/courses/105105104/pdf/m8I 19. pdf
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Module-5
Columns

5.1.1 Introduction

5.1.2 Objective

5.1.3 Definitions

5.1.4 Classification of columns
5.1.5 Longitudinal reinforcement
5.1.6 Transversereinforcement
5.1.7 Problems

5.1.8 Outcome

5.1.9 Assignment questions
5.1.10 Futurestudy
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5.1.1 Introduction

Compression members are structural elements primarily subjected to axial compressive forces
and hence, their design is guided by considerations of strength and buckling. Examples of
compression member pedestal, column, wall and strut.

5.1.2 Objective

To design the RCC rectangular and circular columns as per the codal provisions

5.1.3 Definitions

(a) Effective length: The vertical distance between the points of inflection of the compression
member in the buckled configuration in a plane is termed as effective length le of that
compression member in that plane. The effective length is different from the unsupported
length | of the member, though it depends on the unsupported length and the type of end
restraints. The relation between the effective and unsupported lengths of any compression
member isle = k1 (1) Where kisthe ratio of effective to the unsupported lengths. Clause 25.2
of IS 456 stipulates the effective lengths of compression members (vide Annex E of IS 456).
This parameter is needed in classifying and designing the compression members.

(b) Pedestal: Pedestal is a vertical compgess member@} effective length le does not
exceed three times of its least harizontal di S% (cl. 26.5.3.1h, Note). The other
horizontal dimension D shall not exc t'i o '

(c) Column: Column is avertical compr @p ber whose unsupported length | shall not
exceed sixty times of b (least latera di 0R), if restrained at the two ends. Further, its
unsupported length of a cantilever e@nn shall not exceed 100b/D, where D is the larger
lateral dimension which is also restricted up to four times of b (vide cl. 25.3 of IS 456).

(d) Wall: Wall is avertical compression member whose effective height Hwe to thickness t (least
lateral dimension) shall not exceed 30 (cl. 32.2.3 of 1S 456). The larger horizontal dimension i.e.,
the length of the wall L is more than 4t.

5.1.4 Classification of Columns

Based on Types of Reinfor cement

1,
-
&
il

Figure 3. 1(a) Tied Cohimn
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Figure 3.1(d) Composite column (steel pipe)

Figure 3.1 Tied, helically bound and composite columns

groups:

(i) Tied columns: The main IongiMr@%wenf’ bars are enclosed within closely

Based on the types of reinforcement, theh nfo t)&g,@gol umns are classified into three

spaced lateral ties (Fig.3.1a). Q', S
(i) Columns with helical reinforcem ’&Ihg main longitudinal reinforcement bars are
enclosed within closely spaced and ously wound spiral reinforcement. Circular and

octagonal columns are mostly of this type (Fig. 3.1b).

(iii) Composite columns: The main longitudinal reinforcement of the composite columns
consists of structural steel sections or pipes with or without longitudinal bars (Fig. 3.1c and
d).

Out of the three types of columns, the tied columns are mostly common with different shapes
of the cross-sections viz. square, rectangular etc. Helically bound columns are also used for
circular or octagonal shapes of cross-sections.

Based on L oadings

nM, Je

|

| ‘ .
O |

x Section 1-1

_._L-w
o .

=, (1)
% 1

T

G’ oS
—E [ l 1n
b | o --——r —&-Y
— L

§ [v]

Pian
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L 1ol ! s ¥

Seclipn 1-1 lo oy
¥ g Section 22 |p
_*_1. (1 e, - L& )
| g | x 2 I B Tlg
'] |:| 51— . |
= J— -dl T,
¥ L | _ !
bl —2
F'Ian
Columns are classified into the three foIIOW| ng ty: e% the |oadings:
(i) Columns subjected to axial loads Iy (co ent shown in Fig. 3.2a.
(i1) Columns subjected to combi ned axi n axia bending, as shown in Fig. 3.2b.
(iii) Columns subjected to combined axial Io bL axial bending, as shown in Fig. 3.2c.
Based on Slenderness Ratios &" N

Columns are classified into the foll O@twg'types based on the slenderness ratios:

() Short columns

(i) Slender or long columns

The slenderness ratio of steel column isthe ratio of its effective length le to its least radius of
gyration r. In case of reinforced concrete column, however, IS 456 stipulates the slenderness
ratio astheratio of its effective length le to its least lateral dimension. As mentioned earlier in
sec. 3.1(a), the effective length le is different from the unsupported length, the rectangular
reinforced concrete column of cross-sectional dimensions b and D shall have two effective
lengths in the two directions of b and D. Accordingly, the column may have the possibility of
buckling depending on the two values of slenderness ratios as given below:

Slenderness ratio about the major axis = les/D

Slenderness ratio about the minor axis = ley/b
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Based on the discussion above, cl. 25.1.2 of IS 456 stipulates the following:

A compression member may be considered as short when both the slenderness ratios lexD
and ley/b are less than 12 where lex = effective length in respect of the mgjor axis, D = depth
in respect of the major axis, ley= effective length in respect of the minor axis, and b = width of
the member. It shall otherwise be considered as a slender compression member.

Further, it is essential to avoid the mode 3 type of failure of columns so that all columns
should have materia failure (modes 1 and 2) only. Accordingly, cl. 25.3.1 of IS 456
stipulates the maximum unsupported length between two restraints of a column to sixty times
its least lateral dimension. For cantilever columns, when one end of the column is
unrestrained, the unsupported length is restricted to 100b/D where b and D are as defined
earlier.

5.1.5 Longitudinal Reinforcement

The longitudinal reinforcing bars carry the compressive loads along with the concrete. Clause

26.5.3.1 stipulates the guidelines regarding the minimum and maximum amount, number of

(a) The minimum amount of steel shoulébe atJeast 0.8

area of the column required if for any reason t pﬁo [ eais more than the required area.

bars, minimum diameter of bars, spacing of bars etc. The follpwing are the salient points:
&t of the gross cross-sectional

(b) The maximum amount of steel shou 4 P 9f~the gross cross-sectional area of the
column so that it does not exceed 6 per cent @%ﬂsfrom column below have to be lapped
with those in the column under consideratiQr -~ '

(c) Four and six are the minimum a@ber of longitudinal bars in rectangular and circular
columns, respectively.

(d) The diameter of the longitudinal bars should be at least 12 mm.

(e) Columns having helical reinforcement shall have at least six longitudinal bars within and
in contact with the helical reinforcement. The bars shall be placed equidistant around its inner
circumference.

(f) The bars shall be spaced not exceeding 300 mm along the periphery of the column.

(g) The amount of reinforcement for pedestal shall be at least 0.15 per cent of the cross
sectional area provided.

5.1.6 Transver se Reinfor cement

Transverse reinforcing bars are provided in forms of circular rings, polygonal links (lateral
ties) with internal angles not exceeding 135° or helica reinforcement. The transverse

reinforcing bars are provided to ensure that every longitudinal bar nearest to the compression
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face has effective lateral support against buckling. Clause 26.5.3.2 stipulates the guidelines of

the arrangement of transverse reinforcement. The salient points are:

B 8] = &) ®

<=75| <=75
- [ 3

Figure 3 4 Lateral tie (Arrangement 1)

Pitch and Diameter of Lateral Ties
(@) Pitch: The maximum pitch of transverse reinforcement shall be the least of the following:
(i) Theleast lateral dimension of the compression members,

(ii) Sixteen times the smallest diameter ofythe lengitudi naIQ/%rcement bar to betied; and
(i) 300 mm.

(b) Diameter: The diameter of the W'r

fourth of the diameter of the largest longitudi

|ateral ties shall be not less than one
: anél in no case less than 6 mm.

5.1.7 Assumptionsin the Design of Co, SSioNn Members by Limit State of Collapse
The following are the assumptions i Ition to given in 38.1 (a) to (e) for flexure for the
design of compression members (cl. 39.1 of IS 456).

(i) The maximum compressive strain in concrete in axial compression is taken as 0.002.

(i) The maximum compressive strain at the highly compressed extreme fibre in concrete
subjected to axial compression and bending and when there is no tension on the section shall
be 0.0035 minus 0.75 times the strain at the least compressed extreme fibre.

Minimum Eccentricity

In practical construction, columns are rarely truly concentric. Even a theoretical column
loaded axially will have accidental eccentricity due to inaccuracy in construction or variation
of materials etc. Accordingly, all axially loaded columns should be designed considering the
minimum eccentricity as stipulated in cl. 25.4 of IS 456 and given below (Fig.3.2¢)

exmin= greater of (1/500 + D/30) or 20 mm

ey min> greater of (I/500 + b/30) or 20 mm where |, D and b are the unsupported length, larger
lateral dimension and least lateral dimension, respectively.
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Governing Equation for Short Axially Loaded Tied Columns

Factored concentric load applied on short tied columns is resisted by concrete of area Ac and
longitudinal steel of areas Ax effectively held by lateral ties at intervals. Assuming the design
strengths of concrete and steel are 0.4fc and 0.67fy, respectively, we can write

Pu = 0.4fckAc + 0.67fyAsc

Where Pu = factored axial load on the member,

foc = characteristic compressive strength of the concrete,

Ac= area of concrete,

fy = characteristic strength of the compression reinforcement, and

Asc= area of longitudinal reinforcement for columns.

The above equation, given in cl. 39.3 of IS 456, has two unknowns Ac and Asc to be
determined from one equation. The equation is recast in terms of Ag, the gross area of
concrete and p, the percentage of compression reinforcement employing

Asc= pAy/100

Ac= Ag(1 - p/100)

Accordingly, we can write Q/
Pu/Ag= 0.4fact (p/100) (0.67f— 0.4fc '(y

Equation 4 can be used for di rect co When Pu, fox and fy are known by
assuming p ranging from 0.8 to 4 as the mini and maximum percentages of longitudinal
reinforcement. Equation 10.4 also can b 'oyed to determine Ag and p in asimilar manner

by assuming p. Q

5.1.7 Numerical Problem

Design the reinforcement in a column of size 400 mm x 600 mm subjected to an axial load of
2000 kN under service dead load and live load. The column has an unsupported length of 4.0
m and effectively held in position and restrained against rotation in both ends. Use M 25
concrete and Fe 415 steel.
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Solution
Step 1: To check if the column is short or slender

Given [ = 4000 mm, & = 400 mm and D = 600 mm. Table 28 of IS 456 =1 =1 =0.65(]) =
ST

2600 mm. So, we have

! /D=2600/600=433 <12
[ /b=2600/400=65<12

Hence, 1t 1s a short column.
Step 2: Minimum eccentricity

e =Greater of (I /500+ D/30) and 20 mm = 25.2 mm

X min

e =Greater of (/ /500 + b/30) and 20 mm = 20 mm

¥ i

0.05D=0.05(600)=30mm>252mm(=e )

X min

0050=005400)=20mm=20mm(=e )

Hence, the equation given in c1.39.3 of IS 456 (Eq.(1)) 1s applicable for the design here.
Step 3: Area of steel

Fro Eq.10.4, we have

Pﬂ = 0_4_;‘;’;:1‘: + {}_6?)‘; A,-c

3
3000(10 ) = 0.4(25){(400)(600) —4_} +0.67(415) 4 _
which gives,

‘i;r= 2238.39 1:(11112
Provide 6-20 mm diameter and 2-16 mm diameter rods giving 2287 mm: (> 223839 mmz
and p = 0.953 per cent, which 15 more than minimum percentage of 0.8 and less than
maximum percentage of 4.0. Hence, o k.

Step 4: Lateral ties

The diameter of transverse reinforcement (lateral ties) is determined from cl.26.5.3.2 C-2 of

IS 456 as not less than (i) 6/4 and (ii) 6 mm. Here, 6 = largest bar diameter used as

longitudinal reinforcement = 20 mm. So, the diameter of bars used as |ateral ties= 6 mm.

The pitch of lateral ties, as per cl.26.5.3.2 C-1 of 1S 456, should be not more than the least of

(i) Theleast lateral dimension of the column = 400 mm

(i) Sixteen times the smallest diameter of longitudinal reinforcement bar to be tied = 16(16)

=256 mm
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(iii) 300 mm

2-20T
4 6T @ 250 cle

400

. Bl

488 __?6

Remforcement Detailing

IS 456 recommends the following simplified method. based on Bresler's formulation for the

design of biaxially loaded columns. The relationship between M and M for a particular
uxz wyz

value of P = P |, expressed m non-dunensional form is:
L uz

(M, | M )™ +(M,, | M, )% <1 (5)

where M and M = moments about x and y axes due to design loads, and
ux uy

a" isrelatedto P /P _

7

where

P = 0.453‘&.4 +0.75f4

=0454 +(0.75f - :}.45fk} 4 (6)
£ ¥ 4 5

where 4 = gross area of the section, and
£

A =total area of steel in the section

14

M

M M land M  are explained earlier.
My 0 )

a" =10, when P /P <02
a" =067+167P/P ,when02<(P/P )<0.38 (7)

a" =20 when(P/P )= 038
5.1.8 Outcome
1. Ableto design the RCC columns

5.1.9 Assignment questions
Design the reinforcement to be provided in the short column is subjected to Pu= 2000 kN,
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Mux= 130 KNm (about the major principal axis) and Mu= 120 kNm (about the minor principal
axis). The unsupported length of the column is 3.2 m, width b = 400 mm and depth

D =500 mm. Use M 25 and Fe 415 for the design.

5.1.10 Future Study

https://nptel.ac.in/courses/105105105/
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