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INSTITUTIONAL MISSION AND VISION

Vision of the Institute

Development of academically excellent, culturally vibrant, socially responsible and globally
competent human resources.

Mission of the Institute
> To keep pace with advancements in knowledge and make the students competitive and
capable at the global level.
» To create an environment for the students to acquire the right physical, intellectual, emotional
and moral foundations and shine as tourch bearers of tomorrow's society.

» To strive to attain ever-higher benchmarks of educational excellence

DEPARTMENT VISION AND MISSION
Vision of the Department
To develop globally competent Civil Engineers who excel in academics, research and are ethically

responsible for the development of the society.

Mission of the Department
» To provide quality education through faculty and state of art infrastructure
» To identify the current problems in society pertaining to Civil Engineering disciplines and to
address them effectively and efficiently
» To inculcate the habit of research and entrepreneurship in our graduates to address current

infrastructure needs of society
Program outcomes (POs)
Engineering Graduates will be able to:

POL1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering

fundamentals, and an engineering specialization to the solution of complex engineering problems.

PO2. Problem analysis: ldentify, formulate, review research literature, and analyze complex
engineering problems reaching substantiated conclusions using first principles of mathematics, natural

sciences, and engineering sciences.

Department of Civil Engineering, ATMECE, Mysuru Page 2



DesignofRCStructuralElements 18CV53
PO3. Design/development of solutions: Design solutions for complex engineering problems and

design system components or processes that meet the specified needs with appropriate consideration

for the public health and safety, and the cultural, societal, and environmental considerations.

PO4. Conduct investigations of complex problems: Use research-based knowledge and research
methods including design of experiments, analysis and interpretation of data, and synthesis of the

information to provide valid conclusions.

PO5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern
engineering and IT tools including prediction and modeling to complex engineering activities with an

understanding of the limitations.

POG6. The engineer and society: Apply reasoning informed by the contextual knowledge to assess
societal, health, safety, legal and cultural issues and the consequent responsibilities relevant to the

professional engineering practice.

PO7. Environment and sustainability: Understand the impact of the professional engineering
solutions in societal and environmental contexts, and demonstrate the knowledge of, and need for

sustainable development.

PO8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and norms

of the engineering practice.

PO9. Individual and team work: Function effectively as an individual, and as a member or leader in

diverse teams, and in multidisciplinary settings.

PO10. Communication: Communicate effectively on complex engineering activities with the
engineering community and with society at large, such as, being able to comprehend and write effective
reports and design documentation, make effective presentations, and give and receive clear

instructions.

PO11. Project management and finance: Demonstrate knowledge and understanding of the
engineering and management principles and apply these to one’s own work, as a member and leader

in a team, to manage projects and in multidisciplinary environments.

PO12. Life-long learning: Recognize the need for, and have the preparation and ability to engage in

independent and life-long learning in the broadest context of technological change
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Program Specific Outcomes (PSOs)

PSOL1: Provide the necessary infrastructure for all situations through competitive plans, maps

and designs with the aid of a thorough Engineering Survey and Quantity Estimation.

PSO 2: Assess the impact of anthropogenic activities leading to environmental imbalance on

land, in water & in air and provide necessary viable solutions revamping water resources

and transportation for a sustainable development

Program Educational Objectives (PEOs)

PEO 1- Engaged in professional practices, such as construction, environmental, geotechnical,
structural, transportation, water resource engineering by using technical, communication and
management skills.

PEO 2- Engaged in higher studies and research activities in various civil engineering fields
and life time commitment to learn ever changing technologies to satisfy increasing demand of
sustainable infrastructural facilities.

PEO 3- Serve in a leadership position in any professional or community organization or local
or state engineering board

PEO 4- Registered as professional engineer or developed a strong ability leading to

professional licensure being an entrepreneur.
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Faculty Name : Academic Year: 2024-2025
Department: CIVIL ENGINEERING
. . .. Contact H
Course Code | Course Title Core/Elective | Prerequisite ontact Hours Total
Hrs/
L T |P .
Sessions
Design of RCC
BCV601 Structures Core Concrete Technology ; _ . .

1. Identify, formulate and solve engineering problems of RC elements subjected to different
kinds of loading.

c 2. Follow a procedural knowledge in designing various structural RC elements.
oggerg"fives 3. Impart the usage of codes for strength, serviceability and durability.
) 4. Acquire knowledge in analysis and design of RC elements.

Topics Covered as per Syllabus

Module-1

Introduction to working stress and limit State Design:
Introduction to working stress and limit State Design: Introduction to working stress method, Difference
between Working stress and Limit State Method of design. Philosophy and principle of limit state design with
assumptions. Partial Safety factors, Characteristic load and strength. Stress block parameters, concept of
balanced section, under reinforced and over reinforced section. Limiting deflection, short term deflection, long
term deflection, Calculation of deflection of singly reinforced beam only.

Module-2
Limit State Analysis of Beams:
Analysis of singly reinforced, doubly reinforced and flanged beams for flexure and shear.

Module-3

Limit State Design of Beams:

Design of singly reinforced beams with check for shear, check for development length and other checks. Design of
doubly reinforced beams and flanged sections without checks.

Module-4
Limit State Design of Slabs and Stairs: Limit State Design of Slabs and Stairs: Introduction to one way and two,
way slabs, Design of Cantilever, simply supported and one way continuous slab. Design of two way slabs for
different boundary conditions. Design of dog legged and open well staircases.

Module-5

Limit State Design of Columns and Footings:
Limit State Deign of Columns and Footings: Analysis and design of short axially loaded RC column. Design of
columns with uniaxial and biaxial moments, Design concepts of the footings. Design of Rectangular and square
column footings with axial load.
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List of Text Books
Unnikrishnan Pillai and Devdas Menon, “Reinforced Concrete Design”, McGraw Hill, New Delhi
Subramanian, “Design of Concrete Structures”, Oxford university Press
H J Shah, “Reinforced Concrete Vol. 1 (Elementary Reinforced Concrete)”, Charotar Publishing House Pvt.

Ltd.

List of Reference Books

1.
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3.
4.
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P C Varghese, “Limit State design of reinforced concrete” , PHI, New Delhi
W H Mosley, R Husle, J H Bungey, “Reinforced Concrete Design”, MacMillan Education, Palgrave

publishers
Kong and Evans, “Reinforced and Pre-Stressed Concrete”, Springer Publications

A W Beeby and Narayan R S, “Introduction to Design for Civil Engineers”, CRC Press
Robert Park and Thomas Paulay, “Reinforced Concrete Structures”, John Wiley & Sons, Inc.

List of URLs, Text Books, Notes, Multimedia Content, etc

1.
2.

https://nptel.ac.in/courses/105105105/
https://onlinecourses.nptel.ac.in/nocl7 ce23/preview

Bureau of Indian Standards, 1S456-2000, 1S875-PART 1 & PART 2 and SP-16 Charts

CO’s RBT
levels
¢ Understand the design philosophy and principles. L2
Course ¢ Solve problems of RC elements subjected to flexure, shear and torsion. L3
Outcomes  Demonstrate the procedure in designs of RC structural elements such as slabs, L3, L4
columns and footings.
e Owns professional and ethical responsibility. L2
The Correlation of Course Outcomes (CO’s) and Program Specific Outcomes (PSQO’s)
Subject scveoy| TITLE: Design of RCC Faculty Name: Dr.Jyothi D N
Code: Structures
List of Program RBT
Course Outcomes Levels
Outcomes PO1 PO2| PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 | PO10 | PO11 | PO
12
CO-1 2 1 - - - - - 1 - - - 1 L2
CO-2 3 3 2 - - - - 2 - 2 - 2 L3
CO-3 L3,
2 1 1 - - - - 2 - 2 - 2 L4
CO-4 1 - - -l -1 -1 -127]- - - 2 | L2

Note: 3 = Strong Contribution 2 = Average Contribution 1 = Weak Contribution - = No Contribution
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The Correlation of Course Outcomes (CO’s) and Program Specific Outcomes (PSO’s)

Subject Code:

BCV601

TITLE: Design of RCC Structures

List of Course
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CO-3

CO-4
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Note: 3 = Strong Contribution 2 =Average Contribution 1 =Weak Contribution
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Module 1
Introduction to Limit State Design & Serviceability
Contents
1.1 Introduction
1.2 Objectives

1.3 Advantages & Disadvantages of RC members
1.4 Materials required for RC member

1.5 Introduction to RC design

1.6 Methods of design philosophy

1.7 Types of loads

1.8 Characteristic load & strength

1.9 Partial safety factor

1.10 Stress-strain relation of steel

1.11 Limit state of collapse in flexure
1.12 Limiting depth of NA

1.13 Analysis of singly reinforced beam
1.14 Ultimate moment of resistance

1.15 Modes of failure or types of sections
1.16 General aspects of serviceability
1.17 Outcome

1.18 Assignment questions

1.19 Future study
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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 natural 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 philosophies.

2 To understand the necessity of reinforcement in RC structure.

3. To understand the stress block parameter of RC beam section.

4. To understand the necessity of partial safety in design of RC member.

1.3 Advantages Disadvantages of RC members

Advantages

* It has high tensile and compressive strength

* Itis more durable and may long up to 100 years

* It imparts 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.

» If 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 Materials required 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 almost 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 requirements and
where tensile stresses are either totally absent or are extremely low.

Properties of Concrete

1 Grade of concrete

Mild M20
Moderate M25
Severe M30
Very Severe M35
Extreme M40

2 Tensile strength
Fer = 0.7* Vfck
Modulus of elasticity
Ec = 5000*Vfck
4. Shrinkage of concrete: Depends on
» Constituents of concrete
> Size of the member
» Environmental conditions
5. Creep of concrete: Depends on
» Strength of the concrete
» Stress in 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 the reinforcement
Nominal cover is essential

> Resist corrosion

» Bonding between steel and concrete
b) Reinforcements
O Bamboo, natural fibers (jute, coir etc) and steel are some of the types of reinforcements
Roles of reinforcement in RCC
» To resist Bending moment in case of flexural members
* To reduce the shrinkage of concrete
» To improve the load 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 Steel Reinforcement
« It has high tensile and compressive stress
* Itis ductile in nature
* It has longer life
+ It allows easy fabrication ( easy to cut, bend or weld)
* Itis easily available
* It has low co-efficient of thermal expansion same as that of concrete
Disadvantages of Steel Reinforcement
* More prone to corrosion

 Loses its strength when exposed to high temperature

Classification of Steel bars . -\ T\

s ~
1. Mild Steel plain bars NPl e

» Cold worked steel bars ;
» Hot rolled mild steel bars k

Eg: Fe250

2. High Yield Strength Deformed (HYSD) Bars

Eg: Fe415 & Fe500

3. Steel wire Fabric

4. Structural Steel

5.CRS and TMT
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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 before and after deformation takes place
» Stress —strain relation under working load, is linear for both steel and concrete
» Tensile stress is taken care by reinforcement and none of them by concrete
» Modular Ratio between steel and concrete remains constant.

Modular ratio
Es 280

¥ — e
Ec Tebe

Where ©@.m. =ispermissible stress

Advantages:-

1. Method is simple

2. Method is reliable

3. Stressisvery lowunder  working condition , therefore serviceability is automatically
satisfied

Limitations:-

1. Stress strain relation for concrete is not linear for concrete
2. It gives an idea that failure load = working load * factor of safety, but it is not true
3. This method gives uneconomical section

. Ultimate load method or Load factor method
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* This method uses design load = ultimate load * load factor
Collgpse Load
Load factor = Workinolond
. oTEIng 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 following ultimate stresses should be considered
1. Flexure
2. Shear
3. Torsion
4. Tension
5. Compression
Limit state of Serviceability
a) Limit state of deflection
Lack of safety
Appearance

Ponding of water

vV V VYV V

Misalignment in machines

» Door, window frames, flooring materials undergoes crack
Methods for controlling deflecting

« Empherical formula — span/depth

« Theoretical - dimension
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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) Fire resistance
c) Chemical and environmental actions
d) Accidental loads
1.7 Types of Loads on RCC Structures
1 Dead Load 1S 875 (Part 1)1987
2 Live Load 1S 875 (Part 2)1987
3. Wind Load IS 875 (Part 3)1987
4. Snow Load IS 875 (Part 4 )1987
5 Earthquake Load IS 1893 2002
» Low intensity Zone (IV or less) — Zone Il
» Moderate intensity Zone (VII) — Zone 1lI
» Severe intensity Zone (VIII) — Zone IV
» Very Severe intensity Zone (IX and above ) — Zone V
1.8 Characteristic load
Characteristic load = Mean Load+1.64S

Characteristic Strength
Characteristic Strength = Mean Strength -1.64S
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‘.'I.lf“hlul'ﬂ'!
I A
II---—'«E--tl = Sirength—s

1.9 Partial safety factor
2. For material

Fa — }j:.
3. For load
Fa=F* s

1.10 Stress-strain curves for reinforcement

I, =250 N/ mm’

LS =21739 N/ mm

/
Swess / E, = 200000 N / mm’

0.00109 Strain »

Stress-strain curve for Mild steel (idealized) (Fe 250) with definite yield point

[J s .\
O 02
C1430

Stress-strain curve for 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 steel 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 collapse in 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 initially 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 is ignored.

e) The stresses in the reinforcement are derived from representative stress-strain curve for the
type of steel used. Typical curves are given in figure 1.3. For design purposes the partial safety
factor equal to 1.15 shall be applied.

f) The maximum strain in the tension reinforcement in the section at failure shall not be less

than Iy

115k,

+0.002

1.12 Limiting Depth of Neutral Axis

g.003s,
< 0. 4467 D.A43x.,
- b -l 0002 L < ‘
: .| :
‘l T - *‘h "U A2
’ p < C
- s . / T
__u.___Li,_ ..... =T
D NA l d
p - Le s J == » -
* '\;’/ -~ e IT=OBTIA
Steet Drs (AL) - O (—3?' s o ‘—}()2
E,
Sectiaon AA Stress diagram
of Fig. 3.4 18 Swrain diagram

Rectangular beam under flexure xu < xumax
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0.446f, 0.42x ..

;/T _____ . ¥ Po.

x. ¥oas /
d ! /
o NA
o / SLOBTA.
Vg ==
0.871
Steel bars (A, ) —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,

0.0035

08771,
0.0035 “< 10,002
E

b

d

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

87,
1s equal 1o = 2 +0.002 . then the value of nentral axis will be x,

Therefore Niraun s LR
’ a _ 0.87f,
0.0035+ +0.002
. (2)

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

Limiting depth of neutral axis for different grades of steel

Steel Grade Fe 250 \ Fe 415 Fe 500

'\I.'.lll."X

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

1.13 Analysis of 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 couple resulting from the flexural stresses

k—b— (o005 04471, (B4  0447%,
T T Te
% =0.416 x,
@/ 7% o £ ;
T 0002y | = [ESE—E LG
Xy Cz B
(41' 7}XU A
J/ (5/8)%(4/ T)Xu C,=0.362 fex b xy
Y.
/\/ '>— ——y —r—
BEAM SECTION STRAINS STRESSES
(truncated)

Concrete stress-block parameters in compression
MR=C*z=T*Zz
where C and T are the resultant (ultimate) forces in compression and tension respectively and
z is the lever arm.
T=0.87 fy Ast
Concrete Stress Block in Compression
In order to determine the magnitude of Cu and its line of action, it is necessary to analyze the
concrete stress block in compression. As 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 a depth
of 4xu/ 7 to zero at the neutral axis.

For a rectangular section of width b,

i A)J" [ 2
C,=04477.b +| =

4x,\]
- | = l‘
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,

“["3']("1_5.\-,,' 46, 4';( S dx Y]
LRIES 2 T P
UM 17 37

(0362f,bx, ) X% — (0417 £, bx.,) [Bi—g= 7|

Solvmg ¥ =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,

X ~—— _ valid only if resulting x, <,

“03611;5h LA

1.14 Ultimate Moment of Resistance

The ultimate moment of resistance MR of a given beam section is

Accordingly. mn terms of the concrete compressive strength,

M, =0.361 f.;.bx,(d-0.416X,) forallx,

Alternatively, m terms of the steel tensile stress.

Mg =1y Ay(d=0416x,) forallx,

With f5=0.87f, for x, <X, juax
Limiting Moment of Resistance
The limiting moment of resistance of a given (singly remforced. rectangular) section,
according to the Code (CL G-1.1), corresponds to the condition. defined by Eq. (2). From

Eq. (9). it follows that:

4”1/.“111 = 0'361./;/\‘1‘1\-:/.11“\ (d 0416 X, max ) ( 1 l)
* 0 | AR 0 X X 1 T .
-“\[”Aluu - 0361/“ [ H.l}hl.\ [ l ) / Il,llll-L\ /7(,1- ( ] lll)
4 J ¢

1.15 Modes of failure: Types of 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) Less than 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 steel 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 than limiting percentage due to which
NA falls below the balanced NA and xu > xu,max . Because of higher percentage of steel, yield
does not take place in steel and failure occurs when the strain in extreme fibres in concrete
reaches its ultimate value.

1.16 General Aspects of Serviceability:

The members are designed to withstand safely all loads liable to act on it throughout its life
using the limit state of collapse. These members designed should also 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. This will 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.

Lond combination Limit Statoe of Limit stantc ol
Collapse serviceability
]

By . Wi I i Wi
DL TL ‘ |.5 1.0 1.0 1.0

DL - WL 1.5 or - 1.5 1.0 - 1,0
0w

DL I WT ' 1.2 b 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 1S 456:2000
(Refer clause 42.1)

1 Empirical Method

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 depthratio.
Allowable I/d = Basic I/d x Mtx Mcx Mt

Where, Mt= Modification factor obtained from fig 4 IS 456:2000. It depends on the area of
tension reinforcement provided and the type of steel.

Mc = Modification factor obtained from fig 5 IS 456:2000. This depends on the area of
compression steel used.

Mt = Reduction factor got from fig 6 of IS 456:2000

Note: The basic values of I/d mentioned above is valid upto spans of 10m. The basic values 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 IS 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 is less.
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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 values 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. Lateral tensile strains accompanying high axis compressive strains due to Poisson’s effect
(as in a compression 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 reinforcement to the atmosphere due to which
the reinforcements get corroded causing the deterioration of concrete. In some cases, such as
liquid retaining structures and pressure vessels cracks affects the basic functional requirement
itself (such as water tightness in water tank).

Permissible crack width

The permissible crack width in structural concrete members depends on the type of structure
and the exposure conditions. The permissible values are prescribed in clause 35.3.2

IS 456:2000 and are shown in table below

Leblc: Permissible vohucs of crack width as per IS 456:2000

No Types of Exposuse Permissiblz widths of crack: |
at surtace (mnm)

Protected and net exposad to oggressve o
environunental condirions >

3 Moderate envirotmental 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 IS 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 is less. (Refer clause 25.5.1.3 1S456:2000)

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

cracking of concrete is given by the following

As = 0.85 fy / 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. This will 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 the structure at the limit state of

serviceability. The

IS 456-2000 has specified an analytical method for the estimation of surface crack width in

Annexure-F which is based on the British Code (BS : 8110) specifications where the surface

crack width is less than the permissible width, the crack 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 mm
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 (bg) =09 m
Width of web (b)) =03 m

Solution:
. :
Basic 7 20 for simply supported beam from clause 23 2.1

1 ¢
Allowable 5 = Basic > x M x M. x Ms
B 1265 x 100

= —1.30°9
t 230x425 g8
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0.58 f,, X Area of steel required
Area of steel provided

s =

i 0.58 x 415 x 977.5

e 1256 —A8ES

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

_ 628 x 100

=———— = 0.659
2 230 x 425 %
From fig 5. for P. = 0.65%. M.

b,, 0.20
From fig 6. for — = ——

b 090 9.33, Mz

Substituting a, b and ¢ in equation (1)

=20x11x1.15x080=20.2

A~

We get allowable

1
Actual —=

= 18.82 <« allowable 2.
d 0.425 d

Hence OK

(5]

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 1s 1560 mm’. Adopting Fe 500 steel estimate the safety of the
beam for deflection control using the empirical method

Solution:

I i
Allowable = = Basic = X M; X M. X M¢

sk > :
Basic = = 26 as the beam 1s continuous

058 f, x Area of steel required

# Area of steel provided

058 x 500 x 1560 36
fi= 1560 -

From fig 4, for f. =290. P, =090, M; =09

From fig 5. for P. = 0.54%, M. (b)
b
From fig 6, for — = 1.0, M (c)
br
. . 1 . 10 )
The equation (1) shall be multiplied by m— l.e [—as the span of the beam 1s greater

than 10.0m
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! 10
Allowable == E X26x09x1.15x1=224

l 12 l
Actual —=———=20.86 < allowable —
d 0575 d

Hence deflection control is 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:

i I
Allowable = = Basic E My x M. x Mg

% 1 :
Basic = = 7 for cantilever beam

Ase required

Assume 1.0

A;, provided =
f.=058x415x1=2407

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

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

b
From fig 6. for b—‘” =10.M;=1
f

Allowable %= 7x10x125x10=875

i 6000
d=—=—==685mm
8.75 8.75

4. A simply supported beam of rectangular cross section 250mm wide and 450mm overall
depth i1s 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 is 4 kKN/m. Service load acting on the beam is 10 kKN/m. Using M20 grade
concrete. compute

a. Short term deflection
b. Long term deflection

Solution:
Data b =250 mm D =450 mm d =400 mm, f, =415 N/mm’
A,=3x % x20°=942 mm” 1=40 m. DL =4 kKN/m. Service load = 10 kKN/m.

Total load = 14 KN/m. £, =20. A.. = 2 x% x10° =158 mm’

E.=2.1x10° . Ec=5000 /f = 22360 N/'mm’
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280 280
== 1 33
30,5 3x7

£:=0.7 /f =07 y20=3.13 N/mm’

a. Short term deflection

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

4
b*x*-z— =m* A, *(dx)
t the steel into equivalent concrete area

2
X

250 % — =13 %942 * (400-x)

Solving. x = 155 mm from the top

250 x 155° : -
CrackedMOII,=:—21 + (250 x 155)x (155/2)°+ 13 x 942 (400 155)

=10.45 x 10® mm*

250 x 450° ,
(2) I = Gross MOI=—"1—2— =18.98 x 10° mm*

(3) M = Maximum BM under service load

w i 14x 4°

8 8

M= =28 kKN =28x 10° N-mm

(4) Cracked moment of inertia

for: 3.13 x18.98 x 10°
M=t e =26 x 10° N-mm
Ve 0.5 X450

Leverarm=z= (d —-;5)

- (400 = 3) = 34834 i
3
(5) L= [ x ]
- S my\ (2 X
12-(72) (5) (+-3) B2
10.45 x 108

1) G (R @
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Lg= 1493 x 10° mm*

Further Ir < Leg << I
(6) Maximum short term deflection

Kowil* 5 14 x(4000)2

a = =139 mm
Upeon) ™ B I.ff 384 22360 x14.932 X 10°

5 "
Ky =—— for SSB with UDL
384
b. Long term deflection
(1) Shrinkage deflection (a..):
as=K;s o iy

K; = 0.125 for simply supported beam from Annexure C-3.1

i €
cs = Shrinkage curvature = K (f)

€. = Ultimate shrinkage strain of concrete (refer 6.2.4) = 0.0003
_ 100 X942

= ———— =0.942
250 x400
100 x158
=———— =0158

€ " 250 x400
P.-P.=(0.942 0.158)=0.784
P.- P.=(0.942 0.158)=0.784

This 1s greater than 0.25 and less than 1.0 Hence ok.

_ P—P, - 0.942—-0.158
Therefore K, = 0.72 X T 0.72 X -

K;=0.58

0.58 0003
o =228 X 00003 _ 3 866% 107
450

2. =K3 oL*
=0.125 x 3.866 x 107 x (4000)°
=0.773 mm
(2) Creep deflection [accpermy]
Creep deflection accpemny = Ricc(permy  difperm)

Where. accpens = creep deflection due to permanent loads
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Aicc(pery = Short term deflection + creep deflection

Qipernyy = short term deflection

wI?
Aice (perm) = Kw (E—Iﬁ)
ce ‘e

E; Ec

Ece = (1+8) (1+1.6)

8 = Creep coefficient = 1.6 for 28 days loading
Aicc(perm) = 2.6 x short term deflection
= 2.6 X Aiperm)

=26x139=3614 mm

Creep deflection accjpermmy=3.614 1.39=2224mm

Total long term deflection = shrinkage deflection + Creep deflection

=0.773+2.224=3013 mm

Total deflection = Short term deflection + Long term deflection

1.17

> 0N P

1.18

oA wN R

1.19

=139+3013=4402 mm

Outcome

Able to know various design philosophies.

Able to know the necessity of reinforcement in RC structure.

Able to know the stress block parameter of RC beam section.

Able to know the necessity of partial safety in design of RC member.

Assignment questions

What are the modes of failure of singly reinforced beam?

What are the methods of design philosophies?

Differentiate between under reinforced section and over reinforced section?
What are the loads that are likely to act on the structure?

What is singly reinforced beam?

What is long term and short term deflection? Explain the factors affecting the long term
and short term deflection?

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

Figure 1.10 (a) Web shear progress along dotted lines

'
- Crack

Sl

7

Figure 1.10 (b) Flexural tension

—/,,-gmjn Crack
‘ T

ol

7 '

Figure 1.10 (b) Flexural compression

Bending in reinforced concrete beams is usually accompanied by shear, the exact analysis of
which is very complex. However, experimental studies confirmed the following three different
modes of failure due to possible combinations of shear force and bending moment at a given
section:

(1) Web shear (Fig. 1.10a)

(i) Flexural tension shear (Fig. 1.10b)

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

Web shear causes cracks which progress along the dotted line shown in Fig. 1.10a. Steel yields
in 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 analyze the RCC beam as singly or doubly
2.3 Shear Stress

The distribution of shear stress in 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 zvis considered which is calculated as follows (IS 456, cls.

40.1 and 40.1.1):

=1
T R Curve line
i}
o o o P B ) o o e e =
— Siraight line

oo}

Note,

(1) Actual distridtnsion
(@) Average distntustion

(3} Reclangular beam
-
. ;
e S S —a" T Hy = B
| N, )
...... g
S [ Y
d - i
\
re—— 1)
e Gradl L 718 U A
b,
2 e {b) T-taam
Note:
|1} Actual distnbubion

| 2] Average desinbution

Fizwre 1.11: Distribution of shear stress and average shear stress

(1) In beams of uniform depth (Figs. 1.11a and b):

-

=

where V7 = chear force due to dezign loads.

b =breadth of rectanzular beams and breadth of the web b for flanged beams, and
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Figure 1.11: Distribution of shear stress and average shear stress
(1) In beams of uniform depth (Figs. 1.11la and b):

V.
r”'zf;lj

where 7 = shear force due to design loads.
u

b = breadth of rectangular beams and breadth of the web b for flanged beams. and

w
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d = effective depth.

(1) In beams of varying depth:

A
| L tan Vel
_— d

Y bd

where 1., Vu. b or by, and d are the same as in (1),
M, = bending moment at the section, and

B = 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 Reinforced Concrete

Recent laboratory experiments confirmed that reinforced concrete in beams has shear strength even
without any shear reinforcement. This shear strength (zc) depends on the grade of concrete and the
percentage of tension steel in beams. On the other hand, the shear strength of reinforced concrete
with the reinforcement is restricted to some maximum value zmax depending on the grade of
concrete. These minimum and maximum 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 (IS 456, cl. 40.2.1)

Table 19 of IS 456 stipulates the design shear strength of concrete zc 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 wvis less than zc

Department of Civil Engineering, ATMECE, Mysura ~~~~ Ppage27



Design of RC Structural Elements 18CV53

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 T 1s less than T given in Table 3

as recommended 1n cl. 40.3 of IS 456. The amount of minimum shear remforcement. as given

i O (15)
bs,, 0.87f_1,

where A = total cross-sectional area of stirrup legs effective in shear.
s = stirup spacing along the length of the member.
¥

b = breadth of the beam or breadth of the web of the web of flanged beam bw. and

j: ‘= charactensstic strength of the stirrup remforcement m N/mm which shall not be
taken greater than 415 N/mm .
The above provision 1s not applicable for members of minor structural importance such as
lintels where the maximum shear stress calculated 1s less than half the permussible value.
The mmimum shear remforcement is provided for the following:
(1) Any sudden failure of beams 1s prevented if concrete cover bursts and the bond to
the tension steel 1s lost.
(1) Brittle shear failure 1s arrested which would have occurred without shear
remnforcement.
(111) Tension failure is prevented which would have occurred due to shrinkage.
thermal stresses and internal cracking i beams.
(1v) To hold the remforcement i place when concrete 1s poured.
(¥) Section becomes effective with the tie effect of the compression steel

Further. cl. 26.5.1.5 of IS 456 stipulates that the maximum spacing of shear reinforcement

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

o
d for inclined stiurrups at 45 . where 4 1s the effective depth of the section. However. the

spacing shall not exceed 300 mm in any case.

2.5 Design of Shear Reinforcement (cl. 40.4 of IS 456)

When zvis more than zcgiven in Table 6.1, shear reinforcement shall be provided in any of
the three following forms:

(a) Vertical stirrups,

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

(c) Inclined stirrups
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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, —7.bd (16)

s

where 5 is the breadth of rectangular beams or b‘ in the case of flanged beams.
The strengths of shear reinforcement Vm for the three types of shear reinforcement are as

follows:
(a) Vertical stirrups:

871, A,
= DA a7

5

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

_087f,4.d

2 (sinear+cosa) (18)

5,

(c) For single bar or single group of parallel bars. all bent-up at the same cross-section:

Vis =087 fy A dsma (19)

where 4.= total cross-sectional area of stirrup legs or bent-up bars within a distance 5.
5= spacing of stirrups or bent-up bars along the length of the member.

T.= nominal shear stress.

= design shear strength of concrete.

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

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

taken greater than 415 N/mm .

a = angle between the mclined stirrup or bent-up bar and the axis of the member. not

less than 450, 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 reinforcement is
used.

(11) The area of starups shall not be less than the minimum specified in 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, reinforced with 3-16 mm diameter bars of Fe 415 steel Take M20 grade of

concrete.

Solution

4, = 3,\'%(16)2 = 60319 mm>

603.19

% P = IOOK'W =0.754%

| 0.754 415

Tu _2417p, 2% —2417x x—-=0378
d

ck =

Now for Fe 415 grade of steel. ":;m =0479

Hence the beam 1s under-reinforced.

The moment of resistance 1s given by

"y
M, —087f,4 4l l_f" st
' fudd )
.', A15v 2 N
— 0.87x415x603.19400| 1 _MJ
L 20x200x400
=73.48 KN-m.
2.6 Bond

The bond between steel and concrete is very important and essential so that they can act
together without any slip in a loaded 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, 1S 456, cl. 26.2 stipulates the requirements of proper anchorage of

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

The average bond stress is still used in the working stress method and IS 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 given in cl. 26.2.1.1

Grade of concrete M 20 M 25 M 30 M 35 M 40 and

above
Design Bond Stress 12 14 1.5 1.7 1.9
Tpa in N/mm?2

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

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

2.7 Development Length

Figure 1.13 Development length of bar
Figure 1.13 shows the free body diagram of the segment AB of the bar. At B, the tensile force

T trying to pull out the bar is of the value T = (n 62 (s /4), where 0 is the nominal diameter of
the bar and (s is the tensile stress in bar at the section considered at design loads. It is necessary
to have the resistance force to be developed by nbd for the length Ld to overcome the tensile
force. The resistance force = 7 0 (Ld) (nbd). Equating the two, we get « 6 (Ld) (nbd) = ( 62
Cs/4) (19)
Equation (19), thus gives

¢ o)

AT
The above eguation is given in cl. 26.2.1 of IS 456 to determine the development length of

L, =

bars.
The example taken above considers round bar in tension Simailarly. other sections of the bar

should have the required Ld as determined for such sections. For bars in compression. the
development length is reduced by 25 per cent as the design bond stress in compression L o=S3 is

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 plain round bars. Tables 64 to 66 of SP-16 present the development lengths of fully
stressed plain and deformed bars (when ¢_= 0.87 ) both under tension and compression. It 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. Able to analyze singly and doubly reinforced beam

2. Able to know failure modes of beams

3. Able to know the shear behavior of beams

2.9 Assignment questions

1. What is the difference is between singly reinforced and doubly reinforced beam?
2. Explain different types of stirrups with a neat sketch.

3. Describe the failure modes of beams with a neat sketch.

4. What is development length?

2.10 Future Study
https://nptel.ac.in/courses/105105104/pdf/m5111.pdf
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Future study

Module — 3

Limit State Design of Beams
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3.1 Introduction

Beam is a structural member which is normally placed horizontally. It provides resistance to
bending when loads are applied on it. Most commonly used material
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. To design singly and doubly reinforced beam

2. To design flanged beams for combined bending, shear and torsion as per IS 456

3.3 Types of 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

is also called 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.
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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 slab, floor finishes,
partitions, false ceiling and some special fixed loads. The economy and safety of the beams
achieved depends on the accuracy with which the loads are estimated.

The dead loads are calculated based on the density whereas the live loads are taken from IS:
875 depending on the functional use of the building.

2. Analysis

For the loads that are acting on the beams, the analysis is done by any standard method to obtain
the shear forces and bending moments.

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. Calculation 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
simply 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)
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 required. If the assumed
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depth “d” is greater than the “required”, it satisfies the depth criteria based on flexure. If the
assumed section is less than the” required”, revise the section.

g. Calculation of steel.

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

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 IS 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 distance is known as the development length
and is required in order to prevent the bar from pulling out under tension or pushing in under

compression. The development length (Ld) is given by

Facss P o,
L'r S ‘,1 Zbd
where, @ = Nominal diameter of the bar

0, Stress in bar at the section considered at design load

Zui— Design bond stress grven i table 26.2.1.1 (IS 156 : 2000)

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

Grade of concrete M 20 M 25 M 30 M 35 M 40 and above

Design bond stress 1.2 14 1.5 1.7 1.9

/. 2
Tpg 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 length from the point of maximum moment.
Due to practical difficulties if it is not possible to provide the required embedment or
development 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:

a The shear at the cut-off points does not exceed two-thirds that permitted, including the shear

strength of web reinforcement provided.
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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, s is the spacing and fy is the characteristic strength of reinforcement in N/mmaz. 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.
¢. 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 reinforcement:
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 a length equal to Ld/3.
b. When a flexural member is part of the primary lateral load resisting system, the positive
reinforcement required to be extended into the support as described in (a) shall be anchored to
develop its design stress in tension at the face of the support.
c. At simple supports and at points of inflection, positive moment tension reinforcement shall
be limited to a diameter such that Ld computed for fda by 26.2.1
IS 456:2000 does not exceed.
M,
v
Where, M1 = moment of resistance of the section assuming all reinforcement at the section to

+ L,

be stressed to fa;

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 members or 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 reinforcement:

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 bars is done to provide the development length and maintain the integrity of the
structure.

Anchoring bars in tension:

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

The anchorage length of straight bar in compression shall be equal to the development length
of bars in compression as specified in clause 26.2.1 of IS 456:2000. The projected length of
hooks, bends and straight lengths beyond bends if provided for a bar in compression, shall only
be considered for development length.

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 a length 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 a length 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,

As  0.85
bd  f,

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/mmz2

2. Maximum reinforcement — The maximum area of tension reinforcement shall not exceed 0.04bD
Compression reinforcement:

The maximum area of compression reinforcement shall not exceed 0.04bD.
Compression reinforcement in beams shall be enclosed by stirrups for effective lateral restraint.

Pitch and diameter of lateral ties:

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

1. The least lateral 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 polygonal links or lateral ties shall be not less than one-fourth of the diameter of

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

Slenderness limits of beams to ensure lateral stability

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

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 lateral restraint shall not

exceed 25b or whichever is less.
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T-beams and L-beams

Beams having effectively T-sections and L-sections (called T-beams and L-beams) are commonly
encountered in beam-supported slab floor systems [Figs]. In such situations, a portion of the slab
acts integrally with the beam and bends in the longitudinal direction of the beam. This slab portion
is called the flange of the T- or L-beam. The beam portion below the flange is often termed the web,
although, technically, the web is the full rectangular portion of the beam other than the overhanging

parts of the flange. Indeed, in shear calculations, the web is interpreted in this manner.

When the flange is relatively wide, the flexural compressive stress is not uniform over its width.
The stress varies from a maximum in the web region to progressively lower values at points farther
away from the web. In order to operate within the framework of the theory of flexure, which assumes
a uniform stress distribution across the width of the section, it is necessary to define a reduced

effective flange.

The effective width of flange ‘may be defined as the width of a hypothetical flange that resists in-
plane compressive stresses of uniform magnitude equal to the peak stress in the original wide flange,

such that the value of the resultant longitudinal compressive force is the same (Fig).

effective flange

‘L" "7 width b 4’(

. W . n

BEAM-SUPPORTED FLOOR SLAB SYSTEM

be 3 (51 +s2)2

Actual distribution of Assumed uniform

compressive stress>' ||||||‘”n”mﬂﬂm/ distribution

(total force = C) [—— (totalface = C)
Equivalent Lﬂge :

| width !

Figure. T-beams and L-beams in beam-supported floor slab systems
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The effective flange width is found to increase with increased span, increased web width and
increased flange thickness. It also depends on the type of loading (concentrated, distributed, etc.)

and the support conditions (simply supported, continuous, etc.). Approximate formulae
for estimating the _effective width of flange‘b ((%I. 23.1.2 of Code) are given as follows:

b |[lo/6+by+6Dr for T - Beam (12)

)
| /12 +bw +3Ds for L —Beam

where b is the breadth of the web, D isf the thickness of the flange [Fig 2.8], and lo is the
w

—distance between points of zero moments in the beaml (which may be assumed as 0.7 times
the effective span in continuous beams and frames). Obviously, b capnot extend beyond the

slab portion tributary to a beam, i.e., the actual width of slab available. Hence, the calculated

b should be restricted to a value that does not exceed (s +s )/2 in the case of T-beams, and
f 172

s /2 + b /2 in the case of L—beams, where the spans s and s of the slab are as marked in Fig.

[ lo +b forisolated T — Beams

[lo7b+4 ™

bi={ 05l (13)
| o 4y for isolated L — Beam
[o/b+4

where b denotes the actual width of flange; evidently, the calculated value of b should not
f

exceed b.
3.5 Problems:
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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.

e
Taking a 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 =2

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

Step 1 (b): Check for lateml stability/lateral buckling
Refer page 39, clause 23.

250 b?
d

Allowable 1 — 60b or

Allowable 1=60b = 13800 mm=13.8 m

250 b?
Or =~ 52900 mm — 529 m

Allowable 1 = Lesser of the two values
—13.8m
Actal | of the beam (5m) < Allowable value of 1.  Hence ok

100 b*

Or — 11750 mm=11.75 m

Allowable | — Lesser of the two valucs
— 575 m
Actual 1 ol the beam (S11) < Allowable value o1,

ITence ok
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Step 2: Effcetive span
Reflerring class 22.2 page 34,

Effective span 1. — clear span + d
1 .
Or l. — clcar span + = support thickness
lLs
= cle;n' Sl)ﬂll T+ —
2
Whichever i1s lesser.

T..—2mMm+450 mm — 2450 mm

230

OrL.=21 ! =21135 mun

) Thercfore I.— 2115 mum
Step 3: Calculation of loads

Consider Im 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. Factored live load — 30 kKN/m

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

W, x 12 35x2.115%
2 2

Factored moment M, — = 78.28 KN-m

Tactored shear= 35x 2.115=74.025 kN
Step 4: Check tor depth based on tlexure or bending moment consideration
Assuming the section to be nearly balanced. and equating M, t0 M, .

My — Mutim — 78.28 KN-m

Using the equation G 1.1 (c)
Mygim = 0367220 (1 — 0.422285) 2 g,
78.28 x 106 = 0.36 % 0.48 (1—042 x 0.48)230(1z x 20
d—222 mm
dassumcd > d:cquimd
Hence ok.
Step 5: Calculation of steel
Since the section is under reinforced we have,

Using equation G 1.1 (b)

Actfy
M, = 0.87f, Aged (1 —m’:)

78.28 x 10° = 0.87 x 415 X A, X 450 (1 o DR )
230 x450 x20

Solving the quadratic equation, Ay = 540.33 mm’ & 540 mm’
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Choosing 16 mm diameter bars,
T 2 2
Area of 1 bar=z X 16“ =201.06 mm

Therefore number of bars of 8mm required = 2.69= 3 bars
Distance between any two bars
Mimimum distance between two bars 1s greater of the following:

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

. 230-2X25—2X16—2X8
Distance between the bars = = = 58mm

Distance provided = 58mm > Minimum distance 25mm

Hence ok.
Check for Ay min
0.85bd
A R s
SR 08715
0.85 X230 X450 5
At min = ————————— =243.66 mm’

0.87 X415

A.;provided =3 x% x 16°=603.18 mm’ > Asvin

Hence ok.
Check for Ast max
Atmax=0.04 x b x D = 4370 mm’
A.; provided = 603.18 mm’

Ast min < Ast < Ast max

Hence ok.
Check for shear

Va=74.025 kKN

Vi % >
Ty — — =0.715 N/mun~

ba

100A 100x603.18
P, = S = —o0.58

bd 230x450

From table 19,
Te = 0.51 N/mm?
From table 20,
Temax — 2.8 N/mm?
TR P S
Hence design of shear reinforcement 1s required
Selecting 2 leg vertical stirrups of 8 mmm diameter. I'e 415 steel,
A, = 2 X2 x 8% =100 mm”

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

= = =52.78kN
1000 1000
Vu=74.025 kN
Vu: = Vu = Vc

=74.025-52.785=2124kN

0.87X fyXAsyXd
o 8

0.87x415x100x450
Sy

2124x10° =

S, =764 mm
Check for maximum spacing
Maximum spacing = 0.75d or 300mm whichever is 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.. min:

A, provided = 100 mm’
0.4bSy
0.87fy

V. e = 76.44 mm’

A provided > A, min
Hence ok.

Check for deflection:

1 "
Allowable a = Basic 7 X M; x M. x M¢

e 1 . .
Basic = = 7 as the beam is cantilever

From fig4 M; =12
From fig 5, M. =1

From fig 6, % =1 [Since it is rectangular section b,, = by]
f

Therefore allowable /d=7x12x1x1=84

2115

Actual /'d = o 4.7 < Allowable 1/d. Hence ok.
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3. Design a reinforced 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 f, =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

Wux I,
2

V. = Factored shear = 150 kN

c. Determination of Myim and f..
Xumax Xumax 2
My = 03672225 (1 — 0 427umas) pg2f

Myiim = 0.36 X 0.48 (1 — 0.42 X 0.48)250 X 450% X 20

=140 kN.m
Since M, > M, 1. design a doubly reinforced section

(My — My im) = 187.5-140 = 47.5 kN.m

fsc = €s¢ X Es

0.0035(x —d'
Where, E;.= {—( LImax )}
Xy max
£ = {0.0035(x,, ,,,,,x—a’)} E
Xymax

sl {0.0035[(0.43 x450)—50]

N } 2 x 10°
0.48 x450

= 538 N/mm"~
But f,. * 0.87f, — (0.87 x 115) — 361 N/mm’
Thercfore f.. = 361 N/mm?>

steel A..= [_Wu_"’—uh'm)
Secld—a’)

(47.5 x10°) -
= [————————] = 329 mm-~
361 X400

Provide 2 bars of 16uun diamneter (A.. = 402 unu:)

A 329 X361
Astz — sclsc =3 —) = 329 i’
O.87fy 0.87x415

A __ | V86T ckPXy tim
st1 — 0.87
87 [y
s [0.36‘/\’20‘}(250)(0.48)(450

] = 1077 mm’
0.87x415

Total tension reinforcement = A = (A_; + A 5)
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= (1077 + 329)
= 1406 mm’
Provide 3 bars of 25mm diameter (A, = 1473 mm:)

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

_ (10045) _ 100 X1473 _

P, - =13
bd 250 X450

Referring table 19 of IS : 456 — 2000 ,
7, = 0.68 N/mm’
Tomax = 2.8 N/mm’ for M20 concrete from table 20 of IS 456-2000
Since T, < Tp < Temax - Shear reinforcements are required.
Vi = [Vu— (7,bd)]
=[150-(0.68 x 250 x 450)10°] = 73.5 kN
Using 8 mm diameter 2 legged stirrups,

2] 0.87xf, XAz, Xd _ 0.87X415X2X50X450
7 Vi 73.5x103

=221mm

Maximum spacing 1s 0.75d or 300 mm whichever is less

S, > 0.75d = (0.75 x 450) = 337.5mm

Adopt a spacing of 200 mm near supports gradually increasig to 300 mm towards the centre

of the span.
e. Check for deflection control
(Vd)aetual = (5000/450) = 11.1
V) atowabie= [(Vd)pasic * M X M x My
P,=1.3 and P. = [(100 x 402) / (250 x 450)] = 0.35
Refer Fig4, M;=0.93
Fig 5. M.=1.10

Fig 6. M¢=1.0

V/d)sttowsbte=[(20 X 0.93 x 1.10 x 1] = 20.46

(L/d)actual < (Lfd);\llowable
Hence deflection control is satisfied.

f Reinforcement details

216 @8-150 oo, 280" =
/ \ =T
, :
=
\
s \‘
3425 N
L, 5000 1]
¥ r
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A floor of a hall measures 16m x 10m to the faces of the supporting walls. The floor
consists of three beams spaced at 4m c/c and the slab thickness is 150 mm. The floor
carries a live lead of 4 KN/m?. Design the intermediate T - beam. Use M20 concrete and

Fe 415 steel. The support width may be assumed as 300mm.
Given : [ = 10m, support width = 300mm, LL = 4kN/m’
Slab depth = D, = 150mm, Beam spaced = 4m cfe, f, =20 N/mm? and f, = 415 N/mm’

Hall measures = 16m x 6m

| 4m c/c | 4m clc | 4m c/c % 4m c/c {
| - |
r f Intermediate
z/* beam /
5 eams
¢
10m %
; wall
; : a
Beams |
“
k 1 J <
wall
- |
16m |

Step : 1 Selection of cross-sectional dimensions
(a) Effective depth of beam (d)

i e SEEGL_ JOW 6,57, S P00y
15 15
(b) Overall depth of beam (D)
. D = d+d'=700+ 50 = 750mm (Assume d'= 50mm)
(c) Width of web (b)) : Assume b_=300mm
(d) Flange thickness (D[) : Df= 150mm (Given)
(e) Effective width of flange (bf)
Effective span (/) : should be least of the following two
(i) /= Clear span + bearing = 10000 + 300 = 10,300mm or 10.3m

(ii) £, = clear span + Effective depth (d) = 1000 + 700 = 10,700mm or 10.7m
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Say /[, = 10.3m
Refer IS : 456-2000, Clause 23.1.2 (a)
- For T - beam,

=6 6
- Say b, = 3000mm or 3m

Iy 10300
b -( )+bw +6D, =( ) + 300+ 6 x 150 = 2916.66 mm

\ b,= 3000mm [

I |

’D,: 150mm

D =750mm
= 600mm

D.

b,= 300mm

Step : 2 Load Calculation
1. Self weight of beam

[(b,x D,) + (b, x D,)] xRCC density
= (3x0.15+0.3x0.6) x 25

= 15.75 kN/m . ‘
. . Live load on slab= 4 kN / m?
2. Live load (Given) = 4 x1 =4kN/m . ‘
Consider
Total load, W = 19.75kN/m .
Per meter width

.. Factored load, W, 1.5xW=15x%x19.75 )
. . LL =4x 1=4kN/m~

W = 29.62kN/m
Step : 3 Calculation of Maximum BM

WM _2962x103*

- - =392.79 kN.
M, g S 392.79 m
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Step : 4 Calculation of moment capacity of flange
M, = 0.36f,b,x, (d-042 x)
«  Assuming N — A (Neutral Axis) lies with in the flange
’ S X, < Df
Considerx, = D,
Here D, = 150mm
M, 0.3‘6fdk b.D, (d-042D)
= 0.36 x 20 x 3000 x 150 (700 - 0.42 x 150)
M, = 2063.88 kN.m
Since M,, > M,
= Df > x“
Hence Neutral axis lies with in the flange. In this case the beam can be treated as a norm|

rectangular beam of width b, =  and depth d
Hence singly reinforced section is to be designed

Step : 5 Calculation of Main reinforcement

392.79%10°

 Je =217.80 .
by =10138/,4b, 1 0.138x20%3000 MM < dprmiaea (100mm)

Hence design is safe
l -/:VASI
M = 0.87fyA” d Jub,d

415A
6 — 1- H )

- 2.49A2 — 252735 A, +39279x10°=0
oA, =1578.71 mm?
Assume 25mm ¢ bars

A, 1578.71
.. No. of bars = = =3.21,say 4
As Z X 252

T
= 4x " X 25% = 1963.49mm?

st provided
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.. Provide 4-25 mm ¢ bars at tension side and 2-12mm ¢ bars at compression side (Anch
bars) - [Assume]

Step : 6 Design of Shear reinforcement ‘
Wi, 29.62x10.3
2 2

- ® Design of shear force, V, = =152.54 kN

V. 152.54x10°

u — . 2
b,d 300x700 " 0.72 N/mm

e Nominal shear stress, T =

1004y .. 100x196349
b,d. T 300%700
Calculation of tT_, Refer table 19 of IS : 456-2000

for p, = 0.93% and f,, = 20 N/mm?
-~ 1.=0.60 N/mm? (By interpolation)

e Percentage of tension steel reinforcement, p, = =0.93%

e Design shear strength, T, =2.8 N/mm? (From table 20)

e Comparisons
t, > T — Hence shear reinforcement is required
(i) Calculate shear carried by concrete
V.=Tb d=0.6x300x 700 = 126 kN
(i) Calculate shear carried by stirrups
V=V~ V.. =152.54 - 126 = 26.54 kN

Spacing of stirrups should be least of the following three

087fA,.
L. §, = —matal
¥ ‘,“.T
A, = 100.53 mm? for 2L - 8mm ¢ vertical stirrups
L - 087x415%10053%700
\ 26.54%10° =957.32mm

S, ¥ 0.754. .. S,=0.75 x 700 = 525mm
S, > 300mm, .. S, =300mm
Say, S, = 300mm

v

Hence provide 2L — 8mm ¢ bars @ 300 mm c/c

w19
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Step ¢ 7 Check for deflection control
(a) Note down the percentage of steel provided

p, = 0.93%
(b) Stress in steel, Refer IS: 456-2000, Fig. 4

A, 1578.71
= 0.58 | =0.58 x 41 S 2
£, f[ Aﬂm] X415 x 7o o5 = 193.53 Nimm

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

ok =122
Now ratiob—w = E)—O—z 1
’ b, ~ 3000
read out the reduction factor (k ) using I;_" referring IS : 456-2000, Fig. 6.
ok, =08 '
= (5) e Loty k, -k, =1 " No compression reinforcement

20x 1.22x1x0.8=19.52

10300
(2) (AJ = ———=14.71
P d provided 700

(@).. > (@)
S | — = 2
d max. d provided

Hence deflection control is satisfied

Step : 8 Reinforcement details

(Anchor bars)

j-12mm¢ bars

N D=750mm

2L-8mm ¢ r Wall support
bars @300mm ¢/c  4.25mm ¢ bars

300mm D (Main bars)

1 l‘,=10.3m 1

L/S of T-beam
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(Anchor bars)

b=3000mm
2-12mm ¢ bars /
— P |

LA\
ID,=1 50mm

1 Py

—2L-8mm ¢ bars @
300mm c/c

b,=300mm
4-25mm ¢'bars

(Main bars)

C/S of T-beam

3.6 Outcome
1. Able to design singly, doubly reinforced beam and T-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 1s 8 m. Live load on floor is
4 kKN/m’”. Using M-20 grade concrete and Fe-415 HYSD bars, design one of the
intermediate tee beam.

3.8 Future Study

https://nptel.ac.in/courses/105105105/11
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2.1 Outcome

1. Able to analyze singly and doubly reinforced beam

2. Able to know failure modes of beams

3. Able to know the shear behavior of beams

2.2 Assignment questions

1. What is the difference is between singly reinforced and doubly reinforced beam?
2. Explain different types of stirrups with a neat sketch.

3. Describe the failure modes of beams with a neat sketch.

4. What is development length?

2.3 Future Study
https://nptel.ac.in/courses/105105104/pdf/m5I11.pdf
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Design of Staircases

411
412
413
414
415
416
417
418

Introduction

Obijectives

Types of staircases
Structural classification
Problems

Outcomes

Assignment questions

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, risers in a flight should not exceed about 12 in number. The steps in the flight
can be designed in a number of ways: with waist slab, with tread-riser arrangement (without
waist slab) or with isolated tread slabs — as shown in Fig respectively.

4.1.2 Objectives

1. To design a dog-legged and open newel staircases

FLOOR
LANDING SOING LANDING
< f ‘ :
o T
4 ,—!'—
+ — T (a)
‘ | T w f'“ PLAN

-

step may be in
concrete or brick

¥ i

TR

rizeR R

\ (b)
waist slab ‘waist slab’
thickness ¢ wpe
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. (c)
, |¢ “tread-riser
15 '\_ ¢ o
g s
C———— 1
—1 (d)
[ 1 ‘isolated
;l L |: tread slab’
- I 30 El\ ype
1 :

*:1 10 mm overiap
A typical flight in a staircase

4.1.3 TYPES OF STAIRCASES
Geometrical Configurations
A wide variety of staircases are met with in practice. Some of the more common geometrical
configurations are depicted in Fig. These include:
» Straight stairs (with or without intermediate landing)
« Quarter-turn stairs
* Dog-legged stairs
* Open well stairs
* Spiral stairs

» Helicoidal stairs

» 2
v
{a) straight stairs (b) guarter-turn stairs
]
-
o UP ‘ v I
| — l
T UpP | T
| 1

{c) dog-legged stairs (d) open-well stairs
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precast_ _—r——_ T
teads T | /7N AN\
NG N N 25
f— {7 '.. PLAN VIEWS AR '.' |
l. *\, 3 ] <'&:\\\_\\\‘\".\;\ VL
e / % ! / Rt :
\ central ~./ AR
b ost yd / ";‘\»1\\.‘}/7 :
N P81 | sy
S =y
(e) spirzl stairs (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 Transversely

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

In the case of the cantilevered slabs, it is economical to provide isolated treads (without risers).
However, the tread-riser type of arrangement and the waist slab type are also sometimes
employed in practice, as cantilevers. The spandrel beam is subjected to torsion (equilibrium
torsion‘), in addition to flexure and shear.

When the slab is supported at the two sides by means of _stringer beams* or masonry walls, it
may be designed as simply supported, but reinforcement 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 helicoidal stairs.

The slab arrangement may either be the conventional waist slab type or the tread-riser type.
The slab thickness depends on the _effective span‘, which should be taken as the centreto-
centre distance between the beam/wall supports, according to the Code (CI. 33.1a, ¢).In certain
situations, beam or wall supports may not be available parallel to the riser at the landing.
Instead, the flight is supported between the landings, which span transversely, parallel 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 slab 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/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 kN:’m2
(3) finishes (given) =0.60 kN.«"m2
(4) live load (given) =5.00 kN.f“m2
Total =15.16 ka"m3

2
=Factored load = 15.16 * 1.5 =22.74 kN/m
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e Loads on landing

(1) self-weight of slab @ 25 = 0.20 — 5.00 KN/m

2
(2) finishes @ 0.6 KN/m
(3) live loads @ 5.0 KN/m
Total =10.60 KN/m~

—Factored load = 10.60 = 1.5 = 15.90 KN/m

e Desien Moment |Fig. below]
Reaction R= (15.90x1.365)+(22.74x2.43)/2 = 49.33 kKN/m
Maximum moment at midspan:
M = (49.33 x2.58) —(15.90 x 1.365) x (2.58 —1.365/2)
— (B2 TAY * (2 58— 1.365)2/2
= 69.30 KNnvm

R= My - 1.265 MPa

~ bd?
Assuming /= 20 MPa, j" =415 MPa.

Pr_ A _ 381510
100 100

= (A )req = (0.381x107)x10° x234=892mr
Required spacing of 12 ¢ bars = 127 mm

Required spacing of 16 ¢ bars =225 mm
Provide 16 ¢ @ 220c¢/c

* Distributors
:
(Ast)reg =0.0012D1 =312mm™ /'m

spacing 10 @ bars =251 mm

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

Design a dog legged stair case for a residential 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 is 1 kN/m2. The
materials used are M20 grade concrete and Fe415 grade steel. Sketch the details of steel. Here
flight and the landing slabs spans in the same direction i.e, Flight spans longitudinally.

4.1.8 Future Study

https://nptel.ac.in/courses/105105104/pdf/m9120.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 slab
4.2.8 Types of two-way slabs
4.2.9 Design example

4.2.10 Outcomes

4.2.11 Assignment question
4.2.12 Future study

Department of Civil Engineering, ATMECE, Mysuru
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4.2.1 Introduction to Slabs
A slab is a flat 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

4.2.3 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 condition: Simply supported, Cantilever slab,
Overhanging slab, Fixed or Continues slab.

4) Based on use: Roof slab, Floor slab, Foundation slab, Water tank slab.

5) Basis of cross section or sectional configuration: Ribbed slab /Grid slab, Solid slab,
Filler slab, Folded plate

6) Basis of spanning directions:

One way slab — Spanning in one direction

Two way slab - Spanning in two direction

4.2.4 METHODS OF ANALYSIS

The analysis of slabs 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 element 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 slab :

Effective span of slab shall be lesser of the two

1. I = clear span + d (effective depth )

2. | = Center to center distance between the support

b. Depth of slab:

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)

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

e The effective depth d of two way slabs can also be assumed using cl.24.1, 1S 456

Type of support Fe-250 Fe-415
Simply supported I35 1/28
continuous 1/40 /32

OR

The following thumb rules can be used

e One way slab d= (1/22) to (1/28).

e Two way simply supported slab d= (1/20) to (1/30)

e Two way restrained slab d= (1/30) to (1/32)

c. Load on slab:

The load on slab comprises of Dead load, floor finish and live load. The loads are calculated
per unit area (load/m>).

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/mz2 (depending on the occupancy of the building)
DETAILING REQUIREMENTS AS PER IS 456: 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 is 15 mm
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b. Minimum reinforcement : The reinforcement in either direction in slab shall not be less
than

e 0.15% of the total cross sectional area for Fe-250 steel

¢ 0.12% of the total cross sectional area for 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 is the total thickness of slab.

4.2.6 BEHAVIOR OF ONE WAY SLAB

When a slab is supported only on two parallel apposite edges, it spans only in the direction
perpendicular to two supporting edges. Such a slab is called one way slab. Also, if the slab is
supported on all four edges and the ratio of longer span(ly) to shorter span (lx) i.e ly/Ix > 2,
practically the slab spans across the shorter span. Such a slabs are also designed as one way
slabs. In this case, the main reinforcement is provided along the spanning direction to resist
one way bending.

4.2.7 BEHAVIOR OF TWO WAY SLABS

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

Simply
/e supported oy Syfindrica
edge ¢ deflected

surface

Two-way slab action
Deflection contours

(Saucer type surface)
Since, the slab rest freely on all sides, due to transverse load the corners tend to curl up and lift

up. The slab looses the contact over some region. This is known as lifting of corner. These slabs
are called two way simply supported slabs. If the slabs are cast monolithic with the beams, the

corners of the slab are restrained from lifting. These slabs are called restrained
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slabs. At corner, the rotation occurs in both the direction and causes the corners to lift. If the
corners of slab 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 slabs 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 = ax W Ix

My = oy W Ix

Where, axand ay are coefficients given in Table 1 (Table 27,IS 456-2000)

W- Total load /unit area

Ix& ly— lengths of shorter and longer span.

Two way restrained slabs

When the two way slabs are supported on beam or when the corners of the slabs are
prevented from lifting the bending moment coefficients are obtained from Table 2 (Table 26,
1S456-2000) 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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Mx (Negative) O W
M, (Positive) & W I
My (Negative) O w lzx

M, (Positive) O W I,

? : : ! i
=t BpR g, 2 3 7 4 4= 4 5 [
| 7| ] 4 1
[ ] 7 Y 7777777777, TTITTT7777 / (]
1. Interior 2. One Short Edge 3. One Long Edge 4. Two Adjacent 5. Two Short Edges
Panels discontinuous Discontinuous Edges Discontinuous Discontinuous
ILLLLLLLLL JLLLLL i '/ LLLLLLEELY, LLLILLLLLLY, Llslis 2 lis
f 4 ? ﬁ 2 Discontinuous edge
ot 6 = 4 .7 F < B F 4 9 F
/] A - 7 b
A / ¥, /] V.,
7 | L Y ~
777777777 Y ’ TIT777777 74 errrerryryd _‘t‘—
6. Two Long Edges 7. Three Edges f. Three Edges 9. Four Edges Contintiriiious™
1scontRious wsconuiitous < Y o {Ore Long Edga
Jne Shorl Edge . Continuous)
Continuous)

ONE WAY CONTINUOUS SLAB

The slabs spanning in one direction and continuous over supports are called one way
continuous slabs. These are idealised as continuous beam of unit width. For slabs of uniform
section which support substantially UDL over 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 IS 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.

4.2.9 DESIGN EXAMPLES

1. Design a simply supported one —way slab over a clear span of 3.5 m. It carries a live 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 steel.
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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
Effeclive span 1s lesser ol the two
i, 1=3.5+0.23 (width of support) =3.73 m
. 1=3.5+0.14 (effective depth) =3.64 m
effective span = 3.64 m

2) Load on slab
i.  Self weight of slab=0.16 x 25 =4.00

ii.  Floor finish =1.50
ii.  Live load =4.00
=9.5 kN/m’

Ultimate load Wy =9.5 x 1.5 = 14.25 kN/m?

3) Design bending moment and check for depth

M, = W,1%/8 = % =23 60 KN/m

Minimum depth required from BM consideration

f

o Mu | 23.60%10°
\ 02307 b 4013832051000

-92.4>140 (OK)

4) Area of Reinforcement

Area of steel is obtained using the following equation
oy £ Ll Fyds )
Mu=087f,4,.d (1 .=

23.60X10°=0.87X415X 4. ¥140 (1 —

23.60X10°=50547A.-7494%,

Solving A =5 O04num?>

OR
O.5Fci P
e [1 J1 fc_u_bd:] bd
3 .
0.5X 20 | 2.6X23.60x10° -
At = T[l B e —m] TR

—505 mm?>

Spacing of 10mm Sv—jf =~ X1000

Svy= 9 X1000=154 mm

S50s

Provide 10mm @ 150 C/C (== 3d or 300)
(120 or 300) OK
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Provided steel (Ay=524mm?.P=0.37%)

Distribution steel@ 0.12% of the Gross area.

012

X1000X160=192 mm?>
100

Spacing of 8 mm Sv—l—sgo~ 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

3.6%

=14.25X=2593 kN

g, = 22X _ 018 N/mm? (<T, max = 2.8 N/mm?)

1000X140
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
=1k
Where. K is obtained from C1.40.2.1.1. IS 456 -2000
7,4 = 0.42X1.28 = 0.53 N/mm?

Tea = Ty OK
6) Check for deflection

) e = G

- (i) Xky Xk, Xks Xk

Basic

Actual Allowabls

l
(g)rillowcb.'e -
k- Modification factor for tension steel
ka Modification factor for compression steel
ks Modification factor for T-sections k4-Only
if span exceeds 10 m (10/span)

ky = 1.38 for P, = 0.37 (Fig. 4,c1.32.2.1)

(é)au . =20X1.38=27.6

()  =3630/140=25.92

4/ gctual

! l

(;)Actual = (;)Allowable (OK)
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7) Check for Development length

Development length

_ go,

= 47,

Ls=(0.87x415x10) / (4x1.2x1.6) =470 mm

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

1

L, <1.3 (Lf-) + L,

- I

Since alternate bars are cranked M;=M,/2 =23.2/2=11.8 kN.m
Vi =15.93 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=711 mm 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

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

Check for cracking is satisfied.

) a ) ‘l
N\ se@rence N\ S10871 S0cc
SECTION B-B
—
£ tm—r
< =
£ b—————— ,,T fffffffffffff Y g ‘ j]‘\
300
N I 4
3640 £
3500 _3 :
~ * = = ¥
fa4] = = o 3730 Z
- g é - z =
2 = 5 G
g ] : | g
:o_ ;\’ N
\ N
360=
\ | |
b s N R R Q 8 | 4\
N i

Reinforcement Detail of One way slab
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4.2.10 Outcome
1. Able to 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 Steel.

4.2.12 Future Study
https://nptel.ac.in/courses/105105104/pdf/m8I19.pdf
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Module — 5
Design of Columns and Footings

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 Transverse reinforcement
5.1.7 Introduction about footing and classification
5.1.8 Problems

5.1.9 Outcome

5.1.10 Assignment questions
5.1.11 Future study
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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 Obijective

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 is le=k | (1) Where k is the 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 compression member whose effective length le does not
exceed three times of its least horizontal dimension b (cl. 26.5.3.1h, Note). The other horizontal
dimension D shall not exceed four times of b.

(c) Column: Column is a vertical compression member whose unsupported length | shall not
exceed sixty times of b (least lateral dimension), if restrained at the two ends. Further, its
unsupported length of a cantilever column 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 a vertical compression member whose effective height Hwe to thickness t (least
lateral dimension) shall not exceed 30 (cl. 32.2.3 of IS 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 Reinforcement

Figure 3.1(a) Tied Colimn
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4 _Concrele

Figure 3.1(d) Composite column (steel pipe)

Figure 3.1 Ticd, helically bound and composite columns

Based on the types of reinforcement, the reinforced concrete columns are classified into three
groups:

(i) Tied columns: The main longitudinal reinforcement bars are enclosed within closely spaced
lateral ties (Fig.3.1a).

(i) Columns with helical reinforcement: The main longitudinal reinforcement bars are
enclosed within closely spaced and continuously wound spiral reinforcement. Circular and
octagonal columns are mostly of this type (Fig. 3.1b).

(i) 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 Loadings
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Columns are classified into the three following types based on the loadings:

(i) Columns subjected to axial loads only (concentric), as shown in Fig. 3.2a.

(i) Columns subjected to combined axial load and uniaxial bending, as shown in Fig. 3.2b.
(iii) Columns subjected to combined axial load and bi-axial bending, as shown in Fig. 3.2c.

Based on Slenderness Ratios

Columns are classified into the following two types based on the slenderness ratios:

() Short columns

(i) Slender or long columns

The slenderness ratio of steel column is the ratio of its effective length leto its least radius of
gyration r. In case of reinforced concrete column, however, IS 456 stipulates the slenderness
ratio as the ratio of its effective length leto 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 lex’'D and
ley/b are less than 12 where lex = effective length in respect of the major 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 material 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
bars, minimum diameter of bars, spacing of bars etc. The following are the salient points:

(@ The minimum amount of steel should be at least 0.8 per cent of the gross cross-sectional
area of the column required if for any reason the provided area is more than the required area.
(b) The maximum amount of steel should be 4 per cent of the gross cross-sectional area of the
column so that it does not exceed 6 per cent when bars from column below have to be lapped
with those in the column under consideration.

(c) Four and six are the minimum number 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.

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

5.1.6 Transverse Reinforcement

Transverse reinforcing bars are provided in forms of circular rings, polygonal links (lateral ties)
with internal angles not exceeding 135° or helical 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_ 'TI' £ A S )

<=75; <=75
— >

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) The least lateral dimension of the compression members;
(i1) Sixteen times the smallest diameter of the longitudinal reinforcement bar to be tied; and
(i) 300 mm.
(b) Diameter: The diameter of the polygonal links or lateral ties shall be not less than one
fourth of the diameter of the largest longitudinal bar, and in no case less than 6 mm.
Assumptions in the Design of Compression Members by Limit State of Collapse The
following are the assumptions in addition 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 1S 456 and given below (Fig.3.2c)
exmin>greater of (1/500 + D/30) or 20 mm
ey min > greater of (1/500 + b/30) or 20 mm where |, D and b are the unsupported length, larger
lateral dimension and least lateral dimension, respectively.

Page 82



Design of RC Structural Elements 18CV53

Governing Equation for Short Axially Loaded Tied Columns
Factored concentric load applied on short tied columns is resisted by concrete of area Acand
longitudinal steel of areas Asc effectively held by lateral ties at intervals. Assuming the design
strengths of concrete and steel are 0.4fck and 0.67fy, respectively, we can write
Pu= 0.4fckAc + 0.67fyAsc
Where Pu = factored axial load on the member,
fek = 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= pAg/100
Ac= Ag(1 — p/100)
Accordingly, we can write
Pu/Ag= 0.4fck+ (p/100) (0.67fy— 0.4fck
Equation 4 can be used for direct computation of Agwhen Pu, fekand fyare known by assuming p
ranging from 0.8 to 4 as the minimum and maximum percentages of longitudinal reinforcement.
Equation 10.4 also can be employed to determine Agand p in a similar manner by assuming p.
5.1.7 Introduction To Footing
Design of isolated column footing
The superstructure is placed on the top of the foundation structure, designated as substructure as
they are placed below the ground level. The elements of the superstructure transfer the loads and
moments to its adjacent element below it and finally all loads and moments come to the
foundation structure, which in turn, transfers them to the underlying soil or rock. Thus, the
foundation structure effectively supports the superstructure. However, all types of soil get
compressed significantly and cause the structure to settle. Accordingly, the major requirements
of the design of foundation structures are the two as given below,

1 Foundation structures should be able to sustain the applied loads, moments, forces and

induced reactions without exceeding the safe bearing capacity of the soil.

2 The settlement of the structure should be as uniform as possible and it should be within the

tolerable limits. It is well known from the structural analysis that differential settlement of
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avoiding the differential settlement is considered as more important than maintaining uniform
overall settlement of the structure.

Types of Foundation Structures

1. Shallow Foundation

Shallow foundations are used when the soil has sufficient strength within a short depth below the
ground level. They need sufficient plan area to transfer the heavy loads to the base soil. These
heavy loads are sustained by the reinforced concrete columns or walls (either of bricks or
reinforced concrete) of much less areas of cross-section due to high strength of bricks or
reinforced concrete when compared to that of soil. The strength of the soil, expressed as the safe
bearing capacity of the soil is normally supplied by the geotechnical experts to the structural
engineer. Shallow foundations are also designated as footings. The different types of shallow

foundations or footings are discussed below.

(i) Plain concrete pedestal footings
(i) Isolated footings

(iif) Combined footings

(iv) Strap footings

(v) Strip foundation or wall footings

(vi) Raft or mat foundation

(vii) Deep foundations
As mentioned earlier, the shallow foundations need more plan areas due to the low strength of

soil compared to that of masonry or reinforced concrete. However, shallow foundations are
selected when the soil has moderately good strength, except the raft foundation which is good
in poor condition of soil also. Raft foundations are under the category of shallow foundation as
they have comparatively shallow depth than that of deep foundation. It is worth mentioning that
the depth of raft foundation is much larger than those of other types of shallow foundations.
However, for poor condition of soil near to the surface, the bearing capacity is very less and
foundation needed in such situation is the pile foundation. Piles are, in fact, small diameter
columns which are driven or cast into the ground by suitable means. Precast piles are driven and
cast-in-situ are cast. These piles support the structure by the skin friction between the pile
surface and the surrounding soil and end bearing force, if such resistance is available to provide
the bearing force. Accordingly, they are designated as frictional and end bearing piles. They are
normally provided in a group with a pile cap at the top through which the loads of

the superstructure are transferred to the piles.
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construct. The length of the pile which is driven into the ground depends on the availability of
hard soil/rock or the actual load test. Another advantage of the pile foundations is that they can
resist uplift also in the same manner as they take the compression forces just by the skin friction
in the opposite direction.

However, driving of pile is not an easy job and needs equipment and specially trained persons
or agencies. Moreover, one has to select pile foundation in such a situation where the adjacent
buildings are not likely to be damaged due to the driving of piles. The choice of driven or bored
piles, in this regard, is critical.

Exhaustive designs of all types of foundations mentioned above are beyond the scope of this
course. Accordingly, this module is restricted to the design of some of the shallow footings,

frequently used for normal low rise buildings only.

ﬁﬁ/\T

Isolated Footing
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Critical sections:

1) For moments 1-1 and 2-2

2) For one-way shear 3-3 and 4-4

3) For punching shear perimeter marked by 555 5

Design Considerations
(@) Minimum nominal cover (cl. 26.4.2.2 of IS 456)
The minimum nominal cover for the footings should be more than that of other structural
elements of the superstructure as the footings are in direct contact with the soil. Clause

26.4.2.2 of IS 456 prescribes a minimum cover of 50 mm for footings. However, the actual
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cover may be even more depending on the presence of harmful chemicals or minerals, water
table etc.

(b) Thickness at the edge of footings (cls. 34.1.2 and 34.1.3 of IS 456)

The minimum thickness at the edge of reinforced and plain concrete footings shall be at least
150 mm for footings on soils and at least 300 mm above the top of piles for footings on piles,

as per the stipulation in cl.34.1.2 of IS 456.

For plain concrete pedestals, the angle a (see Fig.11.28.1) between the plane passing through the
bottom edge of the pedestal and the corresponding junction edge of the column with pedestal
and the horizontal plane shall be determined from the following expression (cl.34.1.3 of IS

456)

tano < 0.9{(100qa / foc ) +13°°

2
where qa: calculated maximum bearing pressure at the base of pedestal in N/mm , and

2

(c) Bending moments (cl. 34.2 of IS 456)

1 It may be necessary to compute the bending moment at several sections of the footing
depending on the type of footing, nature of loads and the distribution of pressure at the base of
the footing. However, bending moment at any section shall be determined taking all forces
acting over the entire area on one side of the section of the footing, which is obtained by passing
a vertical plane at that section extending across the footing (cl.34.2.3.1 of IS 456).

2 The critical section of maximum bending moment for the purpose of designing an isolated
concrete footing which supports a column, pedestal or wall shall be:

() at the face of the column, pedestal or wall for footing supporting a concrete column,
pedestal or reinforced concrete wall, and

() halfway between the centre-line and the edge of the wall, for footing under masonry wall.
This is stipulated in cl.34.2.3.2 of IS 456.
The maximum moment at the critical section shall be determined as mentioned in 1 above.

For round or octagonal concrete column or pedestal, the face of the column or pedestal shall

be taken as the side of a square inscribed within the perimeter of the round or octagonal
column or pedestal (see cl.34.2.2 of 1S 456 and Figs.11.28.13a and b).

(d) Shear force (cl. 31.6 and 34.2.4 of IS 456)

Footing slabs shall be checked in one-way or two-way shears depending on the nature of
bending. If the slab bends primarily in one-way, the footing slab shall be checked in one-way
vertical shear. On the other hand, when the bending is primarily two-way, the footing slab shall
be checked in two-way shear or punching shear. The respective critical sections and

design shear strengths are given below: Page 86
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1. One-way shear (cl. 34.2.4 of IS 456)

() One-way shear has to be checked across the full width of the base slab on a vertical section located

from the face of the column, pedestal or wall at a distance equal to effective depth of the footing
slab in case of footing slab on soil, and

(i) half the effective depth of the footing slab if the footing slab is on piles.
The design shear strength of concrete without shear reinforcement is given in Table 19 of
cl.40.2 of IS 456.

2. Two-way or punching shear (cls.31.6 and 34.2.4)
Two-way or punching shear shall be checked around the column on a perimeter half the
effective depth of the footing slab away from the face of the column or pedestal.
The permissible shear stress, when shear reinforcement is not provided, shall not exceed k.

, where k = (0.5 + cp), but not greater than one, cp being the ratio of short side to long side of
S

12
the column,and tc = 0-25(fck) in limit state method of design, as stipulated in cl.31.6.3 of

IS 456.
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(f) Tensile reinforcement (cl.34.3 of IS 456)
The distribution of the total tensile reinforcement, calculated in accordance with the moment at
critical sections, as specified in part (c) of this section, shall be done as given below for one-
way and two-way footing slabs separately.
@) In one-way reinforced footing slabs like wall footings, the reinforcement shall be
distributed uniformly across the full width of the footing i.e., perpendicular to the direction of
wall. Nominal distribution reinforcement shall be provided as per cl. 34.5 of IS 456 along the
length of the wall to take care of the secondary moment, differential settlement, shrinkage and

temperature effects.

@) In two-way reinforced square footing slabs, the reinforcement extending in each direction

shall be distributed uniformly across the full width/length of the footing.

(i) Intwo-way reinforced rectangular footing slabs, the reinforcement in the long direction shall
be distributed uniformly across the full width of the footing slab. In the short direction, a central
band equal to the width of the footing shall be marked along the length of the footing, where the
portion of the reinforcement shall be determined as given in the equation below. This portion of

the reinforcement shall be distributed across the central band:
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Figure 3.10 Bands for reinforcement in rectangular footing Reinforcement

in the central band = {2/(B+1)} (Total reinforcement in the short direction)

Where B is the ratio of longer dimension to shorter dimension of the footing slab (Fig.3.10).

Each of the two end bands shall be provided with half of the remaining reinforcement, distributed

uniformly across the respective end band.
(9) Transfer of load at the base of column (cl.34.4 of IS 456)

All forces and moments acting at the base of the column must be transferred to the pedestal, if

any, and then from the base of the pedestal to the footing, (or directly from the basepof tgg
age

column to the footing if there is no pedestal) by compression in concrete and steel and tension
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in steel. Compression forces are transferred through direct bearing while tension forces are

transferred through developed reinforcement. The permissible bearing stresses on full area of

concrete shall be taken as given below from cl.34.4 of IS 456:
o, - 0.25f, in working stress method, and
ck

o, = 0.45f, in limit state method
r ck

The stress of concrete is taken as 0.45fck while designing the column. Since the area of

footing is much larger, this bearing stress of concrete in column may be increased
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considering the dispersion of the concentrated load of column to footing. Accordingly, the
permissible bearing stress of concrete in footing is given by (cl.34.4 of IS 456):

12
Opr =0.45f (A/A)
ck 1 2

with a condition that
1/2

(AJA) 20(11.8)<2
1 2

where A = maximum supporting area of footing for bearing which is geometrically similar to
1

and concentric with the loaded area A .
2

A = loaded area at the base of the column.
2

The above clause further stipulates that in sloped or stepped footings, A may be taken as the
1

area of the lower base of the largest frustum of a pyramid or cone contained wholly within the
footing and having for its upper base, the area actually loaded and having side slope of one
vertical to two horizontal.

If the permissible bearing stress on concrete in column or in footing is exceeded, reinforcement
shall be provided for developing the excess force (cl.34.4.1 of IS 456), either by extending the
longitudinal bars of columns into the footing (cl.34.4.2 of IS 456) or by providing dowels as
stipulated in cl.34.4.3 of IS 456 and given below:

@ Sufficient development length of the reinforcement shall be provided to transfer the
compression or tension to the supporting member in accordance with cl.26.2 of IS 456, when
transfer of force is accomplished by reinforcement of column (cl.34.4.2 of IS 456).

() Minimum area of extended longitudinal bars or dowels shall be 0.5 per cent of the cross-
sectional area of the supported column or pedestal (cl.34.4.3 of IS 456).

@) A minimum of four bars shall be provided (cl.34.4.3 of IS 456).

(V) The diameter of dowels shall not exceed the diameter of column bars by more than 3 mm.

() Column bars of diameter larger than 36 mm, in compression only can be doweled at the
footings with bars of smaller size of the necessary area. The dowel shall extend into the column,
a distance equal to the development length of the column bar and into the footing, a distance
equal to the development length of the dowel, as stipulated in cl.34.4.4 of IS 456.

(h) Nominal reinforcement (cl. 34.5 of IS 456)
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Clause 34.5.1 of IS 456 stipulates the minimum reinforcement and spacing of the bars in
footing slabs as per the requirements of solid slab (cls.26.5.2.1 and 26.3.3b(2) of IS 456,

respectively).

5.1.8 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.

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() =
&x &y

2600 mm. So, we have

In/D =2600/600=433 <12
! /b=2600/400=6.5 <12
&

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

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

X min

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

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

min

0055=0.05400)=20mm=20mm (=e

3 min

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

Pu = 0.4fckAC+ 0.67/? Ax

3000(103) = 0.4(25){(400)(600) — 4 _} +0.67(415) 4 _

which gives,
2

A4 =223839mm

2 2
Provide 6-20 mm diameter and 2-16 mm diameter rods giving 2287 mm (> 2238.39 mm )
and p = 0.953 per cent, which 1s more than minimum percentage of 0.8 and less than

maximum percentage of 4.0. Hence, o k.
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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 (i1) 6 mm. Here, 0 = largest bar diameter used as longitudinal
reinforcement = 20 mm. So, the diameter of bars used as lateral ties = 6 mm.

The pitch of lateral ties, as per cl.26.5.3.2 C-1 of IS 456, should be not more than the least of
(i) The least lateral dimension of the column = 400 mm

(ii) Sixteen times the smallest diameter of longitudinal reinforcement bar to be tied = 16(16)
=256 mm

1i1) 300 mm

6T @ 250 cle

400

B

Reinforcement Detailing

Page 92



Design of RC Structural Elements 18CV53

Design an isolated footing of uniform thickness of a RC column bearing a vertical load of 600
KN and having a base of size 500x500 mm. the safe bearing capacity of soil may be taken as
120 KN/m2. Use M20 concrete and Fe 415 steel.

Solution
Size of footing
W=600 KN;
Self weight of footing @ 10% =60 KN
Total load =660 KN
Size of footing = 660/120 = 5.5 m?
Since square footing , B= /5.5 =2.345m2
Provide a square footing = 2.4mx 2.4m

Net upward pressure , po= 600/(2.4x2.4) = 104.17 KN/m?

Design of section

The maximum BM acts at the face of column
M:pB(B—b)2:112.8KN—m
°8
Mu = 1.5M =169.2 KN-m
Therefore d = 160 mm; D = 160+60 = 220mm

Depth on the basis of one-way shear

For a one way shear, critical section is located at a distance _d‘ from the face of the column

where shear force V is given by
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V = poB{0.5(B — b) — d} = 104.17x2.4{0.5x(2.4 — 0.5) — 0.001d}
Vu =15V

T = Vi ~375012(0.95-0.001d)

¢ hd 2400d

From table B.5.2.1.1 of IS 456:2000 k=1.16 for D = 220mm.
Also for under-reinforced section with pt = 0.3% for M20 concrete, t¢c =0.384 N/mm?,
Hence design shear stress = kt ¢ =0.445 N/mm?

From which we get d=246.7 = 250 mm

Depth for two way shear

Take d greater one of the two i.e. 250mm. for two-way shear, the section lies at d/2 from the
column face all round. The width bo of the section = b+d = 750mm

Shear force around the section
F = po[B? - b® ] = 541.42 KN

Fu=1.5F

Fu 812.13x10°
Tv= =

= =1.083 N/ mm?
4bod  4x750x250

Permissible shear stress =  kstc
Where ks=(0.5+ B¢) = (0.5 +1) with a maximum value 1. ks=1

Tc = 0.254 f; =1.118 N/mm2
Permissible shear stress= 1.118 N/mm2
Hence safe.

Hence d=250 mm, using 60 mm as effective cover and keeping D=330 mm, effective depth =
330-60= 270 mm in one direction and other direction d=270- 12 =258 mm.

Calculation of reinforcement

Ast= 1944 mm?
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So provide 12 mm @ 125 c/c in each direction.

Development length

L4=564 mm

Provide 60 mm side cover, length of bars available =0.5[B-b]-60=890 mm
>Lq4 So safe.

Transfer of load at column base

A2=500x500 = 250000 mm?

A1=[500+2(2x330)]= 3312400

Taking ’% =
2

Hence permissible bearing stress = 18
KN/m? Actual bearing stress = 3.6 N/mm?

Hence safe.

5.1.9 Outcome
1. Able to design the RCC columns

5.1.10 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 Muy= 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.

5.1.11 Future Study

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