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CHAPTER-1

INTRODUCTION TO DESIGN AND DETAILING

2.1 Objectives Of Design and Detailing
Every structure must biesignedto satisfy three basic requirements;

1) Stability to prevent overturning, sliding or buckling of tteucture, or parts of it, under the action of
loads;

2) Strengthsto resist safely the stresses induced by the liogtie various structural members;

3) Serviceability to ensure satisfactory performance under serviad tmnditions — which implies
providing adequate stiffness to contain deflectipmsackwidths and vibrations within acceptable
limits , and also providing impermeability , duiiietc.

There are two other considerations that a sendiédégner ought to bear in mind, veconomyand

aesthetics.

A good structural design often involving elaboratenputations is a worthwhile exercise if onlyst i
followed by good detailing and construction pragsicin normal design practices it is often seehdhalysis
of structures for stress resultants and desigmdifvidual members (critical sections of beams, slahd
columns) for maximum load effects(bending momesitgar, torsion and axial forces) are done regulsitly
insufficient attention given to supposedly lessepartant aspects e.g. termination, extending amdiibg of
bars, anchorage and development, stirrup anchospliees, construction details at joints or conioest (slab-
beam, beam-column etc.), provision of continuity alscontinuity at connection of members , consinac
sequencing and reinforcement placement, deflectialtulations and control, crack control, cover to

reinforcement ,creep and shrinkage etc.

The factors as enumerated above are very crftical the point of view of a successful structurel an
needs to be fairly assessed with sufficient acquieawd spelt out in detail through various drawirsgsl
specifications by the designer so that the construof the structure can be handled by the sitgreser.

2.2 Advantages Of Reinforced Concrete
The following are major advantages of reinforceshent concrete (RCC)

» Reinforced Cement Concrete has good compressegsgtrecause of concrete).
» RCC also has high tensile stress (because of.steel)
» It has good resistance to damage by fire and weagh@ecause of concrete).

» RCC protects steel bars from buckling and twistihthe high temperature.



* RCC prevents steel from rusting.
* Reinforced Concrete is durable.
» The monolithic character of reinforced concretesgiit more rigidity.

» Maintenance cost of RCC is practically nil.

It is possible to produce steel whose yield strieng3 to 4 time more that of ordinary reinforceeles and
to produce concrete 4 to 5 time stronger in congiwasthan the ordinary concrete. This may highnsfite

material offer many advantages including smallemimer cross-sections, reduce dead load and longassp

2.3 Different Methods of Design

Over the years, various design philosophies haetved in different parts of the world, with regard
reinforced concrete design. A design philosophyuidt upon a few fundamental assumptions and iect¥e

of a way of thinking.

Working Stress Method:

The earliest codified design philosophy is thatvofking stress methodof design (WSM). Close to a
hundred years old, this traditional method of desizpsed on linear elastic theory is still survivin a number
of countries. In WSM it is assumed that structumalterial e.g. concrete and steel behave in linesdsgtic
manner and adequate safety can be ensured bytiagtthe stresses in the material induced by wagrkbads
(service loads) on the structure. As the specifiednissible (allowable) stresses are kept well wetoe
material strength, the assumption of linear eldsticavior considered justifiable. The ratio of gteength of
the material to the permissible stress is ofteerrefl to as the factor of safety. While applying Wge
stresses under applied loads are analysed by Wwsirbeihding theory’ where strain compatibility is
assumed(due to bond between concrete and steel).

Ultimate Load Method:

With the growing realization of the shortcomingsVeSM in reinforced concrete design, and with
increased understanding of the behavior of reiefdrooncrete atltimate loadsthe ultimate load method of
design (ULM) evolved in the 1950s and became aerrative to WSM. This method is sometimes also

referred to as thimad factor methodar theultimate strength method.

In this method, the stress condition at the sthienpending collapse of the structure is analysedi
the nonlinear stress-strain curve of concrete aeel sre made use of the concept of ‘modular ratia its
associated problems are avoided. The safety meastine design is introduced by an appropriate ahaoif

the load factor, defined as the ratio of the ultenbbad(design load) to the working load. This moeth



generally results in more slender sections, arehafiore economical design of beams and columnspaed

to WSM), particularly when high strength reinforgisteel and concrete are used.

Limit State Method:

The philosophy of the limit state method of desih8M) represents a definite advancement over the
traditional WSM (based on service load conditiolmm@) and ULM (based on ultimate load conditiorana).
LSM aims for a comprehensive and rational solutinthe design problem, by considering safety amalte
loads and serviceability at working loads. The L8bts a multiple safetyfactor format which attempts
provide adequate safety at ultimate loads as wsefldequate serviceability at service loads by denisig all

possible ‘limit states’.



CHAPTER-2

WORKING STRESS METHOD OF DESIGN

2.1 General Concept

Working stress method is based on the behaviarsefction under the load expected to be encountered
by it during its service period. The strength oho®te in the tension zone of the member is negfect
although the concrete does have some strengthirémt dension and flexural tension (tension dubeading).
The material both concrete and steel, are assumiedhave perfectly elastically, i.e., stress igpprtional to
strain.The distribution of strain across a secimmssumed to be linear. The section that are phefiere
bending remain plane after bending.Thus, the sthaince stress at any point is proportional todifgance of
the point from the neutral axis. With this a triafag stress distribution in concrete is obtainesging from
zero at neutral axis to a maximum at the compredsige of the section. It is further assumed is thethod
that there is perfect bond between the steel amduhrounding concrete, the strains in both mdseaathat
point are same and hence the ratio of stresseteéh and concrete will be the same as the ratielasdtic
moduli of steel and concrete. This ratio being knaas ‘modular ratio’, the method is also called thitar
Ratio Method'.

In this method, external forces and moments asarasd to be resisted by the internal compressive
forces developed in concrete and tensile resigtivees in steel and the internal resistive couple tb the
above two forces, in concrete acting through thetro@ of triangular distribution of the compregsistresses
and in steel acting at the centroid of tensilefartement. The distance between the lines of adfarsultant

resistive forces is known as ‘Lever arm’.

Moments and forces acting on the structure arepoted from the service loads. The section of the
component member is proportioned to resist thesments and forces such that the maximum stresses
developed in materials are restricted to a fractibtheir true strengths. The factors of safetyduisegetting
maximum permissible stresses are as follows:

Material Factor of Safety

For concrete 3.0

For Steel 1.78



Assumptions of WSM
The analysis and design of a RCC member are basttdollowing assumptions.

0] Concrete is assumed to be homogeneous.

(i) At any cross section, plane sections before bendimgin plane after bending.

(iii) The stress-strain relationship for concrete isagtit line, under working loads.

(iv) The stress-strain relationship for steel is agitdine, under working loads.

(V) Concrete area on tension side is assumed to Hedtieé.

(vi) All tensile stresses are taken up by reinforcemants none by concrete except when specially
permitted.

(viiy  The steel area is assumed to be concentrated egriveid of the steel.

(viii)  The modular ratio has the value 28Q/3 whereo.,. is permissible stress in compression due to
bending in concrete in N/nfnas specified in code(1S:456-2000)

Moment of Resistance

(a) For Balanced sectianWhen the maximum stresses in steel and concistigltaneously reach their
allowable values, the section is said to be a fad Section’. The moment of resistance shall be
provided by the couple developed by compressiveefacting at the centroid of stress diagram on the
area of concrete in compression and tensile foactihg at the centroid of reinforcement multiplieg

the distance between these forces. This distarkcwisn as ‘lever arm’.
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(a) Rectangular Section (b) Strain (c) Stress
with Reinforcement Distribution Distribution

Fig.2.1 (a-c)



Let in Fig.2.1(a-c)b = width of section
B overall depth of section
d effective depth of section (distance from extrarompression fiber to
the centroid of starda,
£ area of tensile steel
€.= Maximum strain in concrete,
€= maximum strain at the centroid of the steel,
oche= Maximum compressive stress in concrete in bending
os= Stress in steel
JE. = ratio of Yong’s modulus of elasticity of steel toncrete
= modular ratio’*

Since the strains in concrete and steel are piopatftto their distances from the neutral axis,
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Where k= neutral axis constant=————
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Total compressive force?-9cue
. 2
Total tensile forces 7. A,

k. k) .
Z= Lever armi=— X=qg- kd :d(l——] =jd
3 3 3
Wheregj is called the lever arm constant.
, b.x . _kd.j 1, 2 _ 2
Moment of resistance MR:7.Jcbc.Jd = T.Ucbc.bd =3 k.joy.bd” =Qbd

WhereQ is called moment of resistance constant and ialdq%.k. J.Oche



(b) Under reinforced section

When the percentage of steel in a section isthess that required for a balanced section, the
section is called ‘Under-reinforced section.’ Iristitase (Fig.2.2) concrete stress does not reach it
maximum allowable value while the stress in steathes its maximum permissible value. The position
of the neutral axis will shift upwards, i.e., theutral axis depth will be smaller than that in tiadanced
section as shown in Figure2.2. The moment of st of such a section will be governed by allowabl

tensile stress in steel.

y . k
Moment of resistance&st.AS.[d —gj =0 A.jd where | :1—3

A,.x100

b.d
Moment of resistance

Since P =
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(a) Rectangular Section (b) Strain (c) Stress
with Reinforcement Distribution Distribution
Fig.2.2 (a-c)

(c) Over reinforced section

When the percentage of steel in a section is riane that required for a balanced section, the
section is called ‘Over-reinforced section’. Insthtase (Fig.2.3) the stress in concrete reaches its
maximum allowable value earlier than that in stésl.the percentage steel is more, the positiomef t
neutral axis will shift towards steel from the ical or balanced neutral axis position. Thus thetnaé
axis depth will be greater than that in case dditedd section.



Moment of resistance of such a section will be gosd by compressive stress in concrete,
Scbe
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(a) Rectangular Section (b) Strain (c) Stress
with Reinforcement Distribution Distribution
Fig.2.3 (a-c)

_ 1 X\ _ Oy k
Moment of resistance b.X.Uch.E .(d - 5) = Tb bxd (1 - Ej

= UTD bxd.j = %.acbc K.jbd?=Q bd? whereQ = UTka =Constant

2.2Basic concept of design of single reinforced memt=er
The following types of problems can be encount@rdétde design of reinforced concrete members.
(A) Determination of Area of Tensile Reinforcement
The section, bending moment to be resisted anchéxmum stresses in steel and concrete are given.
Steps to be followed:

0] Determinek,j.Q (or Q) for the given stress.
(i) Find the critical moment of resistand4=Q.b.cf from the dimensions of the beam.

(iii) Compare the bending moment to be resisted witth®lctitical moment of resistance.

(@ If B.M. is less than M, design the sectioruader reinforced.
X
M :USt.AS{d_gj

To find A in terms of x, take moments of areas aihbit
b.x.g =mA..(d - x)

2 2
A = b.x M = o, bx )[d X

a3 - = -2 |=BM. i
2(m)(d - x) 2m(d - x 3j to be resisted
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Solve for X, and thenAs can be calculated.

(b) If B.M.is more thaiM, design the section as over-reinforced.

g X
M = ?“.b.x.(d _Ej = B.M.to be resisted. Determing. Then As can be obtained by taking

moments of areas (compressive and tensile) absing the following expression.

b.x?

A= 2m(d - x)

(B) Design of Section for a Given loading

Design the section as balanced section for thandoaing.

Steps to be followed:

0] Find the maximum bending momeBt 1. due to given loading.

(i) Compute the constaritg,Q for the balanced section for known stresses.
(iii) Fix the depth to breadth ratio of the beam sect#®8 to 4.

(iv) FromM=Q.b.d?, find ‘d’ and then b’ from depth to breadth ratio.

(V) Obtain overall deptiD’ by adding concrete cover td' ‘the effective depth.
(vi) CalculateAs from the relation

_ B.M.
A= o,.jd
(C) To Determine the Load carrying Capacity of a giverBeam

The dimensions of the beam section, the materisdsts and area of reinforcing steel are given.

Steps to be followed:

0] Find the position of the neutral axis from sectiod reinforcement given.
(i) Find the position of the criticl.A.from known permissible stresses of concrete agal.st
1
X=———-d
1+ Ust
macbc

(iii) Check if (i) > (ii)- the section is over-reinforced
()<(idhe section is under-reinforced
(iv) Calculaté/ from relation

1 X
M = b.X.E.Jch.(d —gjfor over-reinforced section
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X
andM = Ust'As'[d —5) for under-reinforced section.

(V) If the effective span and the support conditionsthef beam are known, the load carrying
capacity can be computed.

(D) To Check The Stresses Developed In Concrete And 8te
The section, reinforcement and bending momentisen g

Steps to be followed:
0] Find the position oN.Ausing the following relation.

2

b.x7 =mA_(d - x))

X
(ii) Determine lever armz =d — 3

(iii) B.M.=0.A,.Zis used to find out the actual stress in stegl

(iv) To compute the actual stress in concegtg use the following relation.

BM =h.bxz
2

Doubly Reinforced Beam Sections by Working Stress dthod

Very frequently it becomes essential for a sediibocarry bending moment more than it can resist as
balanced section. Such a situation is encountehethhe dimensions of the cross section are lintieerhuse
of structural, head room or architectural reasétthiough a balanced section is the most econonsieetion
but because of limitations of size, section hasbt sometimes over-reinforced by providing extra
reinforcement on tension face than that requiradafdalanced section and also some reinforcement on
compression face. Such sections reinforced bottemsion and compression are also known as “Doubly
Reinforced Sections”. In some loading cases relefsstresses in the section take place (this happéren

wind blows in opposite directions at different tirgs), the reinforcement is required on both faces.
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MOMENT OF RESISTANCE OF DOUBLY REINFORCED SECTIONS
Consider a rectangular section reinforceteasion as well as compression faces as showig.i.& (a-c)

Let b = width of section,

d = effective depth of section,

D = overall depth of section,

d'= cover to centre of compressive steel,

M = Bending moment or total moment of resistance,
Mpa= Moment of resistance of a balanced section weitisibn reinforcement,
A = Total area of tensile steel,

Asu= Area of tensile steel required to develdpy

A= Area of tensile steel required to deveMp

As.= Area of compression steel,

o= Stress in steel, and

osc= Stress in compressive steel

fer— D] €c Oebe
"37‘ & ” a EEA2 ? (€cs __.di; _—74— c2
T Aj;, x f— <r- Cy

i ) %—"
N I AT S &
At f T=T +T.
e & & @ -—L Fama s Ly | F 2

T € Tt = Ast O3t + Asty Tt
TS (b) STRAIN (C) STESSES
Fig.2.4 (a-c)

Since strains are proportional to the distance fikof,

Strainin top fibre of concrete_  x

Strainin Compressio Steel x-d’

o-cbc/EC - X
o./E, x-d
Jcbc 5 - X
o, E, x-d

X
g. =0, .m
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. X . . . .
Since O,. is the stress in concrete at the level of comprassteel, it can be denoted as

X
Jcbc

Uo,=m.o,,

As per the provisions of 1S:456-2000 Code , themiesible compressive stress in bars , in a beam o
slab when compressive resistance of the concreteken into account, can be taken as 1.5m times the
compressive stress in surrounding concrete (1513 or permissible stress in steel in compressiag (

whichever is less.
o,.=15mo,,
Total equivalent concrete area resisting comprassio
(X . b-A) +1.5MAs = X .b+(1.5m-1 A
Taking moment about centre of tensile steel
Moment of resistanckl = C,.(d-x/3)+Cy(d-d")
WhereC; = total compressive force in concrete,
C,= total compressive force in compression steel,

X;dl.(d ~d") = Qbd? + (L5M-1)A_0.,.. X;d'(d —d")

M = b.x.%.(d —g) + (L5M-D)A, 0.,

=M, +M,
Where M, = Momentof resistance of the balancedsedion=M,,
M, =Moment of resistance of the compressio steel

: M
Areaof tensionsteel= A, =——.
gy-jd
: : : M,
Area of tensionsteel equivalentto compressio steel= A, =———=——
o,(d-d)

Thus the total tensile ste&l; shall be:

O A=At Ae
The area of compression steel can be obtained as

@5m-DA (x—d")=mA,.(d -X)
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Design Concept of T-Beam

FLANGE ——-|
=

\‘

S e
r.'bw'-
Fig.2.5

Flanged beam sections comprise T-beams and L-besinese the slabs and beams are cast

monolithically having no distinction between beamrsd slabs. Consequently the beams and slabs are so

closely tied that when the beam deflects underieghpbads it drags along with it a portion of thabsalso as
shown in Fig.2.5 .this portion of the slab assistesisting the effects of the loads and is calted'flange’ of
the T-beams. For design of such beams, the prigfiEmilar to a T-section for intermediate beambe T
portion of the beam below the slab is called ‘web’Rib’. A slab which is assumed to act as flamde T-

beam shall satisfy the following conditions:

(&) The slab shall be cast integrally with the weblar the web and the slab shall be effectively bonded

together in any other manner; and

(b) If the main reinforcement of the slab is paraltetite beam, transverse reinforcement shall be gedvi

as shown in Fig.2.6, such reinforcement shall motess than 60% of the main reinforcement at mid-

span of the slab.

_____ 'f'. -7 L__‘{'____/BEAM
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e 1
1 L t
| |
S I |
"':""":"". G
21 e ~ s BEAM
2 tam b oala
S AT
® W LE J'

.A " - .
Soa
¢b : Q.

SECTION AT X-X

Fig.2.6
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CHAPTER- 3

LIMIT STATE METHOD

SAFETY AND SERVICEABILITY REQUIREMENTS

In the method of design based on limit state condke structure shall be designed to withstandligaf
all loads liable to act on it throughout its lifié;shall also satisfy the serviceability requiretsersuch as
limitations on deflection and cracking. The accbfaaimit for the safety and serviceability requirents
before failure occurs is called a ‘limit state’.el'aim of design is to achieve acceptable probaslihat the
structure will not become unfit for the use for ahit is intended that it will not reach a limiags.

All relevant limit states shall be considered irsida to ensure an adequate degree of safety and
serviceability. In general, the structure shaltlesigned on the basis of the most critical limitestand shall be
checked for other limit states.

For ensuring the above objective, the design shbaldased on characteristic values for material
strengths and applied loads, which take into adctihvariations in the material strengths anchinlbads to
be supported. The characteristic values shouldabedon statistical data if available; where swath dre not
available they should be based on experience. dégign values’ are derived from the characterigicies
through the use of partial safety factors, onenfiaterial strengths and the other for loads. Inabsence of
special considerations these factors should hawevdlues given in 36 according to the material, tyjpe of
loading and the limit state being considered.

Limit State of Collapse

The limit state of collapse of the structure ortparthe structure could be assessed from rupfirene or
more critical sections and from buckling due tostaor plastic instability (including the effects sway
where appropriate) or overturning. The resistancbending, shear, torsion and axial loads at esecjion
shall not be less than the appropriate value dt gbetion produced by the probable most un favderab

combination of loads on the structure using the@myate partial safety factors.
Limit State Design

For ensuring the design objectives, the design Idhba based on characteristic values for material
strengths and applied loads (actions), which talte account the probability of variations in the temil
strengths and in the loads to be supported. Theactesistic values should be based on statistia#d, df
available. Where such data is not available, tiheykl be based on experience. The design valuedearaed
from the characteristic values through the useadfig safety factors, both for material strengihd for loads.

In the absence of special considerations, theserfashould have the values given in this sect@morling to
the material, the type of load and the limit sth&ng considered. The reliability of design is erguby

requiring that

Design Actions Design Strength.
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Limit states are the states beyond which the siracho longer satisfies the performance requiresnent

specified. The limit states are classified as

a) Limit state of strength

b) Limit state of serviceability

a) The limit state of strength are those associatatl feiilures (or imminent failure), under the actioh
probable and most unfavorable combination of loadsthe structure using the appropriate partialtgafe

factors, which may endanger the safety of life praperty. The limit state of strength includes:
a) Loss of equilibrium of the structure as a wharl@ny of its parts or components.

b) Loss of stability of the structure (includingetbkffect of sway where appropriate and overturning)

or any of its parts including supports and fouramfzi
c¢) Failure by excessive deformation, rupture ofdtnecture or any of its parts or components.
d) Fracture due to fatigue.
e) Brittle fracture.
b) The limit state of serviceability include

a) Deformation and deflections, which may adversélgct the appearance or, effective, use of the
structure or may cause improper functioning of pmént or services or may cause damages to

finishes and non-structural members.

b) Vibrations in the structure or any of its comgots causing discomfort to people, damages to the
structure, its contents or which may limit its ftinoal effectiveness. Special consideration shall
be given to floor vibration systems susceptiblgibwation, such as large open floor areas free of
partitions to ensure that such vibrations is aat@ptfor the intended use and occupancy.

¢) Repairable damage due to fatigue.
d) Corrosion and durability.
Limit States of Serviceability
To satisfy the limit state of serviceability thefléction and cracking in the structure shall net b
excessive. This limit state corresponds to defdecéind cracking.
Deflection
The deflection of a structure or part shall noteadely affect the appearance or efficiency of the
structure or finishes or partitions.
Cracking
Cracking of concrete should not adversely affeet dppearance or durability of the structure; the
acceptable limits of cracking would vary with thgé of structure and environment. The actual wiakth
cracks will vary between the wide limits and préidics of absolute maximum width are not possiblee T

surface width of cracks should not exceed 0.3mm.
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In members where cracking in the tensile zone imha either because they are exposed to the sffafcthe
weather or continuously exposed to moisture oramtact soil or ground water, an upper limit of @ is
suggested for the maximum width of cracks. Forigalerly aggressive environment, such as the ‘sgver
category, the assessed surface width of crackddshotin general, exceed 0.1 mm.
CHARACTERISTIC AND DESIGN VALUES AND PARTIAL SAFETY FACTORS
1. Characteristic Strength of Materials

Characteristic strength means that value of thength of the material below which not more than 5
percent of the test results are expected to faliamenoted by f. The characteristic strengthooteete (f)
is as per the mix of concrete. The characteristength of steel (J is the minimum stress or 0.2 percent of
proof stress.
2. Characteristic Loads

Characteristic load means that value of load whigt a 95 percent probability of not being exceeded
during the life of the structure. Since data areawailable to express loads in statistical terfimsthe purpose
of this standard, dead loads given in IS 875 (Baimposed loads given in IS 875 (Part 2), windds given
in IS 875 (Part 3), snow load as given in IS 87&{®) and seismic forces given in IS 1893-2002(part-§lish
be assumed as the characteristic loads.
Design Values
Materials
The design strength of the materialdsfgiven by

f
fo=—
Y
where
f = characteristic strength of the material
V., =partial safety factor appropriate to the matearad the limit state being considered.
Load
The design load, F, is given by
F
fe& —
Vi

Where, F=characteristic load

and y, = partial safety factor appropriate to the naturading and the limit state being considered.

Consequences of Attaining Limit State

Where the consequences of a structure attainimgifidtate are of a serious nature such as hugedbife
and disruption of the economy, higher values jfoand y,, than those given under 36.4.1 and 36.4.2 may be

applied.
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Partial Safety Factors:

1. Partial Safety Factor y, for Loads

Sr. No. Load Combination Ultimate Limit State  Seeability Limit State
1 DL + LL 1.5 (DL + LL) DL + LL
DL + WL
i) DL contribute to

5 stability 0.9DL +1.5WL DL + WL

ii) DL assists 1.5 (DL + WL) DL + WL

overturning
3 DL +LL+WL 1.2 (DL +LL +WL) DL +0.8 LL + 0.8NL

2. Partial Safety Factor y;, for Material Strength

Sr. No. Material Ultimate Limit State Serviceability Limit
State
1 Concrete 1.50 E. = 5000, f., MPa
Stee 1.1F E.=2x 1C MPe

When assessing the strength of a structure ortstelanember for the limit state of collapse, tt@ues of
partial safety factor, should be taken as 1.5 émrceete and 1.15 for steel.

LIMIT STATE OF COLLAPSE: FLEXURE

Assumptions for Limit State of Collapse (Flexure):

1) Plane section normal to the axis remains ptasm after bending. i.e. strain at any point ondtuss
section is directly proportional to the distanaanirthe N.A.

2) Maximum strain in concrete at the outer moshpession fibre is taken as 0.0035 in bending.

3) The relationship between the compressive sttisgsbution in concrete and the strain in conemraty
be assumed to be rectangle, trapezoid, paraboknyrother shape which results in prediction of

strength in substantial agreement with the residltest. An acceptable stress strain curve is agish
below.

PARABOLIC
CURVE

674y ‘
Xy
0876y

. —
0-002 0-0035
STRAIN —=

0-42%y

0-364,, %,

STRESS —=

STRESS-STRAIN CURVE FOR CONCRETE STRESS BLOCK PARAMETERS
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For design purposes, the compressive strengthrafrete in the structure shall be assumed to be 0.67

times the characteristic strength. The partialtgdéetor y,, = 1.5 shall be applied in addition to this.
NOTE - For the above stress-strain curve the design dttesk parameters are as follows:

Area of stress block = 0.3,

Depth of centre of compressive force = 0 48xm the extreme fibre in compression
Where

fo = characteristic compressive strength of conceetd,

X, = depth of neutral axis.

I
10.42 xy
0.36 fixxu

= .87 fy

87
i Jr"+0.tm
Eg

(&) Strain diagram (b) Stress diagram
4) the tensile strength of the concrete is ignored
5) the stresses in the reinforcement are derivath fepresentative stress — strain curve for tpe tf
steel used.
t
0.875HF "= T ty
e — /
090y} = = e
085ty ——~ ty[r1s
0-804yF-— /
]
f
!
t '
!
STRESS !
!
1
{
/
Eg 5200000 N/mm2
4 AL
0001 : t -004
-0003 ' 993 rRAIN—»
-8007

Cold Worked Deformed Bar
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I fﬁ /

STRESS

.20 % .35%
— STRAIN

STRESS — STARIN CURVE FOR STEEL

6) the maximum strain in tension reinforcemerthim section at failure shall not be less than

f, 087f,
+ 0002 = + 0002
115E, E
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CHAPTER 4
LIMIT STATES OF COLLAPSE OF SINGLE REINFORCED MEMBE RS IN BENDING

Limit state method of design
. The object of the design based on the limit stateept is to achieve an acceptable probabilityt, dl

structure will not become unsuitable in it’s lifa for the use for which it is intend i.e. It will not reach a

limit state
. A structure with appropriate degree of reliabibtyould be able to withstand safi
. All loads, that are reliable to act ct throughout it's life and it should also satishetsubs abilit

requirements, such as limitations on deflection emagdking

. It should also be able to maintain the requiredcstiral integrity, during and after accident, sas
fires, explosion & loal failure.i.e. limit sate must be consider in desio ensure an adequate degree of s

and serviceability

. The most important of these limit states, which ninesexamine in design are as follc  Limit

state of collapse

- Flexure
- Compression
- Shear
- Torsion
This state corresponds to the maximum load carrgapacity

Types of reinforced concrete beams
a)Singly reinforced beam
b)Doubly reinforced beam
¢)Singly or Doubly reinforced flanged beams
Singly reinforced beam
In singly reinforced simply supported beams or sladinforcing steel bars are placed near the bodtitime

beam or slabs where they are most effective istiagithe tensile stress

o Reinforcement in sinlply supported beam

. COMPRESSION "_h —
l STEEL REINFORCEMENT | D i
A7 | R rExaoNn 77
v A : “".”// A 3
F ///’ SUPPORT.- A SECTIONA- A
P P

k——-—-— CLEAR SPAN -——rbl
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o Reinforcement in a cantilever beam

’—D A

J TENSION

e o

— U

t
d
v

o COMPRESSION SECTION A -
I—) A

€————— CLEAR COVER ————3]|

TYPES OF BEAM SECTIONS

Section in which, tension steel also reaches ystddin simultaneously as the concrete reache
failure strain in bending are calle Balanced Section'.

Section in which, tension steel also reaches g&hain at loads lower than the load at which caex
reaches the failure strain in bending are ca‘Under Reinforced Section’.

Section in which, tension steel also reaches yatrhin at loads higir than the load at which concre

reaches the failure strain in bending are ca‘Over Reinforced Section’.

Sr.
I;I' y%els of Data Giver Data Determine
No. roblems
X X
If —L=-_—4mx —  Balanced
d d
X
If ><u< dmax  —  Under Reinforce
d d
XU xumax H
Identify the Grade of If g > q = OverReinforcel
type of Concrete &
section Steel, Size o
' ' X 087f..
L. balance, undel beam & U= —V'Ag‘
reinforced or | Reinforcemer d  036bdf,
over .
reinforced provide ; X
d
250 0.53
415 0.48
500 0.46




23

L :M,balanced

1) If d
M.R=M, = 036.% - mz%maz.fck
Grade of
Concrete &
Calculate 2) If —L<—m yUnder Reinforced
Moment of Steel, Size of
2 | Resistance beam &
Reinforcement M.R=M, =
Provided A, f X,
O.87fy.Agt d@- bdt fy JorM.R= 087fy.Agt.d @a- OAZF)
ek
3) If
X, X, . .
T“>$ = over reinforced, Revise the depth
Grade of
Concrete &

Design the

the depth of

beam. Find ou

Steel, width of
beam & Bending
Moment or
loading on the

We have to design the beam as a ‘Balanced Design’.
For finding ‘d’ effective depth use the equation;

Xu max Xu max 2
M.R=M, = 0.36.(‘1—(1— 0.42a—)b.d fo

Beam D & b it th
Reinforcement| >¢am Wi © For finding A, use the equation
required A, span of the beam A1 N
_ oy — _ N
Reinforcement 087f,.A,dd bt I()orM.R— 087f,.A,d(1- 042 q )
a.f,
Provided
Where
d = effective depth of beam in mm.
b = width of beam in mm
Xu = depth of actual neutral axis im mm from extresampression fibre.

Xu max = depth of critical neutral axis in mm from extrenmwnpression fibre.

A = area of tensile reinforcement

fex = characteristic strength of concrete in MPa.

fy = characteristic strength of steel in MPa.

My, im = Limiting Moment of Resistance of a section withoampression reinforcement
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Doubly Reinforced Section or sections with Compregm Reinforcement

Doubly Reinforced Section sections are adoptednwte dimensions of the beam have been
predetermined from other considerations and thagydesoment exceeds the moment of resistance afggysi
reinforced section. The additional moment of r@sisé is carried by providing compression reinforeetand
additional reinforcement in tension zone. The manodémesistance of a doubly reinforced sectiorhis $um
of the limiting moment of resistance M, of a single reinforced section and the additiomament of

resistance M.

Muz = Mu_ |vlu,lim
o
0.0035 (1 - W]
fe——b — 0.0035
o I e

X, Max.

d ‘ | .

Ay P
&aé—'! +0.002 fyAsy

The lever arm for the additional moment of resistais equal to the distance between the centrditkneion
and compression reinforcement, (d — d’).
Myz = 0.87 f.Asd — d") =Asc(fsc— fe)(d — d)
Where : A= Area of additional tensile reinforcement
Asc = Area of compression reinforcement
fsc= Stress in compression reinforcement
fec = Compressive stress in concrete at the levebwipression reinforcement
Since the additiona reinforcement is balanced byatiditional compressive force.

Asc-(fsc— fcc) =0.87 K/-Astz

The strain at level of compression reinforcemer®%* 00 - )
Total area of reinforcement shall be obtained by
Ast= Asu + As
Asu= Area of reinforcement for a singly reinforcedtsat for M jim
LA (fe =t
st2 — Tm
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EXAMPLE 4.1

Calculate the area of steel of grade Fe 415 redjfimesection of 250mm wide and overall depth 500with
effective cover 40mm in M20, if the limit statembment be carried by the section is

a) 100 KN b) 146 KN c) 200KN
SOLUTION:

X
For f, =415N/mn, % =0.48

X
M, = 036 X“é“ax L~ 04272%)nd .1,

=0.36 X .48(1-0.42 X 0.48) X 250480 X 20
=146 X 1.mm

a) For M, = 100 KN.m< 146 KN.m

f
Area of steel required is obtained from, ¥ 087f .A, d(1- tf;[ fy )
s ek
6 A, X415
100 X 10° = 0.87 X 415 X A, X460 (1- — " )
25(X46CX 20

A =686 or 4850 mm?, taking minimum steel 686mm>
b) M, =146 KN.m =M, jim= 146 KN.m

Xu= Xymax

Area of tension reinforcement required

X, O87f.A
d  036hdf,
p, = 048X 036X20X250X460_, ) oo
0.87X41E

c) My = 200 KN.m>M jim= 146 KN.m

Reinforcement is to be provided in the compresgmme also along with the reinforcement in tensiomez

M uzl\/I ulim= fsc-Asc(d - d1)
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0.003 -d) o _ _
fscis stress corresponding to strain of L ~ ') = 0.0035(048X 460-40) = 0.002866
X 0.48X46C

u,lim

fs=360.8N/yn
(200-146) X 16 = 360.8. A{460-40)
As= 356mni

Asu= Area of tension reinforcement corresponding tgidvi

A X415

146 X 10 = 0.87 X 460 X 415441 - ————
250X 46CX 20

)

Asy = 1094mmni

Asz = Asc fso! 0.87 X415 =356mm

A= As + Asp = 1094 + 356 = 1450mm
EXAMPLE: 4.2

Design a rectangular beam which carries a maximmiting bending moment of 65 KN.m. Use M20 and Fe
415 as reinforcement.

At balanced failure condition

Mu= I\/Iu,lim

M

u,lim

X X
= 036" (1- 042—"=)bd?.f,,
d d
Muim = 0.36 X 0.48 X 20(1-0.42 X 0.48) hd

=2.759b 4

Assuming width of beam as 250 mm

6
d = ﬂ =307mm
\ 2759X 250

Area of reinforcement

X _ 087f,.A,

d 036hdf,,

u’'max —

o OBTX415XA,
0.36X 20X 25(X 307

A, =734.66 mm
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EXAMPLE: 4.3

Find out the factored moment of resistance of arbsaction 300mm wide X 450mm effective depth
reinforced with 2 X 20mm diameter bars as compoesinforcement at an effective cover of 50mm &l
25mm diameter bars as tension reinforcement. Theriabs are M20 grade concrete and Fe 415 HYSD, bars

Solution:
Given;
Width= b =300mm
Effective depth = d = 450mm

Cover to compression reinforcement = d’ = 50mm

E = >0 = 011, next higher value 0.15 may be adopted.
d" 45C

A, =area compression reinforcement % 16° = 628mnd
A, = area of reinforcement in tension = £352= 1964mm
fsc = stress in compression steel=342 N/mm
Equating total force
0.36fk.b. X + fso Asc=0.87 f.Aq
0.36 X 20 X 300 x+ 628 X 342 =0.87 X 415 X 1964
Xy = 228.85mm
But X, max= 0.48d for Fe415
Xumax= 0.48 X 450 = 216mm
So %>Xumax, —> -Over reinforced

The moment of resistance can be found out by tadoments of compressive forces about centroid of
tensile reinforcement.

M, = 2160x(450-0.42x) + 214776 (450-50) X 10
Putting x = 216mm

M, = 253.54 KN.m
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BEHAVIORS OF ‘T' AND ‘L' BEAMS (FLANGED BEAM)

A ‘T' beam or ‘L' beam can be considered as a megtdar beam with dimensions,.tD plus a flange

of size (- b,) X D;. Itis shown in the figure beam (a) is equivalenbeam (b) + beam (c).

——Dbg—— |

5 F -qnf

P(—bfv—h-l

— ) o

— O —>
I
— T —
3

- s =23

e e ]
b W b w b w
(a) (b) ()

The flanged beam analysis and design are analdgal@ubly reinforced rectangular beam. In doubly
reinforced beams additional compressive is provigeddding reinforcement in compression zone, wdeeie
flanged beams, this is provided by the slab coacrehere the spanning of the slab is perpendi¢aldrat of

beam and slab is in compression zone.

If the spanning of the slab is parallel to thath® beam, some portion of slab can be made toispan

the direction perpendicular to that of the beanatig¢ing some reinforcement in the slab.
A flanged beam can be also doubly reinforced.

The moment of resistance of a T beam is sum ofrtbment of resistance of beam (a) is the sum

moment of resistance of beam (b) and moment ofteasie of beam (c)
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CHAPTER-5

LIMIT STATE OF COLLAPSE IN SHEAR (Design of Shear by LSM)

5.1. SHEAR STRESS IN REINFORCED CONCRETE BEAMS:-

When a beam is loaded with transverse loads the Bending Moment(BM) varies from section to section.
Shearing stresses in beams are caused by this variation of BM in the beam span. Due to the variation of BM at
two sections distance dx apart, there are unequal bending stresses at the same fibre. This inequality of
bending stresses produces a tendency in each horizontal fibre to slide over adjacent horizontal fibre causing

horizontal shear stress, which is accompanied by complimentary shear stress in vertical direction.

5.2 SHEAR CRACKS IN BEAMS:-

Under the transverse loading , at any section of the beam, there exists both Bending Moment(BM) and Shear
Force (V).Depending upon the ratio of Bending Moment(BM) to Shear Force(V) at different sections, there

may be three regions of shear cracks in the beam as follows.

() Region | : Region of flexure Cracks.
(b) Region Il : Region of flexure shear Cracks.

(c) Region Il : Region of web shear Cracks or diagonal tension cracks.

P o
AR EEAENERER

I
{e tB

L—m—*—u e

Fig-5.2.1 DIFFERENT REGION OF CRACKS IN BEAMS

() Region | : Region of flexure Cracks.

This region normally occurs adjacent to mid-spaenhBM is large and shear force is either zero or
very small.The principal planes are perpendicutabéam axis. When the principal tensile stress
reaches the tensile strength of the concrete (wikiquite low) tensile cracks develop verticalljre
cracks are known as flexural cracks resulting prilpdue to flexture.
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(b) Region Il : Region of flexure shear Cracks his regions are near the quarter span, to both
the sides, where BM is considerable and at the samneeShear force is significant. The cracks
in this region are initiated at the tension facayel vertically ( due to flexture) and gradually
tend to develop in the inclined direction towards Nutral Axis(N.A.), as the shear stress goes
on increasing towards the N.A. Since the crackgldgvunder the combined action of BM and

Shear, these cracks are known as flexure- sheakscr

(c) Region Il : Region of web shear Cracks or diagwl tension cracks.

This regions are adjacent to each support of darbwhere S.F is predominant. Since Shear stress
IS maximum at the N.A., inclined cracks starts digwiemg at the N.A. along the diagonal of an
element subject to the action of pure shear.Henesget cracks known as diagonal tension cracks or

web-shear cracks.

5.3 MECHANISM OF SHEAR TRANSFER IN REINFORCE CONC RETE BEAM
WITHOUT SHEAR.

l‘ C
° Va-‘(
i " : ; -

& Ve Y2,

| i

77 777/
/%// / //

(a) Diagonal tension crack (b) Flexural shear crack

Fig- 5.3.1
Shear is transferred between two adjacent planaRitC beam by the following mechanism.

(a) Shear resistance:Mof the uncracked portion of concrete.
(b) Vertical Component Y, of the interface shear or aggregate interlock fdfceand

(c) Dowel force V4 in the tension reinforcement, due to dowel action.
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The relative contribution of each of the above ¢hmechanism depend upon the stage of loading and
extent of cracking. In the initial stage before tlegural cracking starts, the entire shear isstesi by
the shear resistance of the concrete (i.e \L5.V

As the flexural cracking starts, the interface steganes into action resulting in the redistributimin
stresses. Further extension of flexural crackslt®susharing the shear by the dowel forge of the
tension reinforcement. Thus at the final stageotilbpse , the shear is transferred by the shdazoris
by all the three mechanism expressed by the equabiove.

5.4. MODES OF SHEAR FAILURE

The shear Failure of a R C beam, without sheafasiement is governed by/ad, ratio. A beam
may experience following types of shear failure.

1. Casel : @/d<1 . Splitting or compressiaildre.

2. Casell : 1<@/d<2.8 :Shear compression or sheardarfailure.
3. Caselll :2.8< @d<6 :Diagonal tension failure.

4. Case-lV : @/d>6 . Flexure failure

Flexural moment

1
L}
1
1
i capacity
1
: Shear
| compression Diagonal
i capacity TSy capacity
e st
: |
©
0 1 2 3 4 ° S !
a /d ratio — . ; Flexural
£ : onaltension ______ple—" "
F_S;g:;t:;r;g i Shear_?;:;m?eressmn ca = failure falre.

Fig—5.4.1. EFFECT OF,Ad ON SHEAR STRENGTH OF R C BEAM
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CASE | : a,/d <1 (Deep Beams) : Splitting or compressiomifure:

W Crushing failure

lwu ul Compression in comp. chord
Bearing ,3:>

failure < $
/L,L"“"J/"""”/t““
Anchorage L Tie failure
failure by yielding/fracture
(a) Tied Arch Action [Fy Faiture gtes

Fig—5.4.2. CASE| :.,dd < 1 (DEEP BEAMS)

This case correspond to a deep beam without sle@afiorcements where the inclined cracking
transforms the beam into a tied arch (Fig-a). Taeal lis carried by (i) direct compression in the
concrete between the load and reaction point bgsomg of concrete and by (ii) tension in the

longitudinal steel by yielding or fracture or anchge failure or bearing failure .

CASE Il : 1<a,/d<2.8 :Shear compression or shear teosifailure.

s

ead |
et

(a) Shear compression (b) Shear tension
failure ) failure

Fig-5.4.3 CASE Il : 1<dd<2.38

This case is common in short beams witlh @ ratio between 1 to 2.8, where failure is atgd by an
inclined crack — more commonly a flexural shearckrdig-a shows the shear compression failure
due to vertical compressive stresses developedhanvicinity of the load. Similarly the vertical
compressive stress over the reaction limits thedkspiitting and diagonal cracking along the steel.
The crack extends towards the tension reinforcerardtthen propagates along the reinforcements
(Fig-b) resulting in the failure of the beam by hoage failure.
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CASE Ill :2.8< a,/d<6 :Diagonal tension failure.

//l .
e
W AP T //5'"“‘ e e J""‘?I""“’S
\Q
Diagonal iritial
tension failure
failure cracks

Fig-5.4.4 CASE Ill: 2.8<dd<6

Diagonal tension failure occurs when the shear sp#me effective depth ratio is in the range & 2.
to 6 . Normal beams have /ad ratio in excess of 2.8. Such beams may ftikeiin shear or in
flexure.

CASE-IV : a,/d>6 . Flexure failure

Flexural failure is encountered when /ad ratio > 6. Two cases may be encountered; r{feu
reinforced beam and (ii) over reinforced beam. he tase of under reinforced beam, tension
reinforcement is less than the limiting one, doevhich failure is initiated by yielding of tension
reinforcement, leading to the ultimate failure do€rushing of concrete in compression zone. Such a
ductile failure is known as flexural tension fagumwhich is quite slow giving enough warning. le th
over reinforced sections failure occurs due to ling of concrete in compression zone before
yielding of tension reinforcement. Such a failukepwn as flexural compression failure is quite

sudden.

5.5. FACTORS AFFECTING THE SHEAR RESISTANCE OF A R C MEMBER.
The shear resistance of rectangular beams, witbloer renforcements depends on the following
factors.

1.Grade of concrete :Higher grade of concrete has higher charactersitength which in
turn results in (i) higher tensile strength (iiCegter dowel shear resistance (iii) greater aggeegat
interlock capacity, and (iv) greater concrete gjtenn compression zone. Hence shear resistance

increases with the increase in the grade of coacret
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2. Percentage and grade of longitudinal tensile reinforcement : The increase in
percentage (p,) of longitudinal tensile reinforcement results in the increase in dowel shear
(V;). Due to this reason, the design Codes make the shear strength (t.) of concrete a
function of p, and grade of concrete (see Table 5.1). However, higher grade of steel resulis
in lesser shear resistance of R.C." beam because the percentage of steel (p,) corresponding
to a higher grade steel is less than that required for a low grade steel, say mild steel.

3. Ratio of shear span to effective depth (i.e. @,/d ratio) : As discussed in the
previous article, for a,/d ratio between 6 and 2.3, the shear capacity, being governed
by inclined crack resistance, decrease with decrease in a,/d ratio (curve b of Fig'5'4'l_ ).
However, for a value of a,/d less than 2.8, the shear capacity, being dependent on shear-compression
or shear-bond capacity, increases rapidly. The minimum shear capacity is at a./d ratio

around 2.8.

4. Compressive force
shear capacity. The effect of axial compression on
into account by 1.S. Code by increasing the desig

-~

0.

Presence of axial compressive force result in increase of
the design shear strength has been taken
n shear strength by a modification factor

. The shear resistance Is found to increase with the

5. Compressive reinforcement
increase in the percentage of compressive steel (p.).

6. Axial tensile force : Axial tensile force reduces marginally the shesistance of concrete as per

Pw
3.454,

the equationd = 1 —

7. Shear reinforcement:The shear resistance of a R C Beam increaseshatim¢rease in
shear reinforcement ratio. This is due to two reagg concrete gets conformed between stirrup

spacing and (ii) the shear/web reinforcement ifgedlides shear resistance.

5.6 .DESIGN SHEAR STRENGTH OF CONCRETE WITHOUT SHEAR

RENFORCEMENT (IS 456: 2000)
The magnitude of design shear strength depends basically on the grade of concretedhd the
percentage of tension steg)(FAs per IS 456 : 2000 the design shear strenigtiorcrete in beams

without shear reinforcement shall be given in tdble
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TABLE 5.1 DESIGN SHEAR STRENGTH (t,) OF CONCRETE, (N, mm?®)

100 Ast l Grade of concrete i
bd MI5 M 20 M 25 M 30 M 35 | M 40 and above
<0.15 0.28 0.28 0.29 0.29 i 0.29 11 0.30
025 | 035 | 036 | 03 | 037 | 037 | 038
0.50 | 0.46 I 0.48 | 0.49 | 0.50 ; 0.50 , 0.51
0.75 0.54 056 | 0.57 0.59 0.59 | 0.60
Loo . 060 | 062 064 | 066 | 067 | 0.68
125 i 064 0.67 070 | 0.71 ; 0.73 j 0.74
L50 068 0.72 0.74 0.76 ‘ 0.78 f 0.79
175 0.71 0.75 0.78 0.80 0.82 084
2.00 0.71 0.79 0.82 0.84 0.86 0.88
2.25 0.71 0.81 0.85 0.88 0.90 0.92
2.50 0.71 0.82 0.88 0.91 0.93 i 0.95 , I
2.75 0.71 0.82 0.90 0.94 0.96 | 005
3.0 and above 0.71 0.82 0.92 0.96 0.99 1.01 .

Analytical expression for design shear strength :

The Values ot. given in the above table by the code are baseatefollowing semi empirical
expression (SP 24, 1983).

085 V08 fu (V1+5B=1) T
Te= 6p .
0.8 f(.{
=——2>" but t less than 1
where B 659 p, ut no
p1=1—0%% (percentage steel in rib width only)

0.8 fox = cylinder strength in terms of cube strength



0.85 = reduction factor similar to 1/yn

ThP: formula in BS 8110 for design shear sirength of concrete is slightly different,
and is given by the expression

; 174 1/3
c-0m9 () (L)(&)
’ ] _d Ym 25
400 | _ ' '
where !\—— = the correction factor for depth and should not be less than 1

d
(];—LJ= the correction factor for the strength of concrete and should not
' be greater than 40
ym= 125

Lh

‘ pr = percentage steel, the value of which should not exceed 3
Design shear strength for solid slabs
For solid slabs, the design shear strength for concrete shall be t. .k, where & has
the values given in Table 5.2

TABLE 5.2 VALUES OF k& (IS 456 : 2000)

Overall depth of | 300 or 275 250 225 200 175 150 or less
stab {(mm) more : ] -
k 1.00 | 1.05 1.10 1.15 1.20 1.25 1.30

Note : The above provision shall not apply to flav slabs.
Shear strength of members under axial compression (IS 456 : 2000}

~ For members subjected to axial compression P, the design shear strength of concrete.
given in Table 7.1, shall be multiplied by the following factor :

d=1+ 3Pu_ pyr not exceeding 1.5 ...5.6.3
. Ag « Jek
where P, = factored axial compressive force in Newtons

. . 2
Ag = gross area of concrete section 1 mm, and

Jek = characteristic compressive strength of concrete, in N/mm’
Shear strength of members under axial tension (ACI Code, 1989 ):

Though it is evident that there is some reduction in design shear strer.lgth of a member
under axial tension, IS Code (IS 456 : 2000) does not explicitly mention this case. However,
the following si'mpliﬁed expression for d. based on ACl Code (1989) may be used

&) g 5.6.4

where P, = factored axial tensile force in Newtons.
Maximum shear stress in concrefe with shear reinforcement (IS 456 : 2000)
(@) Maximum shear stress in beams

Under no circumstances, even with shear reinforcement,
(t,) in beams exceed T, ma given is Table 53

shall the nominal shear stress

36
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TABLE 5.3. MAXIMUM SHEAR STRESS 7., max (N/mm)

Grade of concrete| M15 M20 M25 M30 I\¢35 4l\g40 & above
7, , max (N/mm) | 2.5 2.8 3.1 35 3. .
(b) Maximum shear stress in solid slabs

For solid slabs the nominal shear stress shakkxated half the appropriate values given in tat8e 5
5.7. WEB REINFORCEMENT FOR DIAGONAL TENSION:

As stated earlier, proper reinforcement must be provided to resist the diagonal tension.

The shear resisied by shear reinforcement can be worked out by considering the equilibrium
of forces across a potential di-

agonal crack, which is assumed =
to be inclined at an angle of
45° with axis of the beam. Fig.
7.11 shows a diagonal crack AB.
Let the web reinforcement be in-

| T 1
lined at angle o with the axis i
Lflbgdb od ’ "*SV'IS"SM
ol the beam, and be space at l-dicoii4ss dicota—si
distance s, apart. Let the di- « ns, — |
agonal crack AB.mtcrs_ect It num- FIG. 5.7.1 SHEAR RESISTED BY WEB STEEL
ber of web reinforcing bars.
Let Vius = Ultimate shear carried by shear (or web) reinforcement

Jva=design yield stress in web steel = 0.87 5
n=number of bars/links crossing the crack

o = inclination of web steel

As =101l cross-section area of each set of bar or link.

The web reinforcement is anchored o the main tensile steel at the bottom. and to
the holding bars (at a cover d;) at the top. Hence the vertical component of length of
inclined bar =(d - d,). Since d. in normally quite small . comparison to d, we can take
(d-d. 2 d), as marked in Fig. 57.1 Now, for equilibrium

Shear carried by shear reinforcement = Sum of vertical components of tensile forces
developed in shear reinforcement

n

1}

MIS =N A_g'\‘ ﬂ(j Sll] o S 71 (a)
In order o get the value of n, we have from geometry,
- d N o 4 et ~ n
ns, =dcot 45° + ¢ cot « or n= M = “H +L—Otu—) - 371 (®)
Sy M

Substituting the value of 5 and Ja (=0.87 1)

d (1l +cot a)
A (0.87 ) sin o = 087 h 4w d
S

in Eq. 7.13 (a) we get
VH.\:

Sy — (sin a + cos «) sone 372
v

Rearranging the above, we get

§p = 0.87 ﬁ Ag d
v’lﬁ

(sina +cos ) 0 e 5.7.2 (a)

The above equation gives the spacing of the bals@d ata with horizontal.



Here Ay = Area of C/S of bars X No of legs4g X No of legs.

Special Cases :

()  Barsinclined at 45. (i.e.a = 450)

0.87 ‘\' sV T~
If a=45°, Vs = {A' d('\i 2)
. o087 And 5
Vhﬁ\
(ify Bars inclined at 90° (i.e. vertical stirrups)
v, 087 fidod

Sy
Or S\. B —__"‘}“\

(iiiy  Single bar or single group of bars

38

For a single bar, or single group of bars, all bent up at the same cross-section,

we get from Eq. 5.7.1 (a) taking n=1 ‘
Vis = 0.87 f\ . Age sin @

5.8. TYPES OF SHEAR REINFORCEMENT.

. B3

Shear reinforcement is necessary if the nominarséieess1(,) exceeds the design shear stress
In general shear reinforcement is provided in amy af the following three forms.

(@) Vertical stirrups

(b) Bend up bars along with the stirrups.
(c) Inclined stirrups.

i Bent-up
Y— Holding bars e |
r kd — i[ - _! r
1 — -
A
A Z \ain bars o  Vertical o L inclined
— vertical stirrups stirrups
stirrups v
- long (c) Inclined
tical (b) Bent up bars a
(aét\i‘:ﬁ:;::s with vertical stirrups stirrups

FIG. 5.8 TYPES OF SHEAR REINFORCEMENT

Where bent-up bars are provided , their contributawards shear resistance shall not be more than

half that of total shear reinforcement.
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The total external shear,\6 jointly resisted by concrete as well as shearforcement and is
represented by the expression

Vu=Vyc+ Vs

Where \{ = Shear strength of concrete and

Vs = Shear reinforcement.

5.9. VERTICAL STIRRUPS:

Shear reinforcement in the form of vertical stisugonsists of 5 mm to 15 mm dia steel bars bend
round the tensile reinforcement where it is anctidoes to 12 mm dia. Anchor bars or holding bars.
Depending upon the magnitude of the shear strdss tesisted , a stirrup may be one legged, two

legged, four legged or multi legged, as shown guFe.

[
I i
P B 1234‘\

(a) One legged (b) Two legged (c) Four legged (d) Six legaed

FIG-5.9. FORMS OF VERTICAL STIRRUPS

The strength of shear reinforcement in the formesfical stirrups is given by

- d
faus = 087];yAW ......... 5.9.1
v
Holding bars
(d—dy) £ d -
Anchor bars) .'}_
3 : 1 d. T
,/ f T
-q—s-\lf ‘SY" ;SV— d—-d. ‘L
’
a-345° 147 5 . |
! -
L_ vertical L. Tgnsuon
stirrups reinforcement

F1G. 5.9.1 SPACING OF VERTICAL STIRRUPS

Here Ay=m A4, , where m = no of legs in the stirrups atyd= Area of c/s of the bar stirrups.
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Let us assume that in absense of shear reinfordgthe beam fails in diagonal tension, the

inclination of the tenson crack being af 45 the axis of the beam and extended up to advuEr
distance equal to (d-d=d

Hence No of stirrups resisting shear force = ¢d/S Or,

d
Vs = 0.87 fi . An ¥ S
0.87 fi . Asw . d _ 0.87 fv . Ase . d ... 594
Sy = V“S - ‘/“ e V”(.

°i 2 stirrups ¢ section
Spacing diagram for vertical stirrups. The spacing of thg.snntllxlps ;t sﬁ?:r e
1 g - S a n 5 £9 s
.an be determined from Eq. 591 sincethe

along the length of the beam can ned : ! e
thalgsection can be easily determined. This will give variable spacings all alpng tl;e le %1
of the beam. These variable spacings can be averaged out by the construction O spacing
diagram. - ' . _ .
: Procedure. (1) Determine net shear force at various sections distant x, , X; . X; etC.

from the suppor- and calculate the spacings at these sectlon.s' . -
(2) Plot the spacing diagram with the calculated spacing as ordinate (Fig. 5.9.2)
(3) Calculate the spacing of the first stirrup, on ti}e basis of net S.F. ?ft the support.

Set the nrst stirrup at half the distance of this spacing, from the support.

(4) Where this ordinate at (1)
intersects the spacing diagram, set a

Firsl stirrup

. . o 1
line ar 45°, meeting the span line in 5 £ f
(2). This will give the position of 2 j_:_” N :
the second stirrup. Repeat this procedure T | |
to get the position of other stirrups. = L2 |

FIG. 5.9.2 SPACING DIAGRAM.
5.10. MINIMUM SHEAR REINFORCEMENT (IS 456 : 2000)

The shear reinforcement in the form of stirrupsaemnunstressed till the diagonal crack occursat th
critical location. However, the instant a diagoo@ck occurs. The web reinforcement receives
sudden increase in stress. If web reinforcemembtigprovided. Shear failure may occur without
giving any warning. The code therefore, specifies tll the beams should be provided with atleast

some minimum reinforcement called nominal shearfoecement even if nominal shear stress is less
than the design shear stress of concrete.
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Reasons for providing minimum shear reinforcement:

. l.dlt 3;"(,’vents suafden sl}ea.r failure with the formation of diagonal tension crack. and
{mparts uctility 1o provide sufficient warning of impending failure. Thus brittle shear failure
is prevented.

g : . )
. A guard§ against any sudden failure of a beam if concrete cover bursts and bond
to tension steel 18 lost. i

‘ 3 It holFls the main reinforcements in place while pouring the concrete. Thus minimum
requirement of cover and  clear distance between longitudinal bars are maintained.
4. Tt acts as necessary ties for the tompression steel (if any) and makes it effective.
5. It prevents pressing down of the longitudinal reinforcement, thereby maintaining .
the dowel capacity.
6.. 1t confines the concrete, thereby increasing its strength and rotation capacity.
7. 1t prevents failure that can be caused by tension due to shrinkage and thermal
stresses and internal cracking in the beam.
As per IS 456 : 2000, minimum shear reinforcement in the form of stirrups  shall
be provided such that
Aw 0.4 ... 5.10.1
bse 0.87f
where A = total cross-sectional area of stirrup legs effeciive in shear.
s, = stirrup  spacing along the length of the member
b = breadth of beam or breadth of the web of tlanged beam.
f, = characteristic strength of  stirrup reinforcement in N/mm®, which shall

I

not be taken greater than 415 N7 mnr.
Hence spacing based on minimum shear reinforcement is given by

g O8TG A (ZIBAA . 5102
040D b

is less than half the permissible

However, where the maximum shear Stress calculated ! ]
this provision need

value. and in members of minor srructural importance such as lintels,

not be complied with.

Shear resistance of minimum ghear reinforcement ‘
The shear resistance Of minimum reinforcement envisaged in Eq. 5.10.

0.87 f; . Aw _04Db |

v

11 found by

substituting the value of

Ay ey ==
Thus! V,,,, L = ( 0,87 i\—;—‘_\) d = (04 b) d L 04 bd |
Thus, shear carried i:)y concrete and that carried by minimum stirrups 1s given by

Vi, = Te - bd + odbd e 5.104
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MAXIMUM SPACING OF SHEAR REINFORCEMENT:-

The maximum spacing of shear reinforcement measloed) the axis of the member shall not
exceed 0.75d for vertical stirrups and d for inetirstirrups at 45 where d is the effective depth of
the section under consideration. In no case dmalspacing exceed 300 mm.

Example-5.1

A reinforced concrete beam 250 mm wide and 400efiective depth is subjected to ultimate
design shear force of 150 KN at the critical sechear supports. The tensile reinforcement at the
section near supports is 0.5 percent. Design tbarstirrups near the supports also design the
minimum shear reinforcement at the mid span. AssMi2@ concrete and.250 mild steel.

Solution : Given : b=250 mm ; d=400 mm: Ay bd =0.5% = 0.005

v, 150 x 10°
o e /mm’
bd = 350 x 400 ~ L N/mm
From Table 5.1 7.=0.48 N/mm’ for M 20 concrete and 100 4. 'bd = 0.5
Also. from Table 5.3 Te mae = 2.8 N/mm® for M 20 concrete.

Thus, <, is less than 1, .. but greater than .. Hence shear reinforcement is necessary.
Vie = T bd = 0.48 x 250 x 400 = 48000 N
Hence Vis = Vi — Ve = 150000 — 48000 = 102000 N
The shear resistance of nominal stirrups is given by
Vis . min = 0.4 bd = 0.4 x 250 x 400 = 40000 N < V,,
Hence nominal stirrups are not sufficient t the section near supports.

We Know that 5y = Qgi.f‘_d‘_‘ d
v".(

T " s
Using two legged stirrups of 10 mm dia. bars. Aw=2z(10)‘=137.08 mm

0.87 x 250 x 157.08
= 102000
. 0.87 fy Aw _ 0.87 x 250 x 157.08
Aginwalnew  B=T oYk T (1.5 - 0.48) 250
Maximum spacing = 0.75 ¢ or 300 mm, which ever is less.
Hence provide 10 mm dia. two legged stirrups @ 130 mm c/c at the section near supports.
At mid-span, the spacing of minimum shear reinforcement for 10 mm o - 2 lgd stirrups

x 400 = 134 mm

= 134 mm

1s given bY  Eqn5.10.2

04b 0.4 % 250
However, maximum spacing is limited to 0.75 d or 300 mm which ever is less.

Hence s. =300 mm. |
Hence provide 10 mm dia. two legged stirrups @ 300 mm c¢/c at the mid-span.

=341.6 mm

Sy = 087
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Example- 5.2-

A simply supported beam, 300 mm wide and 500 mucéffe depth carries a uniformly distributed
load of 50 KN/m, including its own weight over dffeetive span of 6 m. Design the shear
reinforcement in the form of vertical stirrups. Agsge that the beam contains 0.75% of reinforcement
throughout the length. The concrete is of M 20 gradd steel for stirrups is of Fe 250 grade. Take
width of support as 400 mm.

Solution:- W,=1.5 X 50 =75 KN/m.
Viumax= W, L/2 = (75 X 6)/2 = 225 KN

The critical section lies at a distance of d = @@ from the face of support or at a distance of 500
400/2 = 700 mm from the centre of the support.

Vup = 225-75 X 0.7 = 172.5 kN.

Andt, = (172.5 X 16) / (300 X 500) = 1.15 N/ mfn

From Table-5.1 for 100 #bd = 0.75%, we get. = 0.56 N/ mm for M20 Concrete.
Ve +0.56 X 300 X 500 = 84000 N = 84 KN.

Also, Te.max=2.8 N/mm* for M 20 concrete. Since 7, <7Tv ma it is OK.
However, t,> 1. hence shear reinforcement is necessary.
Vu\' = v{lD s VM; = 172500 — 84000 - 88500 N

Using 10 mm ¢ 2-lgd vertical stirrups, A, =2 = (10) = 157.1 mm’

&L A

087 f.Aw .d 0.87 x 250 x 157.1 x 500
Vs B 88500
Spacing corresponding to minimum shear reinforcements is
087 fi Aw _ 0.87 x 250 x 157.1
TT04b 0 04x300
However in no case should the spacing exceed 0.75 d = 0.75 = 500 = 375 mm, or 300
m whichever is less. Hence the spacing is to vary from 190 mm at the end section
(@ 280 mm at a section distant x m (say) from the mid-span. Let us locate this section
where the S.F. is V.

Spacing s, = =193 mm £ 190 mm (say)

=284.7 m £ 280 mm (say)

x = 75000 x

V VIITes 225000
Vltl: ”'3 C = 3

Vie = Vir = Vi = 75000 x — 84000
0.87 = 250 = 157.1 = 500

75000 x - 84000
from which, we get x=1.93 m from mid-span or 1.07 m from supports. Heml:e pn.widc
8 mm ¢ 2lgd stirrups at a spacing of 190 mm ¢/c from supports to a section d-lst;m[
1.07 m from the centre of either supports. For the remaining length, provide the stirrups
@ 280 mm c/c.

sy =280 =
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CHAPTER-6

BOND, ANCHORAGE, DEVELOPMENT LENGTHS, AND SPLICING

5. BOND:

One of the most important assumption in the belmadioeinforced concrete structure is that there i
proper ‘bond’ between concrete and reinforcing béne force which prevents the slippage between
the two constituent materials is known as bondfabt , bond is responsible for providing * strain
compatibility * and composite action of concretel ateel. It is through the action of bond resistéanc
that the axial stress ( tensile or compressive) iainforcing bar can undergo variation from pamt
point along its length. This is required to accordate the variation in bending moment along the

length of the flexural member.

When steel bars are embedded in concrete, theetenafter setting, adheres to the surface of
the bar and thus resists any force that tends Hoopyush this rod. The intensity of this adhesive
force bond stress. The bond stresses are the lolimgl shearing stress acting on the surface betwee
the steel and concrete, along its length. Hencel Istress is also known as interfacial shear. Hence
bond stress is the shear stress acting paralldletoeinforcing bar on the interface between the ba

and the concrete.

5.1 TYPES OF BOND:-

Bond stress along the length of a reinforcing bay rine induced under two loading situations, and

accordingly bond stresses are two types :

1. Flexural bond or Local bond

2. Anchorage bond or development bond

Flexural bond (ty ) is one which arises from the change in tensiledararried by the bar, along its
length, due to change in bending moment alongahgth of the member. Evidently, flexural bond is
critical at points where the shear (V=dM/dx) isngiigant. Since this occurs at a particular section

flexural bond stress is known as local bond stiiéss 5.1(b)].
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Anchorage bond ¢y4) is that which arises over the length of anchonageided for a bar. It also
arises near the end or cutoff point of reinforcioiay. The anchorage bond resists the ‘pulling ofut’ o
the bar if it is in tension or ‘pushing in’ of thEar if it is in compression. Fig.[8.1 (a)] show® th
situation of anchorage bond over a length AB(xLSince bond stresses are developed over specified

length L4, anchorage bond stress is also known as developada specified lengthgl anchorage
bond stress is also known as development bondsstres

Anchoring of reinforcing bars is necessary when diegelopment length of the reinforcement is
larger than the structure. Anchorage is used sothigasteel's intended tension load can be reached
and pop-outs will not occur. Anchorage shapes aka the form of 180 or 90 degree hooks.

5.2. ANCHORAGE BOND STRESS:

Fig- 5.2 shows a steel bar embedded in concreté siibjected to a tensile force T. Due to thisdorc

There will be a tendency of bar to slip out and tiekindency is resisted by the bond stress developed
over the perimeter of the bar, along its lengtermbedment .
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FIG- 5.2
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Let us assume that average uniform bond stredevisloped along the length. The required length
necessary to develop full resisting force is calfetthorage lengthin case of axial tension or
compression andevelopment lengthin case of flexural tension and is denoted hy L

5.3 DESIGN BOND STRESS:-

The design bond stress in limit state method faingbars in tension shall be as given below
(Table 6.1)

Table- 6.1
Grade of concre M 20 M 25 M 30 M 35 M 40 and abov
Design bond streay,g (N/mnt) 1.2 1.4 1. 1.7 1.¢

Design bond stresses for deformed bars in tensionFor deformed bars conforming to IS 1786.
These values shall be increased by 60%.

Design bond stress for bars in compressionFor bars in compression, the values of bond sfoess
in tension shall be increased by 25%.

5.4 DEVELOPMENT LENGTH OF BARS (IS 456 : 2000)

The development length is defined as the lengtlithefbar required on either side of the
section under consideration, to develop the redustesss in steel at that section through bond. The
development lengthdgiven by

Li=0Od4 toi=kad oo 5.4.1
Where ¢é= nominal diameter of the bar
6= stress in bar at the section considered at désagh
ks= development length factorGy4 tpq
Note : The development length includes the anchorage safibooks in tension reinforcement

Taking 6+ 0.87 { at the collapse stagegk0.87 §/4 tha  -oevvovviiiiiiiiiiieninnen, 5.4.2

For bars in compression, the valuergbiven in table 1.1 are to be increased by 25%. Elenc
developed length () for bars in copressio is given by

Lds=¢ 65(/5 Tod s e 5.4.3
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Hence the values ofjlfor bars In compression will be =0.875 g

Table 6.2 gives the values of development lengttiof for various grades of concrete and the
various grades of steel, both in tension as wetlamspression. The values have been rounded-off to
the higher side.

TABLE 6.2- VALUES OF DEVELOPMENT LENGTH FACTOR

Grade of concre M 20 M 25

Grade of ste: Fe 25( Fe 41! Fe 50( Fe 25( Fe 41! Fe 50(
Bars in tensio 46 47 57 39 41 49
Bars in comg 37 38 46 31 33 39
Grade ol M30 M35 M40

concrete

Grade ol Fe25( Fe4l* Feb50( Fe25C Fed4l* Feb50( Fe?25( Fed4l® Fe50(
steel

Bars in 37 38 46 32 34 40 29 30 36
tension

Bars in 29 31 37 26 27 32 23 24 29
comp.

Note : When the actual reinforcement provided is more ttiat theoretically required, so that the
actual stresstis) in steel is less than the full deign stress (G,87the development length required
may be reduced by the following relation :

Reduced development length+ Lg (Astrequired+Ag provided )

This principle is used in the design of footinglather short bending members where bond is
critical. By providing more steel, the bond requoents are satisfied.

Bars bundled in contact : The development length of each bar bundled baai$ Isé that for
the individual by 10% for two bars in contact,208t three bars in contact and 33% for four bars in
contact.

5.5 STANDARD HOOKS & BENDS FOR END ANCHORAGEANCHORAGE LENGTH



The development length required at the end of a bar isknown as anchorage length.
However, in the case of development length, the force in the bar is developped by transfer.
of force from concrete to steel, while in the case of anchorage length, there is dissipation
of force from steel to concrete. ,

Quite often, space available at the end of beam is limited to accommodate the rull.
development length L, . In that case. hooks or bends are provided. The anchorage value (L,
of hooks or bend is accounted as contribution the development length L.

Fig. 5.5 (ai) shows a semi-cir- (K+1)@ 4 ¢ (min) 3040 (mn)
cular hook, fully dimensioned, with « "‘j{ . 2
rcspcc[ to a 1'ac191‘ K. The \'al}lc 'm‘ ((KU 492}(0 ‘42.‘@ 4¢)T
K is taken as 2 in the case of mild L (‘1————,
steel conforming to IS @ 432-1906. B Qi

(specifications for Mild-Steel and Me-
dium Tensile Steel bars and Hard-Drawn
steel wires for concrete reinforcement) (a) Semi circular Hook
or IS . 1139-1959. (specifications for
‘Hot rolled mild steel and medium

(i) K (i K=2

tensile steel deformed bars for concrete | l40mm

reinforcement’). The hook with K = \k\ﬂ@

2 is shown in Fig. 5.5 (aii) with equiva- Py e e |

lent horizontal length of the hook. For K+1)@ (PSS —
the case of Medium Tensile Steel con- =8 B

forming to 1S : 432-1966 or IS : MK i K=2

1139-1959. K is taken as 3. In the (b) Right Angle Bend

case of cold worked steel conforming FIG-5.5

w IS . 1986-1961, (speciticauions tor
cold twisted steel bars for concrete reinforcement, A is taken as 4. In the case of bars
above 25 mm, however, it is desirable to increase the value of Ao 3, 4 and 6 respectively .

Fig- 5.5 shows a right angled bend, with dimensiontgerms of K, the value of which may be taken

as 2 for ordinary mild steel for diameters belown2% and 3 for diameters above 25 mm.

In the case of deformed bars , the value of boresstfor various grades of concrete is greater by
60% than the plane bars. Hence deformed bars maysée without hooks, provided anchorage

requirements are adequately met with.

5.6 CODE REQUIREMENTS FOR ANCHORING REINFORCING BAR S (IS 456 : 2000)

0] Anchoring Bars in Tension :- Deformed bars may be used without end anchorages

(ii)

provided development length required is satisfi¢aloks should normally be provided for
plain bars in tension. The anchorage value of stadl be taken as 4 times the diameter
of the bar for each 45° bend subject to a maximéiheatimes the diameter of the bar.
The anchorage value of a standard U-type hook beadiqual to 16 times the diameter of
the bar.

Anchoring Bars in Compression :- The anchorage length of straight bar in comprassio
shall be equal to the development length of baxmpression. The projected length of
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hooks, bends and straight lengths beyond bendsvided for a bar in compression, shall
be considered for development length.
(iii) Anchoring Shear Reinforcement :

Inclined bars :- The developments length shall be as for barsnside ; this length shall
be measured as under : (1) in tension zone fronenteof the sloping or inclined portion
of the bar and (2) in the compression zone, froohaepth of the beam.
Stirrups :- Notwithstanding any of the provisions of thisngtard, in case of secondary
reinforcement , such as stirrups and traverse ties)plete development lengths and
anchorage shall be deemed to have been provided twldar is bent through an angle of
atleast 90° round a bar of atleast its own diamesteris continued beyond the end of the
curve for a length of atleast eight diameters, benvthe bar is bent through an angle of
135° and is continued beyond the end of curve flength of atleast six bar diameters or
when the bar is bent through an angle of 180° antbintinued beyond the end of the
curve for a length atleast four bar diameters.

5.7 CHECKING DEVELOPMENTS LENGTH OF TENSION BARS : -

As stated earlier, the computed streSg) (n a reinforcing bar, at every section must be
developments on both the sides of section. Thdoige by providing development length tio both
sides of the section. Such a developments lengtisuslly available at mid-span location where
positive (or sagging) B.M. is maximum for simplypgwrted beams. Similarly, such a developments
length is usually available at the intermediatepsup of a continuous beam where negative (or
hogging) B.M. is maximum. Hence no special checkimay be necessary in such locations. However
special checking for developments length is esakatithe following locations :

At simple supports

At cantilever supports

In flexural members that have relatively short span
At points of contraflexure

At lap splices

At points of bar cutoff

For stirrups and transverse lies.

NogakowbdPE

5.8.DEVELOPMENTS LENGTH REQUIREMENTS AT SIMPLE SUPPORTS :
DIAMETER OF REINFORCING BARS :-

The code stipulates that at the simple supportd é&irthe point of inflection), the positive moment
tension reinforcement shall be limited to a diamsteh that

L<My/V+Le 5.8.1
Where Ly = developments length computed for design stkggs®.87 ) from Ed'

M;= Moments resistance of the section assuming &foieement at the section to be
stressed to,d(= 0.87 1)
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V= Shear force at the section due to design loads

L,= sum of anchorage beyond the centre of suppodsttem equivalent anchorage value of
any hook or mechanical anchorage at the simplestpgt the point of inflexion, L.is limited tod
or 12 which ever is greater).

The code further recommends that the valudMgV in ed' - 5.8.1 may be increased by 30%
when the ends of the reinforcement are confinedabgompressive reaction. This condition of
confinement of reinforcing bars may not be avadaldt all the types of simple supports.

=
S VYT T

~ ! .: P |

> ; IAi- L Ieraim t Siat I

E H—-ld—; M,/ —= < | =

L'-’D B f Slab x Secondal I

VR Y O—— | T e heam

FIG-5.8.1 "~ FIG-5.8.2

Four type of simple supports are shown in fig-5.8m@2fig- 5.8.2 (a) , the beam is simply
supported on a wall which offers a compressivetiea which confines the ends of reinforcement.
Hence a factor 1.3 will be applicable. Howevefigi5.8.1 (c) and (d) though a simple support is
available , the reaction does not confine the erfdise reinforcement, hence the factor 1.3 will bet
applicable with M/V term.Simillarly for the case of a slab connedie@ beam Fig- 5.8.2€ or for the

case of secondary beam connected to a main begr FR2(f)]

Tensile reaction is induced and hence a factowil$ot be available.

Thus at simple supports where the compressiveiomaobnfines the ends of reinforcing bars we have
La< L3MI/V +Lo 5.8.2

Computation of the Moment of Resistance Mof bars available at supports:

In egn 5.8.1 , M= Moment of Resistance of the section correspanttinthe area of steel ()
continued into the support and stressed to desigassequal to design stress equal to 0.87f
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M1=0.87f. Ast (d-0.416 X) e 5.8.3
Where X, = 0.87f. Ast/ 0.368kb oo 5.83(a)
Computation of Length (L) :

For the computation ofd, the support width should be known.Fig- 5.8.34ajl (b) show abeam
with end support with a standard hook an@l96nd respectively.

Let X be the side cover to the hook ( Or bend) dpbe the distance of the beginning of the hook (
Or Bend) from the center line of the support.

]
| x"'”! |
;(F(J—)T— a4 ,?
(E+K0l & ko
- +oL N {
1 1
Y XZA7777777777 : < }
4>
(K4 1)d ! (K+ 1)¢ i
]
’ - |
2 —sfe—1y2 12 —F— 1 /2
v i 1 |
| |
1
(a) Standard hook {b) Standard 90° bend

FIG 583 COMPUTATION OF Lg

(a) Case-l : Standard Hook at the end [Fig-5.8.3(a)]:- The dark portion shows the hook
which has an anchorage value ofp16IS 456: 2000) for all types of steel. The diseuof
the beginning of the hook from its apex of the seingle is equal to (K+%) . For mild steel
bars K=2 and for HYSD bars, K=4, Hence the distapder mild steel and¢ for HYSD
bars. Let be the width of the support.



Then Lo=xo+ 16 @ where x)= %‘ X —-(K+ Doy

| L “! L <
Lo=i I:*I’-(KJr Do [+160=7-x+(15-K)p oo 5.84
; ’ I,
Taking K =2 for mild sweel bars, Ly==-x+13¢ oo 5.84(a)
Taking K =4 for HYSD bars, Ly = i—‘ X'+l

P

(b) Case 2 : 90° standard bend (Fig. 8.7 b) : The dark portion shows the 90° bend
which has an anchorage value of 8 ¢ (IS 456 : 2000) for all types of steel. Here also.
the distance of beginning of the hook from its apex of the semi-circle is equal to (K+ 1)e.

Then Lo=xo+ 8 ¢ where xp= I;’ -xX'-(K+ 1o
{ ! ‘| I,
L(J=t§s—.\"—(K+l)w)+8(p=§_x’+(7_[{)kp 5.85
Taking K =2 for mild steel bars, L= [5‘ ~X+50 5.8.5(a)
Taking K =4 for HYSD bars L= !71 -¥+30 . es 5.8.5(b)

Remedies to get development length : If the check for the satistaction of Eq. 5871 is
not obtammed, following remedial measures may be adopted to satisty the check .

1. Reduce the diameter ¢ of the bar. thereby reducing the value of L, keeping
the area of steel at the section unchanged. This is the standard procedure envisaged 1D
the Code, i.e. reducing the value of L, by fimiring the diameter of the bar to such a
value that Eq. 8.6 is satsfied.

2. Increasing the value of L, by providing evtra length of the bend over and abuve
the standard value (5 + K) ¢ shown by dotted lines in Fig. 582 (b).

3. Bv increasing the number of bars (there by increasing 4,,) 1o be taken into the
support.  This method 1s unecononucal.

4. By providing adequate mechanical anchorage.

We shall discuss the first remedial method in the following section.
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CONDITIONS FOR CURTAILMENT O REINFORCEMENT

In most of the cases, the B.M. varies appreciably along the span of the beam. From
the point of view of economy, the moment of resistance of the beam should be reduced
along the span according to the variation of B.M. This is effectively achieved by reducing
the area of reinforcement, i.e. by curtailing the reinforcement provided for maximum B M.
In general, all steel, whether in tension or in comprassion, should extend ¢ or 12 ¢ {(which
ever is greater) beyond the theoretical point of cut oft (TPC).

Conditions for termination of tension reinforcementin flexural members:

Curtailment of Flexural tension reinforcement résin the loss of shear strength in the region of
cutoff and hence it is necessary to make provigdaguard against such loss. Flexural reinforcement

shall not be terminated in a tension zone unlegoan of the following condition is satisfied.

(a) The shear at the cutoff point does not exceed two thirds that permitted, including
the shear strength of web reinforcement. In other words, the total shear capacity shall
be atleast 1.5 times the applied shear at the point of curtailment, thus

2
V” 4’ g (Vm + 1/“\) or ‘»‘lm + V”y :’_ 15 V[f
Where V.. = shear capacity of concrete, based on continuing reinforcement only.
Vis = shear capacity of shear reinforcement
Vi =applied shear at the point of curtailment.
(b) Stirrup area in excess of that required for shear and torsion is provided along

each terminated bar over a distance from cutoff point equal to three fourth the effective
depth of the member. Excess area of shear reinforcement is given by

Excess Ay > Q-ivb__{l_
A
where = 5 d g 0.87 fi Aw
"8 P 0.4 b

By = area of bars cutof! at the section
" total area of bars at the section
(¢) For 36 mm or smalier bars, the continuing bars provide double the area required
for flexure at the cutoff point and the shear does not exceed three fourth that permitted.

Thus, My =2 M,
and Vie + Vs 2 1.33 V,
where M,, = moment of resistance of remaining (or continued) bars

My =B.M. at cutoff point ; V,=S.F. at cutoff point
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5.9 DEVELOPMENT LENGTH AT POINT OF INFLEXION

Fig. 8.8 shows the conditions at a poiut of

inflection (P.1.) As already indicated in § 8.11, the S Y -
= . s e . K //'
Code states that the following condition be satistied N B A
L 39.1 P | A1
—1'_' +L,‘ 2 L([ ...... i W P1
N\ i A Support
where L, should not be greater than d or /

12 ¢ whichever Is greater, and V' is the shear force 15 59 pEVELOPMENT LENGTH A1 A
at the point of inflexion. POINT OF INFLEXION

5.10 SPLICING:

(a) The purpose of splicing is to transfer effectiviilg axial force from the terminating bar to the
connecting bar with the same line of action afjtinetion. [Fig-5.10 (a)].

Build up of force in bar 2 thro” bond

R

[ =y ™ siope less than 1 in'8
- L’ > 15 6, 200 mmie— ope less than 1 in
T v P , T
4_,____\\_______________m__:_—_‘_—_:
¢+ 36 mm

Fall of force in bar 1 thro” bond
{a) Configuration of lapped portion & transfer of force thro” development bond

f—— | ——>] Stirrups @ 200 mm c/c

il
I

1
1
i

fe— £13L——

|—|—r————"~f\-
PR

(b) Staggered splising of bar (c) Stirrups at splice point
6 mm ¢ spirals @ 200 mm pitch

:%H%%H%:‘ SRR A O I

(d) Use of spirals in lap splices for (e) Mechanical jont for
large diameter bars ¢ > 36 mm
X e AR
g_ S lv ¥ ‘Yn‘k A, VL TN 1 a
<b¢ >50
(f) Butt welding {g) Lap welding of bars

FIG- 5.10 REINFORCEMENT SPLICING
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Slicing of a bar is essential in the field due fther the requirements of construction or non

availability of bars of desired length. The Figugdgen are as per the recommendation of the IS;: 456
2000.

(a) Lap slices shall not be used for bars larger tfaméh. For larger diameters bars may be weld. In
case where welding is not practicable , lappingaré larger than 36mm may be permitted, in which
case additional spiral should be provided arouedapped bars [Fig-5.10(d)].

(b) Lap splices shall be considered as staggered if the centre to centre distance of the
splices is; mot less than 1.3 times the lap length calculated as described in (c).

(c) The lap length including anchorage value of hooks for bars in flexural tension shall
be L, or 30 ¢ whichever is greater and for direct rension shall be 2 L, or 30 ¢ whichever
is greater. The straight length (L') of the lap shall not be less than 15 ¢ or 200 mm
(Fig. 5.10[a]) The following provisions shall also apply

(1) Top of a section as cast and the minimum cover is less than twice the diameter
of the lapper bar, the lapped length shall be increased by a factor of 1.4.

(2) Corner of a section and minimum cover to either face is less than twice the
diameter of the lapped bar or where the clear distance between adjacent laps is less than
75 mm or 6 times the diameter of iapper bar, whichever is greater, the lap length should
be increased by a factor of 1.4. .
Where both conditions (1) and (2) apply , the lap length should be increased by a factor
of 2.0.

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

(d) The lap length in compression shall be equal to the development length in compression,
but not less than 24 o.

(¢) When bars of two different diameter are to be spliced, the lap length shall be calculated
on the basis of diameter of the smaller bar.

(/) When splicing of welded wire fabric is to carried out, lap splices of wires shall be
made so that overlap measured between the extreme cross wires shall be not less than

spacing of cross wires plus 100 mm.

(g) In case of bundled bars, lapped splices of bundled bars shall be made by splicing
one bar at a time : such individual splices within a bundle shall be staggered.

Strength of Welds :

The following values may be used where the streafjtteld has been proved by tests to be at least as
great as that of the parent bars.

(a) Splices in compression:
For welded splices and mechanical connection, £#0€ept of the design strength of joined bars.

(b) Splices in tension:
(1) 80% of the design strength of welded bars ( 100%eitling is strictly supervised and if at
any c/s of the member not more than 20% of theléeresnforcement is welded)
(2) 100% of the design strength of mechanical connectio

End Bearing Splices:End bearing splices should be used only for barompression. These are of
square cut and concentric bearing ensured by $elitivices.
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EXAMPLE-6.1

A SIMPLY SUPPORTED IS 25 cm X50cm and has 2 — 20 W@R bars going into the support. If
the shear force at the center of the support is KNOat working loads, determine the anchorage
length.assume M20 mix and Fe 415 grade TOR steel .

Solution:-
For a load factor equal to 1.5,the factored SB=x1110=165 kN.
Assuming 25 mm clear cover to the longitudinal bars

Effective depth = 5000- 25 — 20/2 = 465 mm.

Characteristic strength of TOR steel Gy, = 415 N/mm?
Moment of resistance M; = 0.87 0, A (d-0.42x)
0.87c, A
. y At 0.87x415%628 - 126 mm < X, OK

X = =
0.360,4 b 0.36x20x250
Or M, =087 x 415 x 2 x /4 x 202 (465 — 0.42 x 126) = 93.45 x 106 Nmm

Bond stress t,; = 1.2 N/mm? for M20 mix. It can be increased by 60% in case of
TOR bars.
do, _ 0.87x415¢ _
41,y 4x(1.6x1.2)

Development length L, =

47 ¢

If the bar is given a 90° bend at the centre of support, its anchorage value
L, = 8¢=8x20=160mm
Ly € 13M/V+L,

6
479 < 1.3x93.45%10 + 160
165x% 1000

IA

19 mm

or, b
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Since actual bar diameter of 20 mm is greater than 19 mm, there is a need to increase
the anchorage length. Let us increase the anchorage length L to 240 mm. It gives

¢ = 20.8mm OK

The arrangement of 90° bend is shown in Fig. 8.19a.

Alternatively

Provide a U bend at the centre of support, its anchorage value,

L, = 16¢ =320mm

| ¢ oF suppORT

. i
L% : 2-20 9 /500

la

Fig. Ex 1.1 Details of 90° hook
La<1.3 My/V + L,.

1.3 X 93.45 X 10°
419 < ||+ 320

Or. @ <2247 mm
Actual bar diameter provided is 20 mm < 22.47 mm.
The arrange ment of U- Bend is shown in Fig-Ex 1.2.

In High strength reinforced bars U- Bend shouldaleided as far as possible since they may be
brittle and may fracture with bending.
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OF SUPPORT 250
¢ 250y

T | WA L~ 2-20¢

soo | —» [e—4 @ MIN.

= Al

Fig-Ex 1.2- Details Of Shear Reinforcement

35

Example 5.2:

A continuous beam 25 cm X 40 cm carries 3-16 mngitadinal bars beyond the point of inflection
in the sagging moment region as shown in Fig.ExI1Be factored SF at the point of inflection is
150 KN, o, = 20 N/mnf ands,, = 415 N/mm, check if the beam is safe in bond ?

¢t oF suPPoORT
SECTION OF POINT OF
INFLECTION

i | ," 7
|

AY
l"_"° _’l \3—1625

Fig- Ex 1.3 - Section of Continious Beam



0.87cy Ay _ 0.87x415x3>7 / 4x16*
0.360 b 0.36x 20x250

Depth of neutral axis x

= 120 mm < X, (=0.48 d) OK
Moment of resistance M| = 0.87 5, A (d - 0.42 x)

= 0.87x 415 x 603 (367 — 0.42 x 120) = 68.90 %106 Nmm

Os¢

Development length Ly = 1
Thd

Bond stress Tpq = 1.6x 1.2 N/mm2 for M20 mix and HSD steel

0.87x415¢ _

or L, =
. 4x1.6x1.2

47

Anchorage length L,= greater of dor 12 ¢

= greater of 367 mm, or 12 x 16 =192 mm

= 367 mm
M
Ly & =+l

6
or 1o < B2 367 o, ¢:217.6mm
150<1000

Thus, 16 mm bars are safe in bond at the point of inflection.
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CHAPTER 07

INTRODUCTION TO BEAM IN LIMIT STATE METHOD

Beams (LSM)
7.1 Control of deflection and ensuring lateral 8iigtin beams as per Clause 23.2 & 23.3 of B4

7.2 Design of singly reinforced rectangular beabesign of doubly reinforced beams as per IS 4B6/S
16 for bending and shear

Design of T beams as per IS 456 for bending andrshe

Course Objectives:
7.1 Control of deflection and ensuring latetabdity in beams as per Clause 23.2 & 23.3 o458.

Introduction
Structures designed by limit state of collapseddimomparatively smaller sections than those design

employing working stress method. They, thereforeistmbe checked for deflection and width of cracks.
Excessive deflection of a structure or part therad¥ersely affects the appearance and efficiencthef
structure, finishes or partitions. Excessive cnagkof concrete also seriously affects the appearamd
durability of the structure. Accordingly, cl. 35l10of IS 456 stipulates that the designer shouldsicien all
relevant limit states to ensure an adequate degreafety and serviceability. Clause 35.3 of IS 4&frs to
the limit state of serviceability comprising defien in cl. 35.3.1 and cracking in cl. 35.3.2. Cate is said to
be durable when it performs satisfactorily in therking environment during its anticipated exposure
conditions during service. This lesson discussemitathe different aspects of deflection of beamd te
requirements as per IS 456. In addition, laterabibty of beams is also taken up while selectihg t
preliminary dimensions of beams.
Short- and Long-term Deflections

Short-term deflection refers to the immediate dmiten after casting and application of partial or
full service loads, while the long-term deflectiogcurs over a long period of time largely due to
shrinkageand creep of the materials The following factorfluence the short-term deflection of
structures:
(a) magnitude and distribution of live loads,
(b) span and type of end supports,
(c) cross-sectional area of the members,
(d) amount of steel reinforcement and the stressldped in the reinforcement,
(e) characteristic strengths of concrete and sheel,

(f) amount and extent of cracking
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The long-term deflection is almost two to threedsof the short-term deflection. The following
are the major factors influencing the long-termefgfon of the structures.
(a) Humidity and temperature ranges during curing,
(b) age of concrete at the time of loading, and
(c) type and size of aggregates, water-cemert, rathount of compression reinforcement, size of

members etc., which influence the creep and shymkd concrete.

Control of deflection and ensuring lateral stability in beams as per
Clause 23.2 & 23.3 of 1S-456.

Clause 23.2 of IS 456 stipulates the limiting detftens under two heads as given below:

(&) The maximum final deflection should not normatixceed span/250 due to all loads including the
effects of temperatures, creep and shrinkage arguned from the as-cast level of the supportsoair,
roof and all other horizontal members.

(b) The maximum deflection should not normally eedtehe lesser of span/350 or 20 mm including the
effects of temperature, creep and shrinkage ocwumiter erection of partitions and the applicatain
finishes.

It is essential that both the requirements areettulfilled for every structure.
Selection of Preliminary Dimensions

The two requirements of the deflection are checkéet designing the members. However, the structura
design has to be revised if it fails to satisfy amg of the two or both the requirements. In otdeavoid
this, IS 456 recommends the guidelines to assumenitial dimensions of the members which will
generally satisfy the deflection limits. Clause22B.stipulates different span to effective deptivsaand

cl. 23.3 recommends limiting slenderness of beams|ation ot andd of the members, to ensure lateral
stability. They are given below:

(A) For the deflection requirements
Different basic values of span to effective dejgitos for three different support conditions arespribed
for spans up to 10 m, which should be modified wraahgy or all of the four different situations:

® for spans above 10 m,

(ii) depending on the amount and the stress of tengehreinforcement,

(i)  depending on the amount of compression reinforcémen

(iv)  for flanged beams.

(B) For lateral stability as per clause 23.3 of 1S-45
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The lateral stability of beams depends upon thedglmess ratio and the support conditions. Accgidin
cl. 23.3 of IS code stipulates the following:

() For simply supported and continuous beamscthar distance between the lateral restraints siwdll

2
exceed the lesser of B0r 25M /d, whered is the effective depth aralis the breadth of the compression
face midway between the lateral restraints.

(i) For cantilever beams, the clear distance fthmfree end of the cantilever to the lateral esstrshall
2
not exceed the lesser oft26r 10 /d.

Span/depth ratios and modification factors

Sl. No. ltems Cantilever Simply Continuous
supported
1 Ba_sic values of span to effective depth 7 20 26
ratio for spans up to 10 m
Not applicable as | Multiply values of row 1 by
T deflection 10/span in metres.
2 Modification factors for spans > 10 m calculations are to
be done.
3 Modification factors depending on argaultiply values of row 1 or 2 with the modification
and stress of steel factor from Fig.4 of IS 456.
4 Modification factors depending as argdurther multiply the earlier respective value wiftat
of compression steel obtained from Fig.5 of IS 456.
(i) Modify values of row 1 or 2 as per Fig.6 of4S6.
Further modify as per row 3 and/or 4 wh
5 Modification factors for flanged beamjs reinforcementercentage to be used on area of sectign
equal tobfd.

7.2Design of singly reinforced rectangular beams, Degn of doubly reinforced
beams as per IS 456/SP-16 for bending and shear

Design of singly reinforced rectangular beams as pé¢S 456/SP-16 for bending
and shear

Types of Problems
Two types of problems are possible: (i) design tgpe (ii) analysis type.

In the design type of problems, the designer hadetermine the dimensiorns d, D, ASt and other

detailing of reinforcement, grades of concrete steel from the given design moment of the beanthén
analysis type of the problems, all the above dathbe known and the designer has to find out the
moment of resistance of the beam

Design of the singly reinforced beam for bending
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Type 1 :To design a singly reinforced rectanguéatisn for a given width and applied factored momen

My
Quim Xb

dpa =

1. Assume 5% larger effective depth foc&00 more &10% larger depth for 1000 ma»00 mm
2. Assume one layer of 20mm diameter for (case 1) & layers of 20mm diameter, bars (case 2)
If the clear cover to main reinf is 30mm Effectivever = 30+10 (Assume 1 — Layer 20@) = 40 mm
=40+20 (Assume 2 Layers 209)
4. Over all depth D over all = d+40 D over all = d+60
Now d = D overall — 40mm (casel)
D overall — 60 mm (case-2)

. My
6. Determlnem, p, Ast, AStm

7. Select the bar size and number such that Ast >elgtired & also Ast < Ag}

Type 2:- To find the steel area for a given factored reotn

My

We know d; = Qi XD (Assume b)

For a given factored moment, width & depth of Smcfinal

Muim = Qimdez
Mu < Myim, design as under reinforced Section
Mu= Myim, design as balanced Section

Mu> Myim, design as doubly reinforced Section

Design of the singly reinforced beam for shear

Shear reinforced In beams
The shearreinforcementshall be provided by the reinforcement which crdss cracks. These shear
reinforcement minimize the size of diagonal tension crack &rgatiagonal tension stress from one side
of crack to the other. The provision of shear @oément is made by the following forms.

() Vertical Stirrups

(i) Inclined Stirrups

(iii) Bent up bars along with Stirrups
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Design for Shear
1. Find the Maximum S.F

2. Find the factored S.F (Vu)

3. Find the nominal shear stregs= Z—z

4. Obtain the design shear strength of concrete quoreing to percentage of tensile reinforcement
provided for flexure from table 19,pg-73 IS 456.
Design shear strength)(:- It is the capacity of concrete along with timseinforcement. To take
the amount of shear force without providing anyf@icement for shear.
5. Find the excess shear force for which shear reiefoent. is required to be provide i.esVVys =
Applied shear — shear force to be resisted by ed@cwithout any shear reinforcement.
Vus =V — 7 bd

6. To determine the quantity of shear reinforcememeims of stirrup spacing as under.

() For vertical stirrups
0.87fy Asy X d
Sy

iy Vs =

Vus =Exces S.F to be resisted
Asv=Area of shear reinforcement.
SV = Spacing of strirrups
_0.87fy Agy

Sv 1

Vus

(i) For inclined stirrups
V. = 0.87 fy Agy Xd (sina + cos a )
us — S
v
Or

0.87 fy Asv d(Sina+Cosa)
Vus

Sv

(iv) For Bent up bars

V,s = 0.87 f, Aso .Sina

IS 456 says the contribution of bent up bars towattear resistance shall not exceed half of tharshe
resistance.
a =angle between bent up the inclined stirrups ot be bar and total axis of member not less thdn 45
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Minimum shear reinforcement

Spacing of shear stirrups should not exceed thevalg.
Asv 0.4

—>
bSv — 0.87 fy

. __ 087 fy Asv
() Sy = 0.4 b

(ii) 0.75 d ( d = Effective depth)

(iif) 300 mm c/c distance

Example 1
A simply supported rectangular beam of 4 m spamiesaa uniformly distributed characteristic load

including self-weight of 20 kN/m. The beam sectier230 mm x 450 mm overall. Design the beam for
bending and shear. The materials are grade M2Qretenand HYSD reinforcement of grade Fe 415. The
beam is suspended from the upper floor level.

PG 356 fig 9.5

Solution:

Pu=1.5x20 =30 KkN/m

Mu,max = 30 - = 60 kNM and Vme:= 30% = 60 kN.

(a) Moment steel

The section is 230 mm x 450 mm overall. Assuming layer of 16 mm diameter bars,
effective depth shall be
d = 450 — 30(cover)-8 (centre of reinforcement)12 /m.

Depth required for singly reinforced section

_ 60x106
A 2.76 X 230
=308 mm <412 mm

*» Design as singly reinforced section.

Mu 60 x 10°
= = 1.54
bd? 230 x412 x412

From SP 16 table no 2 £0.474

_ 0474 x230 X412

Ay = o = 449mnf
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Minimum steel required

A; =222 % 230 X 412 = 194 mm”

Agpat = 352 = 230 X 412 = 910 mm?

194 mrﬁ< Ast’ provide§ 910 mrﬁ.

Provide 4 no. 12mm # =4x113 =488’
Let 2 bar be bent at 1.25 D
=1.25 X 450 =562.5 mm, say 600 mm, from the fddd® support

Check for shear :
As support V=60 k N

60 x 103

= —————=0.633 N/mm
230 x 412

Ty

100 A; 2 x 113 x 100
bd 230 x 412

T¢ =0.332 N/mnt <0.633 N/mm

=0.238

+» Shear design is necessary

Note that the critical section for checking theah&ress in this case is the face of the suppod (ot at
distance d from the face of the support ) becausedaction at support induces tension in end negio

As support 2 bent bras can be used to carry skreassThese give a shear resistance of
sin 45 x 2x 113x 0.87x 415x 10° = 57.69 kN.

t. bd = 0.33% 230x 412x 10° = 31.46 kN.

Vus=Vu -1 bd =60 —31.46 = 28.54 kN.

Bent bars share 50% = 14.27 kN.

Stirrups provide 50% = 14.27 kN.

0.87fy .Asv.d
y—

Using 6 mm g two legged M.S. stirrups, spacinglmgiven b —

Where A, = 2 x 28 = 56 mrh

_ 0.87x 250 X 56 X 412
- 14.27 103

=351l mm.........ccceennenn (1)
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At distance of 550 mm from support, where two lzaesbent
V=60 —(0.55¢ 30 )= 43.5 kN

Vys=43.5-31.46 =12.04 kN

This will give larger spacing than above.

Minimum shear reinforcement

Spacing of shear stirrups should not exceed thewoig.
Asv 0.4

—>
bSv — 0.87 fy

. __ 087 fy Asv
() Sy = 0.4b

(i) 0.75 d ( d = Effective depth)

(iif) 300 mm c/c distance

0.87X 250X56

Using 2legged 6 mm g mild steel stirrupzsw =132.4 mm

For 230 mm wide beam minimum shear reinforceme@trisn g about 130 mm c/c........... (2)

From (1) and (2) minimum shear reinforcement shalprovided, i.e., 6 mm g about 130 mm c/c.

Design of doubly reinforced beams as per IS 456/SB for bending and shear

DOUBLY REINFORCEMENT BEAMS

When the applied moment is greater than M.R ohglgireinforced section, then steel reinforcement i
added in compression zone to increase the M.Reofghction, then this is known as doubly reinforced
section
There are three alternatives

i. Increase the dimensions of the section i.e. depth

ii.  Higher grades of concrete can be increased toaserthe M.R of the section.

iii.  Steel reinforcement. may be added in compressioa wincrease the M.R of the section.

Design of doubly reinforced beams
Type -1: To find out reinforcement for flexure @mgiven section & factored moment.
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() Find out Myim & reinforcement Ast, for a given section by using the equation
Muim = Qim X bef
=0.36f b Xymax (d — 0.42%ymax)

Mylim

& Agiim =
™ 0.81 f, (d—0.42xumax)

087xA.stx fy (d-0.42 Xumax)
(i) Obtain moment Mb = My-Myjim
(iii) Find out compression steel from equatidf,, = Asc (f..f.)(d —d")

Neglecting fccAg. = e
fsc(d—dar)
(iv) Corresponding Ast Tensile stepAan be found out from
_ Ascfsc

St2 7 087,

(V) Agt = Agtiim + Asez

(vi)Provide the reinforcement
Example 2
Design a simply supported rectangular beam of 2&emm x 600 mm overall for a super-imposed load6of
kN/m. Span of the beam is 5 m. The materials ar2OMjrade concrete and HYSD reinforcement of grade F
415.
Solution:
Self weight of beam =0.3 x 0.60 x 25 = 3.45 kN/m

_46.00 kN/m

Super-imposed load
p p Total 49.45%\’,

say 50 kN/m

Factor load = 1.5 x 50 = 75 kN/m

My =2 x 75 = 243.4 kNm
V,=2x75=187.5 kN

Moment steel:

Assuming 2 layers of 20 mm diameter bars
D =600-30-20-10=540 mm

Mu _ 243.4.x 10°

bdz _ 2305407 3.63>2.76

» Doubly reinforced section

My,im = 2.76 X 230 x 540 10° = 185.10 kNm
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My, = 243.4 —185.10 = 58.3 kKNm.
Let the compression reinforcement be provided agfattive cover of 40 mm

2 -2 - 0,07, conside} = 0.1
d 545 a
Stress in compression steel, fsc = 353 Nfrfnefer to table f of S.P-16)

Mu2  583x10°

sc = fec(d—d’) ~ 353(540-40) = 330 mnf

Corresponding tension steel

__ Ascfsc _330%353

= =323 mnt
0.87 fy, 0.87X415

Sst2

bd
Ast = Astiim = BlimX —
stl st,lim t,lim 100

= 0.96¢ 22X — 1192 mrA
100

Ast = Astl + Ast2 = 1192 + 323 nfmm 1515 mm
Asc = 2-16 # = 402 mfn
Ast = 5-20# = 1570 mfall straight). Provide 3 bars in first layers @hbars in second layer.

For designed section, equating total compressidratal tension
0.36 fx bx, + Asc fsc = 0.87 fyAst

0.36 x 20 x 230 x+ 402 x 353 = 0.87 x 415 x 1570

Xy=256.6 mm

Xumax = 0.48d = 0.48 x 540 = 259.2 mm

X< Xu,max

Hence the beam is under reinforced section.

(b)Check for shear:

_187.5x 103

= =1.51 N/mmi < 2.8 N/mni
230 x 540

Ty

100 A _ 100x5x 314

bd  230x540 =1.26

7. = 0.672 N/mr
As the ends are confined with compressive reactbear at distance d will be used for checking rshea
support. At 540 mm, shear is equal to

0.87fy .Asv.d

Using 8 mm # two legged stirrups, spacing can ergby: —

Where A, = 2 x50 = 100 mm



_ 0.87x 415 X 100 X540
a 63.5% 103

=307 mMMmM......ccceiiiineen. (1)

At distance of 550 mm from support, where two fzaesbent
V, = 187.5 —(0.54& 75 )= 147 kN

Vus= 147 — 0.67X 230 x 540 x10° =63.5 kN

This will give larger spacing than above.

Minimum shear reinforcement

Spacing of shear stirrups should not exceed thewoig.

Asv - 0.4
bSv — 0.87 fy

. 087 fy Asv
0 S = 04b

(i) 0.75 d ( d = Effective depth)= 0.75 x 540 =405 mm

(iii) 300 mm c/c distance

_ ) 0.87X 415X100
Using 2legged 8 mm # stirrug S —————— = 392.4 mm
0.4X230

For 230 mm wide beam minimum shear reinforcement 8s mm # about

Hence provide mm # about 300 mm c/c through oubd#zen.

70

300 mm
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Simply Supported Beams

— (A 216 # — 2-16#
3 |
| —— J|
| 540
o - | T B 00
y L (K ~5-20%
[P A S amm— |
Gl bearing G0 bearing I
— SO0 che — r
L5208
DLA e 23] o
WO 8 # @ 300 mm cfc throughout
SPA
() Elevation (b} Section A-A
7.3:Design

of T beams as per IS 456 for bending and she
DESIGN OF T BEAM

Casel:To design the beam for a given loading cond

() Fixethe width of the beam using architectural consid@maAlso the width shall be sufficient

accommodate the reinforcement satisfying the requent of spacing of ba

(ii) Effective width of flage for T bean= by = %0 +bw+ 6Df

(iii) Assume overall depth D equal to 1/12 th to 1/1€thefspan and subtracting effective concrete ¢
from overall depth, find out the effective dep

(iv) Assume lever arm Z=0»/2

Mu

(v) Find out the reinforcemedg; = ———
0.87xfyxZ

(vi) Provide the reinforcement as per requiren
(vii) Then find outﬁ—f and% then from table 58 of S.P16 find out the valueMy;i,. T .And check

whether under reinforced or over reinforcement m&sg the position of neutral ax
If the moment of resistance is less than the agpliement,revise the sectic
When D sgxu
MU = 0.36f b.x, (d — 0.42x,) + 0.446 f (b — by, ) x Dy (d = L)
WhenDx ngu
MU = 036/ b.x, (d — 0.42x,) + 0.446 foy. (b — by, ) x Dy (d — L)

Where ¥ =0.15x,,+0.65),
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Design for Shear

7. Find the Maximum S.F
8. Find the factored S.F (Vu)

9. Find the nominal shear stregs= Z—Z

10. Obtain the design shear strength of concrete quureling to percentage of tensile reinforcement
provided for flexure from table 19,pg-73 IS 456.

Design shear strength ) :- It is the capacity of concrete along with fiémseinforcement. To take
the amount of shear force without providing anyf@icement for shear.

11. Find the excess shear force for which shear raiefoent. is required to be provide i.sV Vs =
Applied shear — shear force to be resisted by ev@cwithout any shear reinforcement.
Vs =V, — 1. bd

12. To determine the quantity of shear reinforcemem¢ims of stirrup spacing as under.

(v) For vertical stirrups
0.87fy Asy X d

Sy
Vus =Exces S.Fto be resisted
Asv=Area of shear reinforcement.
SV = Spacing of strirrups

wi) Vs =

Sv = . Vis
(vii) For inclined stirrups
0.87 fy Asy Xd (sina + cosa )
Vus =
Sy
Or
0.87 Asv d(Sina+Cosa
Sp fy ( )
Vus
(viii) For Bent up bars

V,s = 0.87 f,As .Sina
IS 456 says the contribution of bent up bars towasftear resistance shall not exceed half of tharshe
resistance.
a =angle between bent up the inclined stirrups ot b bar and total axis of member not less th&n 45
e Minimum shear reinforcement

Spacing of shear stirrups should not exceed thewoig.

Asv - 0.4
bSv — 0.87 fy




0.87 fy Asv

0 S = 0.4b
(ii) 0.75 d ( d = Effective depth)

(iii) 300 mm c/c distance

73
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Design a simply supported tee beam of span 7 m and spaced at 3 m centres. The
thickness of slab is 100 mm and total characteristic load including self-weight of the
beam is 30 kN/m. The overall size of the beam is 230 mm x 600 mm. The materials
are M 20 grade concrete and HYSD reinforcement of grade Fe 415.

Solution:
Factored load = 1.5 x 30 = 45 kIN/m
72
Factored moment M, = 45 x ’? = 275.6 kNm
Factored shear V, = 45 x é = 1575 kN

(a) Moment steel:
Assuming 2 layers of 20 mm # bars
d =600 - 30 - 20 - 10 = 540 mm.

As a preliminary design assume lever arm

D
z=d - _2; e G s ——1020 = 400 Wnin,
M ; .
P b o o 278.6% 10 = 1558 Hak

st 0.87 f}. z - 0.87 x 415 x 490
Provide 5-20 mm # = 5 x 314 = 1570 mm?2.

The section is now checked for moment of resistance,

!
by = %’ + b, + 6 D; ¥ 3000
= 2999 . 930 + 6 x 100 = 1996 mm.
Use b = 1990 mm

Ftt = UBSJ’;k !5{.Df
= 0.36 x 20 x 1990 x 100 x 10-3 = 1432.8 kN

Fio = 0.87 f, 45
= (0.87 x 415 % 1570 % 10-3 = 566.8 kN
Ftc } 'Fl'.s

Neutral axis lies in flange.
Equating the forces
Total compression = total tension
0.36 fox & xy, = 0.87 f, A,
036 x 20 x 1890 x, = 0.87 x 415 x 1570

x, = 39.56 mm ;
Xumax = 0.48 d = 0.48 x 540 = 259.2 mm
Xy < xu,ma’x'

Under-reinforced section.



My = 0B7 f, A, (d - 0.42 x,)
= 0.87 x 415 = 1570 x (540 - 0.42 = 39.56) x 10-6
= 206,7 kNm = 2756 kNm ......... SRR AP | o
Let 2 bars bent up at 1.25 x 600 = 750 mm from the face of the suppaort.
(b) Check for devei
At support, Ay = 3 ¥ 314 = 942 mm?2.
0.36 fu by x, = 0.87 f, 4,
S 036 x 20 = 1900 x, = 0.B7 % 415 x 042
¥, = 23,74 mm.
M, o= 087 f, Ay (d - 0,42 x,)
= 0.87 % 415 x 942 x (540 - 0,42 x 23.74) = 10=6
= JH0.2 kNm
F, = 157.56 kN.

Asx the ends of reinforcement are confined with compressive reaclion, we have

1.4 —[?:—‘ + Ly 2 Ly

Assume L = 12 %
180.2 = 1068
1.3 = i R B i 1+
157.5 = 104 ¥ & 4
i 42.5 = %
*Frﬂl"ld[‘d-zc’ mm"lllllllll ------- TR R BN BE O aseae e {s“rﬂ]

(e} Check for shear:

Ad the ends are conflined by compressive renction, shear at distance d will he
used at the support.

e F‘I.I - ]5?1-5 - :.;'nsi"‘q = 4-5 - 133|E k”
100 4, 100 x 942

b 230 = 540

TE - UaEEE N."’mmu

133.2 = 104
230 =% 540

= (.758

T, = .06 N/mm? = o
#  Shear design is necessary.

2-20 # bars can resist a shear of

087 = 415 % 2 x 314 = sin 45° x 10-? = 160.32 kN,

Fia = ¥, - 1. 84d
= 1332 = 0.562 % 230 = 540 = 10-3 = $3.40 kN.
Bent bars share 50 % = 31,7 kN
Stirrups share 50 % = 31.7 kN,
Using & mm ¢ M.5. two-legged atirrups, A,. = 56 mm?
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Use 2-10 # as anchor bars. The designed section is shown in fig.

r2-10#

~@®

%‘—TSD—H .

fe————— 7000 c/e

@

5-20 # (3 st. + 2 bent)

N

1003 ‘[’ 1

DIA.
NO.
SPAC.

6¢ 6
10 rest
100 130

(a) Elevation

r 2-10#

= 5-20 #
230 (3 st. + 2 bent)

(b) Section A-A
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CHAPTER O8
INTRODUCTION TO SLABS BY LIMIT STATE METHOD

SLABS

8.1 One way slab & two way slab

8.2 One way & cantilever slabs as per 1S-45@farding & shear.

8.3 Explain the action of two way slabs with diéel shape.

8.4 Provision for two way slab as per 1S-456-2000

8.4.1: Middle strip & edge strip

8.4.2: B.M Co-Efficient

8.4.3: Torsion reinforcement

8.4.4: Design of two way slab as per 1S-456-2008F&16 hand hook

8.4.5: Check fodeflection, development length & reinforcement. Requiremerspicing as per Sp-16 &
IS-456

Slabs: Slabs are plate elements & carry loads pityrtay flexure. They usually carry Vertical loads

Classification of Slab

1. One way spanning slab
2. Two-way spanning slab

3. Flat slab

4. Grid slab

5. Circular and other shapes

6. Ribbed slab

One way spanning slab: The slab supported on twosife supports is a one way spanning slab.

On the other way a slab which transfer is load o af the set of two opposite edge supports iedalhe-

way slab. In this case ly/Ix is greater than two.
Two way spanning Slab: The Slab which is suppootedll four edges and if 3£ 2Ix slabs bend in both
directions. Such slabs are called two way spansiiziy.
2<2
8.2 One way & cantilever slabs as per IS: 456 @rding & shear.
One way spanning slab
1. Effective Span = Clear Span + Effective depth
or
Centre to cemtf&upport whichever is less

Moment Steel: The reinforcement In the directpdrsis known as moment steel. The moment steel
is known as main reinforcement.
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Distribution Steel: The reinforcement perpendictitathe main reinforcement. Is known as distribuitio
steel & placed in second layer. This reinforcenmentsts temp & shrinkage stresses,
keeps the main reinforcement in position and distgs the concentrated or non

uniform loads throughout the slab.

For a continuous slab at support, top reinforceriseptovided as main steel to resist negative B.M.

area of one bar x 1000

Spacing of slab bar=— . >
required area in mm#= per meter

T
>ty
J_ A 4

>

N Distribution Steel N St€P Main Steel

«— S

(Simply supported one way sIab)

¢

e ¢ o e O o
e o Q‘ ( ] ( ] ( ] " e o o o

Magin Steel ‘ Distributio%ﬁl

2. Reinforcethent requirement >« -
0] Minimum reinforcement:- The reinforcement in eitlif#rection in slabs shall not be less than

0.15% of the total c/s area. For HYSD bars, itIshat be less than 0.12%. thus in slabs,
minimum reinforcement less than 0.85/fy is perrbissi

(i) Maximum diameter: The diameter of reinforcing baalsnot exceed 1/8the total thickness of
slab.

(iii) Minimum diameter: For main bars, minimwatiameter shall be 10mm for plain bars & 8 mm for

deformed bar for distribution bars, the minimunnaider shall be 6mm

Shear Stress:

Design shear strength =tCrayx
Nominal shear stress ggw
This shall be checked

Deflection: It shall be checked as per beam



Cracking:
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0] The horizontal distance between parallel main cegg@ment. shall not be more than 3 times the

effective depth of a solid slab or 300mm whicheésemaller.

(i) The horizontal distance between parallel reinforetnbars against shrinkage & temperature shab@ot

more than 5 times the effective depth of a sobith sir 450 mm whichever is smaller.

Cover: For mild exposure, clear over = 20mm

When g >P.2 mm clear cover = 15mm

@> 12mm, clear cover = 20mm

Development Length:

D.15L

0%

| 50%, 0.15L

Beam

\\

Z

A

(M wtBentbars)
QA

(Typical details of simply supports slab)

The bars can be bent up or curtailed only if caritig bars provide minimum reinforcement. & check fo
development length is satisfied.



Example

A simply supported one-way slab of clear span 3.0 m is supported on masonry
walls of thickness 350 mm. Slab is used for residential loads. Design the slab. The
materials are grade M 20 concrete and HYSD reinforcement of grade Fe 415. Live load
shall be 2 kN/m2

Solution:

Depth of slab: The first trial of depth of slab can be arrived at by considering
deflection criterion. Assuming percentage of steel reinforcement, find out modification
factor as explained in art. 8-1. Percentage of steel depends on the loading on slab. A

designer, after some practice will be able to find out his own thumb rules for the trial
depth.

Assume 0.30 per cent steel as a first trial with service stress of 0.58 fy =0.58 x 415
span
= 240 N/mm?2. Basic 4 ratio = 20. Also modification factor from fig. 8-1 is 1.45.

. span 3100
Then permissible v ratio = 20 x 1.45 = 29. The depth 4 = 59 = 106.9 mm.

Considering mild exposure and maximum diameter of reinforcement be 12 mm, clear
cover = 15 mm. Therefore D = 1069 + 6 + 15 = 1279 mm.

Assume 130 mm overall depth of slab.
DL = 0.13 x 25 = 3.25 kN/m?
Floor finish = 1.00 kN/m?
Live load = 2.00 kN/m?
Total  6.25 kN/m?
Factored load = 1.5 x 6.25 = 9.4 kN/mm?,

Effective span (1) 3000 + 350 = 3350 mm c/c supports

(2) 3000 + 110 (effective depth) = 3110 mm.,

Use 3.11 m effective span.

Moment and shear:
Consider 1 m length of slab
load = 9.4 kN/m.

3.112
8

Maximum shear = 9.4 x g = 14.1 kN (based on clear span).

Maximum moment = 9.4 X = 11.36 kNm.

80
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Effective dep@h required for flexure L,

_ [11.36 x 106 _
= 1000 2.76 — 6415 mm.
(Q = 2.76 for M 20 mix and Fe 415 steel)
dprovided = 130 - 15 (cover) = 5 (assume 10 ¢ bar)

== M0 TOTL 25068 5 5 5 55 s s SErembas s it o gemie wis oo o o8, i s R B 8 (0O.K)
Design for flexure:

M 6

u o _ 11.36 x 10° _ 0.939
bd? 1000 x 1102

100 4,
by = “Bd = 0.281
A, = 0.281 x 11(;)(;)0 x 110 _ 309 mm2.

Provide 8 mm # about 150 mm c/c = 335 mm?2.
Note that use of design tables give correct answer for steel required.
Half the bars are bent at 0.1/ = 0.1 x 3100 = 310 mm.

Remaining bars provide 167.5 mm?2 area.

100 4 100 x 167.5

5D~ 1000 x 130 _ 0129 =012
i.e., remaining bars provide minimum steel. Thus half the bars may be bent up
Distribution steel = %‘E X 1000 x 130 = 195 mm?2, using mild steel.

Maximum spacing 5 x 100 = 500 or 450 mm, i.e., 450 mm.
Provide 6 mm ¢ about 140 mm c/c = 202 mm2.
Check for shear:

For bars at support
correct d = 130 - 15 - 4 i

= 111 mm

100 4, 100 x 167.5 ,
3D = 1000 x 111 . e /

For slab upto 150 mm thickness, & =13 <145 —

1. from table 7-1 = 0.28 N/mm?2. —175 —>te—175 — >4

Design shear strength
Details at support for bottom bars

=k, =13 x 0.28 F1G. 10-5
— 0.364 N/mm?2.
Actual shear stress = 13:5X10% 199 N/mm? < 0.364 N/mm? (safe)
1000 x 111 — O 364 N/mm? .....

Check for development length:
Refer to fig. 10-5.



Ly = 145 mm. L is limited to 12 ¢ = 96 mm or

d = 100 mm, whichever is greater.

For continuing bars, 43 = 167.5 mm?2. Also, the ends of the reinforcement are
confined by compressive reaction.

M 0.87 f, 4 4[1 f”A“J
1 = 0. -
u y st bd fck
_ 415 x 167.5 &
My, = 0.87 x 415 x 167.5 x 111 (1 1000 % 111 % 20) x 10
= 6.5 kNm.
V, = 13.5 kN.
Mul
1.3 + Ly 2 Ly where Ly = 47 #
Vu
6
13 % SEXI0 L 66 B 47 b
13.5 x 103
or Y54 MM = I e ane i o v e 0% 6 e R S S Y 8 (O.K))
Check for deflection :
a
Basic 7 ratio = 20
100 x 335 _
Pv = 1000 x 111 — 9
service stress = 0.58 x 415 x %% = 218 N/mm?2.
modification factor = 1.62 ‘
. Span ;
permissible 7 ratio = 20 x 1.62 = 32.4
actual e ratio = 3100
d 111
=28 . B2 soniin v e s e e G (0.K.)

Note: The depth could be slightly reduced. Try with D = 125 mm from beginning and
rework the problem

Check for cracking:
Maximum spacing permitted for main reinforcement

=3 x 100 = 300 mm.

Actual spacing = 150 mm < 300 mm ..........0ciiiiiiian... s (DK
For distribution steel, maximum spacing permitted 4
= 5 x 100
= 500 or 450 mm, i.e., 450 mm.
Spacing provided = 180 000 oo sms sosuemms: s w6 s m R s 55 (O.K))

For tying the bent bars at top, 6 mm ¢ about. 150 mm c/c distribution steel
shall be provided.

82
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Sketch: The cross-section of the slab

E i 2
= — v
Ei:*_._..‘.;_._..? ............... Pe i
#* /Z ‘L . 6mm ¢ @ 140 cfc ?
i 8 mm # @ 150 mm c/c alternate bent
e —
335 335
-~ 3350 c¢fg —mMmMm¥X@

Design the slab S2 — S1 of above figure , if tbibe used for residential purpose at the freeoénslab S1
there is a concrete parapet of 75mm thick and 1gim The materials are M20 grade concrete and HYSD
reinforcement of grade Fe 415 . Use 1S:875 for lbaals.

Solution

Estimation of loads:

For slab S2 live load shall be 2 kNinfror slab s1 which is a balcony slab live loadldi&a3 kN/nf. Assume
120 mm thick slab.

Slab $: Self load =0.12X25 =3 + OkN/m
Floor finish =1+ 0 kN/m

Live load =0+ 2kN/Mm

Total =4 + 2 kN/h
R, = 1.5(4+2)
= (6+3) kN/M
Slah. Self load = 3 + OkN/Mm
Floor finish =1+ 0 kN/m
Live load =0+ 3 kN/f
Total =4+ 3 kN/fm
R, = 1.5(4+3)
= 6+4.5 kN/h

Weight of parapet
0.075 x 25 x 1 = 1.875 kN/m.

R =15x1.875= 2.8 KN/m.
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Analysis :
Consider 1m long strip.

1 To get maximum positive moment in slab s2 onlgddi®ad on slab s1 and total load on slab s2 bkall
considered. The parapet load is a dead load buhetibe considered as sometimes the owner ofuhditg

or architect may change his mind and would prosid®ly a railing.
Considering above figure

2
Cantilever moment-1='22— X 6 = 4.32 kNm.

Reaction at A %zﬁ - 4732 = 12.06 kN

Point of zero shear from Al-—zg =1.34m.

1.342

Maximum positive moment = 12.861.34 X 9

=16.16 — 8.08 kNm.

To check shear and devlopement length at A, shagirb® considered as 12.06 kN. Note that for the
cantilever, clear span is considered

2 To get maximum negative moment and maximum shtear, the slab is loaded with full loads

Maximum negative moment ézz X105+ 1.2 x 2.8

= 7.56 + 3.36=10.92kNm.

Maximum shear at B, \BA = "2ﬁ+ % =13.5+ 3.64 = 17.14 kN

\(,BC =10.15x 1.2 + 2.8 = 15.4 kN.
C) Moment steel:

Maximum moment = 10.92 kN.

f10.92><106
i = | ——— =629mm
Ghequired 1000%2.76

Ghrovided = 120 — 15 — 5 (assume 10# bar)

Z 200 MMt e e (O.K)
My _ 8.08x10°
ba? () = Toooxzooxioo — 081

Pt =0.236



85

Ast(+) = 0236x1000x100 _ 5 3. 2
100
6
M_u2 (=) = 1092x10° _ 4 09
bd 1000X100X100
Pt =0.324
Ast(=) = 0324x1000x100 _ 55, . 2

100

For positive moment provide 8 mm # about 170 mngi/ing 294 mm alternate bent up and for negative
moment provide 8 mm # about 340 mm c/c (bent bamebed) + 10 mm # 340 mm c/c giving 378 farea .
The arrangement of reinforcement is shown in thevbé&gure.

Note that at simple support, the bars are bentlat avhereas at continuity of slab it is bent & D.

Minimum steel= % x 1000 x 120 = 144 mm 2 .

Remaining positive moment bars give A%Eé = 147 mn? Thus bar can be bent up.

Distribution steek= % x 1000 x 120 = 180 mm 2.

Provide 6 mnm@ about 150 mm c/c =187 nim

For negative moment reinforcement

Ld= 47#

Ld =47 x (‘”210) = 423 mm.

The bars must be anchored upto 423 mm. also thmydbe extended upto 12 # beyond the poin of
contraflexure, which may be found out . Alternalyvas a thumb rule, a bar shall be given an angjeegual
to the length of the cantilever. Adopting this,rgahe top bars upto 1200 mm in the internal spéiis is

shown in above figure.

d) Check for Development length :

ALA Mul =087 f, A, (d —%)
ck

415 x 417

= 0. X X -
0.87 x 415 x 147 (100 1000 % 20

) x 107°

=5.15 kNm.

Vu = 12.06 kN.



Consider LO=8 #

My
Then 1.3 V—u’+ L, = Lqg
5.15 x10P
1.3Xm +8 # =247 #

At B, My =5.15 kNm.

Near point of contraflexure, i.e. 0.15 L from B
Vu =17.14 - 0.45x 9 = 13. 09 kN.
1.3x(5.15x16/13.09x16 )+8#47#

#<13.11 mm

Check for Shear

Span AB:At AV, 1s=12.06 KN

At B,shear at point of contraflexure=13.09 kN
Hence \(=13.00KN

Shear stress=13.09x16/1000x100=0.131N/mMm

100 A
bd

1c=0.28

= 100x147/1000x100= 0.147

kx 1¢=0.28x1.3=0.364N/mfrtv
Span BC
.V =17.14 KN

Shear stress=17.14 x1§1000x100=0.171N/mfm

100 As _
bd

1c=0.28

100x378/1000x100= 0.378

kx 1¢=0.421x1.3=0.547N/mfratv

— 1200 ——>4=+—— 1200 ——~

— 8 # 40 cfe
Clear cover 15 mm strictly +810 #@(,g 348 z/(;b(?:?gttz-a)
+

120i ........ et A T
t 8# @ 170 c/c t 25 mmecamber

6¢ @ 170 c/c
FOrT— ‘ ~ 6¢ @ 150 c/c
300 600
+—e— 3000 + — 1200 —
150 S2 150 Si

Longitudinal section through Sgo - &,

86
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Two way Slabs:

The two way spanning slab

Occurs when the slab is supported jer side

On all four edges __Mg:;:r:r:p
Wheni—i’ <2, itis called two way slab.

Design

Mx = ax.w.Lx? Mx, My = Moments on strips of unit width

My = dy.w.ly? spanning Lx & Ly respectively.

=0x, dy = Co- efficient
= Lx, Ly = Lengths of shorter span & Longeasp
Respectively

W = Total design load per unit area.lS -456 alatestthat at least 50% of the tension reinforceniotided
at mid span intend to within 0.1 Lx or 0.1 Ly o&thupport.

_>| 1M|<_ Load shear at Sunobort

45°

7/ I 45°

Beam A

Load carried
by beam ‘A’ ]

For slabs spanning in two directioﬂ, the shortemar spans s\muld be used for calculating the gpan
effective Step ratios. beam “B” Load carried bv heam “B”

For two way slabs for span up to 3.5 with mildei;teinforcement% = 35 for simply supported slabs

span

= 40 for continuous slab for HYSD of grade Fe 4h&re values are multiplied by 0.8.

Provison two way slab as per IS 456:2000
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Middle Strip and edge strip

I ™ ¥
‘*"31: ] : MIDDLE STRIP :
|

g \EDGE STRIP : Lg
_lx I
¢ MIDDLE STRIP :“‘-Enss STRIP |
|

!. L AL

lx.’B R —— Ly /B i_ly ly/8
— ly o y v

Middle and edge strips along the long span Middle and edge strips along the short span

Bending moment Coefficients with torsion reinforaarh

Table 8.6 Maximum bendir Short spai Long spar
moments of Problem 8.2 For a, M (KNm/m) ay M (KNm/m)
X y
Negative moment at continuo 0.075 18.6 0.047 11.66
edge
Positive moment at m-span 0.056 13.89 0.035 8.68
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Table 26 Bending Moment OCocfTicients for Rectangular Pancls Supportesd on
Four Sides with Provision for Torsion at Corners
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Step 1: Selection of preliminary depth of slab
The span to depth ratio with Fe 415 is taken frén24.1, Note 2 of IS 456 as 0.8 (35 + 40) / 2 = Bhis
gives the minimum effective depth= 4000/30 = 133.33 mm, say 135 mm. The total dBpththus 160 mm.

Step 2: Design loads, bending moments and shear éas

2
Dead load of slab (1 m width) = 0.16(25) = 4.0 kN/m

Dead load of floor finish (given) = 1.0 kN7m
Factored dead load = 1.5(5) = 7.5 kl\zl/m
Factored live load (given) = 8.0 kN?m

Total factored load = 15.5 kN/Zm

The coefficients of bending moments and the bendimmgnentsM and M per unit width (positive and
X y

negative) are determined as per cl. D-1.1 and Tableof IS 456 for the case 4, “Two adjacent edges

discontinuous” and presented in Table 8.6. IThe for this problem is 6/4 = 1.5.
y X

Table 8.6 Maximum bending moments of Problem 8.2

For Short spai Long spar
Xal M (KNm/m) yo M (KNm/m)
X y
Negative moment ¢ 0.075 18.6 0.047 11.66
continuous edge
Positive moment at m- 0.056 13.89 0.035 8.68
span

Maximum shear force in either direction is determifrom Eq.8.1 (Fig.8.19.1) as
V =w(l /2) = 15.5 (4/2) = 31 KN/m

Step 3: Determination/checking of the effective dep and total depth of slab
Using the higher value of the maximum bending maménx andy directions from Table 8.6, we get from
Eq.3.25 of Lesson 5 (sec. 3.5.5):

2
M =Q bd
u,lim lim
6 3 1/2
ord=1[(18.6)(10)/{2.76(10)}] =82.09 mm,
2
where 2.76 N/mmis the value leA Since, this effective depth is less than 135 mnurassl in Step 1, we

retaind = 135 mm and = 160 mm.
Step 4: Depth of slab for shear force

2
Table 19 of IS 456 gives the valuewf= 0.28 N/mmwhen the lowest percentage of steel is providettien
slab. However, this value needs to be modified bitiplying with k of cl. 40.2.1.1 of IS 456. The value lof

2
for the total depth of slab as 160 mm is 1.28.tB®yalue ofcc is 1.28(0.28) = 0.3584 N/mm

2 2
Table 20 of IS 456 givessmax = 2.8 N/mm The computed shear stress= V /bd = 31/135 = 0.229 N/mm
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Since;1, <1 < 1CMAax, the effective depth of the slab as 135 mnthadotal depth as 160 mm are si

Step 5: Determination of areas of ste¢

The respective areas of steel in middle and edips are to be determined. It has been shown teadrdas o

steel computed from Eq.3.23 and those obtained fhentables of S-16 are in good agreement. According

the areas of steel for this problem are computewh fthe respective Tables 40 andof SP-16 and presented
in Table 8.7. Table 40 of SE6 is for the effective depth of 150 mm, while T@dll of SF16 is for the

effective depth of 175 mm. The following result®,atherefore, interpolated values obtained fromtihe

tables of SP-16.

Tahlle 8.7 Reinforcing bars of Problem ¢

Particular Short spail Long spatrl
X y
Table No. M Dia. & Table No. M Dia. & spacing
X . y
(kNm/m) | SPacing (kNm/
m)
Top steel for negativ 40,41 18.68 10mm @ 40,41 12.314 | 8 mm @ 20(
moment > 18.6 200 mm c/c > 11.66 mm c/c
Bottom steel for positiv. 40,41 14.388 8mm @ 40,41 9.20 8 mm @ 25(
moment > 13.89 170 mm c/c > 8.68 mm c/c

The minimum steel is determined from the stipulatib cl. 26.5.2.1 of IS 456 and

2 2
A =(0.12/100)(1000)(160) 292 mn and 8 mm bars @ 250 mm c/c (= 201 ) is acceptable. It is worth

mentioning that the areas of steel as shown in€Tf@M are more than the minimum amount of s

Step 6: Selection of diameters and spacing of remfting bars

The advantages afsing the tables of 16 are that the obtained values satisfy the reopgrgs of diametel

of bars and spacing. However, they are checke&adyrreference here. Needless to mention thastbéd

may be omitted in such a situatic

Maximum diametemllowed, as given in cl. 26.5.2.2 of IS 456, is /866 20 mm, which is more that tl

diameters used here.

The maximum spacing of main bars, as given in @€133(1) of IS 456, is the lesser of 3(135) and B00.

This is also satisfied for all the ba

Step 7: Determination of torsional reinforcement

|,= BO00

|
200 [ LE- |
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Fig. 8.19.8: Problem 8.2, Sec 1-1 of Panel 1 of Fig. 819.7
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Torsional reinforcing bars are determined for thee¢ different types of corners as explained in 8€t9.6

(Fig.8.19.4). The length of torsional strip is 496 800 mm and the bars are toprovided in four layers.

Each layer will have 0.75 times the steel usedifermaximum positive moment. The C1 type of cormélis

have the full amount of torsional steel while CReyof corners will have half of the amount providedC1

type. The C3ype of corners do not need any torsional steel. fEsalts are presented in Table 8.8
Figs.8.19.10 a, b and c.

Table 8.8 Torsional reinforcement bars of Probleg

Type Dimensions alon Bar diameter & No. of Cl. no. of IS 45
spacing bars
along
X (mm) y (mm) X y
C1 800 800 8 mm @ 5 5 D-1.8
200 mm c/c
C2 800 1600 8 mm @ 5 8 D-1.9
250 mm c/c
C2 1600 800 8 mm @ 8 5 D-1.9
250 mm c/c
I i i
B AT ) P50 e [TE8 Hos) BT (@ 260 ofo [T16 g
Ll -
g ¥ AT 0 250 cie (] 5 N
: T fa 250 ki (62,6 gt L
L ¥
s | L SEp

ol
|

Fig. 8.19.10(c): Corners C2

Fig. 8.19.10: Torsion reinforcement bars of Problem 8.2
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Problem No 2

A drawing room of a residential building measures 4.3 m x 6.55 m. It is supported
on 350 mm thick walls on all four sides. The slab is simply supported at edges with
no provision to resist torsion at corners. Design the slab using grade M 20 concrete
and HYSD reinforcement of grade Fe 415.

Solution:
Consider 1 m wide strip. Assume 180 mm thick slab, with 160 mm effective depth. |
I, = 43 + 0.16 = 4.46 say 4.5 m.
ly = 6.55 + 0.16 = 6.71 say 6.75 m.
Dead load: self 0.18 x 25 = 4.5 kN/m?
floor finish = 1.0 kN/m?
Live load (residence) = 2.0 kN/m?
Total 7.5 kN/m?
“For 1 m wide strip
P, = 1.5 x 7.5 = 11.25 kN/m.

T

_ 6.75 _
I, 45 2
My, = 0.104 x 11.25 x 452 = 23.7 kNm
My, = 0.046 x 11.25 x 4.52 = 10.48 kNm

drequired = ,’%H =.92.7 mm
dgport = 180 - 15 (cover) - 5 _
160 mm > 92,7 mm ....oiiiiiiiii e (O.K.)
dlong = 160 - 10 = 150 mm
Larger depth is provided to satisfy deflection check.

M, 93.7 x 106
5 d2 (short) = 7550 x 160 x 160 — 0-926
pt = 0.273

0.273 x 1000 x 160
100

Ay (short) = = 437 mm?2,



M, 10.48 x 10%
327 "o=8) = 1500 x 150 x 150 ~ 046
po = 0129
Ay = 9.120 ‘:::o x130 194 mm?,
Minimum steel = %J'—? ® 1000 x 180 = 216 mmi.

Provide 10 mm # abowt 180 mm ¢/c = 436 mm? in short span and 8 mm ¢ about
230 mm /¢ = 217 mm? in long span

The bars cannot be bent or curtailed because if S50% of loag span bary are curtailed,
the remaining bars will be less than minimum.

At top on seppost, provide 50% of bary of respective span 1o take iato account
say posmible negative moment created due to monolithic nature of alab.

Check for deselepment leagih:
Long span ¥V, = 11.25 x 225 = 2531 kN,

M, = 08 x 415 x 217 (lso- s ’x’;;) x 104

w= 11.40 kNm.
Assuming Ly = 8 ¢

11.40 x 10%
1.3 x ~LEORIV_ _ge247 0
" gssi =100

which gives ® S U500 mm oL O.K)
shoet spas ¥, = 1125 x 225 = 2531 kN.

M, = 0.87 x 415 x 436 (160- A2 x 10

1 x 20
= 23.76 kNm.
Asvuming Lo = 8 ¢
. L
13 % :L—_s.;: . ::: cBOZ4T

which gives ® S3A3mm ... e {O.X.)

Note that the bead is ssually critical aloag long direction.
Chect for shear:

This is critical along long span

3
Shear stress T, - %-‘-;:—-—é—:—-—-—-g’o = 0.169 N/mm?

100 4, - JO00 x 217
bd 1000 = 150
1, = 0.28 N/mm?

kv, = 028 x 1.2 = 0336 N/mam?. . .................. (O.K)
Check far deflection:
The defllection shall be checked along short spaa.

Basic -?F— ratio = 20

- 0145
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100 Ay 448 % 100

54 1000 x 160 0.25,
. 435 -
service stress = (.58 x 415 x yor i 234 N/mm?

Note that ‘{st.req i3 used here,

Modification factor = L5

span
Permissible = ratio = 20 x 1.5 = 30
span 4480 _
actual 7 ratu-:r = 160 - B8 e (OK)

Check for cracking:
Maximum spacing permitted for short span steel
=3 % 160 = 480 or 300 mm, i.e., 300 mm

Spacing provided = 180 mm .. ... (O.K)
Maximum spacing permitted for long span steel = 3 x 150 = 450 mm.
Spacing provided = 230 mm ...... e (0.K)

Sketch: The designed reinforcements of slab are shown in fig. 10-26.

— 6550 i
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e — 4300 - =
330 ) 350
(b) Section A-A

Note- 1t is possible to bend short span reinforcement alternately. Rework the problem
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CHAPTER -9

AXIALLY LOADED SHORT COLUMN

Introduction —

A column may be defined as an elemsetprimarily to support axial compressive loads aith a
height of at least three times its least lateradatision. All columns are subjected to some moméiithwmay
be due to accidental eccentricity or due to entiaied imposed by monolithically placed beams absl The
strength of a column depends on the strength ofrthterials, shape and size of the cross-sectiogtieand
the degree of the positional and directional r@stiat its end.

A column may be classified as short oglaelumn depending on its effective slenderness.rahe
ratio of effective column length to least laterahdnsion is referred to as effective slenderness.rA short
column has a maximum slenderness ratio of 12.dt8gd is based on the strength of the materialsttaed
applied loads. A long column has a slenderness gadater than 12. Its design is based on thegttrest the
materials and the applied loads. A long columndatenderness ratio greater than 12. However ,mani
slenderness ratio of a column should not exceedldng column is designed to resist the appliedisoplus
additional bending moments induced due to its teagléo buckle.

ASSUMPTIONS -

The following assumptions are made for the lindtestof collapse in compression.

Plane sections normal to the axis remain plane béeding.
The relationship between stress-strain distributionconcrete is assumed to be parabolic. The
maximum compressive stress is equal to 047 1.5 or 0.4463,,.
The tensile strength of concrete is ignored.
The stresses in reinforcement are derived fromréipeesentative stress-strain curve for the type of
steel used.
The maximum compressive strain in concrete in axdahpression is taken as 0.002.
The maximum compression strain at the highly cosged extreme fibre in concrete subjected to
axial compression and bending, but when there iension on the section, is taken as 0.0035 minus
0.75 times the strain at the least compressedmgtfibre.

7. The maximum compressive strain at the highly cosged extreme fibre in concrete subjected to
axial compression and bending, when part of theiseds in tension, is taken as 0.0035. in the
limiting case when the neutral axis lies along edge of the section, the strain varies from 0.08X35

the highly compressed edge to zero at the oppedie.
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The types of failures to the columns —

Columns, when centrally loaded , fails in one & three following modes, depending on the slendsrragio.
Fig.

r

Mode (7). Mode (Z) Mode (3)
. i

L L h I
10l 20 30 40
12 Le/d

Fig. 13.1 Modes of failure of columns.

Mode :1 Pure compression failure

_ The columns fails under axial Ipagithout undergoing any lateral deformation. Staet

concrete reach the yield stress values at failthie.collapse is due to material failure.
Mode :2 _Combined compression and bending failure

Short columns can be subjecteditectiload (P) and moment (M). slender columns ewéen
loaded axially undergo deflection along their léngs beam columns, and these deflection produdécadd
moments in the columns. When material failure &heed under the combined action of these diredslead
bending moment. It is called combined compressieht®nding failure.

Mode : 3 _Failure by elastic instability

Very long columns can become unstayen under small loads well before the matedathes
yield stresses. Under such cases the member Yaliggdral * elastic bulking’ .
failure by third mode is unacceptaiblgractical construction. R.C.C members that rmalyly this
type of failure is prevented by the codal provistbat columns beyond a specified slenderness shmilte
allowed in structure.

Braced and unbraced columns :

The columns in a building are classified as bramednbraced according to the method applied toigeov
the lateral stability of the building.

(1) Braced column: In braced frames, the lateral loads like wind theprake etc. are resisted by some
special arrangements like shear walls , bracingspecial supports. In other words, the sidesway or
joint translation is not possible in such columB&lesway or joint translation means that one oh bot
the ends of a column can move laterally with respgeach other. The columns occurring in braced
buildings are called braced columns.
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(2) Unbraced columns : A unbraced frames no special bracing systemspeogided to resist

horizontal forces. In other words the sidesway aintj translation do occur in such columns. The
columns shall have to be designed to resist tieedbtoads. The column those occur in the buildings
where the resistance to lateral loads is providethe bending in the columns and beams in thateplan
are called unbraced columns.

Effective length of columns :

The unsupported length or heiglof a column (Lo) is generally taken as the cleeight of the
columns. It is defined in IS 456, clause 25.1.3Various cases of constructions. The effective tiemd
column is different from unsupported length. Effegtlength () is dependent on the bracing and end
conditions. It should be noted that for braced owia the effective column height is less than tharcl
height between restraints , whereas for unbraced pamtially braced columns the effective height is
greater than the clear height.

en kngthofbnhwdmhmm-m.
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Design formula for Short column —

A rectangular column section bearing puiieldsad. The design stress in mild steel at stodi0.002

is 0.87f,, however for , HYSD bars it is not so. The stress@responding to 0.002 strain in HYSD bars

are as follows.

F, 415 0.78,
F, 500 0.7,

0.002

0.446 fy

b

(a) Section (b) Strain diagram (c) Stress diagram

Axiallyiloa.ded column

The code adopts the critical value of Ofg5or all grades of steel for finding out the pusgaaload carrying
capacity of the column. Accordingly
B, = 0.446f, A, + 0.75f, Ay
This is approximated as
B, = 0.446f A. + 0.75f, Ay
P,, = Pure ultimate axial load carrying capacity ofucon.
f-x = Characteristic compressive strength of concrete

fy = Characteristic strength of reinforcement.

A, Area of concrete in column section.
A = Area of reinforcement in column section.
Axially loaded practical columns are subjectednmments due to minimum eccentricity . thus alldbkimns
, even if the design load is axial, shall be desijfor moments also.
The code simplifies the work for the columns in gfhminimum eccentricity,,,;,, < 0.05 D. Thus , whea,,;,,
<0.05 D, the above equation is midified as

P, = 0.4fy A, + 0.67f, Agc.........

It can be seen that , the load carrying capacithefcolumn is reduced by about 10 percent whgp < 0.05
D. however if e,;;,, < 0.05 D, the column shall be designed for momksat a

The above equation can written as —
PA,
100

PAg

P, = 0.4f. (Ag- —

+ 0.67f,

Where A, = Gross area of cross section
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P = Percentage of reinforcetmen
Dividing both sides byl
Pu - PAg P
yol 0.4f (1- R) + 0.67f, 50

=0 4 — ( 0.67f,—0.4fy)....

The compression in stegl at failure (€, = 0.002) will be
fs = 0.87f, for steel with bilinear stress-strain curve agen250 steel.

= 0.7%f, for steel with stress-strain curve as in Fe 418lste
Hence , the ultimate carrying capacity of the calym is given by the expression

1. For Fe 415 steel, P4, (0.45f, ) +A; (0.75f, - 0.45f;)

2. For Fe 250 steel , P4, (0.45f, ) +A; (0.87f, - 0.45f,;)
However it is never possible to apply the load @yt on a column. Accidental eccentricities araid to
happen. Indian and British codes allow an accidesteentricity of 5 percent of the lateral dimemsif the
column in the plane of bending ( 0.05 D ) in themsgth formula itself. For this purpose the ultiebdad p,,
for Fe 415 steel reduces to
P, =0.9(0.45 A, +0.75f,A;)
P, =0.4fA. +0.67f,A; asgivenin IS 456, clause 38.3
With Fe 250 steel the corresponding expressionbaill

P, =0.4f,A. +0.75f,4;)

It should be clearly noted theses formula alrea#tg into account a maximum accidental eccentrafity0.05
D) or ( 0. 05b) in theses columns.

Check for Minimum Eccentricity

Minimum eccentricities are caused by imperfectionsonstruction, inaccuracy in loading etc. The &f6le

8110 (1985) Cluase 3.8.2.4 assumes that its weilube equal to 0.05 D, but not more than 20mm.

Lo

D
— + = but not
500 30

IS 456, Cluase 25.4 gives an expression for thsilplesminimum eccentricity a®,,;, =

less than 20mm.
Where L0 = the unsupported length
D = lateral dimensions in giane of bending.
For sections other than rectangular, the Explagdtandbook SP 24 recommends a valuéof 300 , where
L. is the effective length of the column.
Thus for example , for a column 600 x 450 of unsuimal height 3 m, considering the long direction

according to IS formula,

_ Lo

emin = — + — = 3000/500 + 600/30 = 26mm.
500 30
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As 26mm is greater than the minimum specified 208, e,,;, = 26mm. thene”;%'" = 26/600 = 0.043
Considering the short direction, we have

emin = 3000/500 + 450/30 =21mm > 20mm.

Hence: = 21/450 = 0.047.

Both these values are less than the specified 0&t005, and hence the simple column formula @ieable
to the above column. If the eccentricities are mtien the column has to be designed as subjectdulect
load P and moment Pe.

Minimum Longitudinal and Transverse reinforcement —

The reinforcement requirements are set out in el@6s5.3 of IS 456.

1. Longitudinal Reinforcement:

0] The cross sectional area of longitudinal reinforeetrshall be not less than 0.8 percent of gross
cross sectional area of the column.

The minimum area of the reinforcement is specifedvoid the sudden non-ductile failure of the
column, to resist creep and shrinkage and to peos@ne bending strength to the column.

(i) In any column that has a larger cross sectiona #ran that required to support the load, the
minimum percentage of steel should be based upoarda of concrete required to resist the direct
stress and not upon the actual area.

Because of the architectural or the other reassmsietimes the columns are made larger in
section than that required to resist the loadulthsa case , according to this criteria , the mimm
percentage of steel is based on concrete areaeddoiresist the direct load. A concrete pedestal
used to transfer the load from steel stanchioheddundation in an industrial building is a typica
example for this case. In this case , the sizé®pedestal is governed by the size of the base pla
under the steel column.

(i) The cross sectional area of longitudinal reinforeatrshall be not more than 6 percent of the gross
cross sectional area of the column.

The use of 6percent reinforcement may involve jattlifficulties in placing and compacting of
concrete, hence lower percentage is recommendeckelaes from the columns below have to be
lapped with those in the column under consideratiba percentage of steel usually should not
exceed 4 percent.for the column with more thanrdgre steel, the laps may be staggered.

(iv) The minimum number of longitudinal bars providedancolumn shall be four in rectangular
columns and six in circular columns.

(V) The bar shall not be less than 12 mm in diameter.

(vi) A reinforced concrete column having helical reicfment shall have at least six bars of

longitudinal reinforcement within the helical redinfement.



102

(vii)  In a helical reinforced column , the longitudinadre shall be in contact with the helical
reinforcement and equidistant around its innencifarence.

(viii)  Spacing of longitudinal bars measured along théppery of the column shall not exceed 300
mm. this is a cracking requirement.

(iX) In case of the pedestals in which the longitudirhforcement is not taken into account in
strength calculation, nominal reinforcement nosldwn 0.15 percent of the cross sectional area
shall be provided.

(2) Transverse Reinforcement:

® General : a reinforcement concrete compression reershall have transverse or helical
reinforcement so disposed that every longitudirel bearest to thecompression face has
effective lateral support against bulking subjextptovisions in (b). The effective lateral
support is given by transverse reinforcement eithahe form of circular rings capable of
taking up circumferential tension or by polygoniaké (lateral ties) with internal angles not
exceeding 135 degree. The ends of the transvdrderement shall be properly anchored.

(i) Arrangement of transverse reinforcement :

(a) If the longitudinal bars are not spaced more th&mm on either side, transverse
reinforcement need only to go round the corner altefnate bars for the purpose of
providing effective lateral supports.

(b) If the longitudinal bars spaced at a distance ¢fexaeeding 48 times the diameter of the
tie are effectively tied in two directions, additad longitudinal bars in between theses
bars need to be tied in one direction by open ties.

(c) Where the longitudinal reinforcing bars in a conggien member are placed in more than
one row, effective lateral support to the longihadi bars in the inner rows may be
assumed to have been provided if-

(1) Transverse reinforcement is provided for outer mostin accordance with (b) and
(2) No bar of the inner row is closer to the nearestm@ssion face than three times the
diameter of the largest bar in the inner row.

(d) Where the longitudinal bars ina compression mendrer grouped and each group
adequetly tied transverse reinforcement in accalawith the above requirements, the
transverse reinforcement for the compression member whole may be provided on the
assumption that each group is a single longitudibaal for purpose of determining the
pitch and diameter of the transverse reinforcerireatcordance with above requirements.
The diameter of such transverse reinforcement needowever exceed 20mm.

(i) Pitch and diameter of lateral tie :



103

(a) Pitch : the pitch of transverse reinforcement shallnot more than the least of the following
distances:

(1) The least lateral dimension of the compression neemb

(2) Sixteen times the smallest diameter of the longiaideinforcement bar to be tied.

(3) 300mm.

(b) Diameter : the diameter of the polygonal links iestshall be not less than one fourth of the
diameter of the largest longitudinal bar and ircaee less than 6 mm.
(iv) Helical reinforcement :

(a) Pitch : Helical reinforcement shall be of regularnfiation with the turns of the helix
spaced evenly and its ends shall be anchored pydpeproviding one and a half extra
turns of the spiral bar. Where an increase loathercolumn on the strength of the helical
reinforcement is allowed for, the pitch of helitains shall be not more than 75 mm, nor
more than one-sixth of the core diameter of themal, nor less than 25mm, nor less than
there times the diameter of the steel bar formingttelix.

(b) Fiameter : the diameter of the helical reinforcetsiall be as per lateral ties.

(v) Cover : the longitudinal reinforcing bar in a colurshall have concrete cover, not less than

40mm, nor les than the diameter of such bar. Tdgsirements gives a fire protection of 0.5 h

to 4h (h = hour) and is suitable for moderate eMpmsassuming a maximum of 10 mm

diameter tie. However the cover to the ties maybeerned by exposure conditions. In the

case of columns the minimum dimensions of 200 mmnater, whose reinforcing bars do not

exceed 12mm, a cover of 25mm may be used.

J
<75 <75mm S s
o Voo odT |

¢
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Design of short column by IS 456 and SP 16 —
Charts 24 to 26 of the IS publication design aiBs18 can be used for routine office design of short

columns. These charts are made from the columnuiarm
P, = 0.4f A. + 0.67f, A
A, = area of cross section

P = percentage of steel = 100%
g

The area of steel and concrete are given by
PA

_P4yg

As =00

P

Ac=Ag -As=Ag (1-—

)

Rewritting the equation with above quantities ,we obtain

Py _ P P
E = 0-4fck (l- m) + 067fy E

P
P, =[0.4f. 700 ( 0.67f, - 0.4 14,
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Chart 24 to 26 of SP 16 have been prepared frosetfmula for Fe 250 , Fe 415 and Fe 500 #nd= 15,
20, 30, 35, and 40.

To use design chart , choose the value of the riedtdesign loadP,, and proceed horizontally till thé,
corresponding to the size of the column selectedashed. The value of percentage of steel reqfinethe
adopted value of f, is read off from the lower half of <chart 13.1.
Procedure for design of centrally loaded short colon:

The step-by-step procedure for design of a cegtladided column can be arranged as follows:

Step 1 : compute the factored load on the column.

Step 2 : Choose a suitable size for the columpei@ing on the size of the beam that has to beeglan it

and the architectuerral requirements. Usually tsenis are accommodated inside the column. Checktaso
minimum eccentricity.
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Step 3: Determine the effective length length dedderness of the column about the principal ales.is
less than 12, it can be can be considered as aadlomn. If it is 12 or more, it is to be designasia long
column.

Step 4 : compute the area of the longitudinal stegliired by either (a) by using the formula or §lg)using
SP 16 in the following manner.

B, = 0.4fy Ac + 0.67f, A

or P =[04fy —— ( 0.67f, - 0.4 14,

The minimum percentage of steel adopted shouldémtey than 0.8. As regards the maximum percentdge
should be less than 4 in normal designs where hgpipecomes essentials. Where lapping is not adopied
may accept a percentage of up to 6.

Step 5: Detain the steel by choosing a suitable ared number (size not to be less than 12mm and for
symmetrical arrangement with at least four barsafoectangular column and six bars for a circuialumn).
Adopt a suitable cover to teh steel ( clause 2pdntl check perimeter spacing of bars (IS clausg.28) is
not more than 300mm.

Step 6: Detail the transverse steel. Adopt a sSkitsize, determine spacings, etc.

Strength of helically reinforced short column:

IS 456, clause 26.5.3.2(d) deals with design oichly reinforced column. In working stress designyvas
practice to consider the strength of spirals afscantributing to the strength of the column. Testsspirally
reinforced reinforced columns show that the addiéistrength due to spirals in working stress desan be
estimated by considering the volume of spiral spezl unit height of the column is approximatelyd&vias
effective as the same volume were put as longitlditeel. Hence the equation for strength of sgiobdmns
in working load o) is usually written as
Pc = ( Load taken by core ) + (load taken by lamjital steel ) + 2 ¥;,) ( stress in spiral)
WhereVy, is the volume of the spiral per unit length of twdumn which is also termed as the equivalent area
of helical steel per unit height of the column. Hewr when dealing with ultimate loads and limitestdesign,
it has been observed that
1. The containing effect of spirals is useful onlytie elastic stage and it is lost when the spirks a
reach yield point.
2. The spirals become fully effective only after thencrete cover over the spirals spalls off after
excessive deformation.
Hence in ultimate load estimation , the strengthpifally reinforced columns is expressed by
1. B, (spirally reinforced column) = 1.0%, (tied column)
2. The volume of spirals to be provided which is cklted on the principle that it should be adequate t
offset the loss of strength of the cover which ksagp at ultimate stage.
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Calculation of spacing of spirals:

S = Pitch or spacing of spirals used.
a = area of spiral steel .

D = diameter of the column.

D, = diameter of the core.

The condition is that the loss of strength duepallgng of cover should be equal to the contributdue to

5 BE

Gy« 12mm

|

| Continuous
In‘/ ties (spiral)

F =

[ ¢1/4 [
G mm

spirals.

Arrangement of steel in spirally reinforced columns.

Taking Ay, as the area of the core afiglas the area of cross section and using the sasnenpion about the
action of the spiral as is used in the elasticgieghe relationship at failure is given by
2Vep( 0.87f,) = 0.63f (A4 - Ax)
Von =0.36 @ - 4)( 1)
Which can be reduced to the form given in IS 4%#)se 38.4.1 as
=036 G2-1) (5
WhereA, = gross area of section
A, = area of core.
This expression gives the ratio of the volume ef tielical reinforcement required for the volumeha core
per unit height of the column.
Simplifying this expression further, one can write

Vsn = (Volume of the spiral in one ring) x (No. Ohgs per unit length)

TakingD;, as the diameter of the core , we get

_ (area of sprial)m Dy _ amDy

Vsh -

Spacing (pitch) T s
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Rewriting the IS equation by using the above vétué’,;,, we get

abDy _0.36 (D*-DP)  fck
s 4 fy

4aDy) f_y
0.36 (D2-D?) fck

11.1aDyy,)
fer(D?=D})
Which can be used as the expression for calculdiagitch of the spirals for a given steel of srgsction
area a.
The rules regarding detailing of helical steelgiken IS 456, clause 26.5.3.2. the main consideratare:

1. The diameter of the helicals shall be at least @mine fourth the diameter of longitudinal steel.

2. The pitch shall be (a) as derived from formula aiqn (1) (b) not more than 75mm, (c) not more than
1/6" core diameter , (d) not less than 25mm, (e) rext than three times the diameter of the steel bar
forming the helix.

If the diameter and the pitch of the spirals do canply with the above rules, the strength is to be
taken as only that of a tied column of similar dirsien.
Problem 1:
A column of 400 x400mm has an unsupported lengtfnofand effective length of 4.5 m. Can it be desin
as a short column under axial compression , ifdhd placed centrally on it?
Solution:

Step 1: Slenderness ratio consideration

*€=4500/400=11.25  (1S456 Cl.25.1.2)

As columns with slenderness less than 12 can b&dened as short , the column is short.

Step 2: Eccentricity considerations

Lo D

emin = 755 t 34 NOt less than 20mm. (IS 456 Cl . 25.4)

= 7000/ 500 + 400/30
=14+ 13.3
27.3 mm is greater than 20mm.Adopt 27.3mm
The eccentricity for which short column formulaajsplicable id D/20
D/20 = 400/20 = 20mm (IS 456 CI.39.3)
emin > D20
Hence formula for axial load is not applicable.
Column should be designed as subject to axial émadmoment due to
(M =Pepn)

€min-
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Problem — 2
Design an axially loaded tied column 400 x 400 minmed at both ends with an unsupported length of
3m for carrying a factored load of 2300 KN. Usedgra0 concrete and Fe 415 steel.
Solution:
Step 1. Factored load on column
P, = 2300KN
Step 2: Size of column and check,;, (1S 456 CI. 25.4)

Size of column = 400 x400 , D/20 = 20mm

emin = 53 + 3= =3000/500 + 400/30 = 19.33 < 20mm

emin less than D/20 is assumed in the formula. Henog sblumn formula for axial load can be used.
Step 3: Calculation of slenderness (1S456 Cl. 5.1
L, =1.0L =3000mm

% = 3000/400 = 7.5 12

Step 4: Find area of steel and check percentage

(@) By formula, B, = 0.4f; A, + 0.67f, Ay (IS 456 CI. 39.3)
2300 x 10 =0.4x 20 x (40045 ) + 0.67 x 415 A,

A = 3777 mmz2, P = 3777/ 4002 x 100 = 2.36%

This is more than 0.8% and less than 6%. hence 0.k

(b) By SP 16 A, = 1600 cm?, P = 2300 KN. P =2.4%  (SP 16 cha)t
Ag = (2.4x400x400) / 100 = 3840mm?2  ( Use 8T /3927mm?2)

Step 5 : Detall the longitudinal steel

Use cover = 40mm (Cl. 26.4.2.1)

Steel spacing = (400 — 40 —-40-25)/2 =147.5

Clear spacing between bars = 147.5 - 25 = 123®Xk (Cl.26.5.3.1 g)
Step 6: Design transverse steel

Diameter of links : not less than 25/4 or 6mm.

Use 10mm

Spacing least of [ Cl 26.5.3.2 ()]

(a) Dimension of column = 400mm

(b) 16 times @ of long steel = 16 x25 = 400mm

(c) 300 mm adopt 300mm.

Use Fe250 steel for ties.

11.1aDkfy)

asS = —————
(2) fei(D2-D})

=(11.1 x 28 x 400 x 145) / (57600 x 30)

=30mm Cl. 39.4.1
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(b) Spacing not more than 75mm
(c) Spacing not more than 320/ 6 = 53.3mm
(d) Spacing not less than 25
(e) Spacing not less than 6 x 3 =18mm
Choose 30mm spacing.
(Design helically reinforced columns)
Problem 1:
Design a circular pin ended column 400 mm dia aelitaly reinforced , with an unsupported lengthddd m
to carry a factored load of 900 KN. Assume M30 ceteand Fe 415 steel.
Solution:
Step 1: Factored load, = 900 Kn.
Step 2: Size of column D = 400mm, cover = 40mm
D;ore = 320mm
D/20 = 400/20 = 20mm.
— Lo 400 _4500 _ 4

00
€min = =—— + — =22.3mm > 20mm.
500 30 500 30

As emin > D/20, theoretically short column formula for taly loaded column is not applicable. However

the column is designed as centrally loaded, astr@ent to be considered is small.

Step 3: Slenderness of column
LD—‘* =4500/40 =11.25< 12. (centrally loadedSmlumn)

Step 4: Area of longitudinal steel
P, =1.05 (0.4f. A. + 0.67f, A (1S456 CI. 39.4)

A, = x 4002/ 4 = 125.6 x 10 2 mmé- =222 =857 KN.

1.05  1.05
857 x 103 = .4 x 30 x ( 125604;-) + 0.67 x 41%]

= 1507 x 10%4#( 278 — 12)
Concrete itself can carry more tHarequired load.
Hence provide minimum steel.
Agmin ) = 0.8% ( of area required to carry P ) IS 456 Cl 26.5.3.1 (a) (b)

A, to resist given P =—21 _ — 71428mm?

1.05x04x30
Asmin ) =por X (71428) =571.4 mmz

Provide 6 nos. Of 12mm bars giving area 678 mnmiiagmum number of bars allowed is 6 nos.
Step 5: Design Spirals CL.26.5.3.1(c)

Choose 6mm, a = 28 mmz (area) , s = pitch.
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Detailing at junctions with reinforcement footing —
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CHAPTER - 10

Ductility
Introduction —

Member or structural ductility is defined aletratio of absolute maximum deformation to the
corresponding yield deformation. However ductiligs no precise meaning until the method of meagtinia
deformation has been defined. This can be definéunespect to strains, rotations, curvatures dledgons.
Strain based ductility definition depends almostlagsively on the materials, while rotation or cutra based
ductility definition also includes the effects diape and size of the cross section. When the definis
applied to deflections, the entire configuratiorstsficture and loading is also taken into account.

Necessity of ductility -

When a ductile structure subjected to ovelitogiit will tend to deform in elastically and imidg so, will
redistribute the excess load to elastic parts@fthucture. This concept can be utilized in sdweays.

1. If a structure is ductile, it can be expected tapido unexpected overloads, load reversals, inmgoadt
structural movements due to foundation settlemants volume changes. These items are generally
ignored in the analysis and design but are assukedve been taken care of by the presence of some
ductility in the structure.

2. If a structure is ductile, its occupants will hasefficient warning of the impending failure thus
reducing the probability of loss of life in the ewef collapse.

3. The limit state design procedure assumes thahelttitical sections in the structure will reackith
maximum capacities at design load for the structbog this to occur, all joints and splices must be
able to withstand forces and deformations corregimgrto yielding of the reinforcement.

Methods of improving ductility in R.C structure —

Selection of cross —section that will haveghte strength is rather easy. But it is much rddfieult to
achieve the desired strength as well as ductility. ensure sufficient ductility , the designer sldoplat
attention to detailing of reinforcement, bar cuispfsplicing and joint details. Sufficient ductlitan be
ensured by following certain simple design detsilsh as .

1. The structural layout should be simple and regalaniding offsets of beams to columns. or offsets of

columns from floor to floor. Changes in stiffne$®sld be gradual from floor to floor.

2. The amount of tensile reinforcement in beams shododd restricted and more compression
reinforcement should be provided. The later shbelénclosed by stirrups to prevent it from buckling

3. Beams and columns in a reinforced concrete frammildhbe designed in such a manner that
inelasticity is confined to beams only and the owois should remain elastic. To ensure this, sum of
the moment capacities of the columns for the desigal loads at a beam column joint should be

greater than the moment capacities of the beamg &ach principal plane.
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Y Meotumn > 12X M peam

The shear reinforcement should be adequate toefisatrthe strength in shear exceeds the strength i
flexture and thus, prevent a non-ductile sheduraibefore the fully reversible flexural strengtha
member has been developed.
Cluase 6.3.3 of IS : 13920 — 1993 requires thaskiear resistance shall be the maximum of the :
(a) Calculated factored shear forces as per analydis an
(b) Shear force due to formation of plastic hingesaihlends plus the factored gravity loads on the

span.
Closed stirrups or spiral should be used to contfireeconcrete at sections of maximum moment to
increase the ductility of members. Such sectionkides upper and lower end of columns, and within
beam- column joints which do not have beams onsialés. If axial load exceeds 0.4 times the
balanced axial load, a spiral column is preffered.
Splices and bar anchorages must be adequate tenpi@and failures.
The reversal of stresses in beams and columnsodewérsal of direction of earthquake force must be
taken into account in the design by appropriatefoecement.

Beam-column connections should be made monolithic.



Detailing of beam as per I.A — 13920 Clause no .166.2,6.3

£.2 For all bulldings which are mors than 3
storeys in height, the mininasm grade of concrcic
shall preferably be A0 | fen == 20 MPa §

£.3 Sreel reinforcemonta  of & Pe 1% | are
15 ITEE - 1985 ) or less only 11 e ussd.

& FLEXLUFRAL MEMBERS
6.1 Gensral

These Fequirements apply 20 frame members
resinting earthgualks induced foresy and designad
o pesist flexure. Theie mermbers shall sacisfy
the following reguissmenis.

6.10.1 The factored oxial siress on the mismber
mader casthgquake losding sheil noi exccsd
b fex:

&.1.2 The member shall prefevably have =
widih-te-depth ratlo of more than [T 8

5.1.3 The widsh of the member shall not be kess
phan IHF mm,

&.1.4 The depth [3 of ghe member ghanll prefers

nbly be mot more thaa 1/4 of the clear spar.

6.7 Longltudinal Reiaforccment

6.2.1 a) The top as weil as boitom reinforce=-
ment shall consist of at least 1wo bure
throsghoat the member longih.

b) The tearion giccl ratio on By i::u:c, atl
any section, shall mos e Fess than

Froag = D24 2 Feuifz: where fex and
are i MFPa.

%.2.2 The masommn stesh ratie om any fsoe
ul any seciian, shall not sxceed po,, = D025

.2.3 The positive steel at a joint frce masl be
?‘rl: jeast cgueal 1o hall the nEEakive atesl at than
ce.

6.2.4 The sizel prowided at each of the wop and
botwom facs of Lhe membse 2t anw section along
its lengih shall be at leasi expunl Lo mme-fouc h of
vh= maximam asgative  momeni stee] provided
a1 the faoe of cither joint. 1t may be clarifed
ghat redistribatian of momenis permitied in
IS 56 = 1GTR { elnuse 36,11 will be meeid anly for
wertical Foad moments and mot fior  Imteral lomd
mamEnie-

H.2.% I am exteraal joint, both ghe top and ths
basiom bars of the bzam shall be prowvided wiih
mncharage length, the inner face of the
columm, cgual te ihe devciopment kemgih n
venskon plus 10 times ghe bar diameter minag
the milowance for 90 degres hendl & ¥ A Bee
Fig- 13 Inamn internal joint, both face bars

af the Boam shall be taken continaowsly through
the calimn.

bewane

IS 13920 ¢ 1993

qitﬂ%

L

|
Lg= DEVELOPMENT LEMGTH

l ! i TEMHSEEHN

! dig, = BAR OEAMETER

Fig. | Ascaorace oFf Beas Baps am am

ExteRtar fooMt

6.2.46 The lampiledinal bars whail be spliced, noly
if hoops are provided owver the engirs splice
femgih, ala sEacin not escccding 150 muns { sed
Fig- 2 ) The Lap l=ngth shall nol = fless than
the bar dewvelopmont lengeh in teasion. Lap
splices shall mol be provided (s} withim @ jolint.
() within a distance of 24 From Jodnt - face. and
{c) within o quarter iepgh of she member where
Rexural wiclding may goncrally occur under the
cilect of earthguake Torces. ™Moy mare thanm

0 pereent of the bars shall be spiiced at o[Ec
weclinb.

o
R
e

T

o A—
dp P
- — #* 150
bg = DEVELOPHEHYT LENGTH
W TEMSION
dp® BAR DIAMETESR
Feo. T Lar Sevice ™ BEA M

BT Whee of welded

g splices and mechanical
conneciions may also be made, as per 1o B e ]
af 15 456 - L1878, However, noi more than half
the reinforcoment shall be spliced at & section
where fAexursl wielding may take placs. “The
Incation of splices shall ke governed by 6.2.6.
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1% 13920 = 1993

6.3 Web Relafarce ment 6.2.2 The minimum diameter of the bar form-

6.3.1 Web reinforcement shall consist of vert- u‘ﬁ::}'ﬁ?"l{:‘:l ::i;:ﬂz P‘:':;;' ::Rnlim'll:‘rl:

cal hoops. A vertical hoop s a closed stFFUPp  pap diameter shall be 8 mm |

'h_n--m'-[.,- 135= hongﬁwithn. 1 l:l'ill'ncl::d'r exten- :

sion [ byl pot = mm ) at each end that is

embedded in the confined core ( see Fig. 3a ). 6.3.3 The shear force

in compelling circumstances, it may also be
e up of two picced af reinforcement; a

to be resisied by the wer-
tical hoopt shall be the maximum of :

U-stirrup with a 135 hook and a 10 diameter z) ::'clm'l:'i factored shear force as per
extensiton [ But ook = 73 mm ) at cach end, R,
embedded in the confined core and a crosstie
see Fig. 3b ). A crosstic is a har 'I:mun-'n-.u.EI & b} shear force due to formation of plastic
35> hook with a I} dismeter extension ([ but hinges at both ends of 1he beam plus the
not = 75 mm 3 at each end. The hooks shall factared gravity load on the zpan. This

engage peripheral longitudinal bars. is given by ( see Fig. 4

i} For sway to right

Vo= VO — 14 [ﬁl—_‘ﬂ"_“_gfu-_ ]

T
L L
and V., = V2'b 4 l-q[M‘"“"' ]t:""“" }. and

iiy For sway to lefi:
-vu. - ﬂ‘hl _|,_ I'-ﬂ[ H:nun\ i o H:..'nm
Eh-

—trhe e g M + Miem
and Vo = VE*E- I-l[ =M ]

where MA._ , M and M3, MQ, arfe the sagging and hogging moments of resistance
of the beam section At ends % 'and B, r':;peﬂ'-wl:,r. Thesc are to be calculated as per IS 456 : 1578.
Law i8 clear span of beam. wW2+L and yg+l are the thears at ends A and B, respactively, due to
werticnl lomds with o partial safety Mctor af 1-2 on loads. The design shear &t eand A shall be
the larger of the two values of Faa compated above. Similarly, the design shear at end B shall
be the larger of the two values of Faos compuied above.

D [ TS mem CROSSTIE

B 4 m————

S HODP U-STIRRUP _f"’

tal (Y
Fia. 3 Beau Wen RENFORCEMERT
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1S 13920 1993

,.,aﬂ'td \.r!';"‘ s 1:2(0+L)
2
M - M o
o+l o I
Vo2 =Va -‘I-vl'...i “-'““'I: U, “'"]
AR
D+l - MBh
* My lim * My lim
v - 14 | ————
u.b ""5 [ Lag
- Ah Bs
vu a 'ﬁ*t*a'g HUaIH'ﬂ+MUIIim
: i Lag
B . Ah Be
. My, lim +Muy Ilm]
Ve =1 | ———
Yu,b . i Lag

Fio. 4 Cavcuration of Desios Snpar Force FoR BRam

§.3.4 The contribution of bent up bars and
inclined hoops to shear resistance o the section
shall not be considered.

6.3.5 The spacing of hoops. over A length of 2d
at cither end of a beam shall nol exceed (&)
d/4, and {h% £ times the diameter of the smallest
lengitudinal bar; howsver, it need not beless
than 100 mm | fee Fig. § ). The first hoop shall
be at & distance not exceeding 50 mm from the
joint face- Yertical hoops at ithe $ame spacing
a5 above, shall also be provided over a length
equal to 2d on either side of n section where
flexural yielding may oceur under the effect of
earthqueke forces. Elsewhere, the beam shall
have vertical hoops at & spacing not excesding
dfa.

=.1.2 The minimum dimension of the membe
shall not be less than 200 mm. However, i
frames which have beams with centrs to centr
span exceeding 5 m or columns of unsupparic
length exceeding 4 m, the shortest dimension «
the column shail not be less than 300 mm.

7.1.3 The ratio of the shortest crosd section:
dimension to the perpendicular dimension sha
preferably not be less than 0-4.

7.2 Longliindinal Reinforcement

7.2.1 Lap splices shall be provided only in 1l
central half of the member length. It should i
propertioned as a tension splice. Hoops shall |
provided over the entire splice length at spaci
not exceeding 150 mm centre 1o Cenrc. N
more than 50 percent of the bars shall |

T R e 11 1]
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Detailing of beam as per I.LA — 13920 Clause no 177.2,7.3,7.4

LU T NIRRT W s -

L : 7.1.2 The minimum dimension of the member
6.3.4 The contribution of bent up bars and 2l not be less than 200 mm. However, i

incli - resi ction ¢ ;
lslllﬂllﬂ:gth;: ’c’f,rfgﬁfffc{ fosigiance gl these frames which have beams with centre to centre
| span exceeding 5 m or columns of unsupported

6.3.5 The spacing of hoops. over a length of 2d length exceeding 4 m, the shortest dimension of
at either end of a beam shall not exceed (a) the column shall not be less than 300 mm.

d/4, and (b) 8 times the diameter of the smallest o 1 3 The ratio of the shortest cross sectional
longitudinal bar; however, it need not he 1“? dimension to the perpendicular dimension shall
than 100 mm ( See Fig- 5 )- The ﬁfst hoop Shal prcferabl}' not be less than 0.4'

be at a distance not exceeding 50 mm from the

joint face. Vertical hoops at the same spacirg ' 7.2 Longitudinal Reinforcement

as above, shall also be rovided over a length : ) :
equal to 2d on either sige‘ of a section wh%re 7.2.1 Lap splices shall be provided only in the
flexural yielding may occur under the effect of central half of the member length. It should be
earthquake forces. Elsewhere, the beam shall propprtloned as a tension splice. Hoops shall.be .
nave vertical hoops at 8 spacing not exceeding provided over the entire splice length at spacing
d/2. Tot exceeding 150 mm centre to centre. Not
more than 50 percent of the bars shall be

7 COLUMNS AND FRAME MEMBERS SUB- spliced at one section.

JECTED TO BENDING AND AXIALLOAD 729 Any area of a column that extends more

7.1 Generat than 100 mm beyond the confined core due to
N : architectural requirements, shall be detailed in

7.1.1 These requirements apply to frame mem- the following manner. In case the contribution

bers which have a factored axial stress in of this area to strength has been considered,

excess of 01 fox under the effect of earthquake then it will have the minimum longitudinal and
forces. : transverse reinforcement as per this code.
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However, if this ares has been freated 25 noa-
straciural, the minimum reinforcement regoare-
ments shall be governed by IS 456 : 1978
provisions minimum longitedinal and transverse
reinforcement, as per [S 436 1 1978 ( see Fig. 6 ).

MMM LORGITUDIMAL

AHD TRAMSVERSE STEEL

A5 PER IS 45611974
=
...—11-:'1.1“} m

Fia. 6 RgipropCruesTt REQUIREMENT FOR
Coutisst wirn Mows Tran 100 mm
Prospction Bivonn Cors

-

T.3 Trapsverse Heloforcement

73,1 Transverse reinforcement for elrcular
columns shall consist of spiral or circular hoops.
In rectangular columns, rectanguiar hoopd may
be used. A rectangular hoop is a closed stirrup,
having a 135° hook with a 10 diameter extension
{but not < 75mm) at cach end. that i3
embedded in the confined core { see Pig TA ).

B rBREADTH OF BEAM
dp=DIAMETER OF LONGITUDINAL

BAR
EENFORCEMENT
7.3,2 The parallel legs of rectangular hoops
shall be spaced rot more than 300 mm eentre

1o centre, If the length of any side of the hoo
exceeds 300 mm, & crosstie shall be provid

{ Fig- 7B }. Alternatively, a pair of overlapping
hoops may be provided withun the columm [ s
Fig. 7C ). The hooks shall engage peripheral
longitudinal bars,

7.3.3 The spacing of hoops shall not exceed
holf the lzast latesal dimension of the column,
except where special confining reinforcement is
provided, as per 7.4,

7.3.4 The design shear force for columns shall
be the maximum of:

a) calewlated Factored shear force as per
anelysis, and

) ‘a factored shear Torce given by
ML & pER
F,-l.d[ S TR ]

where MM, _ and M3, are moment of
resistance, of opposite sign, of beams [raming
into the column from site faces ([ see
Fig. 8 ); and Ay is the storey height. The beam
moment uﬁacitr is to be calculated ax per
IS 456 ; 1974,

7.4 Special Confinlag Reinforcement

This requirement shall be met with, unless a
larger amount of transverse reinforcement is
required from shear strength considerations.




119

IS 13920 : 1993

he>300mm

La
[PROVIDE A CROSSTIE!
el 10d (=75mm) e
E £
o
2 g
. =4 d- v/
o v
Tr )
heg 300mm ho<300mm
h SHALL BE LARGER OF M
he AND B
h SHALL BE LARGER OF he AND Bg
7A SINGLE HOOP 78 3INGLE HOOP WITH A
CROSSTIE
. he>300mm
: I | 104 (375mm)
. E.{L..
-I § 1
AN : ~CROSSTIE (Be > 300mm)
- U
m-
g | °F t,
™
; 'S
(8]
[11]

]

Ko < 300 mm
h SHALL BE LARGER OF R AND B¢

7¢ OVERLAPPING HOOPS WITH A CRCSSTIE

Fig. 7 TRANSVERSE REINFORCEMENT IN CoLUMN
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7.4.1 Special confining reinforcement shall be
provided over a length /, from each joint face,
towards midspan, and on either side of any
section, where flexural yielding may occur
under the effect of earthquake forces ( see
Fig. 9. ). The length ‘/;’ shall not be less than
(a) larger lateral dimension of the member at
the section where yielding occurs, (b) 1/6 of
clear span of the member, and ( ¢ ) 450 mm.

7.4.2 When a column terminates into a footing
or mat, special confining reinforcement shall
extend at least 300 mm into the footing or mat
( see Fig. 10 ).

7.4.3 When the calculated point: of contra-
flexure, under the effect of gravity and earth-
quake loads, is not within the middle half of
the member clear height, special confining
reinforcement shall be provided over the full
height of the column.

74.4 Columns supporting reactions from dis-
continued stiff members, such as walls, shall
be provided with special confining reinforce-
ment over their full height ( see Fig. 11). This
reinforcement shall also be placed above the
discontinuity for at least the development
length of the largest longitudinal bar in the
column. Where the column is supported on a
wall, this reinforcement shall be provided over
the full height of the column; it shall also be
provided below the discontinuity for the same
development length.

7.4.5 Special confining reinforcement shall be
Erov[ded over the full height of a column which
as significant variation in stiffness along its
height. This variation in stiffness may result
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DEVELOPKEMT

LERGTH OF

SHD AR WAL L—|

LONGITUDIMAL

um\\\-—

LT L
{:-.i-.-". L gt
. x
gl

Fra. 11 Seeciar Conrmmo Remrorcesent ReguinasesT rox CoLumss Uspen
Discormyunn Wares

due to the presepce of bricing, 8 mezzanine
floorora R.C.C. wall on elther side of the
cofumn that extends only over a part of the
column beight | see Fig. 12 )

746 The spacing of hoops used ns special
confining reinforcement shall not exceed 1/4 of
minimum member dimension but peed not be
less than 7% mm nor more than 100 mm,

T4.7 The area of cross seclion, A, of the bar
forming circular hoops or spiral, to be used as
!I-pmi;li'l. confining reinforcement, shall nat be
35 than

A = 009 50, T A m]‘
vi_As
where
Aw = adrea of the bar crosz seetion,
& = pitch of spiral or spacing of hoops,

Dy == diameter of core measured to  the
cutside of the spial or hoop,
Jex

== chifacteristic compressive strength
of concrete cube,

fr = :'ll'-lﬂ siress of wteel (of circular
aop or spiral ),

of the column cross

Ay == grots area

section, and

A = arca of the concrele core —Er .D:

Exgmple : Consider & colamn of dizmeter 300
mm. Let the grade of concrete be M2, and
that of stecl Fe 415, for longitudinal and
confining reinforcement. The spacing of circy-
lar hoops, S, shall mot exceed the smaller of

a) 14 of minimum member dimension =

J4 % 300 == 75 mm, and ( b ) 100 mm. There-
fore, 8 = 75 maim. Asstiming 40 mm clear cover
to the longitudinal reinforcement and circular
hoops of dinmeter 8 mm, Dy == 300—2 » 40 4
28 =236 mm, Thus, the srea of cros
section of the bar forming circular hoop works
out to be 4728 mm'. This is less than the crom
sectional ares of 8 mm bar ( 50-Z7 mm? . Thus,
circular hoaps of diameter 8 mm at a spacing
of 75 mm centre to ceatre will be adequate.

T.4.8 The arca of cross section, A, of the bar
forming rectangular hoop, to be used as special
eonfining refnforcement shall aot be less than

Jeau[As

=18 o, JE
Ay == Sk fr_[ﬂt I ﬂ:’
where

h = longer dimension of the rectangular
cenfining hoop measured to s outer
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{1}, 23, (3} end (4) ralatienty Bttt columms — They altract parge gnlpmile ihbge force.
Fig. 12 Copusss Wit VARYIRG STIFFHESS

face. It shall pot exceed 300 mm [ soe
Fig- 7). and

Ay = area of confined concrete core in the
rectangular hoop mensured to lin ol
gide dimiensmE,

NOTE : The dimenson & of the boop eoild ba
eroniies, as ahown in Fig. T8,
be eseasured as ike cwerall

Tn thiy cane, A sha
p.f:l the hoop srrspgeement. The

Care &Fel, Ee Leas if

heoks of codsries ahall engege

dizal bars-
Example : Consider a column of 630 mm
500 mm. Let the grade of concrele be Mi20
and that of steel Fedl5, for the longitudinal
and confining reinforcement. Assuming clear
eover of 40 mm to the longitudinal reinforce-
ment and reciangalar hoops of diametes 10 mm,
the size of the core is mm = 440 mm. A
bath these dimensions are greater than 300 mm,

periphoral  Longita-

cither a pair of overlapping hoops cra single
hoop with crosstics, in both directions, will have
to be provided. Thus, the dimeasion & will
be the larger of (1) $90{2 = 13§ mm and (i
AA0f2 - mm. The :J:? of h

shall not exceed the smal [a) Ifd ﬁmni-
mum member dimensions s 1/4 = 500 = 125
mm, and (b) 100 mm. Thus, 5§ == 100 mm. The
aren of cross section of the bar forming rect-
anguler hoop works out 1o be 64-47 mm”. This
i3 less than the area of cross section of 10 mm
bar { TH:54 mm® ). Thus, 10 mm diameter rect-
angular hoops at 100 mm ¢fc will beadequate.
cimilar calculations indicate that, asan nlier-
native, one could also provide § mm dinmeter
rectangular hoops st T0 mm &/fc.

§ JOINTS OF FRAMES

8.1 The gpecial confining reinforcoment  na
required at the end of column shall be provided
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~ Fi1G. 7.12 REINFORCEMENT OF MusnHroom HEADs

f

LAST COLUMH TR
STIRKU i

g

COLUMN BARS STRAIGHT
THROUGH JUNCTION
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