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IS 1893 (Part 1) : 2002

Indian Standard

CRITERIA FOR EARTHQUAKE RESISTANT
DESIGN OF STRUCTURES

PART 1 GENERAL PROVISIONS AND BUILDINGS

( Fifth Revision )

FOREWORD

This Indian Standard ( Part 1 ) ( Fifth Revision ) was adopted by the Bureau of Indian Standards, after the
draft finalized by the Earthquake Engineering Sectional Committee had been approved by the Civil Engineering
Division Council. '

Himatayan-Nagalushai region, Indo-Gangetic Plain, WesternIndia, Kutch and Kathiawar regions are geologically
unstable parts of the country, and some devastating earthquakes of the world have occurred there. A major
part of the peninsular India has also been visited by strong earthquakes, but these were relatively few in
number occurring at much larger time intervals at any site, and had considerably lesser intensity. The carthfjake
resistant design of structures taking into account seismic data from studies of thess Indian carthquakes has
become very essential, particularly in view of the intense construction activity all over the country. Itisto
serve this purpose that IS 1893 : 1962 ‘Recommendations for earthquake resistant design of structures’ was
published and revised first time in 1966,

As 2 result of additional seismic data collected in India and further knowlcdge and experience gained since
the publication of the first revision of this standard, the sectional committee felt the need to revise the standard
again incorporating many changes, such as revision of maps showing seismic zones and epicentres, and adding
a more rational approach for design of buildings and sub-structures of bridges. These were covered in the
second revision of IS 1893 brought out in 1970. -

As a result of the increased use of the standard, considerable amount of suggestions were reccived for modifying
some of the provisions of the standard and, therefore, third revision of the standard was brought out in 1975.
The following changes were incorporated in the third revision:

@ The standard incorporated seismic zone factors (previousty given as multiplying factors in the second
revision ) on a more rational basis.

b) Importance factors were introduced to account for the varying degrees of importance for various
structures. '

¢) Inthe clauses for design of multi-storeyed buildings, the cosfficient of flexibility was given in the
form of a curve with respect to period of buildings.

d) A more rational formula was used to combine moedal shear forces.

¢) New clauses were introduced for determination of hydrodynamic pressures in eievated tanks.

f) Clauses on concrete and masonry dams were modified, taking into account their dynamic behaviour

during earthquakes. Simplified formutae for design forces were introduced based on results of extensive
studies carried out since second revision of the standard was published.

The fourth revision, brought out in 1984, was prepared to modify some of the provisions of the standard as a
result of experience gained with the use of the standard. In this revision, a number of important basic modifications
with respect to load factors, field values of N, base shear and modal analysis were introduced. A new concept
of performance factor depending on the structural framing system and on the ductility of construction was
incorporated. Figure 2 for average acceleration spectra was also modified and a curve for zero percent damping
incorporated.
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IS 1893 (Part 1) : 2002

In the fifth revision, with a view to keep abreast with the rapid development and extensive researcin that has
been carried out in the field of earthquake resistant design of various structures, the committee has decided

to cover the provisions for different types of structures in separate parts. Hence, IS 1893 has been split into
the following five parts: '

Part 1 General provisions and buildings

Part 2 Liquid retaining tanks — Elevated and ground supported
Part 3 Bridges and retaining walls

Part 4 Industrial structures including stack like structures

Part 5 Dams and embankments

Part 1 contains provisions that are general in nature and applicable to al structures. Also, it contains provisions
that are specific to buildings only. Unless stated otherwise, the provisions in Parts 2 to 5 shall be read necessarily
in conjunction with the general provisions in Part 1 '

NOTE — Pending ﬁnaliz.ation of Parts 2 to 5 of IS 1893, provisions of Part | wil} be read along with the
clauses of IS 1893 : 984 for structures other than buildings. :

The following are the major and important modifications made in the fifth revigion;

relevant

8) The seismic zone map is revised with only four zones, instead of five, Erstwhile Zone I has been
merged to Zone II. Hence, Zone I does not appear in the new zoning; only Zones II, IIL IV and V do.

b) The values of seismic zone factors have been changed;,these now reflect more realistic valiues of
effective peak ground acceleration considering Maximum Considered Earthquake ( MCE ) and service
life of structure in each seismic zone,

©) Response spectra are now specified for three types of founding strata, namely rock and hare soil,
medium soil and soft soil, :

d) Empirical eXpression for estimating the fundamental natural peridd T, of multi-storeyed buil dings
with regular moment resisting frames has been revised.

€) This revision adopts the procedure of first calcﬁlaﬁng the actual force that may be experienced by
the structure during the probable maximum earthquake, if it were to Temain elastic. Then, the co-ncept
of response reduction due to ductile deformation or frictiona] energy dissipation in the cracks is

brought into the code explicitly, by introducing the ‘response reduction factor’ in place of the earlier
performance factor, . .

) Alower bound is specified for the design base shear of buildings, based on empirical estimate of the
fundamental natural period T,

8 The soil-foundation system factor is dropped, Instead, 3 clanse is introduced to restrict the wse of
foundations vulnerable to differential settlements in severe seismic zones,

h) ‘Torsional eccentricity values have been revised upwards in view of serious damages observe=d in
buildings with irregular plans,

) Modal combination rule in dynamic analysis of buildings has been revised,
ky  Other clauses have been redrafied where hecessary for more effective implementation,

It is not intended in this standard to lay down regulation so that no structare shall suffer any damage dnting
earthquake of all magnitudes, It has been endeavoured to ensure that, as far a5 Possible, structures are aable
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1S 1893 (Part 1 ): 2002

Though the basis for the design of different types of structures is covered in this standard, it is not implied
that detailed dynamic analysis should be made in every case. In highly seismic areas, construction of a type
which entails heavy debris and consequent toss of life and property, such as masonry, particutarly mud masonry
and rubble masonry, should preferably be avoided. For guidance on precautionstobe observed in the construction
of buildings, reference may be made to IS 4326, IS 13827 and IS 13828.

Earthquake can cause damage not only on account of the shaking which results from them but also due to
other chain effects like landslides, floods, fires and disruption to communication. It is, therefore, important to
take necessary precautions in the siting, planning and design of structures so that they are safe against such
secondary effects also.

The Sectionai Committee has appreciated that there cannot be an entirely scientific basis for zoning in view
of the scanty data available. Though the magnitudes of different earthquakes which have occurred in the
past areknowntoa reasonable degree of accuracy, the intensities of the shocks caused by these earthquakes
have so far becn mostly estimated by damage surveys and there is tittle instrumental evidence to corroborate
the conclusions arrived at. Maximum intensity at different places can be fixed on a scale only on the basis of

the observations made and recorded after the earthquake and thus a zoning map which is based on the maximum

intensities arrived at, is likely to lead in some cases to an incorrect conclusion in view of (a) incorrectness in
the assessment of intensities, (b) human exror in judgment during the damage survey, and (c) variation in
quality and design of structures causing variation in type and extent of damage to the structures for the same
intensity of shock. The Sectional Committee has therefore, considered that a rational approach to the problem
would be te arrive at a zoning map based on known magnitudes and the known epicentres { see Annex A )
assuming all other conditions as being average and to modify such an idealized isoseismal map in light of
tectonics ( see Annex B), lithology ( see Annex C } and the maximum intensities as recorded from damage
surveys. The Committee has also reviewed such a map in the light of the past history and fature possibilities
and also attempted to draw the lines demarcating the different zones 5o as 10 be clear of important towns,
cities and industrial areas, after making special examination of such cases, asalittle modification in the zonal
demarcations may mean considerable difference to the economics of a project in that area. Maps shown in
Fig. 1 and Annexes A, B and C are prepared based on information available upto 1993.

In the seismic zoning map, Zone I and 11 of the contemporary map have been merged and assigned the level
of Zone I The Killari area has been included in Zone I1I and necessary modifications made, keeping in view
the probabilistic hazard evaluation. The Bellary isolated zone has been removed, The parts of eastern coast
areas have shown similar hazard to that of the Killari area, the level of Zone Ii has been enhanced to Zone 111
and connected with Zone III of Godawari Graben area.

The seismic hazard level with respect to ZPA at 50 percent risk level and 100 years service life goes o
progressively increasing from southern peninsular portion to the Himalayan main seismic source, the revised
seismic zoning map has given status of Zone 111 to Narmada Tectonic Démain, Mahanandi Graben and Godawarti
Graben. This is a logical normalization keeping in view the apprehended higher strain rates in these domains
on geological consideration of higher neotectonic activity recorded in these areas. :

_ Attention is particularly drawn to the fact that the intensify of shock due to an earthquake could vary locally

at any place due to variation in soil conditions. Earthquake response of systems would be affected by different
types of foundation system in addition to variation of ground motion due to various types of soils. Considering
the effects in a gross manner, the standard gives guidelines for arriving at design seismic coefficients based
on stiffness of base soil.

It is important to note that the seismic coefficient, used in the design of any structure, is dependent on . narxy
variable factors and it is an extremely difficult 1ask to determine the exact seismic coefficient in each given
case. It is, therefore, necessary to indicate broadly the seismic coefficients that could generally be adopted
in different parts or zones of the country though, of course, a rigorous analysis considering all the factoxs
involved has to be made in the case of all important projects in order to arriveat a snitable seismic coefficients
for design. The Sectional Committee responsible for the formulation of this standard has attempted to incluce
a seismic zoning map ( see Fig. 1) for this purpose. The object of this map is to classify the area of the country
into a number of zones in which one may reasonably expect earthquake shaking of more or less same maximum
intensity in future. The Intensity as per Comprehensive Intensity Scale ( MSK64) ( see Annex D) broadly
associated with the various zones is VI ( or less ), VII, VIII and IX ( and above ) for Zones I1, 111, [Vand V
respectively. The maximum seismic §ﬁ9%¢939ﬂ$r35i34 it each zongecannot be presently predicted with
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IS 1893 (Part 1): 2002

accuracy either on a deterministic or on a probabilistic basis. The basic zone factors included herein are
reasonable estimates of effective peak ground accelerations for the design of various structures covered in
this standard. Zone factors for some important towns are givenin AnnexE,

Base isolation and energy absorbing devices may be used for carthquake resistant design. Only standa rd
devices having detailed experimental data on the performance should be used. The designer must demonstrate
by detailed analyses that these devices provide sufficient protection to the buildings and equipment as envisaged

experimentally before they are used in practice. Design of buildings and equipment using such device shon1d
be reviewed by the competent authority.

Base isolation systems are found useful for short period structures, say less than 0.7 s including soil-structumre
interaction,

In the formulation of this standard, due weightage has been given to international coordination among the
standards and practices prevailing in different countries in addition to relating it to the practices in the ficl d
in this country. Assistance has particulariy been derived from the following publications:

a) UBC 1994, Uniform Building Code, International Conference of Building Officials, Whittier, Californiaa,
U.5.A.1994,

b) NEHRP 1991, NEHRP Recommended Provisions for the Development of Seismic Regulations for Neww

Buildings, Part 1: Provisions, Report No. FEMA 222, Federal Emergency Management Agency, Washingtors,
D.C.,US.A,, January 1992.

¢) NEHRP1 991; NEHRP Recommended Ptovisions for the Development of Seismic Regulationis for Neww
Buildings, Part 2 : Commentary, Report No. FEMA 223, Federal Emergency Management Agency,
Washington, D.C,,U.S.A., January 1992, . ‘

d) NZS 4203 : 1992, Code of Practice for General Structurat Design and Design Loadings for Buildings,
Standards Association of New Zealand, Wellington, New Zealand, 1992,

In the preparation of this standard considerable assistance has been given By the Department of Earthquakes .
Engineering, University of Roorkee; Indian Institute of Technology, Kanpur; [IT Bombay, Mumbai; Geologicall
Survey of India; India Meteorological Department, and several other organizations.

The units used with the items cavered by the symbols shall be consistent throughout this standard, untess
specifically noted otherwise.

The composition of the Committee respansible for the formulation of this standard is given in Annex F.

For the purpose of deciding whether a particular requirement of this standard is complied with, the final valus
observed or calculatad, expressing the result of a test or analysis, shall be rounded off in accordance with
IS 2 : 1960 ‘Rules for rounding off numerical values (revised )'. The number of significant places retained in
the rounded off value should be the same as that of the specified value in this standard,

Liconsed o M T 20
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Indian Standard

CRITERIA FOR EARTHQUAKE RESISTANT
DESIGN OF STRUCTURES

PART 1 GENERAL PROVISIONS AND BUILDINGS

( Fifth Revision )

1 SCOPE

1.1 This standard { Part | ) deais with assessment of
seismic loads on various structures and earthquake
resistant design of buildings. Its basic provisions
are applicable 1o buildings; elevated structures;
industrial and stack like structures; bridges; concrete
masonry and earth dams; embankments and retaining

~ walls and other structures.

1.2 Temporary elements such as scaffolding, temporary
excavations need not be designed for earthquake
forces.

1.3 This standard does not deal with the construction
features relating to carthquake resistant design in
buildings and other structures. For guidance on
earthquake resistant construction of buildings,
reference may be made to the following Indian
Standards:

154326, 18 13827, 1513828, 15 13920 and IS 13935,
2 REFERENCES L ‘ '
2.1 The following Indiaﬁ‘ Standards are nebéés&y
adjuncts to this standard:
IS No. Title

4562000 Code of practice for plain and
reinforced concrete ( fourth

revision }
Code of practice for general

constuction in steel ( second
revision)

875 Code of practice for design loads
: { other than earthquake } for buildings
and structures:
(Part1): 1987 Dead loads — Unit weights of
building material and stored materials
( second revision)

800: 1984

(Part2): 1987 Imposed loads ( second revision)
(Part3): 1987 Wind loads ( second revision )
" (Part4):1987 Snow loads ( second revision )

(Part5): 1987 Special loads and load combinations
{ second revision }

IS No.
1343 1980

1498 : 1970
1888 : 1982
1893 (Part 4)
2131; 1981

2809: 1972

281001979

4326: 1993
6403 : 1981

13827:1993

13828:1993
139201993

13935:1993

SP6(6): 1972

IS 1893 (Part 1) : 2002

Title
Code of practice for pre-stressed

_ concrete ( first revision )

Classification and identification of
soils for general enginecering
purposes { first revision )

Method of load test on soils { second
revision ) .

Criteria for ‘earthquake rosistant
design of structures: Part 4 Industrial
structures including stack like
structures

Method of standard penetration test
for soils ( first revision)

Glossary of terms and symbols
relating to soil engineering ( first
revision ) '

Glossary of terms relating to soil
dynamics { first revision )

Earthquake resistant &esign and
construction of buildings — Code
of practice ( second revision )

Code of practice for determination
of bearing capacity of shallow
foundations ( first revision)}

Improving earthquake resistance of
earthen buildings — Guidelines

Improving earthquake resistance of
low strength masonry buildings —
Guidelines

Ductile detailing of reinforced
concrete structures subjected to
seismic forces — Code of practice
Repair and seismic strengthening of
buildings — Guidelines

Handbook for structural engineers:
Application of plastic theory in
design of steel structures
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IS 1893 (Part 1) : 2002

3 TERMINOLOGY FOR EARTHQUAKE
ENGINEERING

3.1 For the purpose of this standard, the following
definitions shall apply which are applicable generally
to all structures.

NOTE — For the definitions of terms pertaining to soil
- mechanics and s0il dynamics references may be made
to IS 2809 and IS 2810,

3.2 Closely-Spaced Modes

Closely-spaced modes of a structure are those of its
natural modes of vibration whose natural frequencies
differ from each other by 10 percent or less of the
lower frequency.

3.3 Critical Damping

The damping beyond which the free vibration motion
will not be oscillatory.

3.4 Damping

The effect of internal friction, imperfect elasticity of
material, stipping, sliding, etc in reducing the amplimde
of vibration and is expressed as a percentage of critical
damping, :
3.5 Design Acceleration Spectram

Design acceleration spectrum refers to an average

smoothened plot of maximum accéleration as a function- -

of frequency or time period of vibration for a specified
damping ratio for earthquake excitations at the base
of a single degree of freedom system.

3.6 Design Basis Earthquake ( DBE)

It is the earthquake which can reasonably be expected
to occur at least once during the design life of the
structure.

3.7 Design Horizontal Acceleration Coefficient
(4,)

It is a horizontal acceleration coefficient that shall be
used for design of structures.

3.8 Design Lateral Force

It is the horizontal seismic force prescribed by this
standard, that shall be used to design a structure.

3.9 Ductility

Ductility of a structure, or its members, igthe ca_pacity
to undergo large inelastic deformations without
significant loss of strength or stiffness.

3.10 Epicentre
The geographical point on the surface of earth vertically

above the focus of the earthquake, ansad To: A

AR

DL

L W)

3.11 Effective Peak Ground Acceleration (EPG.A )

Itis 0.4 times the § percent damped average spect ral
acceleration between period 0.1t0 0.3 5. This sh.all
be taken as Zero Period Acceleration ( ZPA ).

3.12 Floor Response Spectra

Floor response spectra is the response spectra fox a
time history motion of a floor. This floor motion tirne
history is obtained by an analysis of multi-storey
building for appropriate material damping valu es
subjected to a specified earthquake motion at the base
of structure.

3.13 Focas

The originating earthquake source of the elastic waves
inside the earth which cause shaking of ground due
to earthquake.

3.14 Importance Factor (I)

It is a factor used to obtain the design seismic force
depending on the functional use of the structure,
characterised by hazardous consequences of its failure,
its post-earthquake functional need, historic value,
0T economic importance,

3.15 Intensity of Earthquake

The intensity of an earthquake at a place is a measure
of the strength of shaking duzing the earthquake, and
is indicated by a number according to the modified
Mercalli. Scaleor M.S.K. Scale of seismic intensities
(see Annex D),

3.16 Liquefaction

- Liquefaction is a state in saturated cohesionless soi 1

wherein the effective shear strength is reduced (o
negligible value for all engineering purpose due to
pore pressure caused by vibrations during am
earthquake when they approach the total confining
pressure, In this condition the soil tends to behave
like a fluid mass. .

3.17 Lithological Features

The nature of the geological formation of the earths
crust above bed rock on the basts of such characteristicg
as colour, structure, mineralogical composition andt
grainsize.

3.18 Magnitude of Earthquake ( Richter’s Magnitude )

The magnitude of carthquake is a nurber, which isa.
measure of energy released in an earthquake. It is
defined as logarithm to the base 10 of the maximam
trace amplitude, expressed in microns, which the

standard short-period torsion seismometer ( with a

period of 0.8 s, magnification 2 800 and damping nearly

critical ) would register dus to the earthquake atan

! ‘qio?nti[al flilstance of 100 km,
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3.19 Maximum Considered Earthquake (MCE)

The most severe earthquake effects considered by
this standard.

3.20 Modal Mass (M, )

Modal mass of a structure subjected to horizontal or
vertical, as the case may be, ground motion is a part
of the total seismic mass of the structure that is effective
in mode k of vibration. The modal mass for a given
mode has a unique value irrespective of scaling of
the mode shape.

3.21 Modal Participation Factor (P, )

Modal participation factor of mode & of vibration is
_ the amount by which mode k contributes to the overall
yibration of the structure under horizontal and vertical
earthquake ground motions. Since the amplitudes of
95 percent mode shapes can be scaled arbitrarily, the
value of this factor depends on the scahng nsed for
mode shapes.

3.22 Modes of Vihrai.tion ( see Normal Mode)
3.23 Mode Shape Coefficient (¢, )

When a system is vibrating in normal mode %, at any
particular instant of time, the amplitude of mass
i expressed as a ratio of the amplitude of one of the
masses of the system, is known as mode shape
coefficient ( ¢, ).

3.24 Natural Period (T')

Natural period of a structure is its time period of
undamped free vibration.

3.24.1 Fundamental Natural Period (T)
It s the first ( longest ) modal time period of vibration.
3.24.2 Modal Natural Period (T,) '

The modal natural period of mode k is the time period
of vibration in mode k.

3.25 Normal Mode

A system is said to be vibrating in a normal mode when
all its masses attain maximum values of displacements
and rotations simunltaneously, and pass through
equilibrinm positions simultaneously.

3.26 Response Reduction Factor (R)

[t is the factor by which the actual base shear force,
that would be generated if the structure were to remain
elastic during its response to the Design Basis

Earthquake ( DBE ) shaking, shall be reduced to obtain
the design lateral force.

3,27 Response Spectrum

The representation of the maxlmum TeSpons
-iia..“l L)[[ })f (LV]LJ‘\-‘L!

IS 1893 ( Part 1) : 2002

idealized single degree freedom systems having certain
period and dampmg, during earthquake grounc
motion. The maximum response is plotted against the
undamped natural period and for various damping
values, and can be expressed in terms of maximum
absolute acceleration, maximum relative velocity, or
maximum relative displacement.

3.28 Seismic Mass

It is the seismic weight divided by acceleration due
to gravity.

3.29 Seismic Weight ( ")

It is the total dead load plus appropriate amounts of
specified imposed load.

3.30 Structural Response Factors (§,/2)

It is a factor denoting the acceleration response
spectrum of the structure subjected to earthquake
ground vibrations, and depends on natural period
of vibration and damping of the structure.

3.31 Tectonic Features

The nature of geological formation of the bed rock in
the earth’s crust revealing regions characterized by
structural features, such as dislocation, distortion,
faults, folding, thrusts, volcanoes with their age of
formation, which are directly involved in the earth
movement or quake resulting in the above

' consequences.

3.32 Time History Analysis

1t is an analysis of the dynamic response of the structure
at each increment of time, when its base is subjectec
to a specific ground motion time history.

3.33 ZoneFactor (Z)

It is a factor to obtain the design spectrum depending
on the perceived maximum seismic risk characterized
by Maximam Considered Earthquake (MCE ) in the
zone in which the structure is focated. The basic zone

factors included in this standard are reasonable estimate
of effective peak ground acceleration.

3.34 Zerv Period Acceleration (ZPA)

It is the value of acceleration response spectrum for
period below 0. 03 s ( frequencies above 33 Hz).

4 ’I'ERMINOIJOGY FOR EARTHQUAKE
ENGINEERING OF BUILDINGS

4.1 For the biffpose of earthquake resistant design
of buildings in this standard, the following definitions
shall apply.

4.2 Base
It is the level at which inertia forces generated in the

e (‘H" £ *. | 7 struchire'ate transferred to the foundation, which thern

transfe 3.these forces ta the ground.
el OREeRIMINe. org
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IS 1893 (Part 1) : 2002
4.3 Base Dimensions ( d)

Base dimension of the building along a direction is
the dimension at its base, in metre, along that direction.

4.4 Centre of Mass

The point through which the resultant of the masses
of a system acts. This point corresponds to the centre
of gravity of masses of system.

4.5 Centre of Stiffness

The point through which the resultant of the restoring
forces of a system acts,

4.6 Design Ecceatricity (e,)

It is the value of eccentricity to be used at floor i in
torsion calculations for design,

4.7 Design Seismic Base Shear ( V)

It is the total design lateral force at the base of a
structure.

4.8 Diaphragm

Itisa horizontal, or nearly hrizontal system, which

- transmits lateral forces to the vertical resisting elernents,

for example, reinforced concrete floors and horizontal
bracing systems,

4.9 Dual System

Buildings with dual system consist of shear walls
( orbraced frames ) and moment res;sung frames such
that:

a) The two systems are dcsigned to resist the
total design lateral force in proportion to their
lateral stiffness considering the interaction
of the dual system at all floor levels; and

b) The moment resisting frames are designed
to independently resist at least 25 percent
of the design base shear. :

4.10 Height of Floor (k,)

It is the difference in levels between the base of the
building and that of floor ¢,

4.11 Height of Structure (&)

It is the difference in levels, in metres, between its
base and its highest level,

4.12 Horizontal Bracing System

It is a horizontal truss system that serves the same
function as a diaphragm.

4,13 Joint

It is the portion of the column that is‘cdmmon to‘othef.r) ;

members for exqmple .
YR ).mnu u:lﬂii\m

4.14 Lateral Force Resisting Element

It is part of the structural system assigned to resist
lateral forces.

4.15 Moment-Resisting Frame

It is a frame in which members and joints are capable
of resisting forces primarily by flexure.
4.15.1 Ordinary Moment-Resisting Frame

It is a moment-resisting frame not meeting speciak
detailing requirements for ductile behaviour.

4.15.2 Special Moment-Resisting Frame

It is a moment-resisting frame specially detailed
to provide ductile behaviour and comply with
the requirements given in IS 4326 or IS 13920 or
SP6(6).

4.16 Number of Storeys (n)

Nunber of storeys of a building is the number of levels
above the base. This excludes the basement storeys,
where basement walls are connected with the ground
floor deck or fitted between the building columns. But,
it includes the basement storeys, when they are not
so. connected. ‘

4.17 Principal Axes

Principal axes of a building are generally two mutually
perpendicular horizontal directions in plan of a building
along which the geometry of the building is oriented.

4.18 P-AEffect

It is the secondary effect on shears and moments of
frame members due to action of the vertical loads,
interacting with the lateral displacement of building
resulting from seismic forces,

4.19 Shear Wall

It is a wall designed to resist lateral forces acting in
its own plane.

4,20 Soft Storey

It is one in which the lateral stiffness is less than
70 percent of that in the storey above or less than
80 percent of the average lateral stiffness of the three
storeys above,

4.21 Static Eccentrlcity (e,,)

It is the distance between centre of mass and centre
of rigidity of floor /.

4.22 Storey
It is the space between two adjacent floors,
4.23 Storey Drift

Itis the displacemhent of one level relative to the other
level above or belo

T IO onhpr‘ Qre;



4.24 Storey Shear (V)

It is the sum of design lateral forces at all levels above
the storey under consideration.

4.25 Weak Storey

It is one in which the storey lateral strength is less
than 80 percent of that in the storey above. The storey
lateral strength is the total strength of all seismic force
resisting elements sharing the storey shear in the
considered direction.

S SYMBOLS

The symbols and notations given below apply to the
provisions of this standard: '

~ Design horizontal seismic coefficient

Design horizontal acceletauon spectrum
value for mode k of wbrauon

i Floor plan dimension of the bullding
perpendicular to the du'ectmn of force

Index for the closely-spaced modes

- Base dimension of the building, in metres,

in the direction in which the seismic force
is considered.

‘ Response quantlty due to dead load

Des;gn eccemncxty to be used at floor i

- calculated as per 7.8.2

Static eccentricity at floor / defined as the

~ distance between centre of mass and centre

of ngxdny

Response quant:lty dueto earthquake load -

for horizontal shaking along x-direction

Response quantity dueto earthquake load
for horizontal shaking along y-direction

Response quantity due to earthquake load
for vertical shaking along z-direction

Design lateral forces at the roof due to all

modes considered

Design lateral forces at the floor /due to
all'modes considered

Acceleration due to gravity
Height of structure, in metres

Height measured from the base of the
building to floor i

Importance factor

Response quantity due to imposed load

Modal mass of mode k Licensec
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Number of storeys
SPT value for soil
Modal participation factor of mode &
Lateral force at floor i
Design lateral force at floor j in mode &

Number of modes to be considered as per
7.8.4.2

Response reduction factor

Average response acceleration coefficient
for rock or soil sites as given by Fig. 2
and Table 3 based on appropriate natural
periods and damping of the structure

Undamped natural period of vibration of
the structure { in second )

* Approximate fundamental period ( in

seconds )

Undamped natural period of mode & of

'wbramn (in second )

Fundamental natural penod of wbratmn

.(in second )

Design seismic base shear

Design base shear calculated using the
approximate fundamentat period T,

Peak storey shear force in storey i due to
all modes considered

Shear force in storey / in mode &

Peak storey shear force at the roof due to
all modes considered

Seismic weight of the structure
Seismic weight of floor /
Zone factor

Mode shape coefficient at floor i in mode

Peak response ( for example member forces,
displacements, storey forces, storey shears
or base reactions ) due to all modes
considered

Absolute value of maximum response in
mode %

Absolute value of maximum response in
mode ¢, where mode c is a closely-spaced
mode.

Peak response due to the closely-spaced

A
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p;  Coefficient used in the Complete Quadratic
Combination ( CQC ) method while
combining responses of modes / and j

@,  Circular frequency in rad/second in the
i* mode

6 GENERAL PRINCIPLES AND DESIGN
CRITERIA :

6.1 General Principles
6.1.1 Ground Motion

The characteristics ( intensity, duration, etc ) of seismic
ground vibrations expected at any location depends
upon the magnitude of earthquake, its depth of focus,
distance from the epicentre, characteristics of the path
through which the seismic waves travel, and the soil
strata on which the structure stands. The random

. earthquake ground motions, which cause the structitre

to vibrate, can be resolved in any three mutually
perpendicular directions. The predominant direction
of ground vibration is usually horizontal,

Earthquake-generated vertical inertia forces are to be
considered in design unless checked and proven by
specimen calculations to be not significant. Vertical
acceleration should be considered in structures with
large spans, those in which stability is a criterion for
design, or for overall stability analysis of structures.
Reduction in gravity force due to vertical component
of ground motions can be particularly detrimentat in
cases of prestressed horizontal members and of
cantilevered members. Hence, special attention should

be paid to the effect of vertical component of the ground

motion on prestressed or cantilevered beams, girders
and slabs,

6.1.2 The response of a structure to ground vibrations
is a fanction of the nature of foundation soil; materials,
form, size and mode of construction of structures;
and the duration and characteristics of ground motion,
This standard specifies design forces for structures
standing on rocks or soils which do not settle, liquefy.
or slide due toloss of strength during ground vibrations,

6.1.3 The design approach adopted in this standard
is to ensure that structures possess at least a minimum
strength to withstand minor earthquakes ( <DBE ),
which occur frequently, without damage; resist
moderate earthquakes ( DBE ) without significant
structural damage though some non-structural damage
may occur; and aims that structures withstand a major
earthquake ( MCE ) without collapse. Actual forces
that appear on structures during earthquakes are much
greater than the design forces specified in this standard,
However, ductility, arising from inelastic material

behaviour and detailing, and overstrength, arising from

for this difference in actual and design lateraf loads.

Reinforced and prestressed concrete members shall
be suitably designed to ensure that premature faiture
due to shear or bond does not occur, subject to the
provisions of IS 456 and IS 1343. Provisions for
appropriate ductile detailing of reinforced concrete
members are givenin IS 13920,

In steel structures, members and their connections
should be 50 proportioned that high ductility is obtained,
vide SP 6 ( Part 6 ), avoiding premature failure due to
elastic or inelastic buckling of any type.

The specified earthquake loads are based upon post-
elastic energy dissipation in the structure and because
of this fact, the provision of this standard for design,
detailing and construction shall be satisfied even for
structures and members for which load combinations
that do not contain the earthquake effect indicate larger
demands than combinations including earthquake.

6.1.4 Soil-Structure Interaction

The soil-structure interaction refers to the effects of
the supporting foundation medium on the motion of
structure. The soil-structure interaction may not be
considered in the seismic analysis for structures
supported on rock or rock-like material.

6.1.5 Thedesign lateral force specified in this standard
shall be considersd in each of the two orthogonal
horizontal directions of the structure, For structures
which have lateral force resisting elements in the two_
orthogonal directions only, the design lateral force
shall be considered along one direction at a time, and
not in both directions simultaneously. Structures,
having lateral force resisting elements ( for example
frames, shear walls ) in directions other than the two
orthogonal directions, shall be analysed considering
the load combinations specified in 6.3.2,

Where both horizontal and vertical seismic forces are
taken into account, load combinations specified
in 6.3.3 shall be considered.

6.1.6 Equipment and other systems, which are
supported at various floor levels of the structurs, will
be subjected to motions corresponding to vibration
at their support points. Inimportant cases, it maybe
necessary to obtain floor response spectra for design
of equipment supports. For detail reference be made
1013 1893 (Part4 ).

6.1.7 Additions to Existing Structures

Additions shalt be made to existing structures only
as follows: :

a) Anaddition that is structurally independent
from an existing structures shall be designed

the additional reserve strength in stractures overand| - 13 .M and tonstructed in accordance with the

e bhorr g

above the design strength, are relied upon to account
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pon cC L ¢ requirements for new structures,
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b) An addition that is not structurally
independent from an existing structure shall
be designed and constructed such that

the entire structure conforms to the seismic

force resistance requirements for new
structures unless the following three
conditions are complied with:

1) The addition shall comply with the
requirements for new structures,

2) Theaddition shall not increase the seismic
forces in any structural elements of the
existing structure by more than 5 percent
unless the capacity of the element
subject to the increased force is still in
compliance with this standard, and

3) The addition shall not decrease the
seismic resistance of any structural
slement of the existing structure unless
reduced resistance is equal to or greater
than that required for new structures.

6.1.8 Change in Occupancy

When a change of occupancy results in a structure
being re-classified to a higher importance factor (/),
the structure shall conform to the seismic requirements
for a new structure with the higher importance factor.

6.2 Assumptions

The following assumptions shall be made in the
earthquake resistant design of structures:

a) Earthquake causes impulsive ground motions,
which are complex and irregular in character,
changing in period and amplitude each lasting
for a small duration. Therefore, resonance of
the type as visualized under steady-state
sinusoidal excitations, will not occur as it
would need time to build up such amplitudes.

NOTE — However, there are cxcaptions where
resonance-like conditions have been seen to eccur
between long distance waves and tail structures
founded on deep soft soils,

b) Earthquake is not likely to occur
simultaneously with wind or maximum flood
O maximum Sea Waves,

¢) The value of elastic modulus of materials,
wherever requited, may be taken as for static
analysis unless a more definite value is
available for use in such condition ( see
15 456, IS 1343 and IS 800)

6.3 Load Combination and Increase in Permissible
Stresses

6.3.1 Load Combinations

When earthquake forces are considered ona gﬁﬁcturej T ede
Email: bmipo@del2vaslnetin
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these shall be combined as per 6.3.1.1 and 6.3.1.2
where the terms DL, JL and EL stand for the response
quantities due to dead load, imposed load and
designated earthquake load respectively.

6.3.1.1 Load factors for plastic design of steel
structures

In the plastic design of steel structures, the foliowing
load combinations shall be accounted for:

) 1.7(DL+IL).
7)) 1L7(DL*EL)
3 13(DL+IL+EL)

6.3.1.2 Partial safety factors for limit state design
of reinforced concrete and prestressed concrete
structures '

In the limit state design of reinforced and prestressed
concrete structures, the following load combinations
shall be accounted for:

) 1L5(DL+IL)
2 12(DL+IL+EL)
3) 15(DLxEL)
4 09DL+15EL
6.3.2 Design Horizontal Earthquake Load

6.3.2.1 When the lateral load resisting elements are
oriented along orthogonal horizontal direction, the
structure shall be designed for the effects due to full
design earthquake load in one horizontal direction at
6.3.2.2 When the lateral load resisting elements are
not oriented along the orthogonal horizontal directions,
the structure shall be designed for the effects due to
full design earthquake load in one horizontal direction
plus 30 percent of the des:gn earthquake load in the
other direction,

NQTE — For instance, the building should be designed
for ( ELx+ 0.3 ELy )as well as (0.3 ELx = ELy ),
where x and y are two orthogonal horizontal directions,
EL in 6.3,1.1 snd 6.3.1.2 shall be replaced by ( ELx %
CIELy)or ( ELy+ 0.3 ELx ).

6.3.3 Design Vertical Earthquake Load

When effects due to vertical earthquake loads are to
be considered, the design vertical force shall be
calculated in accordance with 6.4.5.

6.3.4 Combination for Two or Three Componens
Motion

6.3.4.1 When responses from the three earthquake
comsonents are to be considered, the responses due
h componem may be combined using the

1ERe.Or
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assumption that when the maximum response from
one component occurs, the responses from the other
two component are 30 percent of their maximum. All
possible combinations of the three components ( £Lx,

ELy and ELz ) including variations in sign ( plusor
minus ) shall be considered. Thus, the response due
earthquake force ( £L ) is the maxirum of the following
three cases:

) +EIx+03ELy+03ELz
?) +ELy+03ELc+03 ELz
3) +ELz+03ELx+03 ELy

where x and y are two orthogonal directions and z is
vertical direction,

6.3.4.2 Asanalternative to the procedure in 6.3.4.1,
the response ( EL ) due to the combined effect of the
three components can be obtained on the basis of
‘square root of the sum of the square ( SRSS )’ that
is -

EL = ~ (ELxY*+(ELy)*+(ELz)

NOTE — The combination procedure of 6.3.4.1 and -

6.3.4.2 apply to the same response quantity-(say, moment
in & column about its major axis, or storey shear in a
frame) due ta different components of the ground motien.

6.3.4.3 When two component motions ( say one
horizontal and one vertical, or only two horizontal )
are combined, the equations in 6.3.4.1 and 6.3.4.2
should be modified by del:ting the term representing
the response due to the component of motion not being
considered.

6.3.5 Increase in Permissible Stresses
6.3.5.1 Increase in permissible stresses in materials

When earthquake forces are considered along with
other normal design forces, the permissible stresses
in material, in the elastic method of design, may be
increased by one-third. However, for steels having a
definite yield stress, the stressbe limited to the yield
stress; for steeis without a definite yield point, the
stress will be limited to 80 percent of the ultimate
strength or 0.2 percent proof stress, whichever is
smaller; and that in prestressed congrete members,
the tensile stress in the extreme fibers of the concrete
may be permitted so as not to exceed two-thirds of
the modulus of rupture of concrete,

6.3.5.2 Increase in allowable pressure in soils

When earthquake forces are included, the allowable
bearing pressure in soils shall be increased as per
Table 1, depending upon type of foundation of the
structure and the type of soil.

In soil deposits consisting of submerged loose sands
and soils falling under classificauon' S iwith)

standard pcnetratmn N-valuesie | j seismic
D S s gy

Zones IIL, IV, V and less than 10 in seismic Zones 1,
the vibration caused by earthquake may camise
liquefaction or excessive total and differential
settlements. Such sites should preferably be aveided
while locating new settlements or important projects.
Otherwise, this aspect of the problem needs to be
investigated and appropriate methods of compaction
or stabilization adopted to achieve suitable N-valises
as indicated in Note 3 under Table 1. Alternatively,
deep pile foundation may be provided and taken to
depths well into the layer which is not likely to liquesfy,
Marine clays and other sensitive clays are also knowan
to liquefy due to collapse of soil structure and wrill
need special treatment according to site conditiom.

NOTE — Spscialist literature may be referred for
determining liquefaction potential of a site.

6.4 Design Spectrum '

6.4.1 For the purpose of determining seismic forces,
the country is classified into four seismic zones as
shown in Fig. 1.

6.4.2 The design horizontal seismic coefﬁcxentA
for a structure shall be determined by the followmg ‘
expression: s
' Z18,
" 2Rg

Provided that for any structure with T $0.1s, the
value of 4, will not be taken less than Z/2 whatever
be the value of I/R

“where

Z = Zone factor given in Table 2, is for ime
Maximum Considered Earthquake (MCE )
and service life of structure in a zone, The
factor 2 in the denominator of Z is used s ©
as to reduce the Maximum Consideredd
Earthquake (MCE ) zone factorto the facier
for Design Basis Earthquake ( DBE ).

I = Importance factor, depending upon the
functional use of the structures,
characterised by hazardous consequence S
of its failure, post-earthquake functiona.1
needs, historical value, or economic
importance ( Table 6 ).

R = Response reduction factor depending or1
the perceived seismic damage performance
of the structure, characterised by ductiles
or brittle deformations, However, the ratio

“(4/R) shail not be greater than 1.0 { Table
7). The values of R for buildings are givern

[ in(’I‘able 7.
l g= ' Avcrage rcsponse acceleranon coeiﬁment

s ;: t in. alokeobmtpe.ary
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Table 1 Percentage of Permissible Increase in Allowable Bearing Pressure or Resistance of Soils
(Clause 6.3.5.2)
§1 Ne. Foundation Type of Soil Mainly Coristituting the Foundation

rT_ype I Rock or Hard Soil : Type 11 Medium Séils :  Typelll Soft Sotis: All
Well graded gravel and sand  All soits with N between 10 soils other than SPY
gravel mixtures with or and 30, and poorly graded with N< 10

without clay binder, and sands or gravelly sands with

clayey sands poorly graded little or no fines { SPV)

or sand clay mixtures { GB, with N> 13

CW, 5B, SW, and SC)¥

having N9 above 30, where

N i3 the standard penctration
value
{1} (2) 3) : (4) (%)
i} Piles passing through an9 50 50 50
soil but resting on soil type 1 . ’
ii) Piles not covered under — 24 25
item i
iiD Raft foundations 50 50 ‘ 50
iv)  Combined isolated RCC 50 o 25 25
footing with tie beams '
v)  Isolated ROC footing without 50 25 -
. tie beams, or unreinforced
strip foundations
vi) Well foundations 50 25 25

NOTES
1 The allowable bearing pressure shall be detormined in accordance with IS 6403 or IS 1888.

2 If any increase in bearing pressure has already becn permitted for forcos other than seismic forces, the total increase
in allowsble bearing pressure when seismic force is also included shall not exceed the limits specified above.

3 Desirable minimum fieid values of ¥ — If soils of smaller N-values aro met, compacting may be adopted to achieve
these values or decp pile foundations going to stronger strata should be used.

4 The values of N ( corrected values ) are at the founding level and the allowable bearing pressure shall be determined in
accordance with IS 6403 or IS 1888,

Seismic Zone Depth Below Ground N-Falues Remark
level ( in meires )
HILIVand V £5 15
- For valuss of depths between 5 m and
210 25 . , : .
10 m, linear interpolation is
11 ( for important <5 15 recommended
structures only ) 210 20

5 The piles should be designed for lateral loads neglecting lateral resistance of soil layers liable to liquefy.
6 IS 1498 and IS 2131 may also be referred.

7 Isolated R.C.C. footing without tie beams, or unseinforoed strip foundation shall not be permitted in soft soils with
N<10.

) See IS 1498.
D See IS 2131,

Licensed To-BM TP C
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for rock or soil sites as given by Fig. 2 and
Table 3 based on appropriate natural periods
and damping of the structure. These curves
represent free field ground motion.

NOTE — Feor various types of structurss, the
valugs of Importance Factor 7, Responss Reduction
Factor R, and damping values are given in the
respective parts of this standard. The method
( empirical or otherwiss ) to calculate the natural
periods of the structure to be adopted for evaluating
S/ is also given in the respective parts of this
standard.

Table2 Zone Factor,Z
(Clause 6.4.2)

Seismic o m v Y
Zone
Seismic Low Moderate  Severe Very
Intensity . Severe
zZ 0.10 0.16 0.24 0.36

6.4.3 Where a mumber of modes are to be considered
for dynamic analysis, the value of 4, as defined
in 6.4.2 for each mode shail be determmed using the
natural period of vibration of that mode,

6.4.4 For underground structures and foundations
at depths of 30 m or below, the design horizontal
acceleration spectrum value shall be taken as half the
value obtained from 6.4.2. For structures and

foundations placed between the ground leve! and
30 m depth, the design horizontal acceleration spectrum
value shall be linearly interpolated between A4, and
0.5 A;, where A, is as specified in 6.4.2.

6.4.5 The design acceleration spectrum for vertical
motions, when required, may be taken as two-thirds
of the design horizontal acceleration spectrum specified
in6.4.2,

Figure 2 shows the proposed 5 percent spectra for
rocky and soils sites and Table 3 gives the multiplying
factors for obtaining spectral values for various other
dampings.

For rocky, or hard soil sites
1+1ST.  0.00<T<0.10

-g-‘- ={ 250 0.10£T750.40
1.00/T 0.40<T<4.00

For medium soil sites
. 14157 0.00£T<0.10
~g—‘ ={ 250 0.10£T<0.55
1.36/T 0.555T<4.00
For soft soil sites

1+157, 0.00<750.10
= {250 0.10<T<0.67
L6UT  067ST<4.00

%]

z

3.0 , T T T
25
2.0
1.5
1.0

0.5

Spectral Acceleration Coefficient ( S./g)

Type | (Rock, or Hard Soll)
Type il {(Medium Soil)
Type I (Soft Sail)

e
.
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. FIUZRESPONSESPE{CIIQR)RRO{‘.‘K
Sinail o ;)L('Urf\, e

2.0 25 30 as 4.0
Pariod(s)

,l:)-

mSomSm&SmcmDmm
f=' nNalin, alokedbn nips.org



6.4.6 In case design spectrum is specifically prepared
for a structure at a particular project site, the same
may be used for design at the discretion of the project
autheritics

7 BUILDINGS
7.1 Regular and Irreguiar Configuration

To perform weH in an earthquake, a building should
possess four main attributes, namely simple and regutar
configuration, and adequate lateral strength, stiffness
and ductility. Buildings having simple regular geometry
and uniformly distributed mass and stiffness in plan
as well as in elevation, suffer much less damage than
buildings with irregular configurations. A building
shall be considered as irregular for the purposes of
this standard, if at least one of the conditions given
in Tables 4 and 5 is applicable.

7.2 Importance Factor J and Response Reduction
Factor R

The minimum value of importance factor, /, for different
building systems shall be as given in Table 6. The
response reduction factor, R, for different building
systems shall be as given in Table 7.

7.3 Design Imposed Loads for Earthquakes Force
Calculation

‘7.3.1 Forvarious loading classes as specified in
15 875 (Part 2), the earthquake force shall be calculated
for the full dead load plus the percentage of imposed
load as given in Table 8

7.3.2 For calculating the design seismic forces of the
structure, the imposed load on roof need. not be
considered. :

7.3.3 The percentage of imposed loads given in 7.3.1
and 7.3.2 shall also be used for *“Whole frame loaded’
condition in the load combinations specified in 6.3.1.1

IS 1893 (Part 1) : 2002
and 6.3,1.2 where the gravity loads are combined with

the earthquake loads [ that is, in load combinations

(3) in6.3.1.1, and (2) in 6.3,1.2 ]. No further reduction
in the imposed load will be used as envisaged in
IS 875 ( Part 2 ) for number of storeys above the one
under consideration or for large spans of beams or
floors.

7.3.4 The proportions of imposed load indicated above
for calculating the lateral design forces for earthquakes
are applicable to average conditions. Where the
probable loads at the time of earthquake are more
accurately assessed, the designer may alter the
proportions indicated or even replace the entire
imposed load proportions by the actual assessed load.,
In such cases, where the imposed load is not assessed
asper 7.3.1and 7.3.2 only that part of imposed load,
which possesses mass, shall be considered. Lateral
design force for earthquakes shali not be calculated
on contribution of impact effects from imposed loads.

7.3.8 Other loads apart from those gi#en above ( for
example snow and permanent equipment ) shall be
considered as appropriate,

7.4 Seismic Weight
7.4.1 Seismic Weight of Floors

The scismic weight of each floor is its full dead load
plus appropriate amount of imposed load, as specified
in 7.3.1 and 7.3.2. While computing the seismic weight

of zach floor, the weight of columns and walls in any
storey shall be equally dlstnbuted to the floors above

and below the storey.
7.4.2 Seismic Weight of Building

The seismic weight of the whole building is the sum
of the seismic weights of all the floors.

7.4.3 Any weight sapported in between storeys Shall
be distributed to the floors above and below in inverse
proportion to its distance from the floors.

Table 3 Multiplying Factors for Obtaining Values for Other Damping
{Clause 6.4.2)

Damping, 0 2 5 7 10 15 20 25 30
percent
Factors 3.20 1.40 1.00 0.30 0.80 0.70 0.60 0.55 0.50
Licensad To: @ TRO
Email: hmipct@dei2vanlnating alokidbmipc.org
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Table 4 Definitions of Irregular Buildings —

Plan Irregularities ( Fig. 3)
{Clause 7.1)

81 No. .

1)

ii)

ifi)

v}

v)

Irregularity Type and Description

(2)
Torsion Irregularity
To be considered when floor diaphragms are rigid
in their own plan in relation to the vertical structural
clements that resist the lateral forces. Torsional
irregularity to be considered to exist when the
maximum storey drift, computed with design
eccentricity, at one end of the structures transversa
to an axis is more than 1.2 times the average of
the slorey drifts st the two ends of the structure
Re-enfrant Comners
Plan configurations of a structure and its latera}
force resisting system contain re-entrant corners,
where buth projections of the structure beyond the
re-enttant corner are greater than 15 percent of
its plan dimension in the given direction
Diaphragm Discontinuity
Diaphragms with abrupt discontinuities or variations
in stiffness, including those having cut-out or open
areas greater than 50 percent of the gross enclosed
diaphragm ares, or changes in offective diaphragm
stiffness of more than 50 percent from one storsy
to the next

Out-gf-Plane Offsels

Discontinuities in a lateral forco resistance path,
such as out-of-plane offssts of vertical elements
Non-parallel Systems

The vertical cloments resisting the latersl force
are not parallel to or symmetric about the major
orthogonal axes or the lateral foroe resisting eloments

Table 5 Definition of Irregular Buildings —

Vertical Irregularities ( Fig. 4)
(Clause 7.1)

§1 No.

(1)

Irregularity Type and Description
(2)

a) Stifiness Irregularity — Soft Starey
A soft storey is one in which the lateral stil¥ness
is less than 70 percent of that in the storey above’
or less than 80 percent of the average lateral stiffness
of the three storeys above
b) Stiffness [rregularity — Extreme Saoft Storey
A extreme soft storey is one in which the lateral
stiffnesy is less than 60 percent of that in the storey
above or less than 70 percent of the average stiffness

of the three storeys above, For example, buitdings
on STILTS will fall under this category.

Liconsaod To:

Table 8 — Concluded

§1 No.
)

i)

iv)

v)

Irreguhrity Type and Description
(2)

Mass Irregularity

Massirregularity shall be considered to exist where
the seismic weight of any storey is more than 200
percent of that of its adjacent storeys. The irregularity
need not be considered in case of roofs

Vertical Geometric Irregularity

Vertica! geometric irregularity shall be considered
to oxist where the horizontal dimension of the Isteral
force resisting system in any storey is more than
150 percent of that in its adjacent storey

In-Piane Discontinuily in Vertical E!emnt.s Resisting
Lateral Force

A in-planc offset of the lateral force rosisting
clements greater than the length of these clements

Di.sconi.‘nuiaja in Capacity — Weak Strorey

A weak storey is one in which the storey lateral
strength is less than BO percent of that in the storey
above, The storey lateral strength is the total
strength of all seismic force resisting elements
sharing the storey shear in the considered direction.

"Table 6 Importance Factors, f
{ Clause 6,.4.2)

81 No.

m

Structure Importance

Factor
(2) 3)

i} Important service and community
buildings, such as hospitals; schools;

monumental structures; emergency
buildings like telsphone exchange,

1.5

television stations, radio stations,
railway stations, fire station buildings;
lazge community halls like cinemas,
assembly halls and snbway stations,
power stations

ii)  All other buildings 1.0
NOTES

1 Tho design engineer may chooss values of importance
factor [ greater than those mentioned abave.

2 Buildings not sovered in 51 No. (i) and (ii) above may
be designed for higher value of 7, depending on economy,
strategy considerations like multi-storey buildings having
several residential units,

3 This does not apply to temporary structures like
excavations, scaffolding otc of short duration.
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Table 7 Response Reduction Factor Y, R, for Building Systems.
‘ (Clause 6.4.2) '
§l No. Lateral Load Resisting System | - : R
M @ C - 3
Building Frame Systems
i)  Ordinary RC moment-resisting frame ( OMRF )? ' 3.0
ii)  Special RC momant-rcsisliﬁg frame ( SMRF ¥ 5.0
i)  Stoel frame with
a) Concentric braces ) i ] I . , . . 4.6
b) Eccentric braces . 5.0
iv)  Steol moment resisting frame dosigned as per SP 6 ( 6 ) 5.0
Building with Shear Walls?®
v}  Load boaring masoney wall buildings®
a} Unreinforesd ' - 1.5 .
b) Reinforced with horizontal RC bands ° . | 25
¢) Reinforced with horizonta! RC bands and vertical bars at corners of rooms and ‘ 3.0
jambs of openings :
vi)  Ordinary reinforced concreto shear walls® : o 3.0 '.
vit)  Ductile shear walls? ‘ . 4:0‘
Butldings with Dual Systems®) _
viii)  Ordinary shear wall with OMRF . . 3.0
ix)  Ordinary shear wall with SMRF - o 4.0
x)  Ductile shear wall with OMRF o b 4.5
xi) . Dustilo shear wall with SMRF .- _ : ' 5.0

1 The valués of response reductmn factors are to be used fpr hmldmgs with lateral lond reslstutg ulemouts and not just
for the lateral load resisting olerents. built in isolation.

2 OMRF are those designed and' detailed as por IS 456 or IS 800 but not -meeting ductils detailing requirement as
por 1S 13920 or SP 6 (6) respectively.

3 SMRF dofined in 4:18.2. -
o Bﬁil'dings with shear walls nlsn includo buildings having shear walls and frames, but where:

a) frames are not designed to carry latoral loads, or
b) frames are desigried to carry lateral loads but do not fulfil the requ:romunts of ‘dual systems’,

%) Reinforcement should be as per IS 4326,

8 Prohibited in zones [V and V.

” Ductils shear walls ate those designed and detailed as per 1S 13920.

8 Buildings with dual systems consist of shear walls ( or braced frames ) and moment resisting frames such that:

a) the two systema are designed to resist the total design force in proportion to their lateral stiffness considering
the interaction of the dua! system at all floor levels; and

b) the moment resisting frames aro designed to mdependently rosist at loast 25 percent of the damgn seismic bass
shear, .

Licansad Ta: 3 M TR G
Email; bmipo@daizvanthatin, alok@bmipe.org
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Table8 Percentage of Imposed Load to be
Considered in Seismic Weight Calculation

(Clause 7.3.1)

Imposed Uniformity Percentage of Imposed

Distributed Floor Load
Loads ( kN/ m? )
(1) _ (2)
Upto and including 3.0 25
Above 3.0 50

7.5 Design Lateral Force

7.5.1 Buildings and portions thereof shall be designed
and constructed, to resist the effects of design laterat
force specified in 7.5.3 as a minimum.

7.8.2 The design lateral force shall first be computed
for the building as a whole. This design lateral force

. Shall then be distributed to the various floor levels,

The overall design seismic force thus cbtained ateach
floor level, shall then be distributed to individual lateral

load resisting elements depending on the floor

diaphragm action, _
7.5.3 Design Seismic Base Shear

The total design lateral force or design seismic base
shear ( /) along any principal direction shall
be determined by the following expression:

_ Vy = 4, W
where
Ay, = Design horizontal acceleration spactrum
value a5 per 6.4.2, using the fundamental

natural period 7, as per 7.6 in the considered
direction of vibration; and

W = Seismic weight of the building as per7.4.2,
1.6 Fundamental Natural Period

7.6.1 The approximate fundamental natural period
of vibration ( T, ), in seconds, of a moment-resisting
frame building without brick infil panels may be
estimated by the empirical expression:

T, = 0.0754%" . for RC framebuilding .
= 0.0854°™ - for steel frame building

where

h = Height of building, in m. This excludes
the basement storeys, where basement walls
are connected with the ground floor deck
or fitted between the building columns.
But, it includes the basement storeys, when

they are not so connected 2150 T [3°

7.6.2 The approximate fundamental natural period.
of vibration ( T, ), in seconds, of all other buildings,
including moment-tesisting frame buildings with brick.
infil panels, may be estimated by the empirical
expression:

0.09
VT
where
h = Height of building, in m, as defined in 7,6.1;

and

d = Bassdimension of the building at the plinth
level, in m, along the considered direction
of the lateral force.

7.7 Distribution of Design Force

1.7.1 Vertical Distribution of Base Shear to Different
Floor Levels

The design base shear ¢ Va) computed in 7.5.3 shall
be distributed along the height of the building as per
the following expression: ‘

;i

Qi = VB "
W h
=1 J

where

Q; = Design lateral force at floor /,

W, = Seismic weight of floor i,
h; = Height of floor i measured from base, and
n

"= Number of storeys in the building is the
number of levels at which the masses are
located.

7.7.2 Distribution of Horizontal Design Lateral Force
to Different Lateral Force Resisling Elements

7.7.2.1 In case of buildings whose floors are capable
of providing rigid horizontal diaphragm action, the
total shear in any horizontal plane shall be distributed
tothe various vertical elements of {ateral force resisting
system, assuming the floors to be infinitely rigid in
the horizontal plane.

7.7.2.2 In case of building whose flaor diaphragms
mmtbeﬁeﬂedashﬂinitelyﬂgidintheiromplane,
the lateral shear at each floor shall be distributed to
the vertical elements resisting the lateral forces,
considering the in-plane flexibility of the diaphragms.

NOTES

1 A floor diaphragm shall be considered to be Aexible,
ifit deforma such that the maximum lateral displacement
measured from the chard of the deformed shapo at
any_point of the diaphragm is more than 1.5 times the

average,displicement of the entire diaphragm.

EEnnaH:i}ﬂ?ﬁjﬂéﬁﬂjelékﬁnii4uﬁtin‘:ahvk@iﬂ;n1ﬁ;c.nrq



2 Reinforced concrate monolithic shb-bun floors of

those consisting of prefabricated/precast elements with -

mpph;reinforeodﬁudmbohkenlﬁﬁd diaphragms.
1.8 Dynamic Analysis
7.8.1 Dynamic analysisahallbeperformedtoobtain

the design scismic force, and its distribution todifferent

levels alongthehcigmnfthnhuildingandtoﬂnvaﬂm
lateral load resisting elements, for the following
buildings:
a) Regular buildings — Those greater than
40 m in height in Zoneg [V and V, and those
greatuthanwminhcightinZonuHand
111, Modelling as per 7.8.4.5 can be used.

b) [Irregular buildings (as definedinT.1) —

All framed buildings higher than 12 m InZones

{V and V, and those greater than 40 m in height

. in Zones If and 111 _

The analytical model for dynamic analysis of buildings
with unusual configuration should be such that it
adequately models the types of irregularities prescnt
in the building configuration. Buildings with plan

uregulatiﬁes,asdeﬁnedin'l‘ablﬂ(aspeﬂ.l).cannot_

be modelled for dynamic analysis by the method given
in7.8.4.5 - '

NOTE — For irroguiar buildings, fesser than 40 m io
height in Zoses Il and 111, dynamic analysis, gven though
not mandatory, is recommended.

. 7.8.2 Dynamic analygis may be performed either
by the Time History Method or by the Response
Spectrum Method. However, in either method, the
design base shear ( ¥; ) shall be compared with abase
shear ( V) calculated nsing a fundamental period 7,
where T, is as per 7.6, Where I, isless than V. all
the response quantities ( for example member forces,
~ displacements, storey forces, storey shears and base
reactions) shall be multiplied by P /¥,

7.8.2.1 The value of damping for buildings may be
taken as 2 and 5 percent of the critical, for the purposes

of dynamic analysis of steel and reinforced concrete

buildings, respectively.
7.8.3 Time History Method
Time history method of analysis, when used, shall

be based on an'appropriate ground motion and shall
be performed using accepted principles of dynamics.

7.8.4 Response Spectrum Method

Response spectrum method of analysis shall be
pufurn;edusmgtludmmspmmq)eciﬁedinG.tt.z,
or by a site-specific design spectrum mentioned
in6.4.5.

7.8.4.1 Free Vibration Analysis

IS 1893 (Part 1) : 2002

bnﬂdingshaﬂbepufamdnpueﬁabﬁnhedmmhods
of mechanics using the appropriate masses and elastic
stiffness of the structural system, to obtain natural
puinds(T)andmodashapu'{¢) of those of its modes
of vibration that neod to'be considered as per 7.8.4.2,

7.8.4.2 Modes to be considered

The mumber of modes to be used in the analysis should
bemhthatthemmmlofmodalmasmofanmdu
considered is at leagt 90 percent of the total seismic
mass and missing mass correction beyond 33 percent.
If modes with natural frequency beyond 33 Hzare to
be conzidered, modalcombinnﬁonshallbecmiedmn
only for modes upto 33 Hz. The effect of higher modes
shail be included by considering missing mass
carrection following well established procedures.

7.8.4.3 Analysis of bulildlng subjected to design
forces ,

The building imay be anslyzed by acospted principles
of mochanics for the design forces considered as static
forces. '

7.8.4.4 Modal combination

The peak response quantities { for example, member
forces, displacements, storey forces, storey shears

and basa reactions ) shall be combined as per Complete
* Quadratic Combination (CQC) method.

A -'\/Z-thpﬁxj. )

r = Number of modes being considered,

P = Cross-modal coefficient, -

A= Response quantity in mode i ( including
sign ),

1.,- = Response quantity in mode f ( including
sign),

38(1+p) B
(1+[F +46B(1+B?

¢ = Modal damping ratio (in fraction) as
specified in 7.8.2.1,

f = Frequency ratio = 0/w,,

o, = Circular frequency in ith mode, and

@ = Circylar frequency in jth mode.
Alternatively, the peak response quantities may be

whe

-

Undamped free vibration analysis of tl(g}gqgi;pse@%l??feﬁﬁ{?ufwfi G
£mail: bmtpc@defvsnl.netin, alok@bmipc.ory
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4) Ifthe building docs not have closely-spaced
modes, then the peak response quantity
(A ) due to all modes considered shall be
obtained as

SN

where

[

A, = Absolute value of quantity in mode £, and

r Number of modes being considered.

b) Ifthe building has a few closely-spaced modes
(see 3.2), then the peak response quantity
(A" ) due to these modes shall be obtained

. as .

SRR

where the summation is for the closely-spaced modes
only. This peak response quantity due to the closcly
spaced modes ( A" ) is then combined with those of
the remaining well-separated modes by the method
described in 7.8.4.4 (a). R s

7.8.4.5 Buildings with regular, or nominally,irregular;
plan configurations may be modelled as a systein of.
irasscs lumnped at the flpor levels with each mass having
one degree of freedom, that of lateral diSplaceme_n.t.
in the direction under consideration. In sucha case,
the following expressions shall hold in the computation
of the various quantities: © -~ . - .

a)  Modal Mass— The modal mass (A, ) of mode
k is given by

” 2
‘ ;b{k= [Zr .Wi‘b:k]

o T

g 2 W (9,07 .

where . _

g = Acceleration due to gravity,

9. = Mode shape coefficient at floor / in
mode k, and

W o= Seisrﬁic weight of floor /,

1
b) Modal Participation Factors — The
modal participation factor (P, )of modekis

given by: ’
Z ' .Wi P
P, =izl

z GNPy an

1=

¢) Design Lateral Force at Egch Floor in Eacle
Mode — The peak lateral force ( ¢,) atfloor

{ in mode £ is given by
Qu=A4, 8P W,
where

A, =Desigu’ horizontal acceleration
spectrum value as per 6.4.2 using
the natural period of vibration ( T}
of mode £.

d) Storey Shear Forces in Each Mode — The
peak shear force ( V, )acting in storey i in
mode £ is given by

n
Vi = 2 O
J=i+] }

&) Storey Shear Forces due 1o All Modes
Considered — The peak storey shear force
(¥, )in storey i due to all modes considered
is obtained by combining those due to edch

~" - mode in accordarice with 7.8.4.4.

D Lateral ¥ orces at Edch Storey Due to All

-, Modes Considered — The design lateral.

forces, 7 . and F. at roof and at floor i :

roof

anf = [0 and
F'i- = L‘i.... P|+l L

7.9 Torsion L
7.9.1. Provision shall be made in a1l buildings for.
increase in shear forces on the lateral force resisting
elements resulting from the horizontal torsional moment
arising due to eccentricity between the centre of mass,
and centre of rigidity. The design forces calculated
as in 7.8.4.5 are.to be applied at the centre of mags
appropriately displaced so as to cause, design
eccentricity ( 7.9.2 ) between the displaced centre of
mass and centre of rigidity. However, negative torsional
shear shall be neglected. = - - -

7.9.2 The design eccentricity, e, to be used at fioor
i shall be taken as: ‘

1.5¢,,+0.05 b,
€y =
. or  e,~005h,

whichever of thesé gives the more severe effect in

the shear of any frame where”

ey = Static eccentricity at floor / defined as the
distance between centre of mass and centre
of rigidity, and

b, = Floor plan dimension of floor i

Liconsod To: 3 i ,-p:agppndicularlo the direction of force,
s B UV . i ! 2

S

. NOTE — The fmcter 1.5 represonts dynamic

P amplification “factor; whileithe' factor 0.05 represents
the extent of accidental eccentricity. :

26
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7.9.3 In case of highly irregular buildings analyzed
according to 7.8.4.5, additive shears will be
superimposed for a statically applied eccentricity of -
£ (.05, with respect to the centre of rigidity.

7.10 Buildings with Soft Storey

7.10.1 In case buildings with a flexible storey, such
as the ground storey consisting of open spaces for
parking that is Stilt buildings, special arangement needs
to be made to increase the lateral strength and stiffness
of the soft/open storey.

7.10.2 Dynamic analysis of building is carried out
including the strength and stiffness effects of infills
and inelastic deformations in the members. particularly,
those in the soft storey, and the members designed
accordingly.

7.10.3 Alternatively, the following design criteria are
to be adopted after carrying out the earthquake
analysis, neglecting the effect of infill walls in other
storeys:

a) the columns and beams of the soft storey are
to be designed for 2.5 times the storey shears
and moments calculited under seismic loads
specified in the other relevant clauses; or,

b) besides the columns designed and detailed
for the calculated storey shears and moments,
shear walls placed symmetrically in both
directions of the building as far away from
the centre of the building as feasible; to be
designed exclusively for 1.5 times the lateral
storey shear force calculated as before.

7.11 Dcformutions
7.11.1 Storey Drift Limitation

The storey drift in any storey due 10 the minimum
specified design lateral force, with partial load factor
of 1.0, shall not exceed 0.004 times the storey height.

For the purposes of displacement requirements only
( see 7.11,1,7.11.2 and 7.11.3 only), it is permissible
to use seismic force obtained from the computed
fundamentat period (7) of the building without the
Jower bound limit on design seismic force specified
in 7.8.2.

There shall be no drift limit for single storey building
which has been designed to accommodate storey drift.

7.11.2 Deformation Compatibility of Non-Seismic
Members

For building located in seismic Zones IV and V, it shall
be ensured that the structural comﬁohénti’,’;lhél:ﬁrel

not a part of the seismic force resisting system in th
P TRl {):H;;Jaisy S

ey sl Netin, Aios
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direction under consideration, do not lose their vertical
load-carrying capacity under the indnced moments
resulting from storey deformations equal to R times
the storey displacements calculated as per 7.1L.1.
where R is specified in Table 7.

NOTE - For instance, consider o flat-slub building in
whith lateral load resistance is provided by shear walls.
Since the luteral load resistance of the slab-column system
is small, these are often designed only for the gravity
loads, while all the seismic foree is resisted by the shear
walls. Even though the slabs and columna are nat required
to shure the lateral forces, these deform with rest of
the sttucture under seismic force. The concern is that
under such deformations, the slab-column system should
not lose its vertioal foad capucity.

7113 Sepdrarion Between Adjacent Units

Two adjacent buildings, or two adjacent units of the
same building with separation joint in between shall
be separated by a distance equal to the amount R times
the sum of the calculated storey displaccments as per
7.11.1 of each of them, to avoid damaging contact
when the two units deflect towards each other. When
floor levels of two similar adjacent units or buildings
are at the same elevation levels, factor R in this

requirement may be replaced by R/2.

7.12 Miscellaneous
7.12.1 Foundations

"The use of foundations vulnerable to significant

differential settlement due to ground shaking shall

be avoided for structures in seismic Zones HI,IVand

V. In seismic Zones IV and V, individual spread footings
or pile caps shall be interco nnected with ties,
( see 5.3.4.10f 1S 4326 ) except when individual spread
footings are directly supported on rock. All ties shall
be capable of carrying, in tension and in compression,
an axial force equal to 4, /4 times the larger of the
column or pile cap load, in addition tothe otherwise
computed forces. Here, A, isas per 6.4.2.

7.12.2 Cantilever Projeciions
7.12.2.1 Vertical projections

Tower, tanks, parapets, smoke stacks ( chimneys )
and other vertical cantilever projections attached to
buildings and projecting above the roof, shall be
designed and checked for stability for five times the
design horizontal seismic coefficient 4, specified
in 6.4.2. In the analysis of the building, the weight
of these projecting elements will be lumped with the
roof weight,

7.12.2.2 Horizontal projection

All horizontal projections like cornices and balconies

¢y shyllybe designed and checked for stability for

five times the c]'lesiﬁyil vertical coefficient specified
CHOMINC.Org
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in6.4.5 (thatis = 10734,).

7.12.2.3 The increased design forces specified
in 7.12.2.1 and 7.12.2.2 are only for designing the
projecting parts and their connections with the main
structures. For the design of the main structure, sach
increase need not be considered,

1.12.3 Compound Walls

Compound walls shal be designed for the design
horizontal coefficient 4, with importance factor
I= 1.0 specified in 6.4.2.

; TR B I R -
T IR RS O B S S-S B VI R U

rall btnciddelhven2hotin ¢

1.12.4 Connections Between Parts

All parts of the building, except between the separation
sectiona, shall be tied together to act as integrated
single unit. All connections between different parts,
such as beams to columns and columns to their
footings, should be made capable of transmitting
a force, in all possible directions, of magnitude
(Q/W,) times but not less than 0.0% times the weight
of the smaller part or the total of dead and imposed
load reaction. Frictional resistance shall not be relied
upon for fulfilling these requirements.
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ANNEX D
( Foreword and Clause 3.15)

The scale was - discussed generally at the inter-
governrnental meeting convened by UNESCO in April
1964. Though not finally approved the scale is more
comprehensive and describes the intensity of
earthquake more precisely. The main definitions used

are followings;

a) Type of Structures ( Buildings )

Type 4 —

Building in field-stone, sural
structures,

unburnt-brick

houses, clay houses.

Type B—

Ordinary brick buildings,

buildings of large block and
prefabricated type, half timbered
structures, buildings in natural
hewn stone, '

Type C —

Reinforced buildings, well built

wooden structures,

b) Definition of Quantity:

Single, few About 5 percent

Many
Most

About 50 percent
About 75 percent

¢) Classification of Damage to Buildings

Grade ! Slight damage

Grade 2 Moderate damage

Grade 3 Heavy damage

Grade 4 Destruction

Grade 5 Total damage

Fine cracks in plaster;
fall of small pieces of
plaster.

Small cracks in plaster;
fall of fairly large pieces
of plaster. pantiles skip
off. cracks in chimneys
parts of chimney fall
down. :

Large and deep cracks
in plaster. fall of
chimneys.

Gaps in walls: parts of
buildings may collapse:
separate parts of the
buildings lose their
cohesion: and inner
walls collapse.

Total coflapse of the

puildingsn el 107+

IS 1893 ( Part 1) 2002

COMPREHENSIVE INTENSITY SCALE (MSK64)

d) Intensity Scale

L

Not noticeable — The intensity of the
vibration is below the limits of sensibility:
the tremor is detected and recorded by
seismograph only.

Scarcely noticeable ( very slight)— Vibration
is felt only by individual people at rest in
houses, especially on upper floors of
buildings.

Weak, partially observed only — The
earthquake is felt indoors by a few people,
outdoors only in favourable circumstances.
The vibration is like that due to the passing
of a light truck. Attentive observers notice
a slight swinging of hanging objects,

somewhat more heavily on upper floors.

Largely observed — The earthquake is felt
indoors by many people, outdoors by few.
Here and there people awake, but no one is
frightened. The vibration is like that due to
the passing of a heavily loaded truck.
Windows, doors, and dishes rattle. Floors
and walls crack. Furniture begins to shake.

'Hanging objects swing slightly. Liquid in

open vessels are slightly disturbed. In
standing motor cars the shock is noticeable.

Awakening

) The earthquake is felt indoors by all,
outdoors by many. Many people awake.
A few run outdoors, Animals become
uneasy. Building remble throughout.
Hanging objects swing considerably.
Pictures knock against walis or swingout
of place. Occasionally pendulum clock s
stop. Unstable objects overturn or shift.
Open doors and windows are thrust opent
and slam back again. Liquidsspill in small
amounts from well-filled open containers.
The sensation of vibration is like that
due to heavy objects falling inside the
buildings.

ii) Slight damages in buildings of Type A
arc possible.

i i}~ Sometimes changes in flow of springs.

Emait: bmtpc@dr?-:-!’zvrm“;gglet.in., AlOKEDDIMINC.Or)
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Frightening

i)  Felt by most indoors and outdoors. Mzuny
people in buildings are frightened and
runt outdoors. A few persons loose their
balance. Domestic animals run out of
their stalls. In few instances, dishes and
glassware may break, and books fall down,
Heavy lurniture may possibly move and
small steeple bells may ring.

ii) Damageof Grade 1 is sustained in single
buildings of Type B and in many of Type
A. Damage in few buildings of Type A
i5 of Grade 2.

i) In few cases, cracks up to widths of
1 em possible in wet ground; in mountains
occasional landslips; change in flow of
springs and in level of well water are
observed,

Damage of huildings

D Most people are frightened and run
outdoors. Many find it difficult to stand.
The vibration is noticed by persons
driving motor cars. Large bells ring.

i) In many buildings of Type C damage of
Grade | is caused: in many buildings of-
Type B damage is of Grade 2. Most
buildings of Type A suffer damage of
Grade 3, few of Grade 4. In single
JAnstances, landslides of roadway on steep

slopes; crack in roads; seams of pipelines ‘

damaged; cracks in stone walls,

iiiy Waves are formed on water, and is made
~ turbid by mud stirred up. Water levels
in wells change, and the flow of springs
changes. Some times dry springs have
their flow resorted and existing springs
stop flowing. In isolated instances parts

of sand and gravelly banks slip off.

Destruction of buildings

i) Fright and panic; also persons driving
motor cars are disturbed. Here and there
branches of trees break off. Even heavy
furniture moves and partly overturns,
Hanging lamps are damaged in part.

i) Mostbuildings of Type C suffer damage
of Grade 2, and few of Grade 3. Most
buildings of Type B suffer damage of
Grade 3. Most buildings of Type A suffer
damage of Grade 4. Occasional breski ng
of pipe seams. Memeorials and

roads on steep slopes; cracks in groundl
upto widths of several centimetres. Waterr
in lakes become turbid. New reservoirs
come into existence. Dry wells refill andt
existing wells become dry. In many cases.
change in flow and level of water is
observed.

9. General damage of buildings

) General panic; considerable damage to

furniture. Animals run to and fro in
confusion, and cry.

Many buildings of Type C suffer damage
of Grade 3, and a few of Grade 4. Many
buildings of Type B show a damage of
Grade 4 and a few of Grade 5. Many
buildings of Type A suffer damage of
Grade 5. Monuments and columns fall,
Considerabie damage to reservoirs;
underground pipes partly broken, In
individual cases, railway lines are bent
and roadway damaged. .

On flat land overflow of water, sand and
mud is often observed. Ground cracks
to widths of up to 10 cm, on slopes and
river banks more than 10 cm. Further
more, a large number of slight cracks in
ground; falls of rock, many land slides
and earth flows; large waves in water.
Dty wells.renew their flow and existing
wells dry up,

10. General destruction of buildings
i Many buildings of Type C suffer damage

of Grade 4, and a few of Grade 5. Many
buildings of Type B show damage of
Grade 5. Most of Type A have
destruction of Grade 5. Critical damage
to dykes and dams. Severe damage to
bridges. Railway lines are bent slightly.

Underground pipes are bent or broken.
Road paving and asphalt show waves.

Inground, cracks up to widths of several
centimetres, somietimes up to ! m. Paralle]
to water courses occur broad fissures,
Loose ground slides from steep slopes.
From river banks and steep coasts,
considerable landslides are possible, In

. coastal arcas, displacement of sand and

mud, change of water level in weils; water
from canats. lakes. rivers. ete, thrown
onland. Newiakes occur,

monuments move and twist, Tombstones 11, Destruction
overturn. Stone walls gollapse, ;. | T M § | Sévere damage even to well buill
all landslipsin hollows andonbanked..; . ., .. building . bridges, water dams and
1) S“hevl.li'?lilgsn psiﬂ { ﬂ}@‘l’ﬁf?‘%-;-g ‘,f~fll *' RELEIIAN CU-’.J,‘-\_‘\L{;EL_';S(I “.}JEE- ] (]
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railway lines. Highways become useless.
Underground pipes destroyed.

i) Ground considerably distorted by broad
cracks and fissures, as well as movernent
in harizontal and vertical directions.
Numerous landslips and falls of rocks.
The intensity of the earthquake requires
to be investigated specificaily.

12. Landscape changes
§)  Praclically all structures above and below

i)

IS 1893 (Part 1) : 2002

ground are greatly damaged or
destroyed.

The surface of the ground is radically
changed. Considerable ground cracks
with extensive vertical and horizontal
movements are observed. Falling of rock
and slumping of river banks over wide
areas, lakes are dammed; waterfalls
appear and rivers are deflected. The
intensity of the earthquake requires to
be investigated specially.

ANNEXE
( Foreword)
ZONE FACTORS FOR SOME IMPORTANT TOWNS

Town ., Zone Zone Factor, Z ~ Town Zone Zone Factor, Z
Agra i 0.16 Chitradurga [} 0:10
Ahmedabad m 0.16 Coimbatore m 0.16
Ajmer I 0.10 Cuddalore 11 0.16
Allahabad i 0.10 Cuttack 1 0.1
Almora A% 0.24 Darbhanga v 0.36
Ambala v 0.24 Darjeeling N . 0.24
Amritsar v 024 Dharwad Il 0.16
Asansol m 0.16 Dehra Dun v 024
Aurangabad i 0.10 Dharampuri II1 0.16
Bahraich v 0.24 Delhi v 0.24
Bangatore I 0.10 Durgapur 11 0.16
Barauni \'% 0.24 Gangtok \Y 0.24
Bareilly 11 . 0.16 Guwahati vV 0.36
Belgaum 111 0.16 Goa i1 0.16
Bhatinda 411 . 016 Gulbarga I 0.10
Bhilai I 0.10 Gaya [ 0.16
Bhopal. it 0.10 Gorakhpur N 0.24
Bhubaneswar I 0.16 Hyderabad a 0.10
Bhuj v 0.36 Imphal v 0.36
Bijapur I 0.16 Jabalpur il (.16
Bikaner Il 0.16 Jaipur I 0.10
Bokaro Iil 0.16 Jamshedpur a 0.10
Bulandshahr 1% 0.24 Ihansi i 0.10
Burdwan I 0.16 Jodhpur il 010
Cailcut . 1l 0.16 Jorhat v 0.36
Chandigarh v Lic é);%-ﬂ ad o I%a?u;aﬂar?- o0 m 0,16
Chennai Kalapakkat (.16

- 1 A 006
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Town

Kanchipuram
Kanpur
Karwar
Kohima
Kolkata
Kota
Kurnool
Lucknow
Ludhiana
Madurai
Mandj
Mangatore
Monghyr
Moradabad
Mumbai
Mysore
Nagpur
Nagarjunasagar
Nainital
Nasik
Nellore
Osmanabad
Panjim
Patiala
Patna
Pilibhit

Zone

E‘EEEEEEE===EEEE<=EE==E<EEE

Zone Factor, 7 Town
0.16 Pondicherry
0.16 Pune
0.16 Raipur
0.36 Rajkot
0.16 Ranchi
0.10 Roorkee
010 Rourkela
0.16 Sadiya
0.24 Salem
0.10 Simla
0.36 Sironj
0.16 Solapur
0.24 Srinagar -
024 Surat
0.16 Tacapur
0.10 Tezpur
Thane
0.10 Thanjavur
0.10 Thiruvananthapuram
0.24 Tiruchirappali
016 Tiruvennamalai
0.16 Udaipur
0.16 Vadodara
0.16 Varanasj
0.16 Vellore
0.24 Vijayawada
0.24 Vishakhapatnam
Liconigad To M 700

il Dinlpodtdel2vsagnat in alohdmhm

Zone

<EE<E=EE<=Z=E=E=

oI

a1

11

11

a1

I
it

Zone Factor, 7

0.10
0.16
0.10
0.16
0.10
0.24
0.10
036
0.16
0.24
010 -
0.16
0.36
0.16
0.16
0.36
0.16
0.10
0.16
0.16
0.16
0.10
0.16
0.16
0.6
0.16
0.10
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( Foreword )
COMMITTEE COMPOSITION
Earthquake Engineering Sectiona! Committee, CED 39
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New Delhi
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( Continued from page 37 )
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AMENDMENT NO. 1 JANUARY 2005
TO
IS 1893 (PART 1) : 2002 CRITERIA FOR
EARTHQUAKE RESISTANT DESIGN OF STRUCTURES

PART 1 GENERAL PROVISIONS AND BUILDINGS
( Fifth Revision )

( Page 5, Fig. 1 ) — Interchange ‘VARANAS!’ and ‘ALLAHABAD’ and ‘KOLKATA'’
to be in Zone 111 .

( Page 15, under Note 4, Table 1 ) — For Zone II, substitute the following
. for the existing:

i1 (for important structures only) <5 10
210 20

( Page 24, clause 7.6.2 ) — Substltutc the following for the existing
expression:
0.09 A

e

( Page 25, clause 7.8.4.4 ) — Substitute the following for the existing

expression:
) s(1+ BB
P = 22 4 .2 2
| (1-B) +4c“B(1+P) _
( Page 26, clause 7.9.1 ) — Delete last sentence ‘However ........ neglected’.

( Page 26, clquse 792 ) — Renumber ‘NOTE' as ‘NOTE I’ and add the

following Note 2 after Note 1:

‘NOTE 2 — In case 3D dynamic analysis is carried out, the dynamic amplification factor
of 1.5 be replaced with 1.0."

( Page 35, Annex E ) — Substitute the following for the existing;
‘Cuddalore I  0.24°
(CED39)

Reprography Unit, BIS, New Delhi, India
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Earthquake Engineering Sectional Committee, CED 39

FOREWORD

This Indian Standard (Third Revision) was adopted by the Burcau of Indian Standards, after the draft finalized by
the Earthquake Engineering Sectional Committee had been approved by the Civil Engineering Division Council.

Himalayan-Naga Lushai region, Indo-Gangetic Plain, Western India and Kutch and Kathiawar regions are
geologically unstable parts of the country and some devastating earthquakes of the world have occurred there. A
major part of the peninsular India has also been visited by moderate earthquakes, but these were relatively few in
number and had considerably lesser intensity. It has been a long felt need to ralionalize the earthquake resistant
design and construction of structures taking into account seismic data from studies of these Indian earthquakes,
particularly in view of the heavy construction programme at present all over the country. It is to serve this
purpose that IS 1893 : 1966 ‘Criteria for earthquake resistant design of structures’ was formulated. It covered the
seismic design considerations for various structures. As an adjunct to IS 1893 : 1966, IS 4326 : 1967 ‘Code of
practice for earthquake resistant design and construction of buildings' was formulated and subsequently revised
in 19760 be in line with IS 1893 : 1975. Since 1984 revision of IS 1893 was minor, it did not require a revision
of 1S 4326, An expansion of IS 4326 was in fact thought of immediately after the Bihar earthquake of August
1088 when preater attention was needed on low-strength brickwork and stone masonry as well as earthen buildings;
also repair, restoration and strengthening of earthquake damaged buildings posed a serious issue. After intense
deliberations, the Committee decided to issue separate standards to cover these topics. It was further decided to
cover detailing of reinforced concrete for achieving ductility.in a separatc standard 1v be used with IS 456 : 1978
‘Code of practice for plain and reinforced concrete {third revision)'. Hence IS 4326 was third revised in 1993,

IS 1893 (Part 1) has been revised in 2002 with a view to keep abreast with the rapid development and extensive
research that has been carried out in the field of earthqyia¥ke resistant design of various structures. IS 456 has been
also revised in 2000, Further, four aiendments been issued to IS 4326 : 1993. Therefore, it hus been

decided to take up the revision of IS 4326 : 199%

In this standard, it is intended to cover the sp'géa'lcd features of design and construction for earthquake resistance
of buildings of conventional types. In gase of other buildings, detailed analysis of earthquake forces shall be
necessary. Recommendations regar i@Festrictions on openings, provision of steel in various horizontal bands
and vertical steel at corners and junctidns in walls and at jambs of openings are based on a range of calculations
made using steel design seismj coefficient and the ductility of steel reinforcement. Many of the provisions have
also been verified expeﬁmemgﬂ' on models by shake table tests.

The Commiltee responsible’for the formulation of this standard has taken into consideration the views of all who
are interested in this and has related the standard to the prevailing practices in the country. Due weightage
has also been givep to the need for international co-ordination among the standards and practices prevailing in
different count@gof the world. '

The compgsinon of the Committee responsible for the formulation of this standard is given in Annex A.

For lt%ﬂrposc of deciding whether a particular requirement of this standard is complied with, the final value,
observ&d or calculated, expressing the result of a test or analysis, shall be rounded off in accordance withIS 2 : 1960
‘Rules for rounding off numerical values (revised)'. The number of significant places retained in the rouncted off
value should be the same as that of the specified value in this standard. : :

B
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Indian Standard

EARTHQUAKE RESISTANT DESIGN AND
CONSTRUCTION OF BUILDINGS — CODE OF PRACTICE

( Third Revision )

1 SCOPE

1.1 This standard deals with the selection of materials,
special features of design and construction for
earthquake resistant buildings including masonry
construction using rectangular masonry units, timber
construction and buildings with pre-fabncated flooring/
roofing clements.

1.2 Guidelines for earthquake resistant buildings
constructed using masonry of low strength and earthen
bulldmgs are covered in separate Indian Standards.

2 REFERENCES

The standards listed below contain provisions which
through reference in this text, constitute provisions of
this standard. At the time of publication, the editions

indicated were valid. All standards are subject to

revision and parties to agreements based on this
standard are encouraged to investigate the possibility
of applying the most recent edition of the standargdsp,.
indicated below:

IS No. Title ‘9
Plain and reinforced cogerete —

456 : 2000
Code of practice (thirdpevision)
883 :1994 Code of practice fo;#?gm of structural
timber in building (fourth revision)
1077 : 1992 Common bu@ ¢lay building bricks

— Speci on {fifth revision)
1597 (Part 2):  Code of practice for construction of

1992 sto%&nasonry Part 2 Ashlar
’ masonry (first revision)

@ode of practice for fire safety of
~>" buildings (general): General
<, principles of fire grading and

classification (first revision)
Code of practice for fire safety of
buildings (general): Details of
construction (first revision)
Code of practice for fire safety of
buildings (general): Exposure hazard
(first revision)
Code of practice for fire safety of
buildings (general): Exit requirements
and personal hazard (first revision)

1641 : 1988

1642‘&989
1643 : 1988

1644 : 1988

15 No. ‘ Tisle
1646 : 1997 Code of practice for fire salcty of
buildings (general): Electrical
installations (second revision)
1893 : 1984 Criteria for earthquake resistant
design of structures (fourth revision)
1893 (Part 1) :  Criteria for earthquake resistant

2002 design of structures: Part | Gemneral
provisions and buildings (fifth revision)

1904 ; 1986 Code of practice for design and
construction of foundations in soils:

. General requirements (¢hird revision)

1905 : 1987 Code of practice for structural use of

unreinforced masonry (third revis-ion)

., 2185(Part1): Concrete  masonry unils —

2005 Specification: Part 1 Hollow and
‘ solid concrete blocks (third revisdon)

2212 1991 Code of practice for brickwork
(first revision)

’\'2751 1979 Code of practice of welding mnild
steel plain and deformed bars for
reinforced construction (first reviséon)

3414 : 1968 Code of practice for design and
' installation of joints in buildings
9417 : 1989 Recommendations for welding cold

worked bars for reinforced steel
construction {first revision)
Ductility detailing of reinforced
concrete structures subjected to
seismic forces — Code of practice

13920 : 1993

3 TERMINOLOGY

For the purpose of this standard, the followi ng
definitions shall apply.

3.1 Separation Section — A gap of specified width

between adjacent buildings or parts of the sarme
building either left uncovered or covered suitably to
permit movement in order to avoid pounding due to
earthquake, :

3.L.1 Crumple Section — The separation gap filled wi th
appropriate material that crumples or factures in the
event of an earthquake.
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3.2 Centre of Rigidity — The point in a structure where
application of lateral force produces equal deflections
of its components at any level in any particular
direction.

3.3Shear Wall—A wall designed to resist lateral force

" in the own plane. Braced frames, subjected primarily

to axial stresses, shall be considered as shear walls for
the purpose of this definition.

3.4 Space Frame — A three-dimensional structural
gystem comprised ol interconnected members, without
shear or bearing walls, so thatto function as a complete
self-contained unit with or without the aid of horizontal
diaphragms or floor bracing systems.

3.4.1 Vertical Load Carrying Frame — A space frame
designed to carry all the vertical loads, the horizontal
loads being resisted by shear walls,

1.4.2 Moment Resistant Frame — A space frame
capable of carrying all vertical and horizontal loads,
by developing bending moments in the members and
at joints. - '

3.4.3 Moment Resistant Frame with Shear Walls — A
space frame with moment resistant joints and
strengthened by shear walls to assist in carrying
horizontal loads. :

3.5 Box System — A bearing wall structure without a
space frame, the horizontal forces being resisted by
the walls that act as shear walls.

3.6 Band — A reinforced concrete or reinforced brigz
runner provided in the walls to tie them togeth¢y-and
to impart horizontal bending strength in thegty

37 Selsmic Zone and Seismic Coeff}élent — The
seismic zones 11 to I'V as classified i 1893 (Part 1)
and corresponding basic seismic coefficient , as
specified in 3.4 of IS 1893. G’

3.8 Dcsign Horizontal Stmic Coefficient — The
value of horizontal §ci€mic coellicient Ay computed
taking into account tH{»soil-foundation system and the
importance factor @ specified in 6.4 of IS 1893 (Part 1).

1.9 Concrete-Grades — 28 day compressive strength
of concret{gubes of 150 mm size, in MPa; for example,
for Grada M20 of IS 456, the concrete strength equal
to 20 MPa.

4 GENERAL PRINCIPLES

4.0 The general principles given in 4.1 to 4.9 shall be
observed in construction of earthquake resistant
buildings.

4.1 Lightness

Since the earthquake force is a function of mass, the
weight of the building shall be as minimum as possible,

consistent with strectural safety and funclionat
requirements. Roofs and upper storeys of build ings, in
particular, should be designed as light as possible.

'4.2 Continuity of Construction

4.2.1 As far as possidle, the parts of the building should
be tied together in such a manner that the building acts
as one unit.

4.2.2 For parts of buildings between separation or
crumple sections to cxpansion joints, floor slabs shall
be continuous throughoul as far as possible. Concrete
slabs shall be rigidly connected or integrally cast with
the support beams. '

4.2.3 Additions to the structures shall be accompanied
by the provision of separation or crumple sectlions
between (he new and the existing structures as far as
possible, unless positive measures are taken to establish
continuity between the cxisting and the new
construction. '

4.2.4 Alteration to the building structure shall be done
by maintaining its structural stability by ensuring
proper load path.

4.3 Projecting and Suspended Parts

" 4.3.1 Projecting parts shall be avoided as far as possible.

If the projecting parts cannot be avoided, they shall be
@rbperly reinforced and firmly tied to the main

"y structure, and their design shal] be in accordance with

1S 1893.

4.3.2 Ceiling piaster shall preferably be avoided. When
it is unavoidable, the plaster shall be as thin as possible.

4.3.3 Suspended ceiling shall be avoided as far as
possible. Where provided they shall be light, adequately
framed and secured to which electrical fixtures shall
be fully secured.

4.4 Building Conliguration

4.4.1 In order to minimize torsion and stress
concentration, provisions given in4.4.2t0 4.4 .4 should
be complied with as relevant.

4.4.2 The building should have a simple rectangular
plan and be symmelrical both with respect 10 mass and
rigidity so that the centre of mass and rigidity of the
building coincide with each other in whichs case no
separation sections other than expansion joints are
necessary. For provision of expansion joints reference
may be made to IS 3414.

4.4.3 If symmetry of the structure is not possible in
plan, elevation or mass, provision shall be made for
torsional and other effects due to earthquakes forces in
the structural design or the parts of different rigidities
may be separated through crumple sections. "The length

< a4
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of such building between separation sections sha|] not
preferably exceed three times the width, . -

NOTE — As an alternative i separatlon section to reduce
torsional moments, the centre of rigidity of the building may
be brought close or coincident 1o the centre of mass by adjusting
the locations and/or sizes of columns and walls,. . L

4.4.4 Buildings having plans with shapes like L, T E
and Y shall preferably be separated inta rectangular
pants by providing separation sections at appropriate
places. Typical examples are shown in Fig. 1. ..
NOTES o -_",_‘:___‘,_ |
1 The buildings with small lengths of projections forming L,
T. Bor Y shapes need not be provided with scparation scction.
In each cases the length of the projection may not exceed 15 to

20 percent of the total dimension of the builcing in the direction
of the projection (ses Fig, 2}, . )

2 For buildings with minor asymmetry in plan and elevation

separation sections may be omitted. )

h—
———

L ~ SHAPE

Y-SHAPE -55,'*

Y-SHAPE

.ﬂ'_."-‘-—

EfSHAPE

Fia. 1 Tyeicar Suapes op BUILDING WITH SEPARATION
SECTIONS
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AlL > 0-“_'0 Hi

-l

AR > 0.18 O 419

2A Plan IrreQuIarItIe

A A [
. A= 008 AL > 040
* Y

i

AL > 028

[

28 Vertical Irregularities

’ F10. 2 PLAN AND VERTICAL IRREGULARITIES
4.5 Strength in Various Dlr'e.i-:t'!om

The structure shall be desigﬁed to have adequate
strength against earthquake effects along both the
horizontal axes. The design shall also be s afe

- considering the reversible nature of earthquake forces.

4.6 Foundatlons:

%:u structure shall not be founded on such soils which
all subside or liquefy during an carthquake, resulting

2" inlarge differential settlements (see also 5.3.3).

4,7 Ductility -

The main structural elements and their connection shall
be designed to have a ductile failure. This shall enable
the structure to absorb energy during earthquakes to
avoid sudden collapse of the structure. Providing
reinforcing steel in masonry at critical sections, as
specified in this standard shall not only increa se
strength and stability but also ductility. The details For
achieving ductility in reinforced concrete structures is
given in IS 13920,

4.8 Damage to Non-structural Parts

Suitable details shall be worked out to connect the
non-structural pars with the structural framing so that
the deformation of the structural frame leads to
minimum damage of the non-structural elements.

4.9 Fire Safety

Fire frequently follows an earthquake and therefores,
buildings shall be constructed to make them fire
resistant in accordance with the provisions of followingg
Indian Standards for fire safety, as relevant:

IS 1641, 1S 1642, 1S 1643, 1S 1644 and IS 1646.
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5 SPECIAL CONSTRUCTION FEATURES:. -
5.1 Separation of Adjoining Strictures '
+

5.1.1 Separation of adjoining structuies or parts of the
same structure is required for structures having
different total heights or storey heights and different
dynamic characteristics. This is {o avoid collision
during an earthquake. -° ,
5.1.2 Minimum width of separation ‘éaps as mentioned
in 5.1.1, shall be as specificd in Table 1. The design
seismic coeflicient to be used shail be in accordance

with 1S 1893 (Part 1)..

Table 1 Gap Width for Adjoining Structures

st Type of Construction Gap Width/Number of
No, Coa Storey In mum for Design
: Selsmic Coelliclent
o A= 0.12 mny
) @ _ . @
1) Box system or: frames with 15.0
shearwalls 7T F
ii) Moment resistang: reinforced - 200
concrete frame - .. -
jiiy Moment resistant stecl frame ‘_:_’ 00

NOTE — Micimuih total gap shall be 25 mm. 'For any other
value of Ay the gap width shail be determined proportionately.
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3.1.2.1 For buildings of height greater than 40 m, it
shall bo desirable to carry out model of dynarnic
analysis of the structures in order to compute the drift

at each storey, and the gap width between the adjoining
structures shall not be less than the sum of their

dynamic deflection at any level.

5.1.3 Where scparation is necessary, 8 complete
separation of the parts shall be made except below
the plinth level. The plinth beams, foundation beams
and footings may be continuous. Where separation
sections are provided in a long building, they shail
{ake care of movement owing to temperature changes

also.

5.2 Separationor Crumple Section

'5.2.1 In case of framed construction, members shall

be duplicated on either side of the separation or crurmple
section. As an alternative, in certain cascs, such
duplication may not-be provided, if the portions on
cither side can act as cantilevers to take the weight of
the building and other relevant loads. -

5.2.2 'l‘ypiéﬁl details of separation and crumple sections
are shown in Fig. 3. For other types of joint details,
reference may be made to IS 3414.

SHEET METAL FLASHING

1} L
o O NANATRANIOERET TR -

FRAGILE COVER

38 Concrete Walls
NAILS ON ONE SIDE OF
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Swooo SIDING /
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3
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S
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L jeavY TIMBER COLUMN
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Fig. 3 T#ricAL DETAILS OF SEPAKATION OR CRUMPLE SECTION (Continued)
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5.3 Foundations

5.3.1 For the design of foundations, the provisions of
IS 1904 in conjunction with IS 1893 (Part 1) shall
generally be followed.

5.3.2 The subgrade below the entire area of the building
shall preferably be of the same type of the soil.
Wherever this is not possible, a suitably located
separation or crumple section shall be provided.

5.3.3 Loose fine sand, soft silt and expansive clays
should be avoided. If unavoidable, the building shali
rest either on a rigid raft foundation or on piles taken
to a firm stratum. However, for light constructions the
following measures may be taken to improve the soil
on which the foundation of the building may rest:

a) Sand piling; and
b) Soil stabilization.

5.3.4 Isolated Footings for Columns

All the individual footings or pile caps where used in
Type III soft soils [see Table 1 of IS 1893 (Part )],
shall be connected by reinforced concrete ties at least
in two directions approximately at right angles to each
other. For buildings with no basement, the ties may be
placed at or below the plinth level and for buildings
with basement they may be placed at the level of
basement floor. They shalt need to be designed to carry
the load of the panel walls also.

NOTE — The ties may not be necessary where structural ﬂ%(a'

cannects the columns at or below the plinth level,

5.3.4.1 Whero ties are used, their sections shall be degned
to carry in tension as welt as in compressio axial
load not less than the earthquake force ixthe direction
the tie acting on the heavier of the ¢ ns connected,
but the sections shail not be less than 200 mm x 200 mm
with M20 concrete reinforced¢with 4 bars of 12 mm
diameter plain mild steel b%& 10 mm diameter high
strength deformed bars, onéat each comer, bound by
8 mm diameter stirrupg it more than 150 mm apart.
NOTE — In u%{ng out the buckling strength of ties, the
lateral support ‘ded by the soil may be taken into account.
Calculations.yeW that for such buried ties, lateral buckling is

not a problem and the full section of the tie may be taken
effecti a short column.

5.3.4:%1:1 the case of reinforced concrete slab, the
thickness shall not be less than 1/50th of the clear
distance between the footings, but not less than {00 mm
in any case. It shall be reinforced with not less than
0.15 percent mild steel bars or 0.12 percent high
strength deformed bars in each direction placed
symmetrically at top and bottom.

5.4 Roofs and Floors
5.4.1 Flat roof or floor shall not preferably be made of

terrace of ordinary bricks supported on steel, timber or

reinforced concrete joists, nor they shall be of a type -

which in the event of an earthquake is likely to be
loosened and parts of all of which may fall. If this Lype
of construction cannot be avoided, the joists should be
blocked at ends and bridged at intervals such that their
spacing is not altered during an earthquake.

5.4.1.1 For pitched roofs, corrugated iron or asbestos
sheets shall be used in preference to country, Allahabad
or Mangalore tiles or other loose roofing units. All
roofing materials shall be properly tied to the
supporting members. Heavy roofing materials shall
generally be avoided.

5.4.2 Pent Roofs

5.4.2.1 All roof trusses shall be supported on reinforced
concrete or reinforced brick band (see 8.4.3). The
holding down bolts shall have adequate size and length
as required for earthquake forces in accordance with
IS 1893 (Part 1).

Where a trussed roof adjoins a masonry gable, the ends
of the purlins shall be carried on and secured to & plate
or bearer which shall be adequately bolted to rein forced
concrete or reinforced brick band at the top of gable
end masonry {see 8.4.4).

‘NOTE — Hipped roof in general have shown better structural
behaviour during earthquakes than gable ended roofs.

@ 4.2.2 At tie level all the trusses and the guble end

shall be provided with diagonal braces in plan s as to
transmit the lateral shear due to earthquake force to
the gable walls acting as shear walls at the ends as
specified in 8.4.

5.4.3 Jack Arches

Jack arched roofs or floors, where used shall be
provided with mild steel ties in all spans along with
diagonal braces in plan to ensure diaphragms actions.

5.5 Staircases

5.5.1 The inter-connection of the stairs with the
adjacent floors should be appropriately treated by
providing sliding joints at the stairs to eliminate their
bracing effect on the floors. Large stair halls shall
preferably be separated from the rest of the building
by means of separation or crumple sections. -

5.5.2 Three types of stair construction may be aclopted
as described below: "

a) Separated staircases — One end of the
staircase rests on a wall and the other end is
carried by columns and beams which h ave no
connection with the floors, The gap at the
vertical joints between the floor arid the

staircase may be covered either with a iread

. l
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plate attached to one side of the joint and
sliding on the other side, or covered with some
appropriate material which could crumple or
fracture during an earthquake without causing
structural damage. The supporting members,
columns or walls, are isolated from the
surrounding floors by means of separation or
crumple sections. A typical example is shown
in Fig. 4.

Built-in staircase — When stairs are built
monolithicaily with floors, they can be

* protected against damage by providing rigid

walls at the stair opening. An arrangement, in
which the staircase is enclosed by two walls,

TTREAD PLATE

OPEN
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Hon Y
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o
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A~ l_ra_r;AD LATE

GAP—"

— WALL IN
T B ELEVATION

V]

SECTION XX

c)
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is given in Fig. 5. In such cases, the joints, as
mentioned in respect of separated stai rcases,
shall not be necessary. '

The two walls mentioned above, enclosing the
slaircase, shall extend through the entire
height of the stairs and to the bwilding
foundations.

Staircases with sliding joints — In case it is
not possible to provide rigid walls around stair
openings for built-in staircase or 1o adopt the
scparated staircases, the staircases sha 1t have
sliding joints so that they shall not act as
diagonal bracing.

';..::.:-‘.
G.AP .";:C:il.‘
N
D-Cowm N
DETAIL AT A

FiG. 4 SEPARATED STAIRCASE
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6 TYPES OF CONSERUCTION

6.1 The types of cc;k’struction usually adopted in
buildings are ows: :

a} Fpameéd construction; and
b%@ X type construction.
6.2 Framed Construction

This type of construction is suitable for multi-storied
and industrial buildings as described in 6.2.1 and 6.2.2.

6.2.1 Vertical Load Carrying Frame Construction

This type of construction consists of frames with
flexible (hinged) joints and bracing members. Steel
multi-storied building or industrial frames and timber
construction usually are of this type.

SECTION X X

6.2.1.1 Such buildings shall be adequately strengthened
against lateral forces by shear walls and/or other
bracing systems in plan, elevation and sections such
that earthquake forces shall be resisted by them in any
direction.

6.2.2 Moment Resistant Frames with Shear Walls

The frames may be of reinforced concrete or steel with
semi-rigid or rigid joints. The walls are rigid capable
of acting as shear walls and may be of reinforced
concrete or of brickwork reinforced or unreinforced

bounded by framing members through shear
connectors.

6.2.2.1 The frame and wall combinations shall be
designed 1o carry the total lateral force due to
earthquake acting on the building. The frame ac ting

~,
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alone shall be designed to resist at least 25 percent of
the total lateral force.

6.2.2.2 The shear walls shall preferably be distributed
. evenly over the whole building. When concentrated at

one location, forming what is called a rigid core in the
building, the design shall be checked for torsional effects
and the shear connection between the core and the floors
conservatively designed for the total shear transfer.

6.2.2.3 The shear walls should extend from the
foundation either to the top of the building or to a lesser
height as required from design consideration. In design,
the interaction between frame and the shear walls
should be considered properly to satisfy compatibility
and equilibrium conditiens.

NOTE — Studies show that shear walls of height about
85 percent of tota! height of building are advantageous.

6.3 Box Type Construction

This type of construction consists of prefabricated or
in-situ masonry, concrete or reinforced concrete walls
along both the axes of the building. The walls support
vertical loads and also act as shear walls for horizontal
loads acting in any direction. All traditional masoary
construction falls under this category. In prefabricated
construction, attention shall be paid to the connection

between wall panels so that transfer of shear between -

them is ensured.
7 CATEGORIES OF BUILDINGS

7.1 For the purpose of specifying the earth;ua&

resisting features in masonry and wooden b gs,
the buildings have been categorized in four égf€gories
B to E based on the seismic zone and ll,@imponancc

of the building I, where O
I = Importance factor appl:ca‘b%e to the building
[see 6.4.2 and Tab)eéBof IS 1893 (Part 1)].

7.1.1 The building categorigs are given in Table 2.

Table 2 Building“Gdtegories for Earthquake
Bgsisting Features
P
] l@'lfrtance Factor Seismic Zone
No. — " .
nom ooV
040 @) @ @ ) 6
i) v 1.0 B C D E
ii) 15 C D E E

NOTE — Category A is now defunct as zone | does not exist
any maore.

8 MASONRY CONSTRUCTION WITH
RECTANGULAR MASONRY UNITS

8.1 The design and construction of masonry walls using
rectangular masonry units in general shall be governed
by IS 1905 and IS 2212,

IS 4326 : 2013

8.1.1 Masonry Units

8.1.1.1 Well burnt bricks conforming to IS 1077 orsolid
concrete blocks conforming to iS 2185 {(Pat 1) and
having a crushing strength not less than 3.5 MPa shall
be used. The strength of masonry unit required shall
depend upon number of storeys and thickness ©f walis
{see IS 1905).

8.1.1.2 Squared stone masonry, stone block masonry
or hollow concrete block masonry, as speciified in
IS 1597 (Part 2) of adequate strength, may also be used.

8.1.2 Mortar

8.1.2.1 Montars, such as those given in Table 3 or of
equivalent specification, shall preferably be wsed for
masonry construction for various categories of
buildings.

8.1.2.2 Where steel reinforcing bars are provided in
masonry the bars shall be embedded with aclequate
cover in cement sand mortar not leaner tham 1 : 3
{minimum clear cover 10 mm) or in cement concréte
of grade M20 (minimum clear cover 15 mm or bar
diameter, whichever more), 50 as to achieve good bond

- and corrosion resistance.

8.2 Walls

8.2.1 Masonry bearing walls built in mortar, as

é}:eciﬁcd in 8.1.2.1 unless rationally designed as
’\r

inforced masonry shall not be buiit of greater- height
than 15 m subject to a maximum of four storey s when
measured from the mean ground level to the rovof slab
or ridge level. The masonry bearing walls sthall be
reinforced in accordance with 8.4.1.

8.2.2 The bearing walls in both directions shall be
straight and symmetrical in plan as far as possible.

8.2.3 The wall panels formed between cross walls and
floors or raof shall be checked for their stremagth in
bending as a plate or as a vertical strip subjectec to the
earthquake force acting on its own mass, )
NOTE —- For panel walls of 200 mm or larger thicknes s having

& storey height not more than 3.5 m and laterally supgrorted at
the top, this check need not be exercized.

8.2.4 Masonry Bond

For achieving full strength of masonry, the usual
bonds specified for masonry should be followved so
that the vertical joints are broken properly from course
to course. To obtain full bond between perpenedicular
walls, it is necessary lo make a slopping (stepped)
joint by making the corners first to a height of 6€00 mm
and then building the wall in between them.
Otherwise, the toothed joint should be made i n both
the walls alternatively in lifts of about 450 mm
(see Fig. §).
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8.2.5 Ignoring tensile strength, free standing walls shall
be checked against overtumning under the action of
design seismic coefficient , allowing for a factor
safety of 1.5.

8.2.6 Panel or filler walls in framed buildings shall
be properiy bonded to surrounding framing members
by means of suitable mortar (see Table 3) or

. connected through dowels. If the walls are so bonded

they shall be checked according to 8.2.3 otherwise
checked as in 8.2.5.

All

8.3 Opcnings in Bearing Walls

8.3.1 Door and window openings in walls reduce their
lateral load resistance and hence, should preferably be
small and more centrally located. The guidelines on
the size and position of opening are given in Table 4
and Fig. 7. :

8.3.2 Openings in any storey shall preferably have their
(op at the same level so that a continuous band could
be provided over them, including the lintels throughout
the building,

nsions in millimetres.

K74
ab c— tooihe%’]olnts walland A, B, C

Fi1G. 6 ALTERNATING Tomfﬁen JOINTS IN WALLS AT CORNER AND T-JUNCTION

X

e 3 Recommended Mortar Mixes
(Clauses 8.1.2.1 and 8.2.6)

Fa) -

S Building s1 'ﬁ;ﬂ}ven in Gradeof  Mix Proportions (By Loose Volume) Minimum Compressive
No. Category TA%OHSINS Mostar SR ~.,  Strength at28 Days N/mm'
)] @ N, k)] @) %) 6 4 @

) T E Xa) 7] [ YiCocB 4 15
@QJ 2} — 1 “CorB 44 60
i) D NS Ja) Ml t — 5 50
im — l 1CorB 6 30
i) AL 4(a) M2 1 — 6 30
) 4b) — 1 28 9 20
iv) Q B S(ay - M3 1 — - 7 15
5(b) — | iB 12 15

NOTES

1 Sand for making mortar should be well graded. In case sand is not well graded, its proportion shail be reduced in order to achieve

the minimum specified strength,

2 For mixes in 51 No. 2(a) and 2(b), use of lime is not essential from consideration of strength as it does not result in increase in
strength. However, its use is highly recommended since it improves warkability,

3 For mixes in ST No. 3(a), 4(a) and 5(a), either lime C or B to the extent of 1/4 part of cement (by volume} or some plasticizer should

be added for inproving workability.

4 For mixes in 51 No. 4(b} and 5(b), lime and sand should first be ground in mortar mill and then ccment added o coarse stuff.
5 A, B and C denote eminently hydraulic lime, semi-hydraulic lime and fat lime respectively as specified in relevant Indian Standards,
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1 — door 3 — ventilator
2 — window 4 — cross wall

. F1a. 7 Dimensions or OpeENINGS AND PIERS FOR RECOMMENDATIONS IN TABLE 4

8.3.3 Where openings do not comply with the guidelines
of Table 4, they should be strengthened by providing
reinforced concrete or reinforcing the brickwork, as
shown in Fig. 8 with high strength deformed (H.S.D.)
bars of 8 mm diameter but the quantity of steel shall be
increased at the jambs to comply with 8.4.9, if s0

required.
r t

m{—\mz

l‘-i&’/é

SECTION AT XX .
.~ 40d Lod
: 8 '
z —t o
. t i
] ! N 1
1] W
| t2 ot
xT ! rt2 i, -Tx
¢ = ’
w— window t — wall thickness

t, — lintel thickness ¢, — thickness of concrete in Jamb
v —verlicalbar  d— diameter of reinforcing bar

F16. 8 STRENGTHENING M ASONRY AROUND OQPENINGS
8.3.4 If a window or ventilator is to be projected out,

the projeclion shall be in reinforced masonry or
concrete and well anchored.

1

8.3.5 If an opening is tall from bottom to almost top of
a storey, thus dividing the wall into two portions, these
portions shall be reinforced with ho rizontal
reinforcement of 6 mm diameter bars at not onore than
450 mm intervals, one on inner and one on outer face,
properly tied to vertical steel at jambs, corners or
junction of walls, where used.

8.3.6 The use of arches to span over the openvings is a
source of weakness and shall be avoided. Otherwise,

@ael ties shouid be provided.

>

Table 4 Size and Position of Openings in
Bearing Walls
(Clause 8.3.1)
Sl Position of Opening Details of Opeening for
No. Building Ceavtegory
"B C Damd
. B
m 2) 3 &)

i) Distance bs from the inside 0O 230 450
correr of outside wall, Min

i) For total length of openings,
the ratio (&; + b + &M, or (b
+ b7}ty shall not exceed:
a) one-storeyed building 060 055 050
b} two-storeyed building 050 046 042
c) 3 or 4 storeyed building 042 037 033

iii) Pier width between consecutive 340 450 560
openings by , Min, in mm

iv) Vertical distance between two 600 600 600
openings one above the other
hy, Min, in mm

v) Widih of opening of ventilator 900 500 900
by, Max, in mm

NOTE — Four storeys building not allowed in Category E.

8.4 Seismic Strengthening Arrangements

8.4.1 All masonry buildings shall be strengthe ned by
the methods, as specified for various catego ries of
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buildings, as listed in Table 3, and detailed in
subsequent clauses. Figures 9 and 10 show,
schematically, the overall strengthening arrangements
to be adopted for category D and E buildings which
consist of horizontal bands of reinforcement at critical
levels, vertical reinforcing bars at corners, junctions
of walls and jambs of openings.

{—flintelband 4 — door
2 — rooffiloor band 5 — Window
3 — vertical bar

Fio. 9 OVERALL ARRANGEMENT OF REINFORCING Low
STRENGTH MASONRY BUILDINGS

1 — lintel band @Q 9 — brick/stone wall
2— eaves levér(roof) 10 — daor lintel integrated

band.% with roof band:

3— and a) perspective view
4— dbor b) details of truss

§-— window connection with wall
6— vertical steel bar c) detail of integraling
7 — refter door lintef with roof
8— holding down bolt band

Fig. 10 OVERALL ARRANGEMENT OF REINFORCING Low
STRENGTH Masonry BuiLping HAVING PiTcHED RooP

8.4.2 Lintel band is a band (see 3.6) provided at lintel
tevel on all load bearing internal, external longidinal

and cross walls. The specifications of the band are given
in 8.4.5.

NOTE —~ Lintel band, if provided in pane] or partition walls
also shall improve thelr stability during severe earthquake.

8.4.3 Roof band is a band (see 3.6) provided
immediately below the roof or floors. The
specifications of the band are given in 8.4.5. Such a
band need not be provided underneath reinforced
concrete or brick-work slabs resting on bearing walls,
provided that the slabs are conlinuous over the
intermediate wall up to the crumple sections, if any,
and cover the width of end walls, fully or at least % of
the wall thickness.

Table 5§ Strengthening Arrangements
Recommended for Masonry Buildings
(Rectangular Masonry Units)
(Clause 8.4.1)

st Duildlng  Number of Strengthenlng to be
No. Category Storeys Provided in All Storeys

(1) L M 5]
iy B a) 1ol abefg
b) 4 ab,cd, f.g
i) C a) land 2 abef.g
b} Jand4 ato g
iii) D a) land 2 ato g
by 3and 4 atch
iv) B 103" atoh
where
@ *a = masonry mortar (see 8.L2);
b = lintcl band {sec 8.4.2). .
¢ = roof band and gable bund where neceasary (canRd3and .
B.4.4);
d = vertical steel at corners and junctions of walls (see 8.4.8)
e = vertical stcel at jambs of openings (see 8.4.9%
f = bracing in plan at tie level of roofs (see 5.4.2.2);
g = plinth band where necessary (see 8.4.6); and
h = dowel bars (see 8.4.7).

NOTE — In case of four storey buildings of category B, the
requirements of vertical steel may be checked through a selsmic
analysis using & design seismic co-cHficient equal to four times
the ene given in I$ 1893 (Part 1). (This is because the brittle
behaviour of masonry in the ubsence of a vertical steel results
in much higher cffective seismic force than that envisaged in
the seismic coefficient, provided in the code.) If this analysis
shows that vertical steel is not required the desigmer may take
the decision accordingly.
U 4th storey not allowed in category B

8.4.4 Gable band is a band provided at the top of gable
masonry below the purlins, The specifications of the
band are given in 8,4.5. This band shall be made
continuous with the roof band at the eaves level.

8.4.5 Section and Reinforcement of Band

The band shall be made of reinforced concrete of grade
not leaner than M15 or reinforced brickwork in cement
mortar not leaner than 1 : 3. The bands shall be of the
full width of the wall not less than 75 mm in depthand
reinforced with steel, as indicated in Table 6.
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NOTE — In coastal areas, the concrete grade shall be M20
concrete and the filling morarof 1 : 3 (cement-sand with
water proofing admixture). -

8.4.5.1 In case of reinforced brickwork, the thickness
of joints containing steel bars shall be increased so as
to have a minimum mortar cover of 10 mm around the

_ bar, In bands of reinforced brickwork the area of steel

provided should be equal to that specified above for
reinforced concrete bands.

8.4.52 For full integrity of walls at comers and junctions
of walls and effective horizontal bending resistance of
bands continuity of reinforcement is essential. The
details as shown in Fig. 11 are recommended.

8.4.6 Plinths band is a band provided at plinth level of
walls on’top of the foundation wall. This is to be
provided where strip footings of masonry (other than
reinforced concrete or reinforced masonry) are used
and the soil is either soft or uneven in its properties, as
frequently happens in hill tracts. Where used, its section
may be kept same as in 8.4.5. This band shall serve as
damp proof course as well, :

8.4.7 In category D and E buildings, to further enhance
the box action of walls, steel dowel bars may be used
at comers and T-junctions of walls at the sill level of
windows to length of 900 mm from the inside corner
in each wall. Such dowel may be in the form of U
stirrups 8 mm diameter. Where used, such bars must

IS 4326: 2013

Table 6 Recommended Longitudinal Steel In
Reinforced Concrete Bands
(Clause 8.4.5)

S5i Span  Bullding  Bullding  Bullding  Bullding
No. Category Category Category  Calegory
B C . D E

a

T el et Tt (“__)""'ﬁ f—_‘—'\_“‘.
No. Dia No. Dis No. Dia No. Dia
of of of of ‘
Bary Bars Bars Ban
T mm mm mm mm

m
M @ @& @ ¢ © M @ ¢ Uy

iy Sor 2 8 2 8 2 [ i 10

loss
i) 6 2 8 2 8 2 10 2 12
iy 7 2 8 2 10 2 12 4 10
iv) 8 2 10 2 12 4 10 4 12
NOTES

1 Span of wall shall be the distance between centre lines of it
cross walls or buttresses. For spans greater than 8 mry it shall be
desirable to insen piliasters or buttresses to reduce the span or
spectal catculation shail be made to determine the strength of
wall and sectlon of band.

2 The number and diameter of bars given above pert-ain to high
strength deformed bars. .

3 Widih of R.C. band is assumed same as the thickmess of the
wall. Wall thickness shall be 200 mm minimum. A Clear cover
of 20 mm from face of wall shall be maintained.

4 The vartical thickness of R.C. Band be kept 75 mm wninimum,
where two longitudinial bars are specified, cne on ach face;
and 150 mm, where four bars are specified.

§ Concrete mix shatl be of grade M 20 of IS 456 0f 1: 13%: 3

«by volume,

The longitudinal steel bars shall be held in positiom by steel

be laid in 1 : 3 cement-sand-mortar with a minimum ,\’Q
links or stimups 6 mm dismeter spaced at 150 mm mpart,

i clear cover of 10 mm on all sides to minimize corrosion g

-
..
M
~
-

< '

a) Section of band with two bars
b) Section of band with four bars
c) Structural plan at corner junction
d) Section plan at T-junction of walls

» #Ll%- SLF
LY g

et 1

1 — longitudinal bars
2 — lateral ties
b,, b, — wall thickness

All dimensions in millimetres.
Fig. 11 REINFORCEMENT AND BENDING DETAIL IN R. C. BAND

i 13
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8.4.8 Vertical Reinforcement

Vertical steet at comners and junctions of walls, which
are up to 340 mm (1% brick) thick, shall be provided as
specified in Table 7. For walls thicker than 340 mm the
area of the bars shall be proportionately increased. For
earthquake resistant framed wall construction, see 8.5.

Table 7 Vertical Steel Reinforcement in Masonry
Walls with Rectangular Masonry Units

Sl No.of  Storey Diameter of HSD Single Barat
No. Storeys Ench Critical Section, mm
Cate- Cate- Cate-  Cale-
gory B goryC goryD gory E
y (2 Q) 4) (5} () N
i} One . - Nil Nil 10 12
ii) Two a)Top Nil Nil 10 12
b) Bottom Nil Nil 12 16
iiiy Three a) Top il 10 10 12
- b) Middle Nil 10 12 16
¢) Bottom Nil i2 12 16
iv) Four a) Top 1. 10 10 Four
b) Third 0. 10 12  storied
¢) Second 0" 12 16  building
d} Bottom 12’ 12 20 not
) permitted
NOTES

1 The diameters given above are for H.S.D. bars,
2 The vertical bars shall be covered with concrete M 20 or
mortar 1:3 grade in suitably created pockets around the bars
{see Fig. 12). This shall ensure their safety from corrosion and
good bond with masonry.

3 In case of floors/roofs with small Precast components, see
also 9.2.3 for floor/roof band details. -

N
8.4.8.1 The vertical reinforcement shall be pr erl‘;
embedded in the plinth masonry of foundatigds and
roof slab or roof band so as to develop il¥ tensile
strength in bond. It shall be passing thrgGgh the lintel
bands and floor slabs or floor level b@f all storeys.

Bars in different storeys may be welded (see IS 2751
and IS 9417, as relevant) or &y bly lapped.
NOTE — Typical delails& providing vertical steel in

brickwork masonry wj tangular solid units at corners and
T-junctions are showndr Fig. 12.

8.4.9 Vertical reiffforcement at jambs of window and
door openings)fall be provided as per Table 7. It may
start fromyfoundation of floor and terminate in lintel

band&@ ig. 8).
8.5 Framingof Thin Load Bearing ‘Walls (see Fig. 13)

Load bearing walls can be made thinner than 200 mm
say 150 mm inclusive of plastering on both sides.
Reinforced concrete framing columns and coilar beams
shall be necessary to be constructed to have full bond
with the walls, Columns are to be located at all corners
and junctions of walls and spaced not more than 1.5 m
apart but so located as to frame up the doors and
windows. The horizontal bands or ring beams are

14

located at all floors roof as well as lintel levels of the

openings. The sequence of construction between walis”

and columns shall be first to build the walluplo4 10 6
courses height leaving toothed gaps (tooth projection
being about 40 mm only) for the columns and second
to pour M 20 (1 : 1%2: 3) concrete to fill the columns
against the walls using wood forms only on two sides.
The columns steel should be accurately held in position
all along. The band concrete should be cast on the wall
masonry directly so as to develop full bond with it.

Such construction may be limited to only two storeys
maximum in view-of its vertical load carrying capacity.
The horizontal length of walls between cross walls shall
be restricted 1o 7 m and the storey height to 3 m.

8.6 Reinforcing Details for Hellow Block Masonry

The following details may be followed in placing the
horizontal and vertical steel in hollow block masonry
using cement-sand or cement-concrete blocks.

8.6.1 Horizontal Band

U-shaped blocks may be used for construction of
horizontal bends at various levels of the storeys as
shown in Fig. 14, where the amount of horizontal
reinforcement shall be taken 25 percent more than that
given in Table 6 and provided by using four bars and
6 mm diameter stirrups. Other continuity details shall
be,followed, as shown in Fig. 11.

Z P
N 8.6.2 Vertical Reinforcement

Bars, as specified in Table 7 shall be located inside the
cavities of the hollow blocks, one bar in each cavity
(see Fig. 15). Where more than one bar is ptanned these
can be located in two or three consecutive cavities. The
cavities containing bars are to be filled by using micro-
concrete 1 : 2 : 3 or cement coarse sand mortar 1 : 3,
and properly rodded for compaction. The vertical bars
should be spliced by welding or overlapping for
developing full tensile strength. For proper bonding,
the overlapped bars should be tied together by winding
the binding wire over the lapped length. To reduce the
number of overlaps, the blocks may be made: U-shaped
as shown in Fig. 15 which shall avoid lifting and
threading of bars into the hollows.

9 FLOORS/ROOFS WITH SMALL P RECAST
COMPONENTS

9.1 Types of Precast Floors/Roofs

Earthquake resistance measures for floors and roofs
with small precast components, as covered in this
standard, have been dealt with as typical exxamples.

9.1.1 Precast Reinforced Concrete Unit Ro of/Floor

The unit is a precast reinforced concrete componext,
channel (inverted trough) shaped in section

1

1

1

a
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Fig. 12 TypicaL DETAILS OF PROVIDING VERTICAL STELL BARS IN BRICK MAsonrY
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Fia. 15 VERTICAL REINFORCEMENT 1N CAVITIES
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o

{see Fig, 16). The nominal width of the unit varies’é‘hro
300 to 600 mm, its height from 150 to 200 mpn da
minimum flange thickness of 30 mm. Leng?h of unit
shall vary according to room dimensions, but the
maximum length is restricted to 4. rom stiffness
considerations. Horizontal corrugatidns are provided
on the two longitudinal faces gf the units so that the
structural roof/floor acts é&n lithic after concrete
grouted in the joints betwed( the units attains strength
(see Fig. 17). W Cr '

9.1.2 Precast l‘wuforced Concrete Cored Unit
RooffFloor \,}@

The unit iga reinforced concrete component having a
nomi \dth of 300 to 600 mm and thickness of
130 123150 mm having two circular hollows %0 mm
diameter, throughout the length of the unit {see Fig. 18).
‘The minimum flange/web thickness of the unit shall
be 20 mm. Length of unit varies according to room
dimensions, but the maximum length shall be restricted
to 4.2 m from stiffness considerations. Horizontal
corrugations are provided on the two longitudinal faces
of the units so that the structural roof/floor acts
monolithic after concrete grouted in the joints between
the units attains strength (see Fig. 19).

17

<

9.1.3 Precast Reinforced Concrete Plank and Jo ist
Scheme for RooffFloor

The scheme consists of precast reinforced concrezte
planks supported on partially precast reinforced
concrete joists. The reinforced concrete planks are
300 mm wide and the length varies according to the

spacing of the joists, but it shall not exceed 1.5 m .

(see Fig. 20). To provide monolithicily to the roof/floor
and to have T-beam effect with the joists, the plamks
shall be made partially 30 mm thick and the partially
60 mm thick and in-situ concrete shall be filled int he
depressed portions to complete the roof/flo or
structurally (see Fig. 21).

9.1.4 Prefabricated Brick Panel System for Roof/Floeor

It consists of prefabricated reinforced brick panels
(see Fig. 22) supported on precast reinforced concreste
joists with nominal reinforced 35 mm thick structusral
deck concrete over the brick panels and joists
(see Fig. 23). The width of the brick panels shall be
530 mm for panels made of bricks of conventjonal si ze
and 450 mm for panels made of bricks of modular size.
The thickness of the panels shall be 75 mm or 90 mam
respectively depending upon whether conventional or
modular bricks are used. The length of the panels sh.all
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All dimensions in mi!lihetres.
Fi6. 20 PrecasT REINFORCED CONCRETE PLANK

L1+

INSITU CONCRETE

. WALL/BEAM

FLOOR FINISH 58 70 40
| 300 | Ison | l. ..:;&@ | 300 ¥ 200 1
150
12 THIEK A’w PRECAST
SMOOTH CEMENT PAR R-G. PLANK REINFORCEME NT
pLASTER MEN Méﬁ'r JoIsT Jase ] AS PER DESION ‘J
4

W\
,$Osscno~ OF FLOOR

LGADS

. All dimensions in millimetres.
721 PrecasT RemvForceD ConcreTg PLank FLOOR

| e .
vary depending umn%e spacing of the joists, but the
maximum length @all not exceed 1.2 m.

9.1.5 PrecaS“}Reinforced Concrete Waffle Unit
Roof/Flo

Waﬂ'feanits are of the shape of inverted troughs, square
or rectangular in plan, having lateral dimensions up to
1.2 m and depth depending upon the span of the
roof/floor to be covered (see Fig, 24 and Fig. 25). The
minimum thickness of flange/web shall be 35 mm.
Horizontal projections may be provided on all the four
external faces of the unit and the unit shall be so shaped
that it shall act monolithic with in-situ concrete to
ensure load transfer. Vertical castallations, called shear

20

keys, shall be provided on all the four external faces of
the precast units to enable them to transfer horizontal
shear force from one unit to adjacent unit through
in-situ concrete filled in the joints between the umnits.
The waffle units shall be laid in a grid pattern with
gaps between two adjacent units, and reinforcerment,
as per design, and structural concrete shall be provided
in the gaps between the units in both the directions.
The scheme is suitable for two way spanning roofs
and floors of buildings having large spans.

9.2 Seismic Resistance Measures

9.2.1 All floors and roofs to be constructed with s mall
precast components shall be strengthened as

L

1

X
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NUMBER OF BRICKS
10 BE ADJUSTED
KEEPING JOINTS
WIDTH 5 Y0 30

M-18 CONCRETE

SIZE OF BROKEN
BRICK BAT YARY
A3 PER LENOYH
OF PANEL

IN EACH PANEL
All dimensions in millimetres.
Fia, 22 Prerab BRICK PANEL

o (38 THICK :
L33 CEMENT 50 @8 BAR 50 )-¢ 8 ONE ON EACH
11 ‘ 9 PREFAB BRICK PANEL BOTHWAYS
IR A PANE
W R L N
114 CEMENT SAND |[g3q] ¥ 8 STIRRUP o Liag]\ 133 CEMENT sano
- PACKING MORTAR ® 138 c/c o, PANEL BOT 'gRTEOcAS:T Ree
=1 10 To1s I 200 o, - ! s

.%I’ dimensions in miliimetres.
Fid. 23 Brick PaneL FLoor

specified for various categorigs@f buildings
in Table 8. The strengthening meaﬁ;cs are detailed
in 9.2,3 and 9.2.8.

va -

9.2.2 Vertical castallatio@klled shear keys, shall
be provided onthe longijudinal faces of the channel,
cored and waffle u&&t enable them to transfer
horizontal shear fgrce from one unit to the adjacent
unit through tfein-situ concrete filled in the joints
between the utlits, The minimum percentage of area
of shea s as calculated below, on each face of
the uﬁ, shall be 15.

Shear keys shall have a minimum width of 40 mm at
its root with the body of the component and shall be to
the full height of the component and preferably at
uni form spacing. Percentage of area of shear keys shall
be calculated as:

No. of shear keys on one face
of the component 40 100

Length of the face of the component, in mm

21

Table 8 Strengthening Measures for Floors/Rovofs
with Small Precast Components

(Clause 9.2.1)
S1 Building Number Strengthening to be Provided In
No. Category of " Floor/Roof with
Storeys A
‘Channel/ R.C. Brick Wadflc'
Cored Planks Panels Units
Unit and and
Joists  Joists
4} 2) 3) 4) &) 6) tQ]
i) B ltod a a a a
4 ac ac a,d a
ii) [ land2 a,b a a a
Jand 4 ab,c a,c ad ac
iii) D -4 abeg ac a,d a,c ¢
iv) E 1-3 abc a,< ad a,z ¢
NOTE:

a — iie beam as per 9.2.3;

b — rcinforcing bars of precast unit and tied (0 tie besam
reinforcement as per 9.2.4;

¢ — reinforced deck concrete as per 9.2.5;

d — reinforced deck concrete as per 9.2.6; and

e — reinforced bars in joint between precast waifle y nits
tied to tic beam reinforcement as per 9.2.7.
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2.3 Tie beam (see Table 8) is a beam provided all
mind the floor or roof to bind together all the precast
axmponents to make it a diaphragm. The beams shall
‘beto the full width of the supporting wall or beam less
8¢ bearing of the precast components. The depth of
e beam shall be equal to the depth of the precast
amponents pius the thickness of structural deck
amcrete, where used over the components, The beam
#ail be made of cement concrete of grade not leaner
#an M15 and shall be reinforced as indicated in
Able 6. If depth of tie is more than 75 mm, equivalent
xinforcement shall be provided with one bar of
sinimum diameter 8 mm at each cormer. Tie beams
diall be provided on all longitudinal and cross walls.
¥pical details of the beams are shown in Fig. 26
‘wFig. 30. '

NOTE — Adequate edge support say 60 mm, shall be provided

to precast element on the wall so as to avert its slippage during
seismie ground motion.

2.4 Top reinforcement in the channel or cored units
¥ee Table 8) shall be projected out at both the ends for
amchorage length and tied to tie bearn reinforcement.

X2.5 Structural deck concrete (see Table 8) of grade
#0t leaner than M15 shall be provided over precast
gomponents or act monolithic, Wherever, deck concrete
i& to_be provided, the top surface of the components
shall be finished rough, Cement slurry with 0.5 kg of
sement/m?of the surface area shall be applied over the
components immediately before laying the deck

concrete and the concrete shall be compacted usi O

plate vibrators. The minimum thickness of’Q;:c
#oncrete shall be 35 mm or 40 mm reinfogsy ith
& mm diameter bars and 150 mm apart both"ways and
anchored into the tie beam placed al round. The
maximum size of coarse aggreg sed in deck
eoncrete shall not exceed 12 mm.

NQOTE — Under conditions of n':ic constraints, the deck

concrete itself could serve as%ﬁi finish. The concrete is lzid

in one operation (see Fig, 30) Without joims,

>

REINFORCEMENT

e TOP REINFORCEMENT (2 No.}
OF PRECAST UNIT PROJECT
[ AND TIED TO THE TIE BEAM
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9.2.6 The deck concrete normally used over the brick
panel with joist floor shall be reinforced with 6 mm
diameter bars spaced 150 mm apart both ways
(see Table 8).

9.2.7 For floors/roofs with precast waflle units, two
16 mm diameter high strength deformed bars shall be
provided as top reinforcement in the Jjoints between
waflle units, in addition to reinforcement required For
taking bending moment for vertical loads. This
reinforcement (see Table 8) shall be fixed to tie beam
reinforcement. '

9.2.8 In case of floors/roofs with precast components
other than those indicated in Table 8, the buildings shall
be analyzed for maximum expected seismic force s and
the floor/roof shall be designed to act as diaphragm
and take care of the resulting forces. )

10 TIMBER CONSTRUCTION

10.1 Timber has higher strength per unit weight and
is, therefore, very suitably for earthquake resistant
construction. Materials, design and construction in
timber shall generally conform to 1S 883,

10.2 Timber construction shall generally be restricted
lo two storeys with or without the attic floor,

10.3 In timber construction atiention shall be paid to fire
safety against electric short circuiting, kitchen fire, et.c.

_'\,%A The superstructure of timber buildings shall be

made rigid against deformations by adopting suitable
construction details at the junctions of the framing
members and in wall panels ag given in 10.6 t0 10,10
so that the construction as a whole behaves as one unit
against earthquake forces.

10.5 Foundations

10.5.1 Timber construction shall preferably start abowe
the plinth level, the portion below shal| be in masonry

Qr concrete.

e ——

BEA& |

) 1

~

™~ REINFORCEMENT
OF TIE BEAM
(TABLE ¢)

\'WALLIBEAM

PRECAST CORED/ /
CHANNEL UNIT N\.11e

SEAM

A .

WALL/BEAM

F16. 26 CoNNECTION OF PRECAST Corep/CHANNEL UNiT wiTH TIE BEam
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~REINFORCEMENT

OF TIE BEAM.

{TABLE 6) $ & MS BARS (@150 c/c
BOTHWAYS TIED T0 TIE
BEAM REINFORCEMENT

DECK COMCRETE _[—35 min.

vV eesieay
/ \'T'E BEAM PRECAST Um'l-/ : '\'"E“”‘

/-"WALI.IBEAH

[BEAMIWALL

(b)

(a)
a) Channel unit floor/root. .
b) Cored unit floor/roof.
All dimensions in millimetres.

CHanNEL/Corep UNIT Froor/Roor (w1TH DECK CoNCRETE) WiTH TIE BEAM

Fig. 27 CONNECTION OF
EINFQRCEMENT OF TIE BEAM (TABLE 6) —

$ & MS BARS ® 150 c/ec TIED
¥o TIE BEAM REINFORCEMENT
PRECAST R.C. PLANK 1E
‘@Ecn CONCRETE~, PRECAST ek BEAM
TiE & 4 , = /
BEAM! : * 7 "
an
_ ' \\Znscasr R.C. JOIST T
E-—WALLIBEAM . BEAM/WALL

X_; All dimensions in millimetres.
NFORCED CONCRETE PLANK AND
(with DECK Concrere) WiTH TiE BEAM

Fic. 28 CoNNECTION OF PRECAS PrecAsT Brick PANEL FLOOR/ROOF

r\ﬂ .
16 -2 No. HIGH
STRENGTH DEFORMED
BARS PER JOINT o 8 BARS @ 300 cl/c
TIED TO TIE BEAM
REINFORCEMENT {

AT

REINF ORCEMENT “PRECAST

DECK CONCRETE

———

OF TIE BEAM WAFFLE
| (TABLE 6 UNIT
WALL/BEAM WALL/BEAM

All dimensions in mitlimetees.
Fia. 29 CONNECTION OF PRECAST WarrLE UniT FLoor/R
(witH DECK CONCRETE y with Tie BEAM

OOF
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~$ 8§ MS DOWEL BARS (@ 150 ¢/¢
PROJECTED oOUY OF TIE BEAM

-¢ & MS_BARS @150

\iif BOTHWAYS

+

y A3 Leoncrete
; FLOOR
FINISH

PRECAST UNIT
o= WALL /BEAM

All dimensions in millimetres.

Fig. 30 PROVISION OF REINFORCEMENT IN CONCRETE FLOOR Finisu

10.5.2 The superstructure may be connected with the
foundation in one of the two ways as given in 10.5.2.1

to 10.5.2.2.

10.5.2.1 The superstructure may simply rest on the
plinth masonry, or in the case of small buildings of
one storey having plan area less than about 50 m?, it
may rest on firm plane ground so that the building is
free to slide laterally during ground motion.

NOTES .

1 Past experience has shown that superstructure of the
buildings not fixed with the foundation escaped collapse even
in a severe earthquake although they were shifted sideways.

2 Where fittings for water supply or water bome sanitation from
the houge are to be installed, proper attention should be givu@
permit movement 50 as to avoid fracture of damage t:gu.

10.5.2.2 The superstructure may be rigidly fi into
the plinth masonry or concrete foundation a®given in
Fig. 31 or in casc of small building hay{pg plan area
less than 50 m?, it may be fixed Qertical poles
embedded into the ground. In each case the building is

likely to move along with its foundation. Therefore,
the supersiructure shall be designed to carry the
resulting earthquake shears.

10.6 Types of Framing

The types of construction usually adopted in timber
building are as follows:

a) Stud wall construction; and -
b) Brick nogged timber frame construction..

10.7 Stud Wall Construction

'\,qo.'?.l The stud wall construction consists of timber

studs and corner posts framed into sills, top plates and
wall plates. Horizontal struts and diagonal braces arc
used to stiffen the frame against lateral loads. The wall
covering may consist of EKRA, timber or like. Typpical
details of stud walls are shown in Fig. 32. Minirraum
sizes and spacing of various members used are
specified in 10.7.2 to 10.7.10.

TIMBER STUD _ TIMBER
COLUMN
TIMBER SILL /"OW\L HOLE
e MS BOLT
HOLDING
\‘).@ DOWN BOLT 4l MS STRAPS
'9 12mm @,450
O 10 600
R LONG, 1500 FOUNDATION

31A Suitable for Strip Foundation

¢lc

31B Suitable for Isolated Column Footings

All dimensions in millimetres.
Fia. 31 DETAILS oF CONNECTION OF COLUMN WITH FoUNDATION
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10.7.2 The timber studs for use in load bearing walls
shall have a minimum finished size of 40 x 90 mm and
their spacing shall not exceed those given in Table 9.

Table 9 Maxirnum Spacing of 40 mm x 90 mm
Finished Size Studs in Stud Wall Construction

8! Groupof  Single Storeyedor  Ground Floor of
No. Timber First Floor of the Double Storeyed
[Gradel"]  Double Storeyed Buildings
Buildings
~ — v - ™
Exterior  Interior  Exterior  Interior
Wall Wail Wall Wall
. .em cm cm cm
n @ &) 4 (5) (6
i) Group A, B 100 80 50 40
ii) GroupC 100 100 50 50

UGrade [ timbers as defined in Table 5 of IS 883,

10.7.3 The timber studs in non-load bearing walfs shall
not be less than 40 x 70 mm in finished cross-section.
Their spacing shall not exceed 1 m,

10.7.4 There shall be at least one diagonal brace for
every 1.6 m x 1 m area of load bearing walls. Their
minimum finished sizes shall be in accordance with
Table 10.

10.7.5 The horizontal struts shall be spaced not more
than 1 m apart. They shall have a minimum size of
30 x 40 mm for all locations.

10.7.6 The finished sizes of the sill, the wall plate a%‘m
top plate shall not be less than the size of the gtu
used in the wall, ((,O

10.7.7 The comner posts shall consists of three'timbers,
two being equal in size to the studs u n the walls
meeting at the coer and the third'slﬁ'nber being of a
size to fit so as to make agqtangular sections
(see Fig. 32). A

10.7.8 The diagonal braces $hall be connected at their -

Their minimum number shall be 4 nails for 20 mm x
40 mm braccs and 6 nails for 30 mm x 40 mm braces.
The far end of nails may be clutched as far as possible.

10.7.9 Horizontal bracing shall be provided at comers

of T-junctions of walls at sill, first floor and eave levels. -
The bracing members shall have a minimum finished

size of 20 mm x 90 mm and shall be connected by
means of wire nails to the wall plates at a distance
between 1.2 m and 1.8 m measured from the junction
of the walls, There shall be a minimum number of six
nails of 6 gauge (4.88 mm diameter) and 10 cm length
with clutching as far ends.

10.7.10 Unsheathed studding shall not be used adjacent
to the wall of another building. The studding must be
sheathed with close jointed 20 mm or thicker boards.

10.8 Brick Nogged Timber Frame Construction

10.8.1 The brick nogged timber frame consists of
intermediate verticals, columns, sills, wall plates,
horizontal nogging members and diagonal braces
framed into each other and the space between framing
members filled with tight-fitting brick masonry in
stretcher bond. Typical details of brick nogged timber
frame construction are shown in Fig. 33, Minimum
sizes and spacing of various elements used are specified
in 10.8.2 t0 10.8.9.

(k8.2 The vertical framing members in brick nogged
oad bearing walls shall have minimum finished sizcs
as specified in Table 10,

10.8.3 The minimum finished size of the vertical
members in non-load bearing walls shall be
40 mm x 100 mm spaced not more than 1.5 m apart.

10.8.4 The sizes of diagonal bracing members shall be
the same as in Tahle 10,

10.8.5 The horizontal framing members in brick-
nogged construction shall be spaced not more than 1 m
apart, Their minimum finished sizes shall be in

encl.:s with the stud wa fﬁé’m.bers by means of wire nails accordance with Table 11 and Table 12.
having 6 gauge (4.58 m diameter) and 10 cm length,
X Table 10 Minimum Finished Sizes of Diagonal Braces
. & (Clause 10.8.4) |
St Y Building Category Group of Timber Single Storeyed or First Floor of Ground Floor of Double StoreyeT
No. {see Table 2) [Grade I} Double Storeyed Buildings Buildings
Extedor Wall Interior Wall Exterior Wall Interior Watll
mm X mm © MM X mm mm x mm mm X mm
(1 2 {3) 4 {5} (6) M
i) B,C All 20 x40 20x40 20x 40 20x40
1)) Dand E Group A and Group B 20 x40 20 x40 20 % 40 30 x40
iii) GroupC Group C 20 x 40 0 x40 Jox 40 10 x40
""Grade I timber as defined in Table 5 of IS 883.
26
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WALL PLATE

TOP PLATE
N STRAP
RO
’ HORIZONTAL BRACE
I . % 20 x 90

) N :
INNRGES
' N

N\-STUD

k. T ‘§ 40130

: L+-—HORIZONTAL
: T STRUT
-t—4.) |~CORNER
- ' =8 POST
BOLT AND . :
WASHER . SILL
o’
<b>'
Sa&ﬁ'mber Framing in Stud Wall Construction without Opening in Wall
@e' All dirmensions in miltimetres,
ey
<, Fig. 32 Stup WaLL ConsTrucTioN (Continued)
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WALL PLATE

TOP PLATE
HORIZONTAL BRACE

20 x 90
/
\. '?00 7o
Z

7R

-~

N|

N STRAP 909
\"\‘ >
LINTEL } /
o
DOUBLE STUD AT
WINDOW OPENING
N ’ L~DIAGONAL
BRACE
L STUD
40 x 90
’ L~HORIZONTAL
STRUT
CORNER
POST
SiLL
BOLT AND
. WASHER
Y
Qy
a‘g/ﬁ“nmber Framing In Stud Wall Construction with Opening in Wall
@ All dimensions in millimetres.
.\'}@ Fra. 32 Stup WaLL CodSTRUCTION
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WALL PLATE
TOP PLATE
BRICK NOGGING NOT SHOWN

STRAP
HORIZONTAL BRACE

) 7

< X
\\

\‘ N-sTup

N | ~HORIZONTAI
Y L4
w \\ \\\\:\: » STRUT
L <z
s ‘."'"":“‘E.-
J b .. ” & | 1‘...__'
BRICK NOGGING IN ?"\\ﬁ‘\;l SILL
Y

N
STRETCHER BOND \ ,

[ o7

. 'S' All dmensions in millimetres.
< F1G. 33 Brick NoGGED TIMBER FRAME ConsTrucTION
N
60
>
Taye 11 Minimum Finished Sizes of Vertical in Brick Nogged Timber Frame Construction
‘Q,O (Clause 10.8.5)
8l No. Spacing Group of Timber Single Storeyed or First Floor Ground Floor of Double Storeyead
[Grade I"] of Double Storeyed Buildings Buildings
- o
”~ Y o \
Exterior Wali Interior Wall Exterior Wall Interior Wall
m mm x mm mm X mm mm x mm mm X mm
(1) (2) (3) (4) (5) (6) (N _
i) | Group A, B 50 x 100 0% 100 50x 100 50 x 100
Group C 50 x 100 70 % 100 ‘ 70 x 100 90 x 100
i) .5 Group A, B 50 % 100 70 x 100 ' 70 x 100 ) 80x 100
Group C 70 x 100 80x 100 80 x 100 100 % 100

"Grade I timber as defined in Table § of IS 883
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Table 12 Minimum Finished Size of Horizontal
Nogging Members
(Clause 10.8.5)

Sl No. Spacing of Yerticals Size

. m mm

() ) k)]
i} 1.5 70 x 100
i) 1 50 % 100
iii) 0.5 25 % 100

10.8.6 The finished sizes of the sill, wall plate and top
plate shall be not less than the size of the vertical

members used in the wall.
10.8.7 Comer posts shall consist of three vertical
timbers as described in 10.7.7.

10.8.8 The diagonal braces shail be connected of their
ends with the other members of the wall by means of
wire nails as specified in 10.7.8.

10.8.9 Horizontal bracing members of corners of
T-junctions of wall shall be as specified in 10.7.9.

109 Notching and Cutting

10.9.1 Timber framing frequently requires notching
and cutting of the vertical members. The notching or
culting should in geneyal be limited W 20 nun in depls
unless steel strips are provided to strengthen the
notched face of the members. Such steel strips, where

<

necessary shall be at least 1.5 mm thick and 35 mm
wide extending at least 15 cm beyond each side of the
notch or cut and attached to the vertical member by
mmeans of bolts or screws at cach end.

10.9.2 The top plate, the wail plate or the sill of a wall
may be notched or cut, il reinforcing strip of iron is
provided as specified in 10.9.1. In case the member is
notched or cut not to exceed 40 mm in depth, such
reinforcing strip may be placed along the notched edge
only. Where the notch or cut is more than 40 mmn in
depth or the member is completely cut through, such
reinforcing strips shall be placed on both edges of the
member. The details of notching and cutting are shown
in Fig. 34.

16.9.3 Joints in timber shall preferably be bound by
metallic fasteners, - . .

10.10 Bridging and Blocking

10.10.1 All wooden joists shall have at least ane row
of cross bridging for every 3.5 m length of span. The
cross-section of the bridging member shall be a
minimum of 40 x 70 mm and the member shall be

screwed or nailed to the joists.

10.10.2 All spaces between joists shall be blocked at
atl bearing with solid blocks not less than 40 mm thick
and the full depth of the joists. The block shall be
é:rewed or nailed to the joists as well as to the bearings.

2
&O{’
NOTCH # 40 X
XEees cecmion ©
CUT/NQTCH & 40 '*—Y
% g
e SECTION YY
e ALTERNATIVE PLANS
<, 150 ——=] e 150
QO f i) == i-
E-t k1] 10P PLATE OR
WALL PLATE
REINFORCING
j;r: — STRIP
' |

All dimensions in millimetres,
Fia. 34 NOTCHING AND CUTTING
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Earthquake Engineering Sectional Committee, CED 39

FOREWORD

TFhis Indian Standard was_adopted_by the Bureau of Indian Standards, after the draft finalized by
the Earthquake Engineering Sectional Committee had been approved by the Civil Enginecring
Division Council. :

IS 4326 : 1976 ‘Code of practice for earthquake resistant design and construction of buildings’
while covering certain special features for the design and construction of earthquake resistant
buildings included some details for achieving ductility in reinforced concrete buildings. With a
view to keep abreast of the rapid developments and extensive research that has been carried out
in the field of earthquake resistant design of reinforced concrete structures, the technical
committee decided to cover provisions for the earthquake resistant design and detailing of
reinforced concrete structures separately. _ _

This code incorporates 2 number of important provisions hitherto not covered in IS 4326 : 1976.
The major thrust in the formulation of this standard is one of the following lines:

a) As a result of the experience ained from the performance, in recent earthquakes, of
reinforced concrete structures that were designed and detailed as per 1S 4326 : 1976, many
deficiencies thus identified have been corrected in this code.

b) Provisions on detailing of beams and columns have been revised with an aim of providing
them with adequate toughness and ductility so as to make them capable of undergoing
extensive inelastic deformations and dissipating seismic energy in a stable manner.

c) Specifications on a seismic design and detailing of reinforced concrete shear walls have been

included. .
The other significant changes incorporated in this code are as follows:

a) Material specifications are indicated for lateral force resisting elements of frames.

b) Geometric constraints are imposed on the cross section for flexural members. Provisions
on minimum and maximum reinforcement have been revised. The requirements for
detailing of longitudinal reinforcement in beams at joint faces, splices, and anchorage
requirements aré made more explicit. Provision are alsp included for calculation of design
shear force and for detailing of transverse reinforcement in beams.

¢) For members subjected to axial load and flexute, the dimensional constraints have been
imposed on the cross section. Provisions are included for detailing of lap splices and for
the calculation of design shear force. A comprehensive set of requirements is inciuded on
the provision of special confining reinforcement in those regions of a column that are
expected to undergo eyclic inelastic deformations during a severe earthquake.

d) Provisions have been included for estimating the shear strength and flexural strength of
shear wall sections. Provisions are also given for detailing of reinforcement in the wall
web, boundary elements, coupling beams, around openings, at construction joints, and for
the development, splicing and anchorage of reinforcement. _

Whilst the common methods of design and construction have been covered in this code, special
systems of design and construction of any plain or reinforced concrete structure not covered by
this code may be permitted on production of satisfactory evidence regarding their adequacy for
seismic performance by analysis or tests or both.
"The Sectional Committee responsible for the preparation of this standard has taken into consi-
deration the view of manufacturers, users, engineers, architects, builders and technologists and
has related the standard to the practices followed in the country in this field. Due weightage has
also been given to the need for international co-ordination among standards prevailing in
different seismic regions of the world,
In the formulation of this standard, assistance has been derived from the following publications:
iy ACI 318.89/318R-89, Building code requirements for reinforced concrete and
commentary, published by American Concrete Institute.
ii) ATC-11. Seismic resistance of reinforced concrete shear walls and frame joints :
Implications of recent research for design engineers, published by Applied
Technnlogy Council, USA. )
iif) CAN3.A23. 3-M34, 1984, Design of concrete structures for buildings, Canadian
Standards Association. .
iv) SEADC, 1980, Recommended lateral force re uirements and commentary, published by
; Structural Bagineers- Association of California; USAL.. _ '
The compositioftof th t4shnica} committeesresponsible, fof| formylaging this standard is given

i
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Standard

DUCTILE DETAILING OF REINFORCED

CONCRETE STRUCT
SEISMIC FORCES —

1 SCOPE

1.1 This standard covers the requirements for
designing and detailing of monolithic reinfor-
ced concrete buildings so ay to give them ade-
quate toughness and ductility to resist severe
earthquake shocks without collapse.

1.1.1 Provisions of this code shall be adopted
in all reinforced concrete structures which
satisfy one of the following four conditions.

a) The structure is located in seismic zone
IVorV;

b) The structure is located in seismic zone
Il and has the importance factor (1)
greater than 1-0; :

c) The structure is located in seismic zone
- Il and is an industrial structure; and

d) The structurc is located in seismic zone
II and is more than 5 storey high, 7

NOTE — The definition of seismic zone a-nd impor-
tauce factor are given in I§ 1893 ; 1984, ‘

1.1.2 The provisions for reinforced concrete
construction given herein apply specifically to
monolithic reinforced concrete construction.
Precast and/or prestressed concrete members
may be used only if they can provide the same
level of ductility as that of & monolithic rein.
forced concrete construction during or after
an earthquake.

2 REFERENCES .

2.1 The Indian Standards listed below are
necessary adjunct to this standard:

IS No. Title

456 : 1978 Code of practice for plain and
reinforced concrete  ( third
revision )

Specification for high strength
deformed steel bars and wires
for concrete reinforcement
( third revision )

Criteria for earthquake design
of structures ( fourth revision )

1786 : 1985

1893 : 1984

URES SUBJECTED TO
CODE OF PRACTICE

3 TERMINOLOGY

3.0 For the purpose of this standard, the
following definitions shall apply.

3.1 Boundary Elements

Portions along the edges of a shear wall that
are strengthened by longitudinal and transverse
reinforcement, They may have the same thick-
ness as that of the wall web.

3.2 Crosstie

Is a continuous bar having a 135° hook with a
10-diameter extension (but not < 75 mm)
at each end. The hooks shall engage peripherai
longitudina) bars, i

3.3 Curvature Dauctility

Is the ratio of curvature at the ultimate strength
of tlge section to the curvature at first yield of
. tension steel in the section.

3.4 Hoop

Is a closed stirrup having a 135° hook with a
10-diameter extension (but not < 75 mm-

at each end, that is embedded in the confined
core of the section. It may also be made of
two pieces of reinforcement; a U-stirrup with a
135° hook and a 10-diameter extension { but not
< 75mm) at each end, embedded in - the
confined core and a crosstie,

3.5 Lateral Force. Resisting System

Is that part of the structural system which
resists the forces induced by earthquake.

3.6 Shear Wall

A wall that is primarily designed to resist lateral
forces in its own plane,

3.7 Shell Concrete

Concrete that is not confined by transverse
reinforcement, is also caljed concrete cover.

3.8 Space Frame

A three dimensional structural system composed
of interconnected members, without shear or
bearing walls, 50 as to function as a complets

H T ' LI A —— I -
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~ self-contained unit with or without the aid of
horizoatal diaphragms or floor bracing systems.

3.8.1 Vertical Load Carrying Space Frame

A space frame designed to carry all vertical
loads.

3.8.2 Moment Resisting Space Frame

A vertical load carrying space frame in which
the members and joints are capable of resisting
forces primarily by flexure.

4 SYMBOLS

For the purpose of this standard, the following
letter symbois shall have the meaning indicated
against each; where other symbols are used, they
are explained at the appropiiate place. All
dimensions are in mm, loads in Newton and
stresses in MPa ( Nfsq mm ) unless otherwise
specined.

Ag — gross cross sectional area of column,
wall
An — horizontal reinforcement arez within
: spacing Sy
A,  — area of concrete core of columa

reinforcecment along each diagonal
of coupling beam

area of cross section of bar forming
) spiral or hoop

Agt — area of uniformly distributed verti-
cal reinforcement

Asd -

Auh T

Ay — vertical reinforcement at a joint

Cw' — centre to centre distance between
boundary elements '

D — overall depth of beam

Dy — diameter of column core measured
to the outside of spiral ot hoop

d — effective depth of member

dw — effective depth of wall section

E, —. elastic modulus of steel

Jex — characteristic compressive strength
of concrete cube

S — yield stress of steel

h — longer dimension of rectangular
confining hoop measured to its
outer face

bt — storey height

La — clear span of beam

I — length of member over which
special confining reinforcement is
to be provided

I — horizontal length of wall

ly — clear span of coupling beam

Licensad

factored design moment on entire
wall section .

M hogging moment of resistance of
us U beam at end A

MN' — sagging moment of resistance of
us Tim beam at ¢nd A

Mﬂh — hogging moment of resistance of
u, Um beam at end B

MB' —- sagging moment of resistance of
us Um beam at end B
bL — moment of resistance of beam
us lim framing into column from the left
R, — moment of resistance of beam
us 1m framing into column frem the right

Muy — flexural strength of wall web

Py — factored axial load

5 — pitch of spiral or spacing hoops

Sv — vertical spacing of horizontal rein-

forcement in web
te - — thickness of wall web
VD+L — shear at end A of beam due to dead

s and live loads with a partial factor
of safety of 12 on loads

shear at end B of beam due to dead
b and live loads with a partial factor
of safety of 1-2 on loads

shear resistance at a joint

factored shear force

shear force to be resisted by rein-
forcement

— depth of neutral axis from extreme

Vul —

Xuy X8 h

us Xu compression fibre

«  — inclination of diagonal reinforce-
ment in coupling beam

p — vertical reinforcement ratio

Pe — compression reinforcement ratio in
a beam

fmax  — Mmaximum tension reinforcement
ratio for a beam

Pmi  — mMinimum tension reinforcement
ratio for a beam

To — shear strength of concrete

Tergax — Maximum permissible shear stress

in section
T — nominal shear stress

§ GENERAL SPECIFICATION

5.1 The design and, ecastruction of reinforced -

concrete buildings shall be governed by the pro-
visions of 1S 456 : 1978, except as modified by
the provisions of this code.
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§.2 For all buildings which are more than 3
storeys in height, the minimum grade of concrete
shall preferably be M20 ( fu = 20 MPa ).

3.3 Steel reinforcements of grade Fe 415 ( see
1S 1786 : 1985 ) or less only shall be used.

6 FLEXURAL MEMBERS
6.1 General

These requirements apply to frame members
resisting earthquake induced forces and designed
to resist flexure. These members shall satisfy
the following requirements.

6.1.1 The factored axial stress on the member
under earthquake loading shall not exceed
O fex.

6.1.2 The member shall preferably have a
width-to-depth ratio of more than 0-3.

6.1.3 The width of the member shall not be less
than 200 mm.

6.1.4 The depth D of the member shall prefer-
ably be not more than 1/4 of the clear span.

6.2 Longitudinal Reinforcement

6.2.1 a) The top as well as bottom reinforce-
ment shall consist of at least two bars
throughout the member length.,

b) The tension steel ratio on any face, at
any section, shall not be less than
Pmin == 0-24 | /feuffy; where for andf,
are in MPa.

6.2.2 The marimum steel ratio on any face
at any section, shall not exceed Prmax = 0'025.

6.2.3 The positive steel at a joint face must be -

at least equal 1o half the negative steel at that
face,

6.2.4 The steel provided at each of the top and
bottom face of the member at anv section along
its length shall be at least equal to one-fourth of
the maximum negative moment steel provided
at the face of either joint. It may be clarified
that redistribution of moments permitted in
IS 456 :1978 ( clause 36.1 } will be used only for
vertical load moments and not for lateral load
moments.,

6.2.5 In an external joint, both the top and the
bottom bars of the beam shall be provided with
anchorage length, beyond the inner face of the
column, equal to the devclopment length in
tension plus 10 times the bar diameter minus
the allowance for 90 degree bend( s ) ( see
Fig. 1). Inan internal joint, both face bars
of the beam shall be taken continucusly through
-the column,

IS 13920 : 1993

r-'.d +10 dy
4
T
4 dp
& i \ 3
e
*
5
Lg'= DEVELOPMENT LENGTH
N "IN TENSION
A dy° BAR DIAMETER

Fia. 1 Ancuorace of BeAM BaRrs v an
EXTERNAL JOINT

6.2.6 The longitudinal bars shall be spliced, only
if hoops are provided over the entire splice
length, at a spacing not exceeding 150 mm ( see
Fig. 2). The lap length shall not be less than
the bar development: length in tension. Lap
splices shall not be provided (a) within a joint,
tb) within a distance of 24 from joint face, and
(c) within a quarter lengh of the member where
flexural yielding may generally occur under the
effect of earthquake forces, Not more than
30 percent of the bars shall be spliced at ope
section.

-db

-—-l—,-.—;" 150 mm

L4 = DEVELOPMENT LENGTH
IN TENSION

dh= BAR DIAMETER
Fia. 2 LaP, Serice 1y Baau

6.2.7 Use of weldfd bslalices and mechanical
connections may also be made, as per 25.2.5.2
of I8 456 : 1978, However, not morg than haif
the reinforcement shall be spliced at a section
wherg flexural yielding may take place. The
location of splices shall be governed by 6.2,6.
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6.3 Web Reinforcement

6.3,1 Web reinforcement shall consist of verti-
cal hoops. A vertical hoop is a closed stirrup
having a 135° hook with a 10 diameter exten-
sion ( but not < 75 mm )at each end that is
embedded in the confined core ( see Fig, 3a ).
In compelling circumstances, it may also be
made up of two picces of reinforcement; a
U-stirrup with a 135° hook and a 10 diameter
extension ( but not < 75 mm ) at each end,
embedded in the confined core and a crosstie
( see Fig. 3b). A crosstic is a har having a
135° hook with a 10 diameter extension ( but
not < 75 mm ) at each end. The hooks shall
engage peripheral longitudinal bars.

6.3.2 The minimum diameter of the bar form-
ing a hoop shall be 6 mm. However, in beams
with clear span exceeding § m, the minimum
bar diameter shall be 8 mm,

6.3.3 The shear force to be resisted by the ver-
tical hoops shall be the maximum of :

a) catculated factored shear force a3 per
analysis, and

b) shear force due to formation of plastic
hinges at both ends of the beam plus the
factored gravity load on the span. This
is given by ( see Fig. 4 ):

i) for sway to right:

Y,.= Vot — 14 [ Mim t Ms.bllm ]

lim
Lan

A Bh
and vu,b - VE”' -+ 1.4[ Mu.llm iAnMu.lim ], and

i) for sway to left: .

Voo = V¥ o4 rg [ Mol Miln ]

Las

and V., =Vp*t— 1'4 [ M:"}'”L+ M ] '

AB

where M2%n, M2%,, and M2, , M2%,, are the sagging -and hogging moments of resistance

of the beam section at ends A and B,

respectively. These are to be calculated as per 1S 456 : 1978,

Las is clear span of beam, yo+L and yQ+t are the shears at ends A and B, respectively, due to

vertical loads with a partial safety factor of 1:2 on loads,

The design shear at end A shall be

the larger of the two values of Vy,s computed above. Similarly, the design shear at end B shall
be the larger of the two values of Vi, computed above.
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DLy Dsl _ 1.2(De 1)
Vv, =V z L1V L
a ‘ b 2
As . By
o+l Mu lim +My, lim
V = V "'1" -—‘—-—-——-"—_
‘U3 a [ I:-AB
' D+L M i MBh
' lim * My lim
Vyp=V, +14[=%im?olin
ub®%. [ Lap ]
A Bs
Vop =v2"41s [MLL@
! , S Y
. . Ap Bg
Vg p = V:"-_M [ Mu, lim +Mu,lim]
» LAB

Fi6. 4 CALCULATION oF DesiGn SHEaR FORCE FoR Beay

6.3.4 The contribution of beat ‘up bars and

-inclined hoops to shear resistance of the section
shall not be considered.

6.3.5 The spacing of hoops. over a. length of 2d
at either end of a beam shall not exceed {a)
d/4, and (b) 8 times the diameter of the smallest

longitudinal bar; however, it need not be less
5 ). The first hoop shall |

than 100 mm ( see Fig, .
be at a distance not exceeding' 50 mm from the
joint face. Vertical hoops at the same spacing
as above, shall also be provided over a length
equal to 2d on either side of 2 section where
flexural yieldirg may occur under the effect of
earthquake forces. -Elsewhere, the beam sh_at]
have vertical hoops at a spacing not exceeding

ds2.

7 COLUMNS AND FRAME MEMBERS SUB-
JECTED TO BENDING AND AXIAL LOAD

7.1 Generat

7.1.1 'These.requirements apply to frame mem-
bers which have a factored axial stress in

excess of 0-1 fo under the effect of earthquake
forces.

. Licansod To- B3 s 7

dimension to the
preferably

7.2 Longitudinal Reinforcement

7.1.2 The minimum dimension of the member
shall not be less than 200 mm, However, in
frames which have beams with centre to centre
span exceeding 5 m or columns of unsupported
length exceeding 4 m, the shortest dimension of
the column shall not be less than 300 mm. -

7.1.3 The ratio of the shortest cross sectional

perpendicular dimension shall
not be less than 0-4.

7.2.1 Lap splices shall be provided only in the
central half of the member length. It should be
proportioncd as a tension splice. Hoops shall be
provided over the entire splice length at spacing
not exceeding 150 mm centre to centre, Not
more than 50 perceat of the
spliced at one section,

7.2.2 Any area of a column that extends more
than 100 mm beyond the confined core due to
architectural requirements, shall be detailed in
the following manner. In case the contribution
of this area to strength has been considered,
then it will have the minimym longitudinal and
transverse reinforcement as per this code,

bars shall be



1S 13920 : 1993
MIN 2BARS FOR FULL LENGTH
. ALCNG TOP AND BOTTOM FACE
AS > ® MIN. Bd
AS< CMAX B4
"'—4’“‘" Ar
‘ . SOmm MAX 50 mm MAX__i_
lr i d Y
e
2 1 y, 2d

i e 1
.HOOP SPACING v
d
* 3
HOOP SPACING
€ d/, AND'8 4y,

B - BREADTH OF BEAM

dp = DIAMETER OF LONGITUDINAL

BAR

Fig. 5 BeaM REINFORCEMENT

However, if this area has been treated as non-
structural, the minimum reinforcement require-
ments shall be governed by IS 456:1978
provisions minimum longitudinal and transverse
reinforcement, as per IS 456 : 1978 ( see Fig. 6 ).

MINIMUM LONGITUDINAL
AND -TRANSVERSE STEEL
AS PER IS 4563 1978

-.——T"‘UD mm

L

Fio. 6 RANFORCEMENT REQUIREMENT YOR
Corumy writ Morg THAN 100 mm
- Proecrion Beyonp Core

1.3 Transverse Reioforcement

431 Transverse reinforcement for circular
columns shall consist of spiral or circular hoops.
1a rectangular columns, rectangular hoops may
be used. A rectangular hoop is a closed stirrup,
having a 135° hook with a 10 diameter extension
( but not < 75 mm) at each end, that is
¢mbedded in the confined core ( see Fig 7A ).

Liconsad To

7.3.2 The parallel legs of rectangular hoops
shall be spaced not more than 300 mm centre
to centre. If the length of any side of the hoop
exceeds 300 mm, a crosstie shall be provided
( Fig. 7B ). Alternatively, a pair of overlapping
hoops may be provided within the columm ( see
Fig. 7C ). The hooks shall engage peripheral
longitudinal bars. :

7.3.3 The spacing of hoops shall not exceed
half the least lateral dimension of the colummn,
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) calculated factored shear force as per
analysis, and

b) a factored shear force given by
V., = 1,4[M5.an + M33lm]
¢ ha

where Mth,, and MR, are moment of
resistance, of opposite sign, of beams framing
into the column from opposite faces (see
Fig. 8); and hy is the storey height. The beamm
moment capacity is to be calculated as per
IS 456 ; 1978.

7.4 Special Confining Reinforcement

This requirement shall be met with, unless a
larger amount of transverse reinforcement is
required from shear strength considerations.

6 L]
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lg Pe>308mm
|PROVIDE A CROSSTIE|

£ 10d {275 mm)
E -< E
o
- -3
- v/ —d d- v/
e (]
o @
bes300mm lu’c.s!OOmrnr‘

h SHALL BE LARGER OF EM
he AND B,

h SHALL BE LARGER OF he AND B,

7A SINGLE Hoop 76 SINGLE HOOP WITH A
CROSSTIE

. he>300mm I

IRY (375mm)

~CROSSTIE (B> 300mm)

.

B¢ <300 mm

Bc =300 mm
[- %

]

He £ 300 mm
‘h SHALL BE LARGER OF K, AND 8,

7C OVERLAPPING HOOPS WITH A CROSSTIE
Fig. 7 TrAnSVERSE REINFORCEMENT 1IN CoLuMN
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7.4.1 Special confining reinforcement shall be
provided over a length i, from each joint face,
towards midspan, aad on either side of any
section, where flexural yiclding may occur
under the effect of earthquake forces ( see
Fig. 9. ). The length /y’ 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 ﬁravity and earth-
uake loads, is not within the middle bhalf 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 Pig. 11 ). This
reinforcement shell also be- placed above the
discontinuiti for at least the development
length of the largest longitudinal bar in the
column. Where the column is supported ona
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
grovi.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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F16. 11 SpeCIAL CONFINING REINFORCEMENT REQUIREMENT For CoLumns UNDER
DIsCONTINUED WALLS

due to the presence of bracing, 2 mezzanine
floor ora R.C.C. wall on_either side of the
column that extends only over a part of the
column height ( see Fig. 12). '

7.4.6 The spacing of hoops used as special
confining reinforcement shall not exceed 1/4 of
minimum member dimension but need not be
less than 75 mm nor more than 100 mm.

7.4.77 The area of cross section, Ay, of the bar

forming circular hoops or spiral, to be used as-

special confining reinforcement, shall not be
less than

) fex[4e_,,
Ay = 009 SD, 7;[Am-lc)]

where
Ag == area of the bar cross section,
S = pitch of spiral or spacing of hoops,
D¢ == diameter of core measured to the
outside of the spiral or hoop,

fo = characteristic compressive strength
of concrete cube,

fy == yield stress of steel (of circular
hoop or spiral ),

Ay = gross arca of the column cross
section, and

T
3

Example : Consider a column of diameter 300
mm. Let the grade of concrete be M20, and
that of steel Fe 415, for longitudinal and
confining reinforcement. The spacing of circu-
lar hoops, S, shall not exceed the smaller of
(a)1/4 of minimum member dimension =

Ay == area of the concrete core = Dk

1/4 x 300 = 75 mm, and ( b ) 100 mm. There- -

fore, S = 75 mm. Assuming 40 mm clear cover
to the longitudinal .reinforcement and circular
hoops of diameter 8 mm, Dy = 300-2 x 40 +
2 % 8 == 236 mm. Thus, the area of cross
section of the bar forming circular hoop works
out to be 47-28 mm®. This is less than the cross
sectional area of 8 mm bar ( 50:27 mm* ). Thus,
circular hoops of diameter B mm at a spacing
of 75 mm centre to centre will be adequate.

7.4.8 The area of cross section, Am, of the bar
forming rectangular hoop, to be used as special
confining reinforcement shall not be fess than

-0 See[4s .
Aw = 018 5 J= 2:-10]7

where

h = longer dimension of the rectangular
confining hoop measured to its outer

10
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SPACE FOR UNSUPPORTED SHEAR
l-VENTlLATORS LENGTH OF coLumMy ‘FAIL'JRE
L

1

INFILLED PANEL/R ¢ WwaLL

‘r‘t I . — T
gEg‘Z,ANINE ‘
@ LéFTRl oR ®
_ > ® .
e N LI 1,

(1) 2), (3) and (4) relatively stiff columns — They attract parge seismic shear force.
Fia. 12 Corumns wiTit VARYING STiFFNEss

face. 1t shall not exceed 300 mm ( see cither a pair of .overlapping hoops or a single

Fig. 7), and hoop with crossties, in both directions, will have

) to be provided. Thus, the dimensjon ‘& will

Ax = area of confined concrete core in the e the larger of (i) 590/2 = 295 mm, and (ii)
rectangular hoop measured to ity out~  340/2 = 220 mm. The slpacin of hoops, &,

side dimensions. * shall not exceed the smaller 0‘5 (a) 1/4 of mini-

. : mum member dimensions = I/4 % 500 = 125
TB ; dimension ‘&* of the hoop could be
Sguoed Q?ntto’gugln |zmmiel, al: shows in Fig.78, MM, and (b} 100 mm. Thus, § = 100 mm. The
In this case, A4 ahnlr be measured as the overali area of cross section of the bar forming rect-
* core srea, regaralen of the hoop arrangement. The angular hoop works out to be 64-47 mm?*, This
hooks of crossties ehall eagage peripheral longitu- is less than the area of cross section of 10 mm
diazl bars. A bar ( 7854 mm® ), Thus, 10 mm dizmeter rect-
Example : Consider a column of 650 mm x angular hoops at 100 mm c/c will be adequate.
500 mm. Let the grade of concrete be M20 Similar calculations indicate that, as an alter-
and that of steel Fedls,. for the longitudinal native, one could also provide 8 mm diameter
and confining rcinfolrlca?ent. Assniming rclear rectangular hoops at 70 mm cfec.
cover of 40 mm to the longitudinal reinforce-
ment and rectargular hoops of diameter 10 mm, 8 JOINTS Olf FRAMES
the size of the coreis 590 mm x 440 mm. As 8.1 The special confining reinforcement as
both these dimensions are greater than 300 mm, required at the end of column shall be provided

11
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through the joint as well, unless the joint is
confined as specified by 8.2.

8.2 A joint which has beams framing into ail
vertical faces of it and where each beam width
isat least 3/4 of the column width, maybe
provided with half the special confining reinfor-
cement required at the end of the column. The
spacing of hoops shall not exceed 150 mm.

9 SHEAR WALLS
9,1 General Requirements

9.1.1 The requirenicnts of this section apply to
the shear walls, which are part of the Jateral
force resisting system-of the structure.

9.1.2 The thickness of any part of the wall shall
preferably, not be less than 150 mm.

9.1.3 The effective flange width, to be used in
the design of flanged wall sections, shall be
assumed to extend beyond the face of the web
for a distance which shall be the smaller of (a)
half the distance to an adjacent shear wail web,
and (b) 1710 th of the total wall height.

9.1.4 Shear walls shall be provided with reinfor-
cement in the longitudinal and transverse

.directions in the plane of the wall. The minimum

reinforcement ratio shall be 0:002 5 of the gross
area in cach direction. This reinforcement shall
be distributed uniformly across the cross section
of the wall.

9.1.8 1f the factored shear stress in the wall
exceeds 0-25 v or if the wall thickness
exceeds 200 mm, reinforcement shall be provided
in two curtains, each having bats running in the
longitudinal and transverse directions in the
plane of the wall.

9 1.6 The diameter of the bars to be used in any
part of the wall shall not exceed 1/10th of the
thickness of that part. ‘

9.1.7 The maximum spacing of reinforcement in

either direction shail not exceed the smaller of
In/S, 3 tw, and 450 mm; where Iy is the horizon-

tal length of the wall, and twis the thickness -

of the wall web.

9.2 Shesr Strength
9.2.1 The nominal shear stress, v, shall be
-calculated as:

== Vu
Ll o
where

V. = factored shear force,

tw == thickness of the web, and

de == effective depth of wall section. This
may by taken as 0-8 /u for ‘rectangular
sections.

9.2.2 The design shear strength of concrete, ta,
I;g.’lsl be calculated as per Table 13 of IS 456 :
1978. )

9.2.3 The nominal shear stressin the wall, zv,
shall not exceed re, max, 88 P& Table 14 of
IS 456 : 1978,

0.2.4 When <y is less than ro shear reinforce-
ment shall be provided in accordance with 9.1.4
9,1.5-and 9.1.7.

9,25 When =, is greater than =, the area
of horizontal shear reinforcemsnt, A, to be
provided within a vertical ‘'spacing. Sy, is given

by
V 0'37fy Ahd'
e = ——g——

where Vig = { Vo — Tc fwdw ), is the shear force
to be resisted by the horizontal reinforcement.
However, the amount of horizontal reinforce-
ment provided shall not be less than the mini-
mum, as per 9.1.4,

92,6 The vertical reinforcement, that s
wniformly distributed in the wall, shall not be
less than the horizontal reinforcement calcul-
ated as per 9.2.5.

9.3 Flexural Strength

93,1 The moment of resistance, Muy, of the
wall section may bé calculated as for columns
subjected to combined bending and axial load
as per IS 456 : 1978. The moment of resistance
of siender rectangular shear wall section with
uniformly distributed vertical reinforcement is
given in Annex A.

9.3,2 The cracked flexural strength of the wall
section should be greater than its uncracked
flexural strength.

9.3.3 In walls that do not have boundary
elements, vertical reieforcement  shall be con-
centrated at the ends of the wall. Each con-
centration shall consist of a minimum of 4 bars
of 12 mm diameter arranged in at least 2 jayers.

9.4 ‘Boundary Elements

Boundary elements are portions along the wall
edges that are strengthened by longitudinal and
transverse reinforcement. Though they may
have the same thickness as ‘that of the wall web
it is advantageous to provide them with greater
thickness. .

9.4,1 Where the extreme fibre compressive stress
in the wall due to factored gravity loads plus
factored  carthquake force exceeds 0-2fe,
boundaty e¢lements shall be provided along the
vertical boundaries of walls. The boundary

12 .
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‘elements may be discontinued where the calcu-
lated compressive stress becomes less than
0-15fx. The compressive stress shall be
calculated using a linearly elastic model and
Bross scction properties,

9.4.2 A boundary element shaill have adequate
axial load carrying capacity, assuming short
column action, so as to enable it to carry an
axial compression equal to the sum of faciored
gravity load on it and the additional compres-
sive load induced by the seismic force. The
latter may be calculated as:

Mn el er
Ce
where
My == factored design moment on the entire
wall section,
My, = moment of resistance provided by
distributed . vertical reinforcement
across the wall section, and

Cw = center to center distance between
the boundary elements along the two
" wvertical edges of the wall,

9.4.3 If the gravity load adds to the strength of
the wali, its load Iactor shall be taken as 0-8,

9.4.4 The percentage of vertical reinforcement
in the boundary clements shall not be less than
0-8 percent, nor greater than 6 percent. In
order to avoid congestion, the practical upper
lmit would be 4 percent.

9.4.8 Boundary elements, where required, as

er 9.4.1, shall be provided throughout their
Rcight. with special confining reinforéement, as
per 7.4.

9.4.6 Boundary elements need not be providt_:d,
if the entire wall section is provided with
special confining reinforcement, as per 7.4,

9.5 Coupled Shear Walls

9.5.1 Coupled shear walls shall be connected
by ductile coupling beams. If the earthquake
induced shear stress in the coupling beam

exceeds
01 ’. \/fck
—p

where /, is the clear span of the coupling beam
and D is its overall depth, the entire carthquake
induced shear and flexure shall, preferably, be
resisted by diagonal reinforcement.

9.5.2 The area of reinforcement to be provided
along each diagonal in a diagonally rcinforced
coupling beam shall be:

Ve

Au = 174 fy sin «

Licons
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where ¥, is the factored shear force, and & is
the angle made by the diagonal reinforcement
with the horizontal. At least 4 bars of § mm
diameter shali be provided along each diagonal.
The reinforcement along each diagonal shall be
enclosed by special confining: reinforcement, as
per 7.4.  The pitch of spiral or spacing of ties.
shall not exceed 100 mm,

9.5.3 The diagonal or horizontal bars of a
coupling beam shall be anchored in the adjacent .
walls with an anchorage length of 1-5 rimes the
development length in tension. :

9.6 Openings in Walls

9.6.1 The shear strength of a wall with openings
should be checked along critical planes that
pass through openings.

9.6.2 Reinforcement shall be provided along
the edges of cpenings in walls. The area of the
vertical and horizontal bars should be such as
to equal that of the respective interrupted bars.
The vertical bars should extend for the ful] storey
height. The horizontal bars should be provided
with development length in tension beyond the
sides of the opening.

9,7 Discontinuous Walla

Columns supgorting discontinuous walls shall be
provided with special confining reinforcement,
as per 7.4.4. .

9.8 Construction Jointy

The vertical reinforcement ratio acvoss a hori.
zontal construction joint shall not be less than:

0-92 .
fy Ty A'
where vy is the factored shear stress at the joint,
P, is the factored axjal force ( positive for
compression ), and Ag is the gross cross
sectional area of the joint.

9.9 Development, Splice and
Requirement

9.9.t Horizontal reinforcement shail be ancho-
red near the edges of the wall or in the confined
core of the boundary elements.

9.9.2 Splicing of vertical Aexural reinforcement
should be avoided, as far as possible, in regions
where yielding may take place. This zone of
flexural yielding may be considered to extend
for a distance of Jy above the base of the wall
orone sixth of the wall height, whichever is
more. However, this distance need not be
greater than 2 /y. Not more than onpe third of
this vertical reinforcement shall be spliced at
such a section. Splices in adjacent bars should
be staggered by a minimum of 600 mm.

Anchorage
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9.9.3 Lateral ties shall be provided around
lapped spliced bars that are larger than 16 mm
in diameter. The diameter of the tie shall not
be less than one fourth that of the spliced bar
nor less than 6 mm. The spacing of ties shall

9,94 Welded splices and mechanical connec-
tions shall confirm to 25.2.5.2 of IS 456 : 1978,
However, not more than half the reinforcement
shall be spliced at a section, where flexural
yielding may take piace.

pot exceed 150 mm center to center.

ANNEX A

( Clause 9.3.1) _
MOMENT OF RESISTANCE OF RECTANGULAR SHEAR WALL SECTION

A-1 The moment of resistance of a slender rectangular shear wall section with uniformly
distributed vertical reinforcement may be estimated as follows:

{a) For xuﬂw < x5 M
-ﬁ;“%;m q_s[ (1+ 3 ) ( 5 - 0416 ’;—')- (—}';)' (0-168 + 93:) ]

where

N AEES ,x_;___( 0-003 5 .
e (‘2—;——‘“ 0% ) 7o~ 50035 087 f,.;E.)'

AU LPITAY _( Pu 1.

b= (L) = (mar )

p = vertical reinforcement ratio = Au/(twiw ),

A, = area of uniformly distributed vertical reinforcement,

6 = 0-87 fy/( 0-003 5 Ev),
E, = elastic modulus of steel, and
P; == sxial compression on wali.

(&) For x§ flw < Xofln < 1'0,

My Xu xu \"
ichf-jilsul(f—w)_ag(lw) = %=

¢‘;[0-36+.ﬁ(l ~2- 3‘-5-)]

wm| 015+ £( 1 -8 = 5- ) vt =5 (i - 2)

The value of %/l to be used in this equation, should be calculated from the quadratic equation.
Xy \¥ Xu
o(F) s (f) -

$ é

= - tand ag = (57|

LN (ﬂ A ) as (2 13)

These equations were derived, assuming a rectangular wall section of depth /v and thickness tw
that is subjected to combined uni-axial bending and axial compression.” The vertical reinforce-
ment is represented by an equivalent steel plate along the length of the section. The stress-
strain curve assumed for concrete is as per IS 456 : 1978 whereas that for steel is assumed to be
bi-linear. Two equations are given for calculdting the flexural strength of the section, Their
use depends on whether the section fails in flexural tension or in flexural compression.

| & I

where

where

. 14
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AMENDMENT NO. 1 NOVEMBER 1995
TO

IS 13920:1993 DUCTILE DETAILING OF
REINFORCED CONCRETE STRUCTURES SUBJECTED
T0O SEISMIC FORCES -— CODE OF PRACTICE

[ Page 3, clause 6.2.1(b) ] — Substitute the following for the existing
formula: :

'p min = 024VEKfy

(CED39)
Printed st Dee Kay Printers, New Dethi, India
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. AMENDMENT NO. 2 MARCH 2002
| TO -
IS 13920 : 1993 DUCTILE DETAILING OF REINFORCED
CONCRETE STRUCTURES SUBJECTED TO SEISMIC
FORCES — CODE OF PRACTICE

( Page 1, clause 1.1.1 ) —Substitute the following for the existing:

‘LL1  Provisions of this code shall be adopted in all reinforced concrete
structures which are located in seismic zone III, IV or V.’

( Page 3, clause 5.2, line 3 ) — Delete the word ‘preferably’. '
(Page 3, clause 5.3 ) — Insert the following at the end of the clause:

‘However, high strength deformed steel bars, produced by the thermo-
mechanical treatment process, of grades Fe 500 and Fe 550, having elongation

more than 14.5 percent and conforming to other requirements of IS 1786 : 1985
may also be used for the reinforcement.

(CED39)
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DRAFT IN
WIDE CIRCULATION
DOCUMENT DESPATCH ADVICE
Reference Date
CED 39/T-8 28 03 2014
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Draft indian Standard
(Not to be reproduced without the permission of BIS or used as an Indian Standard)

DUCTILE DESIGN AND DETAILING OF REINFORCED CONCRETE STRUC TURES
SUBJECTED TO SEISMIC FORCES — CODE OF PRACTICE
(First Revision of 1S 13920)
ICS :91.120.25

Earthquake Engineering Last Date for Comments
Sectional Committee, CED 39 31 May 2014

FOREWORD

Formal clause will be added later,

After the formulation of IS 4326 ‘Code of Practice for Earthquake-Resistant Design and
Construction of Buildings' which had provisions for addressing special featuress in the
design and construction of earthquake-resistant RC buildings, and certain details for
achieving ductility in reinforced concrete (RC) buildings; in order to keep abreast with
the rapid developments and extensive research on earthquake-resistant desigrn of RC
structures, the technical committee prepared a separate standard for earthquake-
resistant design and detailing of RC structures, namely IS 13920:1993.

The first edition (1993) of this standard incorporated some important provisions that
were not covered in IS 4326:1976 for design of RC Structures. With the revision of
IS 4326 as IS 4326:2013 (third revision), the revision of IS 13920 takes importan ce and
hence, this standard addresses the following salient aspects:

(2) Significant experience was gained from performance of reinforced concrete
structures (that were designed and detailed as per IS 4326) during past earthquakes.
Many deficiencies were identified and corrected. '

(b) Provisions on design and detailing of beams and columns as given in 1S 4326 were
revised with an aim to provide them with adequate stiffness, strength and d uctility
and to make them capable of undergoing extensive inelastic deformations and
dissipating seismic enerqy in a stable manner. :

(c) Specifications were included on lower limits for strengths of material of earthquake-
resistant RC structural systems.

(d) Geometric constraints were imposed on cross-sections of flexural memnbers.
Provisions were revised on minimum and maximum reinforcement  fimits.
Requirements were made explicit for detailing of longitudinal reinforcement in beams
at joint faces, splices and anchorage requirements. Provisions were included for
calculating seismic design shear force, and detailing transverse reinforcement in
beams.

(e) For members subjected to axial load and bending moment, constraints were
imposed on cross-sectional aspect ratio and on absolute dimensions. Also,
provisions are included for (i) location of lap splices, (ii) calculation of seismic design
shear force of structural walls, and (iii) special confining reinforcement in regions of
columns that are expected to undergo cyclic inelastic deformations during a seavere
earthquake shaking.

(f) Specifications were included on a seismic design and detailing of reinforced con crete
structural walls. These provisions assisted in (i} estimation of design shear forcea and
bending moment demand on structural wall sections, (i) estimation of design

moment capacity of wall sections, (jii) detailing of reinforcement in the wall web,
1



For Comments Only Doc No. CED 39 (7941} WC

boundary elements, coupling beams, around openings, at construction joints, and
(iv) providing sufficient length for development, lap splicing and anchorage of
longitudinal steel.

Following the earthquakes that occurred after the release of IS 13920 in 1893
(especially the 1997 Jabalpur, 2001 Bhuj, 2004 Sumatra, 2006 Sikkim, and 2011 Sikkim
earthquakes), it was felt that this standard needs further improvement.

In this first revision of IS 13920, the following changes are incorporated:

(a) The title is revised to reflect the “Design” provisions that existed and new ones
added, that determine the sizing, proportioning and reinforcement in RC members
meant to resist earthquake shaking.

(b) The following new provisions are added: :

(i) Column-to-beam strength ratio provision has been added in keeping with the
strong column — weak beam design philosophy for moment resisting frames,

(i) Shear design of beam-column joints; .

(iiy Design of slender RC structural walls is improved. The principle of
superposition is dropped for estimating the design moment of resistance of
structural walls with boundary elements. Instead, procedure is mentioned for
estimating the same. :

{c) Most provisions that existed earlier have been redrafted. Also, the sequence of
sections is re-organised for greater clarity to designers and for removing ambiguities.

(d) The name of the standard has been modified to reflect various provisions included
that pertain to “design” of RC components participating in selsmic resistance.

Further, while the common methods of design and construction have been covered in
this standard for RC structural systems with moment resisting frames and RC structural
systems with moment resisting frames and structural walls that participate in resisting
earthquake force, design and construction of other lateral load resisting structural
systems made of reinforced concrete but not covered by this standard, may be
permitted by the approving agency or a committee constituted by the agency oniy on
praduction of satisfactory evidence from experiments on prototype sub-assemblages
and structures, and nonlinear analyses demonstrating their adequacy to resist
earthquake shaking expected in the region where the structures are expected to be
built. Such nonlinear analyses shall demonstrate that the collapse mechanism of the
proposed structure is desirable and that the lateral deformation capacity of the structure
is sufficient to resist the ground deformation imposed in the region where the structure is
located. The committee of the approving agency shall comprise of competent engineers
with the necessary experience and shall have the authority to review the data submitted,
ask for additional data, tests and to frame special rules for such structural systems not
covered under this standard.

In the formulation of this standard, due weightage has been given to the need for
international coordination among standards prevailing in different seismic regions of the
world. In the preparation of this standard, assistance has been derived from the
following publications:

)] ACI 318-11, Building code requirerﬁents for reinforced concrete and commentary,
published by American Concrete Institute.
(i) IBC 2003 International Building Code, published by international Code Council, Inc.
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(iify EN 1998-1:2003(E) Eurocode 8: Design of structures for earthquake resistance -
Part 1: General rules, seismic actions and rules for buildings, European Committee
for Standardization, Brussels,

(iv) NZS 3102:Part 1:1995 Concrete structure standard, published by S tandards
Council, New Zealand.

For the purpose of deciding whether a particular requirement of this stamdard is
complied with, the final value, observed or calculated, expressing the result of a test or
analysis, shall be rounded off in accordance with IS 2 : 1960 ‘Rules for rounding off
numerical values (Revised). The number of significant places retained in the rounded
off value should be same as that of the specified value in this standard.
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Draft Indian Standard
(Not to be reproduced without the permission of BiS or used as an Indian Standard}

DUCTILE DESIGN AND DETAILING OF REINFORCED CONCRETE STRUCTURES

SUBJECTED TO SEISMIC FORCES — CODE OF PRACTICE )
(First Revision of 1S 13920) =
ICS:91.120.25
Earthquake Engineering Last Date for Comments
Sectional Committee, CED 39 31 May 2014
1. SCOPE E

1.1 This standard covers the requirements for designing and detailing of members of B
reinforced concrete (RC) structures designed to resist lateral effects of earthquake
shaking, so as to give them adequate stiffness, strength and ductility to resist severe
earthquake shaking without collapse. Even though the general concepts adopted in this
standard for structures are applicable for RC bridge systems, provisions of this standard

shall be taken only as a guide for RC bridge piers and wells of large cross-sections, but

are not sufficient. This standard addresses lateral load resisting structural systems of

RC structures composed of: -

(a) RC Moment Resisting Frames, i
(b) RC Moment Resisting Frames with Unreinforced Masonry Infill Walls; and

(c) RC Moment Resisting Frames with RC Structural Walls. )
(d) RC Structural Walls ' ﬁ

1.1.1 Provisions of this standard shall be adopted in all lateral load resisting systems of
RC structures located in Seismic Zone Ill, IV or V., :

1.1.2 The provisions for RC structures given herein apply specifically to monolithic RC
construction, and not for precast RC structures. Precast and/or prestressed concrete - '
members may be used, only if they are designed to provide similar level of ductility as

that of monolithic RC structures during or after an earthquake. Specialist literature must

be referred to for design and construction of such structures. The adequacy of such o
designs shall be demonstrated by adequate, appropriate experimentation and nonlinear I
dynamic structural analyses.

1.1.3 RC monolithic members assumed not to participate in the lateral force resisting
system (3.7) shall be permitted provided that their effect on the seismic response of the

system is accounted for. Consequence of failure of structural and non-structural I

members not part of the lateral force resisting system shall also be considered in
design.

2. REFERENCES . l ‘

2.1 The standards listed below contain provision which through reference in this text,
constitute provisions of this standard. At the time of publication, the editions indlicated - l
were valid. All standards are subject to revision and parties to agreement based on this
standard are encouraged to investigate the possibility of applying the most recent
editions of the standards indicated therein. l

' |
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1S No. Title

456 : 2000 Code of Practice for Plain and Reinforced Concrete
(Fourth Revision) :

800 : 2007 Code of Practice for Structural Steel

1343 : 2012 Code of Practice for Prestressed Concrete Structures
(Second Revision)

1786 : 2008 Specification for High Strength Deformed Steel Bars and

| Wires for Concrete Reinforcement (Fourth Revision)

1893 (Part 1) : 2002 | Criteria for Earthquake Design of Structures (Fifth Revision)

XXxxx : 201x Specification for Reinforcement couplers for mechanical
splices of bars for concrete reinforcement (under print)

3. TERMINOLOGY

3.0 For the purpose of this standard, the following definitions shall apply.

3.1 Beams

These are horizontal members of the moment resisting frames with flexural and
shearing actions. '

3.2 Boundary Elements

These are portions along the ends of a structural wall that are strengthered by

longitudinal and transverse reinforcement. They may have the same thickness as that of
the wall web.

3.3 Columns

These are vertical members of the moment resisting frames with axial, flexural and
shearing actions. :

3.4 Cover Concrete
It is that concrete which is not confined by transverse reinforcement,

3.5 Cross-tie

It is a continuous bar having a 135° hook with an extension of 6 times diameter (but not
< 75 mm) at one end and a hook not less than 90° with an extension of 6 times diameter
(but not < 65 mm) at the other end. The hooks shall engage peripheral longitudinal bars.

In general, the 90° hooks of two successive crossties engaging the same longit udinal
bars shall be alternated end for end.

3.6 Gravity Columns in Buildings
It Is a column, which is not part of the lateral load resisting system and designed orly for
force actions (j.e., axial force, shear force and bending moments) due to gravity Ioads.

But, it should be able to resist the gravity loads at iateral displacement imposed by the
earthquake forces,

3.7 Lateral Force Resisting System

It is that part of the structural system which participates in resisting forces induced by
earthquake,

3.8 Moment-Resisting Frame
It is a three-dimensional structural system composed of interconnected mem bers,
without structural walls, so as to function as a complete seif-contained unit with or

5
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without the aid of horizontal diaphragms or floor bracing systems, in which the members
resist gravity and lateral forces primarily by flexural actions. '

3.8.1 Special Moment Resisting Frame (SMRF)
It is a moment-resisting frame specially detailed to provide ductile behaviour as per the
requirements specified in 5, 6, 7 and 8 of this standard.

3.8.2 Ordinary Moment Resisting Frame (OMRF)
It is a moment-resisting frame not meeting special detailing requirements for ductile
behaviour specified in this standard. '

3.9 Stirrup _

It is a single steel bar bent into a closed loop having a 135° hook with an extension of 6
times diameter (but not < 85 mm) at each end, which is embedded in the confined core
of the section, and placed normal to the longitudinal axis of the RC beam or column.

3.10 Structural Wall )

It is a vertically oriented planar element that is primarily designed to resist lateral force
effects (axial force, shear force and bending moment) in its own plane. It is commonly
known as Shear Wall.

3.11 Special Structural Wall
It is a structural wall meeting special detailing: requirements for ductile behaviour

specified in 10.
4. SYMBOLS

For the purpose of this standard, the following letter symbols shall have the meaning
indicated against each; where other symbols are used, they are explained at the
appropriate place. All dimensions are in mm, loads in Newton and stresses in MPa,
unless otherwise specified.

Ae - effective cross sectional area of a joint

Ay  —effective shear area of a joint

A,  -gross cross sectional area of column / wall

A,  -horizontal reinforcement area within spacing Sy
A - area of concrete core of column

 Asg - reinforcement along eac.h diagonal of coupling beam
As,  —area of cross section of bar forming spiral or stirrup
Ag  —area of uniformly distributed vertical reinforcement
A, -vertical reinforcement at a joint

b,  —width of beam

b —width of column

*
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b; - effective width of a joint
D -overall depth of beam
Dy -diameter of column core measured to the outside of spiral or stirrup
a d - effective depth of member
‘ dw - effective depth of wall section
| E;s - elastic modulus of steel
| g | - characteristic compressive strength of concrete cube (in MPa)
| f, - vield stress of steel reinforcing bars, or 0.2% proof strength of steel reinforcing
| I steel (in MPa) . :
P ~h - longer dimension of rectangular confining stirrup measured to its outer face
| he - depth of columﬁ
hy ~ effective depth of a joint
| hgs - clear storey height
| hy - overall height of RC structural wall

Las  ~clear span of beam -

Ly - development length of bar in tension |
| ' Lo - length of member over which special confining reinforcement ié to be provwided
| Ly - horizontal length of wall

L ~clear span of couplings beam

M,  -design moment of resistance of entire RC beam, column or wall section

M. -Design moment of resistance of column section
Mc:2 - Design moment of resistance of column section
Mg1 - Design moment of resistance of beam section

M;y2  —Design moment of resistance of beam section

M;"  ~Hogging design moment of resistance of beam at end A

M}* —Sagging design moment of resistance of beamn at end A
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M3"  —Hogging design moment of resistance of beam at end B ﬁ

M2 - Sagging design moment of resistance of beam atend B

ME-  _ Design moment of resistance of beam framing into column from the left

MBR  _ Design moment of resistance of beam framing into column from the right

Mw - Desigh moment of resistance of web of RC structural wall alone

P, -Factored axial load
Sy — Spacing of stirrups along the longitudinal direction of beam or column
tw - Thickness of web of RC structural wall

Vu,aD“L —_ Eactored shear force demand at end A of beam due to dead and live loads
: Vu,,,D"L _ Factored shear force demand at end B of beam due to dead and live loads

V; - Design shear resistance of a joint

»

-

Vu - Factored shear force
Vys - Design shear resistance offered at a section by steel stirrups

Xy, x, - Depth of neutral axis from extreme compression fibre

a - Inclination of diagonal reinforcement in coupling beam

p _ Area of longitudinal reinforcement as a fraction of gross area of cross-section in
a RC beam, column or structural wall

Pe - Area of longitudinal reinforcement on the compression face of a beam as a
fraction of gross area of cross-section ' :

(Ondmin  — Minimum area of horizontal reinforcement of a structural wall as a fraction of
gross area of cross-section

(Ovpe)mn — Minimum area of vertical reinforcement in each boundary element of a
structural wall as a fraction of gross area of cross-section of each
boundary element

(Pu.net)min — Minimum area of vertical reinforcement of a structural wall as a fra ction of
gross area of cross-section of the wall :

(Ovweb)min  Minimum area of vertical reinforcement in web of a structural wall as a
fraction of gross area of cross-section of web
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Pmax - Maximum area of longitudinal reinforcement permitted on the tension face of a
beam as a fraction of gross area of cross-section

Pmin - Minimum area of longitudinal reinforcement to be ensured on the tension face of
a beam as a fraction of gross area of cross-section

; ~ Design shear strength of concrete

Temax — Maximum nominal shear stress permitted at a section of RC beam, column or
structural wail

v ~Nominal shear stress at a section of RC beam, column or structural wall

5. GENERAL SPECIFICATIONS

5.1 The design and construction of reinforced concrete buildings shall be gove rned by
provisions of IS 456, except as modified by the provisions of this standard for those
elements participating in lateral force resistance.

5.2 Minimum grade of structural concrete shali be M20, but M25 for buildings

(i) more than 15m in height in Seismic Zones i, IV and v,
(i) but not less than that required by IS 456 based on exposure conditions.

5.3 Steel reinforcement resisting earthquake-induced forces in RC frame members and
in boundary elements of RC structural walls shall comply with 5.3.1,5.3.2and 5.3.3.

3.3.1 Steel reinforcements used shall be -
(i) of grade Fe 415 (conforming to IS 1786), and
(if) of grade Fe 500 and Fe 550, i.e., high strength deformed steel bars produced by

thermo-mechanical treatment process having elongation more than 14.5 percent,
and conforming to IS 1786.

5.3.2 The actual 0.2% proof strength of steel bars based on tensile test must not e xceed
their characteristic 0.2% proof strength by more than 20%. '

5.3.3 The ratio of the actual ultimate strength to the actual 0.2% proof strength shall be
at least 1.25.

5.4 In RC frame buildings, lintel beams shall preferably not be integrated into the
columns to avoid short column effect, When integrated, they shall be included in the
analytical mode! for structural analysis. Similarly, plinth beams (where providedy, and
staircase beams and slabs framing into columns shall be included in the anallytical
model for structural analysis.

5.5 RC regular moment-resisting frame buildings shall have planar frames oriented
along the two principal plan directions of buildings. Irregularities listed in IS 1893 (Part 1)
shall be avoided. Buildings with any of the listed irregularities perform poorly d uring
earthquake shaking; in addition, buildings with floating columns and set-back colLimns
also perform poorly. When any such irregularities are adopted, detailed nonlinear
analyses shall be performed to demonstrate that there is no threat to loss of life and
property.
9
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6. BEAMS

6.1 General :
Requirements of this section shall apply to beams resisting earthquake-induced effects,

in which the factored axial compressive stress due to gravity and earthquake effects
does not exceed 0.08f... Beams, in which the factored axial compressive stress exceeds

0.08f,,, shall be designed as per requirements of 7.
6.1.1 Beams shall preferably have width-to-depth ratio of more than 0.3.
6.1.2 Beams shall not have width less than 200 mm.

6.1.3 Beams shall not have depth D more than 1/4" of clear span. This may not apply to
the floor beam of frame staging of elevated RC water tanks.

6.1.4 Width of beam b, shall not exceed the width of supporting member c; plus
distance on either side of supporting member equal to the smaller of (a} and (b)

(a) Width of supporting member cz
(b) 0.75 times breadth of supporting member ¢4 (see Fig. 1a and 1b)

Transverse reinforcement for the width of a beam that exceeds width of the column ¢z
shall be provided as shown in Fig. 1b throughout the beam span including withiin the

beam column joint.

5 Effective jaint width
: b; = bp+heor by= byt 2x

Direction of shear force g b Column b
—> Beam d
X1 s
e 9 /
1 b5

Effective joint |.__h°‘——-|
depth w;= he
Beam

Direction of shear force b be
—» by

Effective jarI | he |
depth wy= he [~ 1

Plan

FIG. 1(A) PLAN VIEW OF A BEAM COLUMN JOINT
SHOWING EFFECTIVE BREADTH AND WIDTH OF JOINT
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— Transverse reinforcernent through the column to
confine beam longitudinal reinforcement passing
outsida the column core

o I 7 .
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rm Not greater than the smaller of ¢;
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i | ‘
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SECTION: A-A

FIG. 1(B) MAXIMUM EFFECTIVE WIDTH OF WIDE BEAM
AND REQUIRED TRANSVERSE REINFORCEMENT

6.2 Longitudinal Reinforcement

6.2.1 (a) Beams shall have at least two 12 mm diameter bars each at the top and
bottom faces.

(b) Minimum longitudinal steel ratio pm, required on any face at any section is

Prin = 024—"/:‘1

14
6.2.2 Maximum longitudinal steel ratio pmax provided on any face at any section is 0.025.

6.2.3 Longitudinal steel on bottom face of a beam framing into a column (at the face of
the column) shall be at least half the steel on its top face at the same section. At
exterior joints, the anchorage length calculation shall consider this bottom steel to be
tension steel.

6.2.4 Longitudinal steel in beams at any section on top or bottom face shall be at least
1/4" of longitudinal steel provided at the top face of the beam at the face of the column;
when the top longitudinal steel in the beam at the two supporting column faces is
different, the larger of the two shall be considered.

6.2.5 At an exterior joint, top and bottom bars of beams shall be provided with
anchorage length beyond the inner face of the column, equal to development length of
the bar in tension plus 10 times bar diameter minus the aillowance for 90° bends (see
Fig. 2); here, ‘

11
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’" l
X = Anchcrage length
as perCl. 6.2.5

WV

FiG. 2 ANCHORAGE OF LONGITUDINAL BEAM BARS
AT EXTERIOR BEAM-COLUMN JOINT

6.2.6 Splicing of Longitudinal Bars
6.2.6.1 Lap Splices

When adopted, closed stirrups shall be provided over the entire length over which the -
longitudinat bars are spliced and,

(a) the spacing of these stirrups shall not exceed 150 mm (see Fig. 3).
(b) the lap length shall not be less than the development length of the largest
longitudinal reinforcement bar in tension.
(c) lap spilices shall not be provided
(i) within a joint, .
(if) within a distance of 2d from face of the column, and .
(iii) within a quarter length of the beam adjoining the location where flexural yielding
may occur under earthquake effects.
(d) not more than 50% of area of steel bars on either top or bottom face shall be spliced
at any one section.

R o]

P 1

T

h r

—{ |}—<150mm

FIG.3 LAP LENGTH AT LOCATION OF SPLICING
OF LONGITUDINAL BARS IN BEAM
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6.2.6.2 Mechanical Couplers

Mechanical couplers [conforming to IS oo (under print)] shall be used when
longitudinal steel bars have to be continued for beam spans larger than their
manufacture lengths. Further,

(a) only those mechanical splices conforming to the above standard and ca pable of
developing the specified tensile strength of spliced bar shall be permitted within a
distance equal to two times the depth of the member from the member face or in any
location where yielding of reinforcement is likely to take place

(b) the spacing between adjacent longitudinal bars shall be based also on the otuter size
of the coupler to allow easy flow of concrete. ~

6.2.6.3 Welded Splices

Welded splices shall not be used in beams for a distance equal to two times the depth of
the member from the member face or in any location where yielding of reinforce ment is
likely to take place at any location, not more than 50% of area of steel bars shall be
spliced at any one section. :

Welding of stirrups, ties, inserts or other similar elements to vertical reinforceme nt bars
required as per design is not permitted, in any seismic zone. '

6.3 Transverse Reinforcement

6.3.1 Only vertical stirrups shall be used in beams (see Fig. 4é); inclined stirrup s shall
not be used.

(a) In normal practice, a stirrup is made of a single bent bar. But, it may be made of two
bars also, namely a U-stirrup with a 135° hook with an extension of 6 times dizmeter
(but not less than 65 mm) at each end, embedded in the core concrete, and a cross-
tie (see Fig. 4b). .

(b) The hooks of the stirrups and cross-ties shall engage around peripheral longitudinal
bars. Consecutive crossties engaging the same longitudinal bars shali have thesir 90°
hooks at opposite sides of the beam. When the longitudinal reinforcement bars are
secured by cross-ties in beams that have a slab on one side, the 90° hooks of the
cross-ties shall be placed on that side.

13
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6d(266 mm) CROEE TEE
6d(265 mm)
HOOP U-STIRRUP

(a) (b)

FIG. 4 DETAILS OF TRANSVERSE REINFORCEMENT IN BEAMS
6.3.2 The minimum diameter of a stirrup shall be 8 mm.

6.3.3 Shear force capacity of a beam shalf be more than larger of:
(a) Factored shear force as per linear structural analysis, and
(b) Factored gravity shear force, plus equilibrium shear force when plastic hinges are
formed at both ends of the beam (see Fig. 5) given by.
(i) For sway to right:

As Bh
vu,a = VU,BDH'- 1.4 M and
' Lag
. : As 8h
Vup = VOt +1.4 ME+M”
Lag
(i) For sway to left:
Ah Bs
Vya = Vs 't-1.4 M, M7 and
: LAE
MAh + MBs

Vup = vu,bD+L +1.4

Ls
where M?**, M", MPand M? are sagging and hogging moments of

resistance of the beam section at ends A and B, respectivelzr. These shall be
calculated as per IS 456. Lag is clear span of beam. V,,.°*" and Voot are
the factored shear forces at ends A and B, respectively, due to vertical loads
acting on the span; the partial safety factor for dead and live loads shall be
1.2, and the beam shall be considered to be simply supported for this
estimation.

The design shear force demand at end A of the beam shall be the larger of the two
values of V,,a computed above. Similarly, the design shear force demand at end B
shall be the larger of the two values of V,,; computed above.
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1.2 (D+L)

,Vu-a (SWAY TO LEFT) v-.,,J

FIG. 5 CALCULATION OF DESIGN SHEAR FORCE DEMAND ON BEAMS UNIDER
PLASTIC HINGE ACTION AT THEIR ENDS

6.3.4 In the calculation of design shear force capacity of RC beams, contributions of the
foliowing shall NOT be considered:

(a) bent up bars ,
(b) inclined stirrups, and
(c) concrete in the RC section.

6.3.5 Close Spacing of Stirrups

-Spacing of stirrups over a length of 2d at éither end of a beam shall not exceed

(a) d/4,
(b) 8 times the diameter of the smallest longitudinal bar; and
(c) 100 mm (see Fig. 6).

6.3.5.1 The first stirrup shall be at a distance not exceeding 50 mm from the joint face.
6.3.5.2 Stirrups shall be provided over a length equal to 2d on either side of a sexction

where flexural yielding may occur under earthquake effects. Over the remaining [ength
of the beam, vertical stirrups shall be provided at a spacing not exceeding d/2.

15
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MIN 2 BARS FOR FULL LENGTH
ALONG TOP AND BOTTOM
A 2 p MIN Bd

: . As S p MAX Bd

>} =50 mm MAX > k50 mm MAX
4 :
d ~
2d '
HOOP SPACING
. » ’
s di4and 8 dp
HOOP SPACING B = BREADTH OF BEAM
d» = DIAMETER OF LONGITUDINAL
BAR

FIG. 6 DETAILS OF TRANSVERSE REINFORCEMENT IN BEAMS
7. COLUMNS AND INCLINED MEMBERS

7.1 Geometry

Requirements of this section shall apply to columns and inclined members resisting
earthquake-induced effects, in which the factored axial compressive stress due to
gravity and earthquake effects exceeds 0.08/.

The factored axial compressive stress considering all load combinations relating to
seismic loads shall be limited to 0.407 in all such members, except in those covered

under 10.
7.1.1 The minimum dimension of a column shall not be less than
(a) 20ds, where dy is diameter of the largest diameter longitudinal reinforcement bar in

the beam passing through or anchoring into the column at the joint, or
(b) 300 mm (see Fig. 7).

Minimum column width . Minimum column width
2 300 mm v 2 300 mm
15 ds 215 dy

FIG. 7 MINIMUM SIZE OF RC COLUMNS BASED ON DIAMETER OF LARGEST
LONGITUDINAL REINFORCEMENT BAR IN BEAMS FRAMING INTO I'T

7.4.2 The cross-section aspect ratio (i.e., ratio of smalier dimension to larger dimension
of the cross section of a column or inclined member) shall not be less than 0.4. WVertical
16
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members of RC b'uildings whose cross-section aspect ratio is less than 0.4 shall be
designed as per requirements of 9.

7.2 Relative Strengths of Beams and Columns at a Joint

7.2.1 At each beam-column joint of a moment-resisting frame, the sum of nominal
design strength of columns meeting at that joint (with nominal strength calculated for
the factored axial load in the direction of the lateral force under consideration so as to
give least column nominal design strength) along each principal plane shall be at least

1.4 times the sum of nominal design strength of beams meeting at that joint in the same
plane (see Fig. 8).

In the event of a beam-column joint not conforming to above, the columns at the joint
shall be considered to be gravity columns only and shall not be considered as part of the
lateral load resisting system.

7.2.1.1 The design moments of resistance of a beam shall be estimated based on the -
principles of mechanics and the limiting strain states of the limit state design method
enunciated in IS 456. The design moment of resistance of a column shall be estimated
as in case of beams corresponding to zero axial force on the design P-M intesraction
diagram. :
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FIG. 8 STRONG COLUMN — WEAK BEAM REQUIREMENT

{,‘.

7.2.4.2 This check shall be performed at each joint for both positive and negative
directions of shaking in the plane under consideration. Further, in this check, design
moments of resistance in beam(s) meeting at a joint shall be considered in the same
direction, and similarly the design moments of resistance of column(s) at the sarme joint
shall be considered to be in the direction opposite to that of the moments in the beams.

7.2.1.3 This check shall be waived at all joints at roof level only, in buildings more than 4

storeys tall.
18
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7.3 Longitudinal Reinforcement

7.3.1 Circular columns shall have minimum of 6 bars,
7.3.2 Splicing of Longitudinal Bars

7.3.2.1 Lap Splices

When adopted, closed stirrups shall be provided over the entire length over which
the longitudinal bars are spliced.

(a) The spacing of these stirrups shall not exceed 150 mm.
(b) The lap length shail not be less than the development length of the largest
longitudinal reinforcement bar in tension.
(c) Lap splices shall be provided only in the central half of clear column height, and not
(i} within a joint, or
(ii) within a distance of 2d from face of the beam.
(d) Not more than 50% of area of steel bars shall be spliced at any one section.

7.3.2.2 Mechanical couplers

Mechanical couplers [conforming to IS xoxx (under print)] shall be used. Further, only
those mechanical splices conforming to the above standard and capable of developing
the specified tensile strength of spliced bar shall be permitted within a distance equal to
two times the depth of the member from the column face or in any location where
yielding of reinforcement is likely to take place '

7.3.2.3 Welded Splices

Welded splices shall not be used in columns for a distance equal to two times the depth
of the member from the member face or in any location where yielding of reinfor=ement
is likely to take place. At any location, not more than 50% of area of steel bars shall be
spliced at any one section. -

But, welding of stirrups, ties, inserts or other similar elements to vertical reinforc ement
bars required as per design is not permitted, in any seismic zone.

7.3.3 A column that extends more than 100 mm beyond the confined core owing to
architectural requirement (see Fig. 9).shall be detailed in the following manner.

(a) When the contribution of this area is considered in the estimate of strength of
columns, it shall have at least the minimum longitudinal and transverse
reinforcement given in this standard.

(b) When the contribution of this area is NOT considerad in the estimate of strength of
columns, it shall have at least the minimum longitudinal and transverse
reinforcement given in IS 456.
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MINIMUM LONGITUDINAL
AND TRANSVERSE STEEL
AS PER IS 456

> .
et > 100 mm

S ¢ N

FIG. 9 REINFORCEMENT REQUIREMENT IN COLUMNS WITH PROJECTION MORE
THAN 100 MM BEYOND CORE

7.4 Transverse Reinforcement
7.4.1 Transverse reinforcement shall consist of closed loop

(a) spiral or circular stirrups in circular columns, and
(b) rectangular stirrups in rectangutar columns,

In either case, the closed stirrup shali have 135° hook ends with an extension of 6 times
its diameter (but not < 65 mm) at each end, which are embedded in the confined core of
the column (see Fig. 10a). :

7.4.2 When rectangular stirrups are used,

(a) the minimum diameter permitted of transverse reinforcement bars is 8 mm, when
diameter of longitudinal bar is less than or equal to 32 mm, and 10 mm, when
diameter of longitudinal bar is more than 32 mm;

(b) the maximum spacing of parallel legs of stirrups shall be 300 mm centre to centre;

(c) a cross-tie shall be provided, if the length of any side of the stirrup exceeds 300 mm
(see Fig. 10b); the cross-tie shall be placed perpendicular to this stirrup whose
length exceeds 300mm. Alternatively, a pair of overlapping stirrups may be provided
within the column (see Fig. 10c). In either case, the hook ends of the stirups and
cross-ties shall engage around peripheral longitudinal bars. Consecutive cross-ties
engaging the same longitudinal bars shall have their 90°hooks on opposite sides of
the column; and

(d) the maximum spacing of stirrups shall be haif the least lateral dimension of the
column, except where special confining reinforcement is provided as per 8.
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FIG. 10 DETAILS OF TRANSVERSE REINFORCEMENT IN COLUMNS.
7.5 Design Shear Force in Columns
The design shear force demand on columns is the larger of:

(a) Factored shear force demand as per linear structural analysis, and
(b) factored equilibrium shear force demand when plastic hinges are formed at both
ends of the beams given by

(i) For sway to right:
v, <142+ M27)
(i) For sway to left: "’
V, =1.4M ,
st
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where M7, M MZand M." are design sagging and hogging moments of

resistance of beams framing into the column on opposite faces A and B,
respectively, with one hogging moment and the other sagging (see Fig. 11); and hs
the storey height. The design moments of resistance of beam sections shall be
calculated as per IS 456.

i 7
1 i
£ i
Vy
1.4M" 1.4M.58
¥
t ( ) 3
N
L -
A

FIG. 11 EQUILIBRIUM DESIGN SHEAR FORCE DEMAND ON COLUMN WHEN
PLASTIC HINGES ARE FORMED AT BEAM ENDS

7.51 The calculation of design shear force capacity of RC columns shall be calculated
as per IS 456.
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8. SPECIAL CONFINING REINFORCEMENT

The requirements of this section shall be met with in beams and columns, wnless a
larger amount of transverse reinforcement is required from shear strength
considerations given in 6.3.3 for beams and 7.5 for columns.

8.1 Flexural yieiding is likely in beams during strong earthquake shaking and in columns
when the shaking intensity exceeds the expected intensity of earthquake shaking (see
Fig. 12). This special confining reinforcement shall

(a) be provided over a length /, from the face of the joint towards mid-span of beams
and mid heights of columns, on either side of the joint; where /, is not less than
(i) larger lateral dimension of the member at the section where yielding occurs,
(ii) 1/6 of clear span of the member, or
(iiiy 450 mm.

(b) have a spacing not more than
(i) 1/4 of minimum member dimension of the beam or column,
(ii) 6 times diameter of the smallest longitudinal reinforcement bars,
(iit) 100 mm,
but need not be less than 75 mm.

(c) have area Ay, of cross section of the bar forming stirrups or spiral of at least
(i) in circular stirrups or spirals:

0.090s,D, f’“‘—"[i - 1J
Ash = N’ax f,} Ak
0.024s,D, <k
f,
where

Sy = pitch of spiral or spacing of stirrups,

D = diameter of core of circular column measured to outside of spiral/stirrup,
f.x = characteristic compressive strength of concrete cube,

fy = 0.2% Proof Strength of transverse steel rsinforcement bars, -

Ag = gross area of column cross-section, and

Fra
Ax = area of concrete core of column = Z-D,f

(i) in rectangular stirrups:

| 0.1803,,!7?—"(%—1]
A, = Max ¢ *
0.05s, h <&
fy

where

h = longer dimension of rectangular stirup measured to its outer face, which
does not exceed 300 mm (see Fig. 10b), and

A= area of confined concrete core in rectangular stirrup measured to its
outer dimensions.

h of the stirrup could be reduced by introducing crossties (see Fig. 10c). I such

cases, Ax shall be measured as overall core area, regardless of sstirrup

arrangement. Hooks of cross-ties shall engage peripheral longitudinal bars.
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FIG. 12 COLUMN AND JOINT DETAILING

8.2 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. 13).

_ SPECIAL CONFINING
‘ REINFORCMENT
2 300 mm

L

r e e ‘ ' e - R _ ek I

FIG. 13 PROVISION OF SPECIAL CONFINING REINFORCEMENT IN FOOTING

8.3 When the calculated point of contra-flexure, under the effect of gravity and
earthquake effects, is not within the middle half of the member clear height, special

- confining reinforcement shall be provided over the full height of the column.

8.4 Special confining reinforcement shall be provided over the full height of a column
which has significant variation in stiffness along its height. This variation in stiffness may
result due to abrupt changes in cross-section size, or unintended restraint to the column
provided by stair-slab, mezzanine floor, plinth or lintel beams framing into the columns,
RC wall or masonry wall adjoining column and extending only for partial column height

8.5 Columns carrying relatively small laterai forces are termed as gravity columns. Such
columns supporting discontinued stiff members, such as walls, shall be provided with
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special confining reinforcement over their full height (see Fig. 14).This reinforcement
shail 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 weall, this
reinforcement shall be provided over the fuil height of the column; also it shall be
provided below the discontinuity for the same development length.

SHEAR WALL—J

DEVELOPMENT
LENGTH OF !
LONGITUDINAL BAR . T .

LI

N mm
LB T UTITHT

> .

HITET T
[ANREDY

r

L AT )

FIG. 14 COLUMNS WITH VARIABLE STIFFNESS
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9. BEAM-COLUMN JOINTS OF MOMENT-RESISTING FRAMES
9.1 Design of Beam-Column Joint for Distortional Shear
9.1.1 Shear'Strength of Concrete in a Joint

The nominal shear strength g, of concrete in a beam-column joint shall be taken as
1.5A,.ff for jointsconfinedby beamson allfour faces
T = 1.2A6“/Q_,-¢ for jointsconfinedby beamson three faces
1.0A,ff, forother joints
where A, is effective shear area of joint given by bw,, in which b, is the effective
breadth of joint perpendicular to the direction of shear force and w; the effective width

of joint along the direction of shear force (see Fig. 15). In no case shall the area of joint

be greater than the column cross-sectional area
9.1.2 Design Shear Stress Demand on a Joint

(a) Design Shear Stress Demand acting horizontally along each of the two principal plan
directions of the joint shall be estimated from earthquake shaking considered along
each of these directions, using '

' Vix
Tiax =
+

Tigy = b‘;’i: for shakingalongplandirectionY of earthquakeshaking -

It shall be ensured that the joint shear capacity of joint concrete estimated using

9.1.1 exceeds both 7, and 7.

(b) Design Shear Force Demands V), and V,, acting horizontally on the joint in

principal plan directions X and Y shall be estimated considering that the longitudinal
peam bars in tension reach a stress of 1.25f, (when overstrength plastic moment
hinges are formed at beam ends).

for shakingalongplandirection X of earthquake shaking

9.1.3 Width of Beam Column Joint

When beam reinforcement extends through beam-column joint, the minimum width of
the column parallel to beam shall be 20 times the diameter of the largest longitudinal
beam bar. '

9.2 Transverse Reinforcement
9.2.1 Confining Reinforcement in Joints

(a) When all four vertical faces of the joint are having beams framing into them covering
at least 75% of the width on each face,

(i) At least half the special confining reinforcement required as per 8 at the two ends
of columns, shall be provided through the joint within the depth of the shallowest
beam framing into it, and

(i) Spacing of these transverse stirrups shall not exceed 150mm.
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(b) When ail four vertical faces of the joint are NOT having beams framing into them or

when all four vertical faces have beams framing into them but do not cover at least
75% of the width on any face,

(i} Special confining reinforcement required as per 8 at the two ends of columins shall

be provided through the joint within the depth of the shallowest beam framing into
it, and -

(ii) Spacing of these transverse stirrups shall not exceed 150mm.

9.2.2 In the exterior and corner joints, all 135° hooks of cross-ties should be along the
outer face of columns.
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10. SPECIALSTRUCTURAL WALLS
10.1 General Requirements

10.1.1 The reguirements of this section apply to spedial structural walls that are part of
lateral force resisting system of earthquake-resistant RC buildings.

10.1.2 The minimum thickness of special structural walls shall not be less than
(a) 150 mm
(b) 300 mm for buildings with coupled structural walls in any Seismic Zone.

10.4.3 Special structural walls shall be classified as squat, intermediate or slender
depending on the overall height hy to Length L, ratio as

(a) Squat walls: hy /Ly <1,

(b) Intermediate walls: 1 < hy /Ly S 2, and

(c) Slender walls: hy /Ly > 2. '

10.1.4 in the design of flanged wall sections, only that part of the flange shall be
considered which extends beyond the face of the web of the structural wall at least for a
distance equal to smaller of '

(a) Actual width available,

(b) Half the distance to the adjacent structural wall web, and

(c) 1/10" of the total wall height.

10.1.5 Special structural walls shall be provided with uniformly spaced reinforcement in
its cross-section along vertical and horizontal directions. At least 2 minimum area of
reinforcement bars as indicated in Table 1 shall be provided along vertical and
horizontal directions. '

10.1.6 Reinforcement bars shall be provided in two curtains within the cross-section of
the wall, with each curtain having bars running along vertical and horizontal directions,
when ‘ ‘

(a) Factored shear stress demand in the wall exceeds 0.25,%, MPa, or

(b) Wall thickness is 200 mm or higher.

When steel is provided in two layers, all vertical steel bars shall be contained within the
horizontal steel bars: the horizontal bars shall form a closed core concrete area with
closed loops and cross-ties. : :

10.1.7 The largest diameter of longitudinal steel bars used in any part of a wall shall not
exceed 1/10™ of the thickness of that part.

10.1.8 The maximum spacing of vertical or horizontal reinforcement shall not exceed
smaller of

(a) 1/5™ horizontal length L, of wall,

(b) 3 times thickness f, of web of wall, and

(c) 450 mm.

10.1.9 Special structural walls shalt be founded on properly designed foundations and
shall not be discontinued to rest on beams, columns or inclined members. '
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Table 1: Minimum Reinforcement in RC Structural Walls

Type of Wall Reinforcement Details
Squat Walls (9 )y =0.0025

{p, ), =0.0025 + 0.5[1 - -?lJ(ph -0.0025)

(pv.,,a,)=(pv.we,,)+(-}waj.[o.oz-z.s(pv.we,,n

(P v )pruvided < (Ph )pmvided
Intermediate Walls | (p,) . =0.0025

(By .0 )u = 0.0080
(pv,w,,,)m.n =0.0025

(Oynet ). = 0.0025 4+ 0.01 37{%}

(04 )nir, = 0.0025+ o.s(%-zj(p,, ~0.0025)

(Pv.50 )., =0.0080
(Oy.wes ,, =0.0025

(pv.net )mln =0.0025+0.01 37{-&’—}

Slender Walls

10.2 Design for Shear Force

10.2.1 Nominal shear stress demand 7, on a wall shall be estimated as:
Vv
7, = —4

"o,
where V, is factored shear force, t, thickness of the web, and d,, effective depth of

wall section (along the length of the wall), which may be taken as 0.84., for
rectanguiar sections.

10.2.2 Design shear strength r, of concrete shall be calculated as per Table 19 of
IS 456.

10.2.3 When nominal shear stress demand 7, onawallis

(a) more than maximum design shear strength ..., of concrete (given in Table 20 of
IS 456), the wall section shall be redesigned;
(b) less than maximum design shear strength r, ., of concrste and more than design

shear strength r, of concrete, design horizontal shear reinforcement shall be
provided of area 4, given by

A = Vus = vu "rctwdw
" d d '
O.STfy(——— 0.87f| —

SV Integrat sV Integral

29




For Comments Only Doc No. CED 39 {7941) WC

which shall not be less than the minimum area of horizontal steel per Clause 10.1.5;
and
(c) less than design shear strength r, of concrete, horizontal shear reinforcement shall

be the minimum area of horizontal steel per 10.1.5.

10.3 Design for Axial Force and Bending Moment

10.3.1 Design moment of resistance M, of the wall section subjected to combined

bending moment and compressive axial load shall be estimated in accordance with
requirements of limit state design method given in 1S 456, using the principles of
mechanics involving equilibrium equations, strain compatibility conditons and
constitutive laws.

The moment of resistance of slender rectangular structural wall section with uniformly
distributed vertical reinforcement may be estimated using expressions given in Annex A.
Expressions given in Annex A are not applicable for structural walls with boundary
elements,

10.3.2 The cracked flexural strength of a wall section shall be greater than its uncracked
flexural strength. :

10.3.3 In structural walls that do not have boundary elements, at least a minimum of 4
bars of 12 mm diameter arranged in 2 layers, shall be concentrated as vertical
reinforcement at the ends of the wall over a length not exceeding twice the thickness of
RC wall. '

10.4 Boundary Elements

Boundary elements are portions along the wall edges that are strengthemed by
longitudinal and transverse reinforcement even if they have the same thickness as that
of the wall web. It is advantageous to provide boundary elements with dimension greater
than thickness of the wail web.

10.4.1 Boundary elements shall be provided along the vertical boundaries of walls,
when the extreme fiber compressive stress in the wall exceeds 0.2f due to factored
gravity loads plus factored earthquake force. Boundary elements may be discontinued
at elevations where extreme fiber ‘compressive stress becomes less than 0.15fc.
Extreme fiber compressive stress shall be estimated using a linearly elastic model and
gross section properties. ' :

10.4.2 A boundary element shall have adequate axial load carrying capacity, assuming
short column action, so as to enable it to carry axial compression arising from factored
gravity load and lateral seismic shaking effects.

10.4.2.1 The toad factor for gravity load shall be taken as 0.8, if gravity load gives higher
‘axial compressive strength of the boundary element.

10.4.3 The vertical reinforcement in the boundary elements shall not be less than 0.8%
and not greater than 6 %; the practical upper limit would be 4 % to avoid congestion.

10.4.4 Boundary elements, where required as per 10.4.1, shall be provided with special
confining reinforcement throughout their height, given by
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fck

A, =0.05s, h 2k

fy

10.4.6 Boundary elements need not be provided, if the entire wall section is provided
with special confining reinforcement, as per 8.

10.5 Coupling Beams
10.5.1 Coplanar Special Structural walls may be connected by means coupling beams.

10.5.2 If earthquake induced shear stress r,, in coupling beam exceeds

T, > 0.1@(%;-),

where L is clear span of coupling beam and D overall depth, the entire earthquake-
induced shear, bending moment and axial compression shall be resisted by diagonal
reinforcement alone.

(a) Area of this diagonal reinforcement along each diagonal shall be estimated as:
v ‘

u

" 174f sina

where V, is factored shear force on the coupling beam and a the angle m ade by
diagonai reinforcement with the horizontal.

(b) At least 4 bars of 8 mm diameter shall be provided along each diagoral. All
longitudinal bars along each diagonal shail be enclosed by special confining
transverse reinforcement as per Clause 8 at a spacing not exceeding 100 mm.

10.5.3 The diagonal of a coupling beam shall be anchored in the adjacent walls with an
anchorage length of 1.5 times the development length in tension. (see Fig. 15)

Horizontal beam Ay~ total area of

- infare i Transverse reinforcement
reinforcement at wall does A ;ar:ugro?g}:;;rafgg':s spacing measured perpen dicular
not develop £, 7| to the axis of the diagonal bars

[ IF not ta exceed 350mm
ﬁ
\.‘\_ : — il_
~ u — N
- E—
h —
1] o — . K|
1 ! — . | 2by/2 [E
J7’z ’ =t
1 by
I = :
-2 I ~wali boundary Section : A-A

rainforcemant

FIG. 16 COUPLING BEAMS WITH DIAGONAL REINFORCEMENT
10.6 Openings in Walls

10.6.1 Shear strength of a wall with openings should be checked at critical horizontal
planes passing through openings.

10.6.2 Additional steel reinforcement shall be provided along all four edges of operings
in walls,
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(a) The area of these vertical and horizontal steel should be equal to that of the
respective interrupted bars, provided half on either side of the wall in each direction.

(b) These vertical bars should extend for full height of the storey in which this opening is
present,

(c) The horizontal bars should be provided with development length in tension beyond
the edge of the opening.

10.7 Construction Joints

Vertical reinforcement across a horizontal construction joint shall have area A, given

by:
__s_,20.92 . _F
A, f YA

4 g

T

where r, is factored shear stress at the joint, P, factored axial force (positive for
compression), and A, gross cross-sectional area of joint.

10.8 Development, Splice and Anchorage Requirement

10.8.1 Horizontal reinforcement shall be anchored near the edges of wall or in confined
core of boundary elements.

10.8.2 In slender walls (H/L, > 2), splicing of vertical flexural reinforcement should be
avoided, as far as possible, in regions where flexural yielding may take place, which
extends for a distance larger of

(a) Lw above the base of the wall, and

(b) 1/6" of the wall height,

but not larger than 2L,

10.8.3 Splices
40.8..3.1 Lap Splices

When adopted, closed stirrups shall be provided over the entire length over wh ich the
longitudinal bars are spliced.

(a) The spacing of these stirrups shall not exceed 150 mm.
(b) The lap length shall not be less than the development length of the largest
longitudinal reinforcement bar in tension.

(i) within a joint, or
(ii) within a distance of 2d from face of the beam.
(d) Not more than 50% of area of steel bars shall be spliced at any one section.

10.8.3.2 Mechanical couplers {conforming to IS xxxxx (under print)] shall be used.
Further, only those mechanical splices conforming to the above standard and capable of
developing the specified tensile strength of spliced bar shall be permitted within a
distance equal to two times the depth of the member from the beam-column joint or in
any location where yielding of reinforcement is likely to take place.
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10.8.3.4 Welded Splices

Welded splices shall be avoided as far as possible. In no case shall they be u sed for a
distance equal to two times the depth of the member from the member face ©or in any
location where yielding of reinforcement is likely to take place. At any location, not more
than 50% of area of steel bars shall be spliced at any one section.

Welding of stirrups, ties, inserts or other similar elements to vertical reinforcemeent bars
required as per design is not permitted, in any seismic zone.

10.8.4 In buildings located in Seismic Zones Il and Ill, closed loop transverse stirrups
shail be provided around lapped spliced bars larger than 16 mm in diameter. The
minimum diameter of such stirrups shall be 1/4% of diameter of spliced bar but not less
than 8 mm at spacing not exceeding 150 mm centers,

11. GRAVITY COLUMNS IN BUILDINGS

Gravity columns in buildings shall be detailed according to Clauses 11.1 and 411.2 for
bending moments induced when subjected to twice the design lateral displacement
under the factored equivalent static design seismic loads given by IS 1893 (Part 1). :

11.1 Clauses 11.1.1 and 11.1.2 shall be satisfied, when induced bending momemnts and
horizontal shear forces under the said lateral displacement combined with factored

11.1.1 Gravity columns shal! satisfy 7.3.2, 7.4.1 and 7.4.2. But, spacing of stirrups along
the full column height shall not exceed 6 times diameter of smallest longitudinal bar or
150 mm.

11.1.2 Gravity columns with factored gravity axial stress exceeding 0.4 fy shall satisfy
11.1.1 and shall have transverse reinforcement at least one half of special confining
reinforcement required by 8.

11.2 When induced bending moments and shear forces under said lateral displac ement
combined with factored gravity bending moment and shear force exceed design moment
and shear strength of the frame, 11.2.1 and 11.2.2 shall be satisfied.

11.2.1 Mechanical and welded splices shall satisfy 7.3.2.2 and 7.3.2.3.

11.2.2 Gravity columns shall satisfy 7.4 and 8.
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ANNEX A
(Clause 10.3.1)

A.1 MOMENT OF RESISTANCE OF RECTANGULAR SHEAR WALL SECTION

The moment of resistance M, of a slender rectangular structural wall section with
uniformly distributed vertical reinforcement may be estimated as: '

(a) For {x,/1,)<(x}/1.,)

N A S AN EAY Vi
nktwLi‘“’[(”@)(z oar0fs ][] o0+ 3)}

0.0035 _
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0

P
A= 1
e

p = verticai reinforcement ratio = ( Ay ],

t,Ly
Aq = area of uniformly distributed vertical reinforcement,
_ (0.002+0.87f, /E,)

0.0035 .
E, = elastic modulus of steel, and
p, = factored compressive axial force on wall.

’

(b) For (x; /L, )< (x,/L,)<1.0
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FOREWORD

This Indian Standard (First Revision) was adopted by the Bureau of Indian Standards, after the draft finalized by
the Earthquake Engineering Sectional Committee had been approved by the Civil Engineering Division Council.

Himalayan-Naga Lushai region, Indo-Gangetic Plain, Western India and Kutch and Kathiawar regions are
geologicaily unstable parts of the country and some devastating earthquakes of the world have occurred there. A
major part of the peninsular India has also been visited by moderate earthquake, tut these were relatively few in
number and had considerably lesser intensity. It has been a long felt need to rationalize the earthquake resistant
design and construction of structures taking into account seismic data from studies of the Indian earthquakes,
particularly in view of the heavy construction programme all over the country. It is to serve this purpose that
IS 1893 : 1962 “Criteria for earthquake resistant design of structures’ was formulated and subsequently revised
in 1966, 1970, 1975, 1984 and 2002. It lays down the seismic zones, the basic seismic coefficients and other
factors and criteria for various structures. As an adjunct to IS 1893, IS 4326 ‘Code of practice for earthquake
resistant design and construction of buildings’ was formulated in 1967 and revised in 1976 and in 1993. The 1976
version contained some recommendations for low strength brick masonry and stone buildings which have now
been covered in greater detail in IS 13828 : 1993 ‘Guidelines for improving earthquake resistance of low strength
masonry building’. _

Earthquake damages to buildings in Himachal Pradesh, North Bihar and hill districts of Uttar Pradesh emphasized
the need to formulate this standard to cover guidelines for repair and strengthening of these buildings from any
future earthquakes and it was first published in 1993. ‘

The following are the major important modifications made in this revision:

a) Non-shrink grouts and fiber reinforced plastics have been incorporated for repair, restoration work and
strengthening.

b) Damageabilily assessment of existing masonry buildings under earthquake occurrences has been
incorporated. . ; .

¢) Assessment of retrofitting requirements and"laclions for retrofitting also incorporated.

d) Provision of seismic belis around door and window opertings.

€) Rapid visual screening method along with RVS survey forms for masonry buildings for seismic hazards
evaluation has been incorporated.

In this revision, due weightage has been given to international coordination among standards and practices
prevailing in differcnt countries in the field in the country.

For the purpose of deciding whether a particular requirement of this standard is complied with, the final value
obsetved ar calculated, expressing the result of a test or analysis, shail be rounded off in accordance with
1S 2 : 1960 ‘Rules for rounding off numerical values (revised)’. The number of significant places retained in the
rounded off value should be the same as that of specified valve in this standard.

Licensad To:BM T PO
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Indian Standard

SEISMIC EVALUATION, REPAIR AND STRENGTHEN]NG
OF MASONRY BUILDINGS — GUIDELINES

( First Revision )

1SCOPE

1.1 This standard covers the sclection of materials and
techniques to be used for repair and seismic
strengthening of damaged buiidings during
earthquakes. It also covers the damageability
assessment and retrofitting for upgrading of seismic
resistance of exisling masonry buildings covered under
IS 4326 and 1S 13828,

1.2 The repair materials and techniques described
herein may be used for all type of masonry buildings
and construction.

1.3 The provisions of this standard are applicable for
buildings in seismic Zones I to V of IS 1893 (Part 1).
These are based on damaging seismic intensities VII
and more on M. §. K, Intensity scales. The scheme of
strengthening should satisfy the requirements
stipulated for the seismic zone of I8 1893 (Part 1),

. building categories of IS 4326 and provisions made in

this Code and in IS 13828 for low strength masonry
building. No special seismic resistance features are
considered necessary for buildings in seismic Zone II;
but the important buildings in this Zone may also be
considered for upgrading their seismic resistance,

1.4 The suggested reinforcing of horizontal and vertical
seismic bells in this standard follows 1S 4326
requirements of horizontal seismic bands and vertical
bars at critical sections. For special buildings having
larger span and heights beyond the dimensions
considered in IS 4326 and in this standard, special
analysis may be carried out at the responsibility of the
specialist,

2 REFERENCES

The standards given below contain provisions which
through reference in this text, constitute provisions of
this standard. At the time of publication, the cditions
indicated were valid. All standards are subject to
revision, and parties to agreements based on this
standard are encouraged to investigate the possibility

of npplying the most recent editiond df ke stagdards O

given below:

Email: biminedde

7ol

1

h

™ - .
2vant

IS No. Title
1893 (Part 1):  Criteria for carthquake design off
2002 Structures: Part 1 General Provisions
and buildings

4326 : 1993 Code of practice for earthquake
resistant design and construction of
buildings (third revision)

13828 : 1993  Guidelines for improving earthquake
resistance of low strength masonry
buildings

3 TERMINOLOGY

For the purpose of this Code, the definitions given in
IS 1893 (Part 1) and the following shall apply,

3.1 Box System — A bearing wall structure without &
space frame, the horizontal forces being resisted by
the walls acting as shear walls,

3.2 Centre of Rigidity — The point in a structure,
where a lateral force shall be applied to produce equal
deflections of its components, at any one level in any
particular direction. .

3.3 Design Seismic Coefficients — The value of
horizontal seismic coefficient computed taking into
account the zone factor, soil system, the importance
factor and the response reduction factor as specified
in IS 1893 (Part |).

3.4 Seismic Band — A reinforced concete, reinforced
brick or wooden runner provided horizontally in the

‘walls to tie them together and to impart horizontal

bending strength in them.

3.5 Seismic Belt — A cast-in-place Ferro-cement
plating installed post-construction on the masonry wall
in liew of the seismic bands or vertical reinforcing bars

- specified in IS 4326 and IS 13828,

3.6 Seismic Zone and Seismic Coefficient —
Classification of seismic Zones II 1o V and the
cotresponding basic seismic coefficients shall be as
sgfegiqed: i"ELS 3893 (Part 1).

1 H S ] s

3_._7 Shear Wall — A wall designed to resist lateral
TEINE ;;Jtr.);ﬁr\r;_m:mp{:.mg
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force in its own plane. Braced frames, subjected
primarily to axial stresses, shall be considered as shear
walls for the purpose of this definition.

4 GENERAL PRINCIPLES AND CONCEPTS

4.1 Non-structural/Architectural Repairs

4.1.1 The buildings affected by earthquake may suffer
both mon-structural and structural damages. Non-
structural repairs may cover the damages to civil and
electrical items including the services in the building.
Repairs to non-structural components need to be taken
up after the structural repairs and retrofitting work are
carried out. Care should be taken about the connection
details of architectural components to the main
structural components to ensure their stability.

4.1.2 Non-structural and architectural components get
easily affected/dislocated during the earthquake. These
repairs involve one or more of the following;

a) Patching up of defects suchas cracks and fall
of plaster;

b) Repairing doors, windows, replaéement of
glass panes;

¢) Checking and repairing electric conduits/
wiring;

d) Checking and repairing gas pipes, water pipes
and plumbing services; ,

)] Rg-buiiding non-structural walls, smoke

chimneys, parapet walls, etc;

f) Replastering of walls as required;

2) Rearranging disturbed roofing tiles;

h) Relaying cracked tlooring at ground level; and

i) Redecoration — white washing, painting, etc.

'The architectural repairs as stated above do not restore
the original structural strength of structural components
in the building and any attempt to carry out only repairs
to architectural/non-structural elements neglecting the
required structural repairs may have serious
implications on the safety of the building. The damage
would be more severe in the event of the building being
shaken by the similar shock because original energy
absorption capacity of the building would have been
reduced.

4.2 Structural Repairs/Restoration

4.2.1 Prior to taking up of the structural repairs for
restoration of original strength and any strengthening
measures, it is necessary to conduct detailed damage
assessment to determine:

a) the .slruclural condition ogﬁtll?ebiugxlglmgq Qe B M F o
decide whether a structure i8 amendabie for

repair; Whethét ‘contityed (G pation 461 11el B, Giving Gnityta the st utk, by providing o

penmnitted; to decide the structure as a whole
or a part require demolition, if considered
dangerous;

b) if the structure is considered amendable for
structural repair then detailed damage
assessment of the individual structural
components (mapping of the crack patterm,
distress location; crushed concrete,
reinforccment bending/yiclding, cte). Non-
destructive testing techniques could be
employed if found necessary, 1o determine the
residual strength of the members; and

¢) to work out the details of temporary
supporting arrangement of the distressed
members so that they do not undergo further
distress due to gravity loads.

4.2.2 After the assessment of the damage of individual
structural elements, appropriate repair methods are to
be carried out component wise depending upon the
extent of damage. The restoration work may consist
of the following:

a) Removal of portions of cracked masonry
walls and piers and rebuilding them in richer
mortar. Use of non-shrinking mortar will be
preferable.

b) Addition of reinforcing mesh on both faces
of the cracked wall, holding it to the wall
through spikes or bolts and then covering it,
suitably, with micro-concrete (inaximum size
of aggregate limited to 6 mm or less as
suitable), and may be with use of micro-
reinforcement as fibre or ferro-cement.

¢) Injecting cement, polymer-cement mixture of
epoxy materials which are strong in tension,
into the cracks in walls.

d) The cracked reinforced concrete elements like
slabs, beams and lintels may be repaired by
epoxy grouting and could be strengthened by
epoxy or polymer mortar application like
shotcreting, jacketing, etc.

NOTE — In mortar for masonry or plasier, fibers can
be used.

4.3 Seismic Strengthening

‘The main purpese of the seismic strengthening is to
upgrade the seismic resistance of a damaged building
while repairing so that it becomes safer under future
earthquake occurrences. This work may involve some
of the following aclions:

a) Increasing the lateral strength in one or both
t?ons by increasing column and wall
arens or'the number of walls and columas.
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proper connection between its resisting
elements, in such a way that inertia forces
generated by the vibration of the building can
be transmitted to the members that have the
ability to resist them. Typical important
aspects are the connections between roofs or
floors and walls, between intersecting walls
and between walls and foundations.

¢) Eliminating fcatures that are sources of
weakness or that produce concenlration of
stresses in some members. Asymmetrical plan
distribution of resisting members, abrupt
changes of stiffness from one floor to the
other, concentration of large masses and large
openings in walls without a proper peripheral
reinforcement are examples of defects of this
kind.

d) Avoiding the possibility of brittle modes of
failure by proper reinforcement and
connection of resisting menbers.

4.4 Seismic Retrofitting

Many existing buildings do not meet the seismic
strength requirements of present carthquake codes due
to original structural inadequacies and material
degradation over time or altcrations carricd out during
use over the years, Their earthquake resistance can be
upgraded to the level of the present day codes by
appropriate seismic retrofitting techniques, such as
mentioned about seismic strengthening in 4.3,

4.5 Strengtﬁening or Retrofitting Versus
Reconstruction

4.5.1 Replacement of damaged buildings or existing
unsafe buildings by reconstruction is, generally,
avoided due to a number of reasons, the main ones
among them being:

a) Higher cost of re-building than that of
strengthening or retrofitting,

b) Preservation of historical architecture, and

¢) Maintaining functional social and cultural
environment.

In most instances, however, the relative cost of
retrofitting to reconstruction cost determines the
decision. As a thumb rule, if the cost of repair and
seismic strengthening is less than about 30 percent of
the reconstruction cost, the retrofitting is adopted. This
may also require less working time and much less
dislocation in the living style of the population, On
the other hand reconstruction may offer the possibility

ol modernization of the habitat and may be prefcrrec’__
Qo

by well-to-do communities. Licensad

4.5.2 Cost wise the biilldidg &oistrietivn iitcliding e
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seismic code provisions in the first instance, works oLt
the cheaper in terms of its own safety and that of th e
occupants. Retrofitting an existing inadequate buildin g
may involve as much as 2.5 to 3 times the initial extra
expenditure required on seismic resisting features.
Repair and seismic strengthening of a damaged
building may even be 4 10 6 times as expensive, It is
therefore very much safe as well as cost-effective 1o
construct earthquake resistant buildings at the jnitiall
stage itself according to the relevant sejsmic Indiam
Standards.

5 SELECTION. OF MATERIALS AND
TECHNIQUES

5.1 General

The most common materials for repair, restoration
works of various types of buildings are cement and

" steel. In many situations suitable admixture may be

added to cement mortar/cement concrete to improve
their properties, such as, non-Shrinkage, bond, etc,
Steel may be required in many forms like bolts, rods,
angles, beams, channels, expanded metal and welded
wire fabric, Wood and bamboo are the most common
material for providing ‘temporary supports and
scaffolding, etc, and will be required in the form of
rounds, sleepers, planks, etc.

~ Besides the above, special materials and techniques

are available for best results in the rcpair and
strengthening operations. These should be selected
appropriately depending on the nature and cost of the
building that is to be repaired, materials availability
and feasibility, and vse of available skills, ete. Some
special materials and techniques are described below,

5.2 Non-shrink Grouts

Currently ready grout conients consisting of a polymer,
non-shrink cement and special sands are available in
the market which is suitable to prepare the desired grout
for the crack width observed in the masonry. The
polymer improves the adhesion of the grout with the
masonry as well imparts higher tensile strength.

5.3 Shotcrete

Shoterete is cement mortar or cement concrete (with
coarse aggregate size maximum 10 mm) conveyed
through a hose and pneumatically placed under high
velocity on to a prepared concrete or masonry surface.
The foree of the Jet impingement on the surface,
compacts the shotcrete material and produces a dense
homogeneous mass, Basically there are two methods
of shotcreting; wet mix process and dry mix process.
{iglqg-iwe;t mixlp)'ocess, all the ingredients, including
Waler are mixed together before they enter the delivery

1l "

Tiose I the dry/ iy prodéss; i mikfure of damp sand
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and cement is passed through the delivery hose to the
nozzle where the water is added, The dry mix process
is generally used in the repair of concrele elements.
The bond between the prepared concrete surface of
the damaged member and the layer of shotcrete is
ensured with the application of suitable epoxy adhesive
formulation. The shear transfer between the existing
and new layer of concrete is ensured with the provision
of shecar keys. Addition of fibers enhances tensile
strength and toughness.

5.4 Epoxy Resins

Epoxy resins are excellent binding agents with high
tensile strength. These are chemical preparations the
compositions of which can be changed as per
requirements. The epoxy components are mixed just
prior to application. Some products are of low viscosity
and can be injected in fine cracks too. The higher
viscosity epoxy resin can be used for surface coating
or filling larger cracks or holes. The epoxy resins may
also be used for gluing steel plates to the distressed
members.

5.5 Epoxy Mortar

For larger void spaces, it is possible to combine the
epoxy resins of either low viscosity or higher viscosity
with sand aggregate to form epoxy mortar. Epoxy
mortar mixture has higher compressive strength, higher
tensile strength and a lower modulus of clasticity than
cement concrete. The sand aggregate mixed to form
the epoxy mortar increases its modulus of elasticity.

5.6 Quick-Setting Cement Mortar

This matetial is non-hydrous magnesium phosphate
cement with two components, that is; a liquid and a
dry powder, which can be mixed in a manner similar
to cement concrete.

5.7 Mechanical Anchors

Mechanical types of anchors employ wedging action
to provide anchorage. Some of the anchors provide
both shear and tension resistance. Such anchors are
manufactured to give sufficient strength.

Alternatively, chemical anchors bonded in dnlled holes
through polymer adhesives can be used.

5.8 Fibre Reinforced Plastics (FRP)

Fibre-reinforced polymers/plastics are a recently
developed material for strengthening of reinforced
concrete and masonry structure. This is an advanced
material and most of the development in its application

in structural retrofitting has taken place in the last two-

strength to weight ratio and high corrosion resistance.
FRP plates can be 2 to 10 times stronger than steel
plates, while their weight is just 20 percent of that of
steel, These have to be glued to the walls or columns
using epoxy mortars.

6 TECIINIQUES TO RESTORE ORIGINAL
STRENGTH

6.1 General

While considering restoration of structural strength, it
is important to realize that even fine cracks in load
bearing members which are unreinforced like masonry
and plain concrete reduce their resistance in a large
measure. Therefore, all cracks must be located and
marked carefully and the critical ones fully repaired
structurally either by injecting strong cement or
chemical grout or by providing external bandage. The
techniques are described below along with other
restoration measures.

6.2 Structural Repair of Minor and Medium Cracks

For the repair of minor and medium cracks (0.50 mm
to 5 mm), the technique to restore the original tensile
strength of the cracked element is by pressure injection
of non-shrink cement polymer grout. The procedure
is given in 6.2.1 (see Fig. 1A).

6.2.1 The external surfaces are cleaned of non-
structural materials and plastic/aluminium injection
ports are placed along the surface of the cracks on both
sides of the member and are secured in place with
polyester putty or 1 : 3 cement mortar. The centre-to-
centre spacing of these ports may be approximately
equal to the thickness of the wall element. After the
sealant has cured, cracks are cleared using compressed
air, and/or water. Thereafter the grout is injected into
one port at a fime beginning at the lowest part of the
crack, in case it is vertical, or at one end of the crack,
in case it is horizontal.

The grout is injected till it is seen fowing from the
opposite sides of the member at the corresponding port
or from the next higher port on the same side of
member. The injection port should be closed at this
stage and injection equipment moved to the next port
and so on.

The finer the crack, higher is the pressure or more

closely spaced should be the ports so as to obtain

complete penetration of the appropriate grout material
throughout the depth and width of member. Larger
cracks will permit larger port spacing depending upon
width of the member. This technique is appropriate
for all types,of structural clements — beams, columns,

decades. It has been foundtobea rcp‘ldééfﬁi?ﬁr‘of Stech Q. \:V?llllsl and floor units in masonry as well as concrete
plate bonding. TS mainiadvantage of ERP isshighn| rstrictures) {Tn] thad¢ase) gf:tassiof bond between
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reinforcing bar and concrete, if the concrete adjacent
to the bar has been pulverized to a very fine powder
(this powder will block the grout from penetrating the
region). It should be cleaneq property by air or water
pressure prior to injection of groul in the concrete.

6.3 Repair of Major Cracks and Crushed Concrete

For cracks wider than about 5 mm or for regions in
which the concrete or masonry has crushed, a treatment
other than injection is indicated. The procedures may
be adopted as follows: :

a) The loose material is removed and replaced
with any of the materials mentioned earlicr,
that is, expansive cement mortar, quick setting
cement (see Fig. 1B).

b) Where found necessary, additional shear or
flexural reinforcement is provided in the
region of repairs. This' reinforcement could
be covered by mortar to give further strength
as well as protection to the reinforcement (see
Fig. 1C).

¢} Inareas of very severe damage, replacement
of the member or portion of member can be
carried out.

d) In the case of damage to walls and floor
diaphragms, steel mesh could be provided on
the outside of the surface and nailed or bolted
to the wall. Then it may be covered with
plaster or micro-concrete (see F ig. 1C).

6.4 Fractured Excessively Yielded and Buckled

Reinforcement

In the case of severely damaged reinforced concrete
member it is possible that the reinforcement would have
buckled or elongated or excessive yielding may have
occurred. This element can be repaired by replacing
the old portion of steel with new steel using butt
welding or lap welding.

Splicing by overlapping will be risky. If repair has to
be made without removal of the existing steel, the best
approach would depend upon the space available in
the original member. Additional stirrup ties are to be
added in the damaged portion before concreting so as
to confine the concrete and cnclose the longitudinal
bars to prevent their buckling in foture.

In some cases, it may be necessary to anchor additional
steel into existing concrete. A common technique for
providing the anchorage uses the following procedure.

6.4.1 A hole larger than the bar is drilled. The hole is
filled with epoxy expanding cement or other high

strength grouting material. ‘The bar is P“S_,h‘fﬂ into placg O 1) performanta il be achieved,

and held there until the grout has set,”
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7 DAMAGEABILITY ASSESSMENT OF
EXISTING MASONRY BUILDINGS

The assessment of possible grade of damage in mn
existing masonry building under earthquake
occurrences will mainly depend on:

#)  Probable maximum intensity of the earthquake,
b) Building typology, '
¢) Building configuration, and

d) Quality of construction and maintenance ove r
lime.

For initial quick assessment a rapid visual screening
of the building may be carried out as given in Annex
A. Besides the above factors, consideration ofF
importance factor of 1.5 as per IS 1893 (Part 1) has
also been considered by raising the earthquake Intensity-
for assessment of damageability. Based on assessed
damageability of the building the further actions can
be planned (see Table i and Table 3).

Table 1 Damageability Grades and
Retrofitting Actions

.Sl Damage- Suggested Actions Regarding

"No.  ability Grade Retrofitting
it (2} (3
i) Gl Retrofitting not needed
i) G2 Structural retrofitting ot needed, unstable
noa-structural elements to be stabilized
Iii) G3 a) Strretural and pon-structural
elements to be retrofitted
b) Giobal us well as element
deficiencies to be evaluated and
retrofitting to be suitably designed
iv) G4 a) Structural and non-structura)

¢lements to be retrofilted
Global as well as elemant
deficiencies to be evaluated and
retrofiiting to be suitably designed
v) as ®) Structural and non-structuraj
’ elements to be reteofitted
b) Giobal as well as element
deficiencies to be evaluated and
retrofitting to be suitably designed
¢) Alternatively, replacement of the
existing damaped building with a
new earthquake resistant building to
be considered

b

-—

NGTES
1 Detailed description of Grades G| to G35 is given in Annex A,

2 In case of G4 and G5, the option of replacing the existing
building with a new one may also be expiored, particularly for
old buildings.
3 In case of G4 and G5, oaly non-collapse performance level
may be aimed at. For example, in Seismic Zones IV and V.
masonry buildings constructed using mud or weak lime mortar
will fall in G4 and G5 categories and if they are retrofitjed
i Using the details of [S 13828 as for new buildings, ron-collapse

Einad: i.}mt;()(f)(@('ffﬂfg‘i;if”.(;-:":L.ift, ..-Jiu.'i'.g.}'biaiig‘ut’,.(;;g_j
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1A Grout or Epoxy Injection in Cracks

N\
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1C Cement Mortar and Wire Mesh in Cracks

Plaster removed 6 Wire mesh on front face
Cracks sealed after cleaning 7  Clamps
Grout ports 8 Wire mesh on back face

v-Groove joints  1_jcenacd To: 3 7] 8 Foément plaster
f;c-e-m-grl;j o fl‘al(-_s‘tigrtg_‘ctliﬁs‘“_ i mekin 10"\| C@d‘}'p \%V_a_!l‘]\r\(, -
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8 ASSESSMENT OF RETROFITTING
REQUIREMENTS

8.1 Categorization of Buildings

In all cases of masonry buildings, ordinary as well as
important [defined in IS 1893 (Part 1) with [ = 1.5), the
retrofitting requirements can directly be assessed by
comparing the data of the building under considcration
with the specified safety requirements in the IS 4326
and IS 13828 as the case may be. Tables 3, 4 and 5
illustrate this approach, in which the building categories
B, C, D and E are to be taken as given in Table 2,

Table 2 Building Categories {for use with
18 4326 and IS 13828)

Sl Building Use Bullding Category in Seismle Zone
No. —P

~ )
I HI v v
(1) (2) 3) ) ) (5) %)
iy  Ordinary ’ B [of D E
iy Important (I=1.5) C D E E

8.2 Special or Critically lmporlar_lt Buildings

Besides the Ordinary and Importani buildings defined
in IS 1893 (Part 1), there are some special buildings of
monumental nature or of critical importance to the
safety of the occupants, for example the Qutab Minar
and Taj Mahal on the one hand and Rashrapati Bhawan,

IS 13935 ; 20009

residences and offices of the VVIPS on the other han d.
Such buildings will need to be rationally analysed usirg
the seismic actions as per IS 1893 (Part 1) taken
appropriately while adopting a higher importance
factor, say 2.0, or the MCE zone factor Z, and fiximg
the performance criterion, that is suitable 1o the post-
earthquake usability/repairability of the building. The
strategy for retrofitting of such buildings will havet o
be chosen by the structural engincer concerncd an«d
proof checked by an expert appointed by the owner,

9 STRENGTHENING EXISTING WALLS

The lateral sirength of buildings can be improved by
increasing the strength and stiffness of existings
individual walls, whether they are cracked ox
uncracked. This can be achieved: '

a) by grouting,

b) by addition of vertical reinforced concrete
coverings on the two sides of the wall, and

¢} by prestressing wall,

9.1 Grouting

A number of holes are drilled in the wall Qto4in
each m?) (see Fig, 2). First water is infected in order to
wash the wall inside, and to improve the cohesion
between the grouting mixture and the wall elements,
Secondly, a cement water mixture (1: 1) is grouted at
low pressure (0.1 1o 0.25 MPa) in the holes starting
from the lower holes and going up,

L3ore
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Table 3 Provisions in IS 4326 and Actions for Retrofitting

{Clause 8.1)
-8l Item of Masonry Requirement as per 1S 4326 for Action for Retrofitting, if Code
No. Bullding Category Requiremeat not Found
et Satisfied
B c D E
1Y @ 3 (4) 6] (6 M
i) Monar C18-1:2:90rCS-1:6 CLS-1:i:60rC8-1:4 Change of mortar not feasibie.

Hollowness may be filled by
grouting of walls may be
strengthened by femro-cement
plating or fibre-wrapping

i}  Door, Window opentngs:

1) bs minimum 0.0 230 mm 450 mm 450 mmn Increase by build-up or reinforce
with belt
(b1+ b+, Max: Atigin the limit by closing/
a) one storey 0.6 0.55 0.5 0.5 parrowing an  opening  or
b} two storey 0.50 0.46 0.42 042 reinforce the opening by seismic
c} three storey 0.42 0.37 033 0.33 belting
d) four storey 042 0.37 033 4 storey building not
altowed in Zone V
. t
t St ! T ( 1
1 1 A} 4 2
ol vl 14 4
’d L} t ! '
~ {! !
|y phagpbag by ke |
| . _*_ (T
' hy LB kA
{ 2 2 H h .z 2 |
L L | .
' Jee ] .
| ’-btl-' b" . ] -ﬂbclu--Jbs
| : i | .
i ) il i
i 1
—Agr———T R TIRSTIT "7
‘I, Door 3. Veniilator 2. Window 4. Cross wall
2) by, minimum 340 mm 450 mm 560 mm 560 mm Incredse by buildup or
: reinforce with belt
ili) Length of wall between - Maximum length = 35 x thickness or 8 m If length more, provide pilaster
cross walls whichever less or buttress
iv)  Height of wall from floor Maximum = 15 times thickness or 4 m whichever If height more, add pilaster to
to ceiling - less increase effective thickness
v} Random -— Rubble walls "Through' or Header stones, one each in 0.72 m? surface ares of If not provide, install RC
wall. Headers in holes made by

Long stones ai corers of walls, ineach wall in every alternatecourse.  removing stone

vi)  Horizontal seismic

Dands: Needed if soft (Type IIT} soil at base Provide seismic belt, if plinth
a) Plinth Level height =90 cm
b) Door window lintel Needed in all cases with varying reinforcemeat and thickness Provide seismic belt of equivalent
level specified in each case ’ strength on both sides of walls
¢) Ceiling oc cave leve]l  Needed in sloping roofs or floors ot roofs of prefab, materials Repeat
d) Gable or ridge wall Necded in case of pitched roofs Repest
¢} Window sill levelor  Not required Notrequired  Required in 3 Required in all Repeat
dowels and 4 storeyed buildings
buildings caly
vii)  Verical bar at each ‘Needed in Needed ind  Neededinall Neededinall Install cquivalent bars or
corner and T-junction of only 4 storey and 4 storcy  buildings buildings, (4 storeys  vertical belis at corners and T-
wall building . buildings, -~ | - 0ok permitted) junctions
viii)  Vertical bar at jambs of  Not needed: ti‘Répé‘aEd f (ch'f:—'gt N] Repeat./ Install cquivalent seismic belts "

indows and doors , - und the openi
win si d--x.\-?- Lo b - P W I Ll TR BT SR TN _%Kﬁiﬂ,__w.‘“_}_a{u‘_l _t‘.} Pemng
Tl alail . .\.Jll‘L}J\.’\‘:;’\l'-.'il—u'{'__}ll».ilsJL-I:[; hed g £y ‘.J;s.,l«Jl.x.\lli.j
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Alternatively, polymeric mortars may be used for
grouting. The increase of shear strength which can be
achieved in this way is considerable. However, grouting
can not be retied on as far as the improving or making
a new connection between orthogonal walls is
concerned. :

NOTE — The pressuce needed for grouling can be oblained
by gravity flow from super elevaied conlainers,

9.2 Strengthening with Wire Mesh

Masonry walls with concentration of multiple cracks
in the same portion and appearing on both sides on the
wall or weak wall regions may be repaired with a layer
of cement mortar or micro concrete layer 20 to 40 mm
thick on both sides, reinforced with galvanized steel
wire fabrie (50 mm x 50 mm size) forming a vertica)
plate bonded to the wall. The two plates on either side
of the wall should be connected by galvanized steel
rods ata spacing of about 300 to 400 mm (see Fig. 3),

9.3 Connection Between Existing Stone Walls

In stone buildings of historic importance, consisting
of fully dressed stone masonty in £00d mortar, effective

1S 13935 : 2009

sewing of perpendicular walls may be done by drillirg
inclined holes through them inserting steel rods amd
injecting cement grout (see Fig. 4),

9.4 Making ‘Through’ Bond Efements in R. R.Stome
Wall (see Fig. 5)

a) Select points where ‘through’ stones will be
installed at horizontal and vertical distance
of about one meter apart, with 500 mi
horizontal stagper.

b) Remove the plaster from the surface exposing
the stones. Remove the mortar around the
stone to sufficient depth gently, not violently,
50 as to expose the stone on all sides,

¢) Loosen the stone by means of gentle pushes
side ways and up and down by means of a
small crowbar, so that the other stones of the
walls are not disturbed. Pull out the stone
slowly, holding it by both hands.

d) Remove inner material gradually so that a
75 mm size hole can be made in the wall,
Bigger hole is not needed.

e) Locate position of the opposite stone on the

Table 4 Provisions for Roofs and Floors in 1S 4326 and Actions for Retrofitting
(Clause 8.1)

Sl Item of Roof/Floor Requirement as per IS 4326 for Building Category Retrofitting Action, if Code
No. - e -— Provision not Satisfied

B c D E
(00N (2) (&) C) 5} (6) G

iy Roofffloor with prefabricated/ Tie beam al) round

pre-cast elements

i) Roofffivor with wooden joists,
various covering clements
(brick, reeds, ete} and earth fill

All round tie beam and RC Provide RC screed® and seismic
screed belt or band around

—  All round seismic band and integration of units  Provide seisraic belt around, inter.
as & rigid horizonta) diaphragm

conncct beam ends through
wooden planks and diagonal x-ties

iii)  Sloping roofs with sheet or tile — 1) Hotizontal x-bracing at level of ties of the  Install the x-bracings, anchor

coverings trusses

trusses into walls and rafters into

i) X-bracing in the planes of the rafters and seismic belt at cave

purling
iv) Jack arch roofffloor

—. Connect the steei joists by horizontal ties at

Instali stee] Aats as ties by welding

intervals to prevent spreading and cracking of  them to the steel Joists and provide
the arches. Provide seismic band all round seismic belt

" RC screed — RC sereed consists of mizimum 14 mm concrete reinforcement with 6 mm dia bars @ 100 mm c/c both ways {single

layer), covering the whole roof/floor.,

Table 5 Improvements Against Global Deficiencies
(Clause 8.1)

f" Ttem B ¢ D E Retrofiiting Action if Code Provision not Sutlsfied
N0, .
[4)] (2) 3 @ (5) {6} N

i) Sloping raftered roofs

it) Unsymmetrical plans
iti} Perpendiculac walls not connected

Preferably use full trusses

Convert ralters into A-frames or full trusses to reduce
thrust on walls

17 Symmetrical plifs-gre Flgpesled T Iisectifz new walls to reduce dissymmetry
\,J’.,-"F.t"../-. [V IR, g’-‘u : N ¥
Per?endicular walls should be Stitch the perpendicular walts using tie rods in drilled

2« comers and Tjupetions 317} 12 (¢ oregrallyognstrucied) oot i holes And geouted o ich sejsraie beits
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L3
. x
ey

Welded wire mesh — 50 x 50 mm
Mortar of micro-concrete rendering
Concrata roof hand

Cross ties — 300 to 400 mm aparts

Corner bar ¢ 8

Fio. 3 S‘rﬁxiz\(ifl’rlﬂfxgi ITH %?E‘%E WMORTAR

Email: bmtpc(_c_udeh_vsni.net.m, alok@bmtpe.orn
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\t 45°
~45° T
1
33% .
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1 Transverse wall 3 Holes drilled through the Junction
2  Longitudinal wall of the two walls

Fro. 4 SEwimne TRANSVERSE WALLS WITH INCLINED Bars

a) Existing Wall b) Making Holes ¢} Placing Bar and
Filling Concrete
1 Stones removad to make 4 Chute for pouring concrete
through holes 5 Filled concrete
6
7

2 Holes Internal wyhte
3 Hooked bar External wythe

Licensad To: B M T PO
- Fio. 3 Proviving R C. Turoyon ELEMENTS FOR STrICRING STONE WyTHE
A {}m[;x:(&kwifvw nelin, .;.:k):-a(fﬂmrﬁpc.c}rg;
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other face of the wall by gentle tapping in the
hole. Remove the identified stone slowly by
same gentle process.

f) The hole so made through the wall may be
bigger in size on both faces and narrower
inside resembling a dumbbell shape. This is
good. It does not matter if the hole is inclined
instead of being horizontal.

g) Place concrete of 1:2 : 4 mix to fill half the
depth of the hole from both sides and place
8 mm diameter hooked mild steel bar in the
hole and fill the hole completely.

h) Cure for minimum 10 days by sprinkling
waler on the exposed surfaces on both sides,

9.5 Masonry Arches

If the walls have large arched openings in them, it
will be necessary to install tie rods across them at
springing levels or slightly above it by drilling holes
on both sides and grouting steel rods in them [see
Fig. 6(a)]. Alternatively, a lintel consisting of steel
channels or [-shapes could be inserted just above
the arch to take the load and relieve the arch as shown
at Fig. 6(b). In jack-arch roofs, flat iron bars or rods
shall be provided to connect the bottom flanges
of I-beams connected by bolting or welding [see
Fig. 6(c)].

I
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(a) STRENGTHENING BY TIES
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(b) AVOIDING ARCH THRUST BY
INSERTING BEAM ABOVE IT

SECTION I-I

(INSERTION OF BEAMS
DONE ONE BY ONE)

{c) PREVENTING ARCH CRACKX
BY TIES CKING
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10 SEISMIC BELTSAROUND DOOR/WINDOW
OPENINGS

The jambs and piers between window and door
openings require vertical reinforcement in the
following situations:

a) Incategory D and E buildings for resistance
against earthquake forces, and

b) For restoring the strength of the piers in any
building category when badly damaged in an
earthquake,

Where the above conditions specified in IS 4326 and
IS 13828 are not satisfied, action has to be taken to
close an opening or reduce its size,

The following mesh reinforcement is recommended
to be used for covering the jamb area on both sides of
an opening or for covering the pier between the
consecutive openings (see Fig. 7):

a) In category D and E buildings — Mesh of
guuge 10 with 8 wires in vertical direction
spaced at 25 mm in a belt width of 200 mm or
mesh of gauge 13 with wires @ 25 mm in 2
belt width of 250 mm may be used.

IS 13935 : 2009

b) Incategory C buildings — Mesh of gauge ! 3
with 10 wires in vertical direction spaced at
25 mm in a belt width of 250 mm.

NOTE — For peocedure of construction steps for seismic be Xt
(see 11,33).

11 ACHIEVING INTEGRAL BOX ACTION

The overall lateral strength and stability of bearing wall
buildings is very much improved, if the integral box
like action of room enclosures is ensured, This can bes
achieved by (a) use of pre-stressing, and (b) providing
horizontal bands. Strength of shear walls is achieved
by providing vertical steel at selected locations such
as the corners and T-junction of walls,

11.1 Pre-stressing

A horizontal compression state induced by horizontal
wires/bars can be used to increase the shear strength
of walls. Moreover, this will also improve,
considerably; the connections of orthogonal walls
(sze Fig. 8). The easiest way of affecting the pre-
compression is to place two steel rods on the two sides
of the wall and stretching them by turnbuckles.

1 Window
2 Mesh of ferro-cement

3 Seismic belt
4 Overlap of mesh

67 Rendrdrding ARbUD Greing
Email: bmtpe@deldvsnl.nstin, alok@Eebmine oryg
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The vertical spacing of pre-siressing steel rods shail
be Yard 2f1d of the height of the wall from bottom.
Such pre-stressing elements may be provided near the
top of wall in the case of slopirig roof or roof consisting
of pre-fabricated elements and an additional pre-
stressing system at about mid height of the wall. In the
case of RC slab roof suich pre-stressing connection may
be provided only near the mid height of the storey.

Note that, good effects can be obtained by slight
horizontal pre-stressing (about 0.1 MPa) on the vertical
section of the wall. Prestressing is also useful to
strengthen spandrel heam between two rows of opening
in the case no rigid siab exists. Opposite paralle]l walls
can be held 10 internal cross walls by prestressing bars
as illustrated above, the anchoring being done against

s

N\

2

VT T 777777770,

' 4

horizontal steel channels instead of small steel plates.
The steel channels running from one cross wall to the
other will hold the walls together and improve the
integral box like action of the walls.

11.2 External Binding

The technique of covering the wall with steel mesh
and mortar or micro-concrete may be used only on
the outside surface of external walls but maintaining
continuity of steel at the corners. This would
strengthen the walis as well as bind them together.
As avariation and for economy in the use of materials,
the covering may be in the form of vertical splints
lacated between the openings and horizontal
‘bandages’ formed over spandrel walls at suitable
number of poiats only (see Fig. 9).
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1 Wire mesh with width > 400 mm

Fic. 9 SpLINT AND BANDAGE STRENGTHENING TECHNIQUE

11.3 Providing Horizontal Seismic Belts

11.3.1 Seismic Belt Locations

NOTES

1 On small wali lengths in a room (less than § m) seismic
band only on the outside face will suffice, Tn this case these
should be connected by ties going across the rooms al about

a) Seismic belts are to be provided on all walls 2.5 m apart {sze Fig. 10).
on both the faces just above lintels of door 2 If the height of cave level above the top of door is less thaa
and window openings and below floor or roof, 900 mm, only the eave level belt may be provided and lintel
b) 'The roof belt may be omitted if the roof or level belt may be omitted.
floor is of RCC slab, 11.3.2 Description of Reinforcement in Bel
¢)  Seismic beltis notnecessary at plinth level, unless The teinforcement may be of mesh types as suggested
the Ph“f-h ].1‘5181". s inore than 900 mm, and  §ppie e o any other mesh of equivalent longitudinal
d)  Install similar seismic belt at the eave level of  ires. For example in Category D building with room
sloping roof and near top of gable wail, below length of 6 m, MW 21 weld mesh (with long wircs 5
the roof. of 4.5 mm diameter spaced at 75 mm apart; cross wires
Table 6 Mesh Reinforcement in Seismic Belts in Various Building Categories
81 Length of Wall Category B Category C Category D . Category E
Ne. . A A A
~ N N N N
M Gauge N H Gauge N H Gauge N H Gauge N H
(1) @ (&) 16)] 3) (6} Q)] (8) % (e Ay a2 a»n gy
i) <50 gl4 9 250 g3 9 250  gl2 9 25 g1o 0 280
i} 6.0 g13 9 250 gl2 9 250 glo [£¢] 280 glo 14 380
iii) 7.0 gl2 9 250  glo 10 280 g0 14 38  glo 18 460
Iv) 8.0 glo 9 250 glo 14 380 glo 18 460 glo 23 580
NOTES

1 Gauges: g 10=325mm, g 11 =2.95 mm, g 12 = 2.64 mm, g 13 =2.34 mm, g 14 = 2.03 mm.
2 N = Number of made longitudinal wires in the belt at spacing of 25 mm.

3 H = Height of belt or.| wall in micrc--1:5"1":!1‘:;.!:5:.I u:{ mm. Ty 2 i\‘.fI ],. 3 {,:
4 The tcansverse wires in the mesh could be space: upr&lsd mm; e ' :

5 The mesh shoufd pe galyanided to savg fromt carofion, 4|

SLUL & arehming o
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1 Selsmic belt above opening and
below roof at.eave level

2 Selsmic belt on gable wall

3 Tie at belt level

4 Door

5 Window

6 Rafter with collartle

7 Tying of rafter with band

Fio. 10 OveraLL ARRANGEMENT OF SEIsMIC BELTS

of 3.15 mm diameter placed at 300 mm apart) can be
used, the height of the belt being kept as 375 mm.

NOTE — Weld mesh has to be provided continuously. If splicing
is required, there shall be miniomm overlap of 300 mm.

11.3.3 Procedure for Construction of Seismic Belt

Tt consists of a galvanized iron mesh fixed to the walls
through nails or connector-links drilled through the
wall thickness and the mesh is covered by rich mix of
cement-sand mortar in the ratio of 1 : 3 to achieve good
results, the following step-wise procedure is to be
followed:

a) Mark the height or width of the desired belt
pbased on the weld mesh number of
longitudinal wires and the mesh size,

b) Cut the existing plaster 4t thesedge-by 4y [3

mechanical cutter for neatness, and remove

he plaster 112211 DiMitpe@delZvent.n

c) Rake the exposed joints to a depth of 20 mm.
Clean the joinis with water jet,

d) Apply neat cement slurry and plaster the wall
with 1.3 cement — coarse sand mix by filling
all raked joints fully and covering the wall
with a thickness of 15 mm. Make the surface
rough for better hond with the second layer
of plaster,

¢) Fix the mesh to be plastered surface through
15 c¢m long nails driven into the wall at a
spacing of 45 cm tying the mesh to the nails
by binding wire,

f) Now apply the second layer of plaster with a

thickness of 15 mm above the mesh. Good

bonding will be achieved with the first layer of
plaster and mesh if neat cement slurry is applied
by'a brish to the wall and the mesh just in

oI, advante(of the se¢ond layer of plaster, and

. N .
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g) Cure the plaster by sprinkling water for a
minimum period of 10 days.

NOTE — Where the RC belt is provided on both Faces of the

wall, the nails should be replaced by anchors through drilled

holes flled with mortar grout and tied to the meshes on both
faces.

11.4 Vertical Seismic Belt at Corners

Vertical reinforcing is required at the corners of rooms
and junctions of walls as per Table 7. The width of this
belt on each side of the corner has to be kept 25 mm
extra to the width of the mesh,

‘This reinforcement should be started 300 mm below

the plinth level and continued into the rooffeave level
horizontal belt (see Fig.11).

11.5 Providing Vertical Reinforcement at Corners,
Junictions of Walls

The vertical reinforcement consisting of HSD bar as
per Table 7 or equivalent shall be provided on the
inside comer of room starting from 750 mm below
the ground floor going upto the roof slab, passing
through each middle floor through holes made in the

slabs (see Fig.12). The reinforcement shall be -~

connected to the walls by using L shape dowels of 8
mm TOR bar, the vertical leg of 400 mm length firmly
tied to the vertical reinforcement bars and the
horizontal leg of minimum 150 mm length embedded
in the walls through 75 mn diameter holes drilled in
the wall into which the § mm diameter leg of the dowel
will be grouted using non-Shrink cement cum
polymer grout. Such dowels will be provided, first
one just above plinth level and then at about every 1 m
distance apart. The corner reinforcement will be )

IS 13935 : 2609

covered with 1:3 cement mortaror 1: 1 % : 3 micreo
concrete fully bonded with the walls giving &
minimum cover of 15 mm on the bar.

12 MODIFICATION OF ROOFS OR FLOORS

12.1 Slates and roofing tiles are brittle and easily
dislodged. Where possible, they should be replaced
with corrugated iron or asbestos sheeling.

12.2 False ceilings of brittle material are dangerous..
Non-brittle material, like hessian cloth, bamboo
matting or light ones of foam substances, may be
substituted,

12.3 Roof truss frames should be braced by welding _
or clamping suitable diagonal bracing members in the
vertical as well as horizontal planes.

12.4 Anchors of roof trusses to supporting walls should
be improved and the roof thrust on walls should be
eliminated. '

Figures 13 and 14 illustrate one of the methods for
pitched roofs without trusses.

12.5 Where the roof or floor consists of prefabricated
units like RC rectangular T or channel units or wooden

“poles and joists carrying brick tiles, integration of such -

units is necessary. Timber elements could be connected
to diagonal planks nailed to them and spiked 1o an all
round wooden frame at the ends. Reinforced concrete
clements may either have 40 mm cast-in-situ concrete
topping with 6 mm diameter bars 150 mm c/c both
ways or bounded by a horizontal cast-in-situ reinforced
concrete ring beam ail round into which the ends of
reinforced concrete elements are embedded. Figure 15
shows ane such detail.

Table 7 Vertical Bar or Mesh Reinforcement in Vertical Belt at Corners of Rooms
(Clause 11.4)

SINo. No.of Storeys Category B Category C Category D Category E
Store . A
s - A N ' ™
Single Mesh (g10)  Single Mesh (g10)  Single Mesh (210) Single Mesh (g 10)
Bar Bar Bar Bar
mm N B mm N B mm N B mm N B
(i} ()] 3) (4} & ® 4] 3 (10 a1y 1z (13) (14) (15)
i) One One — —_ = —_ — — 10 10 300 12 14 400
i) Two Top — —_ = — — — 10 10 300 12 i4 400
iii) Bottom — —_ — — — - 12 14 400 16 — —
iv) Three  Top — - - 10 10 0 10 16 300 i2 14 400
v) Middle — —_ = 10 10 300 12 14 400 16 25 550
vi} Bottom — — - 12 14 400 12 14 400 16 25 630 -
NOTES

L Gauge 10 (3.25 mm dia) palvanized mesh with 25 mm spacing of wires shall be used,
2 Single bar, if used, shall be 15D or TOR type. If two bars are used at a Fjunction, the diameter can be taken as follows. For one of

10 or 12 mm take 2 of 8 mm, and for one of 16 mm take 2 of 12
3 N = Number of longitudinal wires in the pesh., , .,

R T rf N [
4 B = Width of the micro concrete belt, half cn néh"wailime'e!in'g al the

ML, A0 MG o |

§ The transverse wirey in.(hie nﬁﬁr‘c‘mflflf( ﬂlSF“? ing up to 150

m.

A

AT o

A
dener af T-junction,

,,,,,,
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Masonry wall
Door

Plaster first layer

Steet mesh in balt

Wide head nail 150 long

Plaster second layer

Overlap in steel mesh 200 mm each side
of corner

Vertical selsmic beits junction (going across
horlzontal belt)

9 Spikes for fixing mesh

~N W -

o2}

Fia.11 VerTicaL Seismic BAND AT CORNER AND JUNCTIONS

6 4

1 e /%

5

3
1 Wall ‘ "
2 Pemendicular wall DETAIL ATA S 3
3  Floor A AN TPA
4 Slas 1856 =
5 Vercal bar Liconsed To: B M T

- ke e Topes ,a 0

8 Dowel Emall: D s Vikadd B2 e 06 %‘é&‘”h*m .01
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50 x3mm:0R
S:OXAmm

SECTION AA

1 Existing rafters 6 New planks 200 x 40 mm nailed at ends to
2 Exlsting outer wall take rafter thrust

3 Existing Inner wall 7 U-Steel anchor clamp bolted to existing

4 Existing floor beam wall at 3 to 4 m apart

5  New planks 200 x 40 mm 8 Nails

nalled at ends
Fio- 13 Roop Mopicapion 1o Renyes Turusr oF Warcs
Emaiis hinipe@del2vanl.netin, ADRERDIMIBE.or
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Existing floor 5 New planks, ties
Exlsting gable wall (tympanum) 6 Roof covering
Steel strips bolted to new 7 Existing roof rafters

ties (5) and wall (2)
New planks, diagonal bracing

Fic. 14 DetaiLs oF New Roor Bracing
Licansed To:BM TR G
Ermall: bmipe@dal2vantnetin, alok@bmipe.ory
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T |
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Z ] i ! 3-¢ 8mm
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S 7 ' 4 ! 2-¢ 14
g/ (ol ’f,"/,’lz’l,7’1,14
i‘;‘f,‘, ' DETAIL AT B
SN/ 150
5 \z
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it .
I ]
1_"""-- ; 5 4 2
150
|50
SECTION AA
1 Existing wall 5 R.C.band .
2  Existing or new pre-fabrication fioor & Key connecting new floor to existing
3 Slab topping with relnforcement wall @ 3M
4  Prefab slab units 7 Grooves cut In wall

All dimensicns in millimetres.

Fia. I5 INTEGRATION AND STIEFENING OF AN ExistinG Froor

Licansad
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12.6 Roofs or floors consisting of steel joists flat or
segmental arches must have horizontal ties holding the
joists horizontally in each arch span 5o as to prevent
the spreading of joists. If such ties do not exist, these
should be installed by welding or clamping.

12.7 Stiffening the Flat Wooden Floor/Roof

~ Many of the houses have flat floor or roof made of
wood joists covered with wooden planks and earth.
For making such roof/floor rigid, long planks 100 mm
wide and 25 mm thick should be nailed at both ends of
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the joists from below. Additionally, similar planks or
galvanized metal strips 1.5 mm thick 50 mm wide
should be nailed diagonally also (see Fig.16).

12,8 Stiffening the Sloping Roof Structure

Most of the sloping roofs are made of rafters, purlins,
and burnt clay tiles on top. Similarly AC or CGI shect
roofs arc made using wooden purlins resting on gable
walls or main rafters. But trusses were not formed
which require the use of ties. Such roofs push the walls
outward during earthquakes.

DETAIL ATA
1 Wall 4  Tile plank under ends of joist
2 Wood joist 5 Diagonal ties
3 Woeod plank & Joint by nailling through 3 mm flat
’ fron

Fia. 16 StirreNING Far WoobeN FLoor/Roor

Licensed To: B M TRPC

Email: omtpe@@del2vsninat.

, Alok@brmipc.org
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For stiffening such roofs, the rafters should be tied with
the seismic belt as in Notes 1 and 2 under 11.3.1, and
the opposite rafters, on both sides of the ridge need to
be connected near about mid-height of the roof through
cross ties nailed 10 the rafters (see Fig.1'h.

I3 INSERTING NEW WALLS

13.1 Unsymmetrical buildings which may produce
dangerous torsional eifects during ecarthquakes the
centre of masses can be made coincident with the center
of stiffness by separating parts of buildings thus

IS 13935 ;: 2009

achieving individual symmetric units and/or insertitmg
new vertical resisting elements such as pew masonry
or reinforced concrete walls either internally as shear
walls or externally as buttresses. Insertion of cross wall
will be necessary for providing transverse supports t o
longitudinal walls of long barrack-type buildings use d
for various purposes such as schools and dormitories,

13.2 The main problem in such modifications is the
connection of new walls with old walls. Figures 18, 19
and 20 show three examples of connection of new walls
to existing ones. The first two cases refer to a T-junction

Princlpal rafter

Purlin

Horizontal tie

Selsmic belt below roof
Seismic belt on gable
Tying wire

Detail of tie

Tie rod

Concrete filled in hole
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DETAIL ATA ' -
DETAIL AT B
1 Exlsting wall 4  Horizontal reinforcement
2 New wall (example of truss system shown)

3 Door opsning

All dimensicns in millimetres.

Fio. 18 Gonnegriony bF Ngw fimt Qui BRicg Watts .
Emall: bmipe@del2vsnl.nelin, alok@bmipc.org
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1 Existing cld wall 3  Concrete column for bonding
2 New wall 4 Connecting tles of steel, every
- . : fourth course

Fre. 19 ConvecTion oF NEw Brick WaLL Witk Existvg SToNE WaALLs

loaded members. Jacking oepéniat‘i'&’)'nls imay bé *

b,
needed in this processntiy oD el 2vant net.in,
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- whereas the third to a corner junction. In all cases the b) Improving the drainage of the area to prevent
link to the old walls is performed by means of a number saturation of foundation soil to obviate any
- of keys made in the old walls. Steel is inserted in them problems of liquefaction which may occur
and local concrete infilling is made. In the second case, because of poor drainage.
however, connection can be achieved by a number of ¢) Providing apron around the building to
steel bars inserted in small length drilled holes filled prevent soaking of foundation directly and
with fresh cement-grout which substitute keys. draining off the water.
14 STRENGTIIENING OF FOUNDATIONS & Adding strong elements in the form of
reinforced concrete strips attached to the
Strengthening of foundations before or after the existing foundation part of the building. These
carthquake is the most involved task since it may will also bind the various wall footings and
require careful underpinning operations. Some may be provided on both sides of the wali
alternatives are given below for preliminary (see Tig. 21) or only one side of it. In any
consideration of the strengthening scheme: case, the reinforced concrete strips and the
a) Introducing new load bearing mcmbers wall hav; fo be !m!(?t.i by a number of keys
including foundations to relieve. the already- ., | M ‘l‘ﬂsﬁgleg_l\ mto the existing footing,

OTE = To avoid disturbaace to the integrity of the
e;iqgqu(l\qe:_;]_l‘ldur'ing(g{'n Foyndation strengthening
process’ proper favestigatlon-and design is cailed for.
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SECTION A-A
1 Exlsting wall, thickness, T 4 Connection stesl grouted in drltied holes
2  Newwall : 5 Concrete In cotumn and footing
3 Horlzontal reinforcement with links 6  Stirrups

All dimensions in millimetres.

Fra. 20 ConnECTION OF _Nh'w AND OLp WaiLs (Corner JUuNCTIONS)
Licanssd To: BM TR C
Email: brntpc@deiZvsnl.netin, alokabimtpe.ory
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250

350 350

(D sTiRRUPS
+38

21A

VARIABLE

4 @) 4e16
s?! BASEMENT
'

350 350

All dimensions in millimetres.

- Fro. 21 STRENoTHENING ExisTing Founparion (R. C. Strie on Bory Sipes)
Licensad To: BM T PO

Email: bipa@del2vsnl net.in, alokibimtos org
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ANNEX A
(Clause 7)

RAPID VISUAL SCREENING OF MASONRY BUILDINGS

A-1 RVS PROCEDURE, OBJECTIVES AND
SCOPE

The rapid visual screening method is designed to be
implemented without performing any structural
calculations. The procedure utilizes a damageability
grading system that requires the evaluator 1o (a) identify
the primary structural lateral load-resisting system, and
(b) identify building attributes that modify the seismic
performance expected for this lateral load-resisting
system along with non-structural components. The
inspection, data collection and decision-making

. process typically occurs at the building site, and is

expected to take couple of hours ‘for a building,
depending on its size.

The screening is based on code based scismic intensity,
building type and damageability Grade as observed in
past earthquake and covered in MSK/European macro-
intensity.

A-2 USES OF RVS RESULTS

The main uses of this procedure in relation to seismie
upgrading of existing buildings are:

a) to identify, if a particular building requires
further evaluation for assessment of its
seismic vulnerability;

b) toassess the seismic damageability (structural
vulnerability) of the building and seismic
rehabilitation needs;

¢) to identify simplified retrofitting require-
ments for the building (to collapse
prevention level) where further evaluations
are not considered necessary or rot found
feasible.

A-3 SEISMIC HAZARD IN INDIA

As per IS 1893 (Part 1), India has been divided into 4
seismic hazard zoncs. The details of different scismic
zones are given below:

a) Zone II — Low seismic hazard (damage
" during earthquake may be of MSK Intensity
V1 or lower)
b) Zone HI— Moderate scismic hazard
(maximum damage during earthquake may be
upto MSK Intensity VII)

d) Zone V — Very high seismic hazard
(maximum damage during earthquake may be
of MSK Intensity IX or greater)

When a particular damage Intensity occurs, different
building types experience different levels of damage
depending on their inherent characteristics. For
carrying out the rapid visual screening, all four hazard
zones have been considered.

A-4 BUILDING TYPES CONSIDERED IN RVS
PROCEDURE

A wide variety of construction types and building
rnaterials are used in urban and rural areas of India. These
include local materials such as mud, straw and wood,
semi-engincered materials such as bumt brick and stone
masonry and engineered materials such as concrete and
steel. The seismic vulnerability of the different building
types depends on the choice of building materials and
construction technology adopted. The building
vulnerability is generally highest with the use of local
materials without engineering inputs and lowest with
the use of engineered materials and skills.

The basic vulnerability class of a building type is based
on the average expected seismic performance for that
building type. All buildings have been divided into Type
A to Type D based on the MSK Scale. The buildings in
Type A have the highest seismic vulnerability while the
buiidings in Type D have the lowest seismic
vulnerability. A building of a given type, however, may
have its vulnerability different from the basic class
defined for that type depending on the condition of the
building, prescnce of carthquake resistance features,
architectural features, number of storeys etc. Tt is
therefore possible to have a damageability range for each
building type considering the different factors affecting
its likely performance. Some variations in building type

- are therefore defined as A, A', B, B, etc.

The RVS procedure presented in the standard has
considered different building types, based on the
building materials and construction types that are most
commonly found in India. Masonry buildings are
presented in Table 8. The likely damages to buildings
have been catcgorized in different Grades depending
on the seismic impact on the strength of the building.

A-5 GRADES OF DAMAGEABILITY

¢) Zone 1V — High seismic hinzard: (maximbny ¢ : Five! grade§of damageability from Gl to G5 are

damage during carthquake ma be upto MSK

specified in MSK.and European Intensity Scale as

Intensity VATl . DITHPCEDUBIEV S 1 Fgederibed il Tabléd aidd Tabte 10!
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- Table 8 Masonry Load Bearing Wail Buildings
(Clause A-4)
§i No. Ruilding Type Description
(H (2 &)
i) A a)  Rubble (Field stone) in mud mortar or without mortar usually with sloping wooden roof
" b)  Mud walls, Adobe walls of two storeys
¢)  UCR masorry without adequate through stones
d)  Masonry with rounded (undresses) stones
q b ii) A+ a}  Adobe (unburnt block or brick) walls of single storey
b}  Rammed earth / Pise construction
iii) B a)  Semi-dressed, ubble, brought to courses, with through stones and long corner stone

unreinforced brick walls with country type woodes roofs; unreinforced CC block wal
constructed in mud moctar or weak lime mortar

b}  Earthen walis (Adobe, Rammed earth) with horizonlal wooden elements
tv) B+ a})  Unreinforced brick masonry in mud mortar with verticu] wood posts or harizontal wood efemen
or seismic band (IS 13828)
b)  Unreinforced brick masonry in lime mortar
v) C a)  Unreinforced masoncy walls built from fully dressed {Ashlar) stone masonry or CC block or bun
brick using good lime or cement mortar, cither having RC floor/roof o sloping roof having eav
level horizontal bracing system or seismic band
b}  As at B(a) with horizontal selsmic bands (IS 13828)
vi) C+ Like C(a) type but having horizontal seismic bands at linte] ievel of doors and windows (see IS 4326)

vii) D Masonry construction as at C(a) but reinforced with bands and vertical reinforcement, etc (see I8 4326
ar confined masonry using horizontal and vertical reinforcing of walls.

S ey

NOTE — In rural areas, there are huts or shacks made from bio-mass and metal sheets etc, Their vulnerability to earthquakes is very low.

Table 9 Grades of Damageability of Masonry Buildings

(Clause A-5)
S1 No. Classiflcation of Damage to Masonry Buildings
(1) . : 2)
i) Grade 1 Negligible to slight damage (no struciaral damage, slight non-structural damage) .
a} Structurali . Hair-lige cracks in very few walls,

b} Non-structural:  Full of small pieces of plaster cnly.
Fall of foose stones from upper parts of buildings in very few cases.
ii}  Grade2 Moderate domage (Slight structural damage, moderate non-structural damage)
a) Structural; Cracks in many walls, thin cracks in RC slabs and A.C. sheets,
b) Non-structural:  Fall of fairly large pieces of plaster, partial collapse of smoke chimneys on roofs. Damage to parapets,
chajjas. Roof tiles disturbed in about 10 percent of the area. Minor damage in under structuce of sloping

roofs,
! iii)  Grade 3 Substantial to heavy damage (moderate structural damage, heavy non-structurat damage)
a) Structural: Large and extensive cracks in most walls. Wide gpread cracking of columns and pisrs,
b) Non-structural: Roof tiles detach. Chirneys fracture at the roof line; failure of individua! non-structural efements
(partitions, gable walls).
iv)  Grade4 Very heavy damage (heavy structural damage, very heavy non-structural damage)
Structural: Serious failure of walls (gaps in walls), inner walls collapse; partial structurai failure of roofs and floors,

v)  GradeS Destruction (very heavy structural damage)
Total or near total collapse of the building.

A-6 RELATIONSHIP OF SEISMIC INTENSITY, retrofitting, and to recommend simple retrofitting

BUILDING TYPE AND DAMAGE GRADES techniques for ordinary buildings where more detailed

) . evaluation is not feasible.
Table 10 provides guidance regarding likely

performance of the building in the event of design-  The Indicative quantities Few, Many and Most as
level carthquake intensity postulated in the scismic  defined in MSK ntensity scales are as follows:

zone. This inft_)rm.'}tion has .been useq in the survey a) Tew : 515 percent

e iy dcide If there is necossityof furtherry: [2 b Uit (3, 50 percen

evaluation of the building using higher level . o
procedures. It caii also bé uséd: tpidentify nked for!. 112 $h ,MW%&? T

29
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NOTES
1 Table 10 is gencrally based on MSK descriptions.

2 As per eurapean intensity scale the average values of these
terms may be taken as: .

a) Pew—less than 15 £ 5 perceat,
b) Many—Between 15 £ 3 lo 55 £ 5 percent,
¢} Most—Between 55 & 5 tol00 perceat

A-7 RVS SURVEY FORMS — SPECIAL POINTS

The RVS survey forms (Form 1 to 4) are developed
here for all the scismic Zones II to V based on the
probable earthquake Intensities, building types and
damageability grades as described above. Some special
cases included therein are described below:

A-7.1 1mportance of Building/Structure

As per IS 1893 (Part 1), an important factor T is defined
for enhancing the seismic strength of buildings and
structures, as follows:

Impor:ant Buildings (see Note)} — Hospitals,
Schools, monumental structures; emergency
buildings like telephone exchange, television,
radio stations, railway stations, fire stations, large
community halls like cinemas, assembly halls and
subway stations, power stations, Important
Industrial establishments, VIP residences and
Residences of Important Emergency person.

For these important buildings the value of 1is specified
as 1.5, by which the design seismic force is increased
by a factor of 1.5. Now the seismic zone factors for
zone IT to V are as follows:

Zone i I 13 v
Zone factor  0.10 0.16 (.24 0.36

Itis seen that one Unit change in seismic zone Intensity
increases the Zone Factor 1.5 times.

Hence to deal with the damageability of important
buildings in any zone, they should be checked for one
unit higher zone. The assesstment forms are designed
accordingly.

NOTE — Any building having more thag 100 occupants may
be teeated as Important for the purpose of RVS.

A-7.2 Special Hazards

There are some special hazardous conditions to be
considered:

A~7.2.1 Liquefiable Condition

Normal loose sands submerged in high water table are
susceptible to liquefaction under moderate to high

ground accelerations; building founded on such soils -

will require special evaluation and treatment.
A+7.2.2 Land Slide Prone Area

If the building is situated on a hill slope which is prone
to land slide/land slip or rock-fall under monscon
and/or eatthquake, special evaluation of the site and
treatment of the building will be needed.

A-7.2.3 Irregular Buildings

Irregularities in buildings are defined in 7.1 of IS 1893
(Part 1} under the following sub-heads:

Table 10 Damageability Grades of Masonry Buildings

(Clause A-3)
${ No. Type of Building Zone 11 Zone IH Zone IV Zope ¥
(MSK VI or less) (MSK VII) {(MSK VIII) (MSK X or Mare)
o @ 1€)) 4 (5) )
i) A Many of grade 1 Most of grade 3 Most of grade 4 Many of grade 5
and Few of grade 2 Few of grade 4 Fewof grade 5 (rest of grade 4 and
A+ (rest no damage) (rest of grade 2 or 1) (rest of grade 3,2)
i) B Few of grade 1 Many of grade 2 Most of grade 3 Many of grade 4
and (rest no damage) Few of grade 3 Few of grade 4 Few of grade 5
B+ ’ (rest of grade 1) (rest of grade 2) {rest of grade 3)
iid) C Few of grade | Many of grade 1 Most of grade 2 Many of grade 3
and (test no damage} Few of grade 2 Few of grade 3 Few of grade 4
C+ (rest of grade 1) {rest of grade 1) {rest of grade 2)
iv) D — Few of grade 1 Few of grade 2 Many of grade 2
Few of grade 3
(rest of grade 1)
NOTES

1 As pec MSK scale, few, many and most may be taken as: Few: (5-15) peccent, Many: 50 percent and Most: 75 percent.

2 Buildings having vertical irregularity may undergo severe damage in seismic Zones III, IV and V if not specifically designed. Hence
they will require special evaluation. Also buildings sited in liqueﬁable or landslide prone areas will require special evaluation for

seismic safety. | irans
3 Buildings having plan irregularity may uncf
re-evaluation, I’" ma ” n

Erio a da.mage ol' one g:a&e ngher in Zones {11, IV and V. The surveyor may recommend
mipedel2vsnl netin, alok@nmipe.org
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b)

Plan irregularities — These are defined in
Table 4 of the Code as follows:

1} ‘Torsion irregularity,

2} Re-entrant comers,

3) Diaphragm discontinuity,

4} Out of plane offsets, and

5) Non-parallel systems.

The geometric imregularitics in building plans
which can be easily identified are shown in
Fig. 22,

These irregularities enhance the overall
damage (increased grade of damage for

cxample at re-cntrant comers). Such a building

may be recommended for detailed evaluation,

Vertical irregularities — These are defined in
Tabie 5 of IS 1893 (Part 1). The following
vertical irregularities may be seen in masonry
buildings (see Fig. 23).

18 13935 ; 20009

1} Mass irregularity

2) Vertical geometric irregularity

3 In-plane discontinuily in verticaj
elements resisting lateral forces,

If any of these irregularities are noticed, the building
should be recommended for detailed evaluation,

A-7.2.4 Falling Hazard

Where such hazards are present, particularly in Zone s
IV and V, recommendations should make reference to
these in the survey report as indicated,

A-7.2.5 Dype of Foundation Soil

IS 1893 (Part {) defines three soil types hard/stiff,
medium and soft, No effect of these is seen in the designa
spectra of short period buildings, T < 0.4, covering all
masonry buildings, hence the effect may be considered
not so significant,

Licznaed To: 28
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FORM 1
RAPID VISUAL SCREENING OF MASONRY BUILDINGS FOR SEISMIC HAZARDS

Photograph L3  Ground Caverage (5g9.m):
1.9  Seil Type: £.10 Foundation Type
1.11 Roof Type: 1.12 Floor Type

Sketch Plan with Length and Breadih

Seismic Zone 1 Ordinary Building

L.t Building Name:

.2 Use:

L3  Address: Pin

1.4  Other Identiffers:

L5 No. of Stories 1.6 Year Built
L7  Total Covered Area; all floors (sq.m)

L.13 Siructural Companents:

1.13.1Wall Type: BB* [ Earthen [T UCR» U coe+ O
1.13.2 Thickness of wall L.13.3 Slab thickness -—
L.13.4Mortar Type: Mud [J Lime ]  Cemem [J

L13.5 Vert. R/F bars: Comers 0 Tjunctions J Jambs [J -
L.13.6 Seismic bands: Plinth [ Lingel [] Eaves[] Gable [J

*CCB: Cement Concrete Block

*BB — Burnt Brick, *UCR — Uncoursed Random Rubble

2.0 OCCUPANCY

1.0 SPECIAL HAZARD

4.0 FALLING

RECOMMENDED ACTION:
HAZARD

2.2 Ordinary

2.1 Important buildings: Hospitals,

Schools, monumental structures;
emergency  buildings  like
telephone exchange, television,
radio stations, railway stations,
fire stations, large community
halls like cinemas, assembly
halls and subway stations, power
stations, [mportant JTudustrial
establishments, VIP residences
and Residences of Important
Emergency person.

*Any building having more than
100 Occupanis may be treated as
Important.

buildings:  Other

buildings having occupants <100

3.1 High Water Table
(within 1m) and if
sandy soil, then
liqueftabie site
indicated,

Yes

Yes

3.3 Severe Vertical
Irregularity

Yes

Yes

3.2 Land Siide Prone Site

3.4 Severe Plan Ircegulacity

No

No

No

No

4.1 Chimneys

4.2 Parapeis

4.3 Cladding

4.4 Others

O Ensure adequate maintenance,

O r any Special Hazard 3.0 found, re-
evaluate for possible retrofitting.

_

5.0 Probable Damageability In Few/Many Buildings

Surveyor's sign:
—_—_—

Bulldlng

Type

5.1 Masonry Building

Name:

Damage-

A/As BB+ CCr D

ability in
Zone 1

G2/G1 Gl/~ - =

Surveyor will

damage prade,

Note: +sign indicates higher streng

Identlly the Bulding Typej enclrele: Iy alsh the Forrispo

= ' . e N 1 L

th hence somewhat lower damage expected ag
staled. Also average damage in one building type in the area may be lower by one
&rade point than the probable damageability indicated.

Exccutive Engincer's Sign:

Date of Survey:
N
Ny

—_—_—

y

i3

- a1 A i i
Lo ERZTT ‘Jii2*.;.1"\;'\‘;"—/iull;ff1./\.)!ii.i«'\.,;L.Il|, i

AT e T




1S 13935 : 2009

FORM 2
; RAPID VISUAL SCREENING OF MASONRY BUILDINGS FOR SEISMIC HAZARDS E

Seismic Zone I Ordinary Building
(Also Seismic Zone Il Important Building)

f 1.t Building Name:
1.2 Use:
1.3 Address: Pin
1.4 Other Identiliers:
1.5 No. of Stories 1.6 Year Built
1.7 Total Covered Area; all floors (sq.m) 3
Photograph 1.8 Ground Coverage (Sq.m):
1.9 Soll Type: _____ 1.10 Foundation Type . )
1.11 Roof Type: 1.2 Floor Type
B ] 1.13 Structural Componenta:
1.13.1 Wail Type: BB* 0 Earthen ] UCR* g cce+ O
1.13.2 Thickness of wall 1.13.3 Slab thickness __
1.13.4 Mortar Type: Mud O. LimeD3 CementO

1,135 Vext, R/F bacs: Comers 0 Tejunctions [ Jambs 0
1,136 Seismic bands: Plinth (] Lintei (] Eaves(] Gable (]

*AB — Burnt Brick, *UCR — Uncoursed Random Rubble
*CCB: Cement Concrete Block

Sketeh Plah with Length and Breadth

2.0 OCCUPANCY 3.0 SPECIAL HAZARD 4.9 FALLING RECOMMENDED ACTION:
HAZARD
O Ensure adequate maintenance. _ -
2.1 Important buildings: Hospitals, | 3.1 High Water Table {1 Detailed evaluation of B type for need:
Schools, monu?e‘t;?l st.rucrul:;:; (within 3 m) and if for retrofitting.
:,-en{mr:ency n ul mgt:I UXel sandy soil, then 4,1 Chimzneys [0 Detailed evalution of A, A+ types for
ephone exchange. evision, liquefiable site need for reconstruction or possible )
radio stations, railway stations. indicated. . . P
fice stations, large community reteofitting
halls like cinemas, assembly Yes Nol . ap [0 If any Special Hazard 3.0 found , re-
halls and subway stations, power 3.2 Land Stide Prone Site arapets evaluate for possible retrofitting.
stations,  Important Industrial If any of the falling hazard is present,
establishments. VIP residences Yes No . either remove it or strengthen against
and Residences of Important 43 Claddi falling
3.3 Severe Vertical Cladding i

| Emergency person.
*Any building having rtore than Iregularity
100 Qccupants may be treated as Yes No

Important. 4.4 Others ' ’

32 Ordinary  buildingss  Other 3.4 Sevete Plan Irregularity
buildings having occupants <100 Yes No

Surveyor's sigm:

5.0 Probable Damageability in Few/Many Buildings

Bullding .
5.1 Masonry Buildi Name:

Type nry ng

Darmuge- A A+ B/B+ C/C+ D

ability in Executive Engineer's Sign:

Zone 11T GHG3 G3/G2 GGl Gl

Note; +sign indicates higher strength hence somewhat lower damage expecied as
stated. Also average damage in one building type in the area may be lower by one | | Date of Survey:
grade point than the prabable damageability Indicated.
Surveyor will Ideatly the Bullding Typeisncirele I aisp the Firrisgorelicy| [

damage grade. i -
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FORM 3
RAPID VISUAL SCREENING OF MASONRY BUILDINGS FOR SEISMIC HAZARDS

Photograph

Sketch Plan with Length and Breadth

Seismic Zone IV Ordinary Building
(Also Seismic Zone 11 Important Building)

L1 Building Name:

1.2 Use:
1.3  Address:

Pin

L4  Other Identifiers:

L5 No. of Stories 1.6 Year Built
L7 Total Covered Area; all floors (sq.m)
1.8 Grouad Coverage (Sq.m):
L9 Soil Type:
L11 Roof Type:
L.13 Structural Components:
1.13.1 Wall Type: BB* 1 Earthen ] UCR* ] cce* O
1.13.2 Thickness of wall 1.13.3 Slab thickness .
Li3AMortar Type: Mud 0 Lime 0 * Cement [

1.13.5 Vert. R/F bars: Commers (] Tjunctions [ Jamps [

1.13.6 Seismic bands: Plinth [ Linte] [ ‘Eaves[] Gable ]

1.10 Foundation Type
1.12 Floor Type

—_—

*BB — Burnt Brick, *UCR — Uncourseqi Random Rubble
*CCB: Cement Concrete Block

20 0CCUPANCY 3.0SPECIAL HAZARD | 4.9 FALLING RECOMMENDED ACTION:
HAZARD ' ) .
1 1 PRTP—— O A, A*or B: Evaluate in detaj]
" oportant buildingsy Hospitals, |3 1 gioh Warer Table i
Schools, monumental structures; | - (wﬁ:in Se)and if for r.le':d of recc?nstructlot‘l or
emergency  buildings  like sandy soil, then 42 Chi possible retrofitting to achieve
telephone exchange, television, liqucfiable site = Lrmaeys .typeCorD
radio stations, railway stations, indi . .
fire stations, large c’:,mmunity indicated, O B*. C: Evaluate in detail for
balls like cinemas, assembly Yes No need for retrofitting
halls and subway stations, power . , 4.2 Parspots .
stations, Important Industcial | 3+2 La0d Slide Proge Site O Ifany Special Hazard 3.0 fot'md,
establishments, VIP residences Yes No re-evaluate = for possible
and Residences of Important . : .
Emergency porson. 3.3 Severe Vertical 4.3 Cladding prevention/retrofitting.
*Any building having move than|  Legularity O If any of t%lc falling hazafd is
100 Occupanis may be treated as Yes No present, either remove it or
Important. ! " |4.4 Others strengthen against falling,
2.2 Ondinary  buildingst  Ouher | 34 Severs Plan Lregularity
buildings having occupants <100 Yes No

5.0 Probable Damageability in Few/Many Buildings

Surveyor's sign:

Name:

Bullding
5.1 Masonry Build|
Type ary e
Damage- | A/A+ BB+ CIC+ D
ubillty in
Zone 111 G5/G4 G4G3 G3G2 G2

Executive Engineer’s Sign;
B B

Surveyor will identify
damage grade.

Note: +sign indicates higher sirength hence somewhar
stated. Also average dmnage in one building type in the
grade point than the probable damageability indicated.

the Bullding Types; enclrele: ltc alsp'the edrresponding| [

i o

TS

lower damage expecied as
area may be lower by one

Dale of Survey:

Pl

N e )
[ERTARE \.’.’ﬂ[j’\.;b\:ﬂ”-.,.
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FORM 4
RAPID VlSUAL SCREENING OF MASONRY BUILDINGS FOR SEISMIC HAZARDS

Seismic Zone V All Building
(Also Seismic Zone IV Important Building)

53

1.1 Building Name:
1.2 Use:
1.3 Address: Pin oL
1.4 Other Idealifiers:
1.5 No.of Stodes . 1.6 Year Built |-
17 Total Covered Area; all floors (sq.m)
Photograph 1.3 Ground Coverage {Sq.m):
1.9 Soil Type: 1,10 Foundation Type

1.11 Roof Type: 1,12 Floor Type
1.13 Structural Components:
1.13.1 Wall Type: BB* [] Earthen ] UCR* 0 ces* O
1.13.2 Thickness of wall 1133 Slab thickness ___
L134Mortar Type: Mud 3 Lime 0 Cement 0O

e

1135 Vert. R/F bars: Comers 0§ Tjunctions 1 Jambs 0

1.13.6 Seismic bands: Plinth (] Lintel ] Bavest Gable [

*BR — Burnt Brick, #JCR — Uncoursed Random Rubble
*(C'CB: Cement Concrete Block

Sketch Plan with Length and Breadih

2.0 OCCUPANCY 3,0 SPECIAL HAZARD 4(;:;.'\2[:;:;(} RECOMMENDED ACTION:

S

O A, A'or B, B*: evaluate i detail for
need of reconstruction or possible
cetrofitting to achieve type C* or D

2.1 Important butldings: Hospitals, | 3.1 High Water Table
Schools, monumental struciures; (within § m) and if

emerﬁency bulldmgsl like|  sandy soil, then 4.1 Chimzeys O C: evaluate in detall for nced for
telephone exchange, lelevision, liquefiable site retrofitting to achieve type C*, D B
radio stations, railway stations, indicated. ] Wood: evaluate in detail for

fire stations, large community
halls like cinemas, assembly Yes
halls and subway stations, power .
stations, Important Industrial 3.2 Land Slide Prone Site

No 42 retrofitting
rapets [ If any Special Hazard 3.0 found, re-
evaluate for possible prevention/

est:blilsthnll:nts, VIPE r;:side;:i Yes . No retrofitting.
El;erge?:yem;:n of tmpo 3,3 Severe Vertical 4.3 Cladding 1 If any of the fnlling hazard is present,
*Any buil d-pe ; B than Lrregularity either remove it or strengthen against
uilding having more .

100 Occupants may be treated as Yes No falling.

Importaxt. . j440thers
22 Ordinary  buildingst  Other 3.4 Severe Plan lrregularity

buildings having occupants <100 Yes No

Surveyor's sign:

5,0 Probable Damageabitity in Few/Many Buildings

Building
Type 5.1 Masonry Building Name:
Damage- A A+ BB+ C/IC+ D
ubility in R ——————
Zone V G5/G4 G5/G4 GHG3 G3 Executive Engineer’s Sign:

Note: +sign indicales higher strength hence somewhat lower damage expected as
stated. Also average damage in one building type in the area may be lower by one | | Date of Sucvey:
grade point than the probable damageability indicated.

Surveyor will |dentily the Buliding Typesr epclrely; it alsf the Eorresponding 5
damage grade.
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Earthquake Engineering Sectional Committee, CED 39

FOREWORD

This Indian Standard was adopted by the Bureau of Indian Standards, after the dratt finalized by the Earthquake
Engineering Sectional Commitiee had been approved by the Civil Engineering Division Courcil.

This standard is intended to reduce the risk of death and injury that may result from the damaging effects o
carthquake on building which predate the current seismic codes [I8 1893 (Part 1) : 2002 “Criteria for earthquake
resistant design of structures: Part 1 General provisions and buildings’, IS 4326 : 1993 ‘Code of practice for
edrthquake resistant design and construction of buildings’ and 1S 13920 : 1993 *Ductile detailing of reinforeecd
concrete structures subjected to seismic forces — Code of practice’} or have not been designed for earthquake
forces.

This standard describes a set of key steps and procedures for the assessment of the ex pected seismic performances
of existing building in the event of a design ilevel earthquake and where found necessary, strengthening of existing:
structural systems and elements for improved seismic performance,

Seismic forces for evaluation criteria of existing buildings are different from those meant for the design of new
buildings. Appropriate modifications are made to address the issues of reduced serviceable life and acceptable
risk for higher importance, Further, to account for uncertainty in the reliability of available information about the
existing structure and the condition of structure components, strength calculations need to be suitably modified,

For deficient buildings, a broad outline for the design seismic strengthening measures has been developed and
the interface with current design codes in general terms has been identified.

In the formulation of this standard, assistance has been derived from the following publications:

ATC 33.03 Guidelines for seismic evaluation of existing buildings, Applied Technology Council, CA.,
Eurocode 8 Design provisions for earthquake resistance of structures : Part 3, CEN, Brussels, 2001,

FEMA 178 NEHRP Handbook for the seismic evaluation of existing buildings, B uilding Seismic Safety
Council, Washington, D.C., 1992,

FEMA 154 Rapid visual screening of buildings for potential seismic hazards: A Handbook, Fedral
Emergency Management Agency, Washington DC, USA, 1998, '
FEMA 310 Handbook for the seismic evaluation of buildings: A Prestandard, Federal Emergency
Management Agency, Washington DC, USA, 20C.

FEMA 356 Prestandard and commentary for the seismic rehabilitation of building, Federal Emergency
Management Agency, Washington DC, USA, 20C.

The assessment and improvement of the structural performance of earthquake risk buildings — Draft
for General Release, New Zealand National Society for Earthquake Engineering for Building industry
Authority, New Zealand, 1996T.

ASCE 31-03 Seismic evaluation of existing buildings. American Society of Civil Engineers, Reston,
VA, 2003,

ASCE 41-06 Seismic rehabilitation of existing buildings. American Saciety of Civil Engineers, Reston,
VA, 2006,

Seismic assessment and retrofit of reinforced concrere buildings. International Federation of structural
Concrete (Fib), Laussance, Switzerland 2003,

Unitorm code for building conservation, International Conference of Building Offictals. Whittier, CA,
USA, 199].

Post-earthquake damage evaluation and strength assessment of buitdings, under seismic conditions,
Velume 4, UNDP/UNIDO, Vienna. [985,

International existing building cade (IBC). International Code Couneil, {llinois, 2006,

tContined on third cover)
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Indian Standard

SEISMIC EVALUATION AND STRENGTHENING OF
EXISTING REINFORCED CONCRETE
BUILDINGS —— GUIDELINES

15COPE

1.1 This stenel: particularly concerned with the
sei . oo and strengthening of existing
buildings and it is intended to be used as 3 guideline.

1.2 This standard prow i method 1o assess the ability
of =ach an adequate level of
[ - life-safety of occupants,
The ¢ o) i i 1sis is on identification of
unfavourable ¢chaavicristics of the building that could
resuttin dumage U St part of a building or the entire
structure.

2 REFERENCES

The ot

1.
N

- sions, which

Tk oF
W e, AL L wiie o padlication, the editions
indicated were valid, Al standards nre subject to
revision and partiss to seeeements hased on this

stap ' he possibility
nf the standards
AR e

456 : 2000 Codve o pisese or plain and
retntin, oo Cope lourth revision)

1893 (Part 1y Criterjy uake resistant
200 dnn ¢s: Part 1 General

uildings
134 g of reinforced

concule structures subjected to
seismic forces — Code of practice

37 CIMINGT OGY

Forthe of this standard, the definitions given
in IS 1893 (Part 1), IS 13920 and the foilowing shall
apply.

3.1 Acceptance Criteria — Limiting values of
Properties such as drift, strength demand, and inelastic
deformation used to determine the acceptability of a
Caormponent.

3.2 Action — Aninternal moment. shear, torque, axial
load, developed in a member due to externally applied
load/displacement on the structure.

3.3 Capucity — The permissible strength or

deformation of a structural member or system.

3.4 Column {or Beam) Jacketing — A method in
which a concrete column ar beam is covered with a
steel or reinforced concrete jercket in order to strengthen
and/or repair the member by confining the concrete.,

3.5 Components — The basic structurai members that
constitute a building including beams, columns, slabs,
braces, walls, piers, coupling beams and connections,

3.6 Deformation — Relative displacement or rotation
at the ends of a component or element or node,

3.7 Demand — The amount of force or deformation
imposed on an element or component.

3.8 Displacement - The tota] movement, typically
horizontal, of a component or element or node.

3.9 Flexible Diaphragm — A floor diaphragm shall
be considered to be tlexible, if it deforms such that the
maximum lateral displacement measured from the
chord of the deformed shape at any point of the
diaphragm is more than 1.5 times the average
displacement of the entire diaphragm, Diaphragms of
wood construction and of similar material or elements
which are not connected together for sejsmic leading
are considered as flexible diaphragms. Cast-in-siry RC
floor systems are usually not tlexible diaphragms.

3.10 Infill — A panel of masonry placed within a steel
or coacrete frame, Panels separated from the
surrounding frame by a gap are termed isolated infills.
A panel in tight contact with a frame around its full
perimeter is termed a shear infili.

3.11 Knowledge Factor — A fuctor 10 represent the
uncertainty about the reliability of the available
information about the structural configuration and
present condition of materials and components of the
existing building.

3.12 Lateral Force Resisting System — The
collection of frames, shear walls. bea ring walls, braced
frames and interconnecting horizontal diaphragms that
provide earthguake resistance to 2 butlding,

3.13 Life Safety Performance Level — Building
pertormance that includes significant damage to bouh
structural and non-structeeal components duriig o
design earthquake, where at least some M&rgin against
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either partial or total structural collapse remains.
Injuries may occur. but the level of risk for ite-
threatening injury and entrapment is low.

3.14 Load-Bearing Wall — A wall designed to carry
an imposed vertical load in addition to its own weight.
together with any lateral load.

3.15 Load Path — The path that seismic forces acting
anywhere in the building, take 10 the foundation of the
structure and. fally. to the soil. Typically, the ioad
travels from the diaphragm through connections to the
vertical lateral-force-resisting elements, and then
proceeds to the foundation,

3.16 Masonry — The assemblage of TISONry Units,
mortar, and possibly grout and/or reinforcement. Types
of masonry are classified herein with respect to the
type of the masonry units, such as brick/clay-unit
masonry or concrete masonry.

3.17 Non-structural Component — Architectural,
mechanical or electrical components of a building that
are permanently installed in, or are an integral part of
a building,

3.18 Out-of-Plane Wall — A wall that resists lateral
forces applied normal to its plane.

3.19 Overturning — An action resulting when the
moment produced at the base of a vertical lateral-force-
resisting element is Jarger than the resistance provided
by the foundation’s uplift resistance and building wei ght.

3.20 Plan Irregularity — Horizontal irregularity in
the layout of vertical lateral-force-resisting elements,
producing a mismatch betwaen the center-of-mass and
center-ol-rigidity that typically results in significant
torsicnal demands on the structure.

3.21 Pounding — Two adjacent buildings impacting
during earthquake excitation because they are too close
together.

3.22 Primary Element — An clement that is essential
to the ability of the structure to resist earthquake-
induced deformations.

3.23 Probable or Measured Nominal Strength —
The strength of a structure or a component to resist the
effects of loads. as determined by: () computations
using specified material strengths and dimensions, and
formulas derived from accepted principles of structural
mechanics: or (b) strength field tests or laboratory tests
of scaled models, allowing for modelling effects and
differences between laboratory and field conditions.

3.24 Redundancy — Provision of alternative load
Paths in a structure by which the lateral forces are
resisted. allowing the structure to remain stahle
tollowing the failure of any single element.

3]

3.25 Required Member Resistance (or Requircwc®
Strength) — Load effect acting on an element o
connection. determined by stractural analysis. resultia I
from the factored loads and the critical loued
combinations,

3.26 Rigid Diaphragm — A floor diaphragm shall bex
considered to be rigid. it it deforms such that the
maximuin lateral displacement measured from the
chord of the deformed shape at any point of the
diaphragm is less than 1.5 times the averages
displacement of the entire digphragm. Reinforced
concrete monolithic slab-beam floors or those
consisting of pre-fabricated/pre-cast elements with
adequate topping reinforced screed can be taken o
rigid diaphragms.

3.27 Secondary Element — An element that does not
affect the ability of the structure to resist earthquake—
induced deformations. They may or may not actually
resist any lateral force,

3.28 Seismic Demand — Scismic hazard level and.
commonly expressed in the form of a ground shaking
response spectrum. Structural actions {force)r
deformation in members of the building are computed
due to design earthquake,

3.29 Seismic Evaluation — An approved process or
methodology of evaluating deficiencies in a building
which prevent the building from achieving life safety
objective.

3.30 Short Column — The reduced hei ght of columnp
due to surrounding parapet, infill wall, ete, is less than
five times the dimension of the column in (2} the
direction of parapel, infill wall, etc, or (b) 50 percent
of the nominal height of the typical columns at that
level.

3.31 Strength — The maximum axial force, shear
force, or moment that can be resisted by a component.

3.32 Strengthening Measures — Modifications to
existing components, or installation of new
compoenents, that correct deficiencies identified in o
seismic evaluation as part of a strengthening scheme,

3.33 Strengthening Method — A procedural
methodoelogy for the reduction of earthquake
vulnerability of the building.

3.34 Strengthening Strategy — A technical approach
for developing strengthening measures for a butlding
to reduce its earthquake vulnerability,

3.35 Strong Columm-Weak Beam — The capucity of
the column in any moment Frame joint must be greater
than that of the beams, to ensure inelustic action in the
beams.
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3.36 Vertical Irregularvity — A discontinuity of
strength, stiffness, geometry, or nwss in one storey with
respect to adjacent stories,

4 SYMBOLS

The symbols and notations given below shall apply to
the provisions of this standurd;

A, = total cross-sectional area of columns

A, = grossarea of the reinforced concrete section

A, = steel to be provided in the jacket

Ay = ared of shear transfer reinforcement

A, = cross-section ared of a single bar

A, = area of shear wall

Ay = total area of shear walls in the direction of
loading

by = width of flange

oy = diameter of stirrup

£, = modulus of concrete

i = characteristic strength of concrete

F, = axial force due 1o overturning
Sy = yield strength of steel
H = total height

{, = gross moment of intertia of reinforced
concrete section

K = knowledge factor

L = length of the building

L, = development length of bar in tension

M = momeat

n, = total number of columns

ny = total nomber of frames in the direction of
Ioading

P = axial load

F.. = strength in axial compression

P, = minimum yield strength in tension for the
braces

t; = thickness of flange

T = remaining useful life of the building

Ty = design useful lite of the building

T = daverage shear stress in concrete columns
L,q = dverage shear stress in walls

r; = thickness of jacket

{7 = useuble life factor

L = coefficient of friction

n = eftficiency factor

Vo = total shear capucity of reinforced concrete

beam
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Vo = shear contribution of concrete

Vigp = shear contribution of FRP sheet

Vi = base shear

V, = shear force contribution of steel in =
reinforced concrete beam

V. = storey shear at level

V, = allowable shear force

SEVALUATION CRITERIA
5.1 General

The seismic performance of existing buildings iss
evaluated in relation to the performance criteria in use=
for new buildings. This section defines the minimun
evaluation criteria for the expected performance of lifes
safety of existing buildings with appropriates
modification to IS 1893 (Part 1) seismic force whicty
is applicable for the seismic design of new buildings .

5.2 Since the provisions of this standard are strongly
correlated with the design criteria of new buildings
contained in IS 1893 (Part 1), reference shall always
be made to the current edition of IS 1893 (Part 1). All
existing structural elements must be able to carry full
other non-seismic loads in accordance with the current
applicable standards related to loading and material
strengths.

5.3 Basic inputs for determination of seismic forces
such as seismic zone, building type, response reduction
factor are to be taken directly from IS 1893 (Part 1).
Alternatively, a site-specific seismic design criteria
developed along the principles described in IS 1893
(Part 1) may be used, Modification to seismic forces
as given in IS 1893 (Part 1) and to material strengths
will be applicable to both preliminary and detailed
assessiments described in this standard.

5.4 Lateral Load Moditication Factor

The lateral force determined for strength related checks
needs o be modified for reduced useable lite. The
useable life factor U, is to be multiplied to the lateral
force (base sheur) for new building as specified in
IS 1893 (Part 1). U will be determined as

U= (Tn:Ilﬂ“du'i)u.5
where

Tiem = remaining useful life of the building: and
T

des

design useful life of the building.

{7 will not be taken less than 0.7 in any case.
NOTES
I By comparing the requirements of the revisions of 15 18y2
e 2002 with 1984, 1975, 1966 and 1962 1evisions, il is seen

thit buildings designed aceardingly from tdine 1o ine. will be
found deficient tv some estent,
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21U may be mentioned st buildings designed as per 15 1893
will Tn general not need rewreliting excepl those on slilts (sol
first stury} and those using 230 mm er thinner columns wil)
need retrofitting.

3 Buildings desipned W earlier code revisions of 1§ 1893 miy
be found deficient w a small extent. Engineer incharge may
use’ s diseretion in regard 10 retrofitting decision.

4 Building designed ta earlier code revisions of 18 IB93, unless
over designed and those not designed for cartliquuke forces
will generally need retrofitting.

S Factor U may be applied in all cases (2xcept in building of
critical safety. if desired &/ may be taken as 1.03,

5.5 Modified Material F:_actm‘

Strength capacities of existing building components
shall be based on the probable material strengths in
the building. Probable or measured rominal strengths
are best indicator of the actual strength and may only
be obtained by field or lab tests on a series of samples.
It is recommended that probable strengths are either
based on actual tests or the default values given in the
subsequent clauses. These may also be assessed from
the values given in the original building documents.
However. they ail need to be further modified for the
uncertainty regarding the reliability of available
information, and present condition of the component,
The probable material strengths need to be multiplied
with a Knowledge Factor, K as defined in Table 1.

Table 1 Knowledge Factor, K

Sk No. Description of Building, K
1) [ed} (31
#) Original construction documents available. 1.60

including post-construction activities, such as
modification 1o structure or materials testing
undertaken of existing structure

Documentation as in 81 No. (i) but no testing 0.90
of materials, that is using originally specified

values for materialg

iii}) Documentation as in 1 No. (i) no testing of, 0.80)
that is originally specified values for muterials

and minor deterioratien of original cordition 7
Incomplete but useable original construction 0.70
documents and no testing

v} Incomplete or no dacuments available bur .70
extensive testing and inspection done Lo

estahlish current strength of loagd resisting

members

Documentation as in 81 Ne. (iv) and limited .60
nspection, il verification of structural

members, or taterials test results with large

variation

viiy Linle knowledge of dewails of a component 0.50

ii

iv

vi

5.6 Evaluation Process

Ex isting buildings not designed in accordance with the
principles and philosophies and requirements of current
setsmic standards as described in the following clauses
shaadl be ussessed.

5.6.1 A preliminary evaluation of building is carrie <7
out, This involves broad assessment of its physica ]
condition, robustness. structural integrity and strengl by
of structure, including simple calculations.

5.6.2 If the results of preliminary evaluation fo»
strength, overall stability and imtegrity are acceptable
no further action is required. Else a detailed evaluatiorn
is required unless exempted.
NOTE — Single or two storey buildings (o housing essentixk
services required for post-earthquake CMergency response) o £
total floor areas less than 300 sq. m may be exempted (romy
detailed evalualion even when o preliminary evaluation
indicates deficiencies and where seismic retrofiing is carriect
out 1o remedy those deficiencies,

5.6.3 A detailed evaluation includes numerical checks
on stability and integrity of the whole structure as well
as the strength of each member. Conventional design
calculations for these checks shall use modified
demands and strengths., A flow diagram summarizing
various steps of the evaluation process is shown in
Fig. 1.

6 PRELIMINARY EVALUATION

6.1 General

The preliminary evaluation is a quick procedure to
establish actual structural layout and assess its
characteristics that may aftect its seismic vulnerabilit y.
It is a very approximate procedure based on
conservative parameters to identify the potential
earthquake risk of a building and may be used to screen
buildings for detailed evaluation. Method is primarily
based on observed damage characteristics in previous
earthquakes coupled with some simple calculations.

6.2 Site Visit

A site visit shall be conducted by the design
professional to verify available existing building data
or collect additional data, and to determine the
condition of the building and its components. The
following information either needs to be confirmed or
collected during the visit:

8)  General informuarion — Number of storeys
and dimensions, year of construction.

b) Structural system description — Framing
vertical lateral force-resisting system, floor
and root diaphragm connection to walls.
basement and foundation systen.

¢} Building type and site soil classification as in
IS 1893 (Part 1.

d) Building use and nature of occupancy,

€} Adjacent buildings and potential for pounding
and talling hazards,

ty  Gencral conditions — Deterioration of
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Preliminary Evaluation
(For Overall Seismic Vulnerability Assessment)

) Site visit and collection of data in (see 6.2)

b) Configuration-related checks ( Load path, geometry, weak/soft
storey, vertical discontinuities, mass irregularity, torsion, adjacent buildings,
short columns) (see 6.4)

¢) Strength-related Check (see 6.5 )

1. Determination of modified demand lateral force considering occupancy
risk factor and factor for useable life.

2, Shear stress Check in columns and walls.

3. Axial stress check in moment frame columns.

Acceptability
Criteria Satisfied
(se¢ 6.6)

Yes

Detailed Evaluation
(For Primary Lateral-Force Resisting System)
a) Component Strength using Knowledge Factor (see 7.2,1)
) Elastic Static/Dynamic Analysis for Modified Lateral Force
(see7.2.2.and 7.2.3)
c) Comparing Probable Cornponent Strengths with
Expected Seismic Demands

/ Acceptability
_ Criteria Satisfied
Yes \ (see7.3)

No
Retrofit
A Recommended
Retrofit Not
Recommend

Figi. 1 Frow CHart Suasmarizixg Evarusrios Prockss

“h
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materials. damage from past earthquakes,
alterations and additions that could affect
earthquake performance.

g) Architectural features that may affect
earthquake performance. especially location
of masonry infill walls,

h)  Geological site hazards and foundation
conditions: Susceptibility for liquefaction and
cenditions for slope faiture and surface fault
rupture.

1} Special construction anomalies and
conditions.

6.3 Acceptability Criteria

A building is said to be acceptable, if it meets all the
configuration-related checks as well as global level
checks on axial and shear stress as outlined in the
tfollowing clauses.

6.4 Configuration-Related Checks
6.4.1 Load Path

The structure shall contain at-least one rational and
complete load path for seismic forces from any
horizontal direction so that they may transfer all inertial
forces in the building to the foundation,

6.4.2 Redundancy

The number of lines of vertical tateral load resisting
elements in each principal direction shall be greater
than or equal to 2. In the case of moment frames, the
number ot bays in each line shall be greater than or
equal to 2. Similarly, the number of lines of shear
walls in each direction shall be greater than or equal
to 2,

6.4.3 Geomerry

No change shall be made in the horizontal dimension
of lateral force resisting system of more than 50 percent
in a storey relative to adjucent stories. excluding
Penthouses and mezzanine fioors.

6.4.4 Weak Storev

The strength of the vertical lateral force resisting

System in any storey shall not be less than 70 percent -

of the strength in an adjacent storey,
6.4.5 Soft Storey

The stitfness of vertical lateral load resisting system
in any storey shall not be less than 60 percent of the
stitfness in an adjacent storey or less than 70 percent
of the average stittness of the three storeys above.,

6.4.6 \ertical Discontinuitivs

All vertical elements in the lateral foree resisting system
shall be continuous from the root to the foundation.

60.4.7 Muss

There shall be no chunge in effective mass more thiry
100 percent from one Storey o the next. Light roofs |
penthouses. and mezzanine floors need not bes
considered, in mass irregularity,

6.4.8 Torsion

The estimated distance between a storey center of masss
and the storey centre of stiffness shall be less thara
30 percent of the building dimension at right angles 1o
the direction of loading considered.

0.4.9 Adjacenr Buildings

The ¢lear horizontal distance between the building
under consideration and any udjacent building shall
be greater than 4 percent of the height of the shorter
building, except for buildings that are of the same
height with floors-located at the same levels, The gap
width specified in 7.11.3 of IS 1893 {Part 1).

6.4.10 Short Coliwmns

The reduced height of a column due 1o surrounding
parapet, infill wall, etc, shall not be less than five times
the dimension of the column in the direction of parapet,
infill wall, etc, or 50 percent of the nominal hei eht of
the typical columns in that storey.

6.4.11 Mezzanines/Lofi/Sub-floors

Interior mezzanine/loft/sub-floor levels shali be braced
independently from the main structure, or shall be
anchored to the lateral-force-resisting elements of the
main structure,

6.5 Strength-Related Checks

Approximate and quick checks shali be used to
compute the strength and stiffness of building
components. The seismic base shear and storey shears
for the building shall be computed in accordance with

- IS 1893 (Part 1) and the requirements of §.

6.5.1 Shear Stress in Reinforced Concrete Frame
Columins

The average shear stress in concrete columns, T,

computed in accordance with the following equation
shall be lesser of,

a) 0.4 MPa: and

b) 040y f,. £, is charucteristic cube strength
of concrele:

i, v,
T = | —— || -~
no—u, J\A

n. = total number of colunins;

C

where




= total number of frames in the direction of
loading:

e
v, =

A. = total cross-sectional area of columns,

storey shear at levei j; and

6.5.2 Shear Stress in Shear Walls

Average shear stress in concrete and masonry shear
walls, T, shall be caleulated as per the following
equation:

Toul = Y
wall — Awu”
where
V; = storey shear at level j: and

i
Agn= total area of shear walls in the direction of
the loading,
NOTES
1 For concrete shear walls, t,_, shall be less than 0.40 MPy.
2 For unreinforced masonry load bearing wali buildings, the
average shear stress, T, shall-be less than 0.1 MPa,
6.5.3 Shear Stress Check for Reinforced Concrete
Masonry Infill Walls

‘The shear stress in the reinforced masonry shear walls
shall be less than (130 MPa and the shear stress in the
unreinforced masonry shear walls shall be less than
0. 10 MPa,

6.5.4 Axial Stress in Moment Fraines
The maximum compressive axial stress in the columns
of moment frames at base due to overturning forces

alone (F), ) as caleulated using the following equation
shall be less than 0,257,

w=30E)

total number of frames in the direction of
loading,
base shear,

g
~~
f

total height, and

r-‘
I

length of the building.

6.6 Recommendation for Detafled Evaluation
A building is recommended 10 undergo a detaited
evaluation as described in 6. if any of the following
conditions are mat;
a) Building fails (o comply with the
requirements of the preliminary evatuation;
b) A building is 6 storeys and higher:
¢) Buildings located on incompetent or
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liquefiable soils and/or located near (less tha | 3]
I5 kmy active faults and/or with inadequat <
foundation details: and

d) Buildings with inudequate connection =
herween primary structural members, such a s
poorly designed and/or constructed joints oF
pre-cast elements.

7 DETAILED EVALUATION

7.1 General

The detaited evaluation procedure is based ors
determining the probable strength of lateral loack
resisting elements and comparing them with the
expected seismic demands. The probable strengths
determined from conventional methods and applicable
codes shall be modified with appropriate knowledge
factor K given in 5, An assessment of the building for
its present condition of its components and strength of
materials is required, Further, seismic demand on
critical individual components shall be determined
using seismic analysis methods described in
LS 1893 (Part 1) for lateral forces prescribed therein
with modification for (reduced) useable life factor.,
deseribed in 8.

T.1.1 Cordlition of the Building Components

The building shall be checked for the existence of some
of the following common indicators of deticiency:

a)  Deterioration of concrete — There shall be
no visible deterioration of the concrete or
reinforcing steel in any of the vertical ot lateral
force resisting elements.

b)  Cracks in boundary colunins —~ There shall
be no existing diagonal cracks wider than
3 mm in concrete columns that encase
masonry infills,

¢)  Masonry units — There shall be no visible
deterioration of masonry units,

dY Masonry joints — The mortar shall not be
easily scraped away from the joints by hand
with a metal tool, and there shall be no areas
of eroded mortar,

e} Cracks in infill walls — There shall be no
existing diagonal cracks in infill wails that
extend throughout a panel, are greater than
3 mm. or have out-of-plane offsets in the bed
Joint greater than 3 mm,

7.0.2 Condition of the Building Muierialy

Anevaluation of the present day strength of materialy
shall be pertormed using vn-site non-destructive testing
and laboratory analysis of samples taken from the
building. Field tests are usually indicative tests and
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therefore shall be supplemented with proper laboratory
facilities for accurate quantitative results. _

7.2 Evaluation Procedure

The key steps of this evaluation procedure are as
foltows:

7.2.1 Probable Flexure and Shear Demand and
Capuaciry

Estimate the probable flexural and shear strengths of
the critical sections of the members and joints of
vertical lateral force resisting elements, These
calculations shall be performed as per respective codes
for various building types and modified with
knowledge factor K.

7.2.2 Design Base Shear

Calculate the total lateral force (design base shear) in
accordance with [IS 1893 (Part 1)] and multiply it with
U/, a factor for the reduced useable life (equal to 0.70).

7.2.3 Analvsis Procedure

Perform a linear equivalent static ar a dynamic analysis
of the lateral load resisting system of the huilding in
accordance with 1S 1893 (Part 1) for the modified base
shear determined in the previous step and determine
resulting member actions for critical components,

a)  Mathematical model — Mathematical model
of the physical structure shall be such as to
represent the spatial distribution of mass and
stiffness of the structure to an extent that is
adequate for the caleulation of significant
features of its distribution of lateral forces,
All concrete as well as masonry elements shall
be included in the model.

b} Component stiffness — Component stiffness
shall be determined based on some rational
procedure. Some standard values are givenin
Table 2.

7.2.4 Demand-Capacity Ratio

Ewvaluate the acceptability of each component by

comparing its probable strength with the membe ¢
actions.

7.2.5 Inter-storey Drift

Calculate whether the inter-storey drifts and decid e
whether it is acceptable in terms of the requirement. ss
of IS 1893 (Part 1).

7.3 Acceptability Criteria

A building is said to be acceptable if either of the=
following two conditions are satisfied along witky
supplemental criteria for a particular building types
described in 7.4:

) Alleritical elements of lateral force resistingg
elements have strengths greater tham
computed actions and drift checks are
satisfied.

b) Except a few elements, all critical elements
of the lateral force resisting elements have
strengths greater than computed actions and
drift checks are satisfied. The engineer has to
ensure that the failure of these few elements
shall not lead to loss of stability or initiate
progressive cotlapse. This needs to be verified
by a non-linear analysis such as pushover
analysis, carried out upto the collapse toad,

7.4 Ductility and Detailing Related Evaluation

In addition to the general evaluation (see 7.2) for
buildings which addresses only strength issues more
criteria need to be considered which relate to ductility
and detailing of structural components. These criteria
address certain special features affecting the lateral load-
behaviour which are specific to each building type.

7.4.1. Morent Resisting Reinforced Concrete Frame
Buildings

For RC moment frame buildings designed using
response reduction factor R [see IS 1893 (Part 1)] equal
to 3 the following supplemental criteria need to be
satistied. Any deficiency should be considered in
suitably reducing the value of R.

Table 2 Some Effective Stiffness Values
(Clause 7.2.3)

ST No, Component Flexurai Rigidity Shear Rigidity Axinl Ripidity

(1) (2 (3 (h (5

i) Beam, non pre-stressed 05 E 1 — o

i) Beam. pre-stressed LOE IF — EA,
i1} Coiunm in compression( £ > 0.5/ A) WTE T U4E A, Ea
ivy Column in compression {P = 0304 DS E 1 — £

vy Walls — Unecracked 08E 1 ¥ ,‘.':
viy Wills — Cracked 05 E 1 - £ ,4,!

viid Fla slab

To be delermined based on rational procedure




a)

b)

)

d)

e)

)

h)

No shear failurey — Shear capacity of frame
members shall be adequate to develop the
moment capacity at the ends, and shall be in

accordance with provisions of 18 13920 for

shear design of beams and columns,

Concrete colunms — All concrete columns
shall be adequately anchared into the
foundation from top face of pedestal.of base
slab,

Strong column/weak beant - The sum of the
moment of resistance of the colwnns shall be

at least 1.1 times the sum of the moment of

resistance of the beams at each frame Joint,
Beam bars — Al least two longitudinal top
and two longitudinal bottom bars shall extend
continsously throughout the length of each
frame beam. At least 25 percent of the
longitudinal bars located at the joints for either
positive or negative moment shall be
continuous throughout the length of the
members. ‘
Column-bar splices — Lap splices shall be
located only in the central half of the member
length. Tt should be proportioned as 4 tension
splice. Hoops shail be located over the entire
splice length at spacing not exceeding 150 mm
centre to centre. Not more than 50 percent of
the bars shall preferably be spliced at one
section. If more than 50 percent of the bars
are spliced at one section, the lap length shall
be 1.3 L, where L, is the development length
of bar in tension as per IS 456.

Beam-bar splices — Longitudinal bars shall
be spliced only if hoops are Tocated over the
entire splice length, at 2 spacing not exceeding
150 mm. The lap length shall not be fess than
the bar development length in tension. Lap
splices shall not be located (1) within a joint;
{2) within a distance of 24 from Joint face;
and (3) within a quarter len gth of the member
near supports where flexural yielding may
accur under the effect of earthquake forces.
Not more than 50 percent of the bars shall be
spliced at one section.

Coltnn-tie spucing — The parallel legs of
rectangular hoop shall be spaced not more
than 300 mm centre to centre. If the length of
any side of the huop exceeds 300 mm, the
provision of a cross tie should be there,
Alternatively, a pair of overlapping hoops may
be located within the column, The hooks shall
engage peripheral longitudinal bars.

Stirrup spacing—The spacing of stirvups over
a length of 2¢/ at either end of a beam shall
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notexceed (1) 4, or (23 8 times the diamete r
of the smallest longitudinal bar: however, i
need not be Jess than 100 mm. The first hoor>
shall be at a distance not exceeding 30 mm 4
from the joint face. In case of beams vertica ]
hoops at the same spacing as above shall alsco
be lovated over a length equal to 2d on githem~
side of a section where flexural yielding may-
occur under the effect of earthquake {orces _
Elsewhere, the beam shall have vertical hoopss
at a spactng not exceeding /2.

I Joint reinforcing— Beam-column Joints shall
have ties spaced at or less than 150 mm,

Ky Stirrup ane rie hooks — The beam stirrups
and columin ties shall preferably be anchored
into the member cores with hooks of 135°,

7.4.2 Concrete Shear Wall Buildings

Concrete shear wall buildings can be either the ordinary
reinforced type or ductile shear wall type. Some of the
provisions mentioned below are applicable to both
types of shear walls while some are applicable only
for ductile shear walls. Applicable provisions shall
indicate the suitable choice for the response reduction
factor R,

7.8.2,1 Thickness

The thickness of any part of an ordinary shear wall
shall preferably, not be less than 100 mm while for
ductile shear wall it shalf not be less than 150 mum. In
case of coupled shear walls, the thickness of the walls
shait be at least 200 mm.

7.4.2.2 Overturning

All shear walls shall have aspect ratio less than 4 to 1,
else the foundation system shalf be investigated for jts
adequacy to resist overturning moments. Wali piers
need not be considered. ’

7.4.2.3 Reinforcemeny

a) Shear walls shall be provided with
reinforcement in the longitudinal and
transverse directions in the plane of the wall
to resist bending moment and to prevent
premature shear failure, The minimum
reinforcement ratin for ordinary shear walls
shall be 0.001 3 of the Bross area in each
direction, For ductile shear walls this valueis
increased to 0.002 5 in the horizontal
direction, This reinforcement shall be
distributed uniformly across the Cross-section
of the wall,

b)Y The stirups in all coupling beams over
openings for doors, Passages, staircases, ete,
shall be spaced at or less than /2 and shal
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be anchored into the core with hooks of [35°
or more. The shear and flexural demand on
coupling beams which are non-compliant are
calculated using analysis procedure of 7.2 and
their adequacy is checked. If they are found
inadequate then their adequacy is checked as
if they were independent,
7.4.2.4 Opening in wally

Total length of openings shall not be greater than
75 percent of the length of any perimeter wall.

The adequacy of remaining wall for shear and
overurning resistances shall be evaluated according
0 7.2, Shear transfer connection between the diaphragm
and walls shall also be evalvated and checked for
adequacy.

7.4.3 Reinforced Concrete Frames with Masonry Infill
Walls

The provisions of 7.4.1 also apply to reinforced
concrete frames with masonry infill walls. In addition,
the infill walls shall be checked for the following
additional criteria:

a)  Wall connections — All infill wallg shalt have
a positive connection to the frame to resist out-
of-plane forces.

by Qut of plane stability — The unreinforced
masonry wall height-to-thickness ratios shall
be less than as given in Table 3, The frame
element beams are assumed to provide
necessary lateral support for the unreinforced
masonry wall in out-of-plane direction.

Table 3 Allowable Height-to-Thickness
Ratios of Unreinforced Masonry Walls

81 Wail Type Zone II ZonelV ZoneV

No. and 1T
[{h) (2) (3] 4) (5)
1) Top storey of muli. .14 I4 b
storey building
ii) First stogey of malti- 18 16 15
storey building
iiiy All other conditions 16 16 13

¢} Unreinforced masonry parapers — The
maximum height of an unsupported
unreinforced masonry parapet shall not
exceed the height-to-thickness ratio as shown
in Table 4. If the required parapet height
exceeds this maximum height, a bracing
system designed forthe forces determined as
per non-structural elements specified in
8.5.2.2, shall support the top of the parapet.
The minimun height of a parapet above any
wall anchor shall be 300 mm. 1t a reinforced

10

concrete beam is provided at the top of the
wall, the minimuwm height above the wall
anchor may be 150 mm.

Tahle 4 Maximum Allowable f1/f Ratio
for Parapets

Unreinforced Masonry Lone' V. All Other
Parapets Zones
Maximum allowable heighi-lo- L3 2.5

thickness ratio

8 SEISMIC STRENGTHENING

8.1 General

This clause outlines seismic strengthening options ancl
strategies at a general level, and describes a
methodology for the design of the strengthening
measures as madifications to correct reduce seismic
deficiency identifying during the evaluation procedure
givenin 7.

8.2 Seismic Strengthening Options and Strategies

Seismic strengthening for improved performance in the
future carthquakes shall be achieved by one of several
options given in this clause, The chosen seismic
strengthening scheme shall increase the red undancy of
lateral load resisting elements to avoid collapse and
overall instability,

8.2.1 Strengthening at Member Level

a) Existing buildings with a sufficient lavel of
strength and stiffness at the global level may
have some members (or components), which
lack adequiate strength, stiffness or ductility.
If such deficient members are small in nuniber,
art economical and appropriate strategy is (o
modify these deficient members alone while
retaining the existing lateral-force resisting
system.

by Member level modification shall be
undertaken Lo improve strength, stiffness and/
or ductility of deficient members and their
connections strengthening measures shall
include such as jacketing columns or beams.

c) Member level strengthening measures that
enthance ductility of the member without
significantly increasing its strength/stiffness
are often wseful when analysis indicates that a
few members of the lateral-load resisting
system are deficient. One such measure is
Jacketing of reinforced concrete columns,
whichimproves the member level ductitity by
increased confinement.




8.2.2 Eliminating or Reducing Structural frregularities

8)  lrregularities related to distribution of
strength, stitfness and mass result in poor
seismic  performance. Often  these
irregularities exist because of discontinuity of
structural members. Simple removal of such
discontinuities may reduce seismic demand
on other structural components to acceptable
tevels.

b) An effective measure 10 correct vertical
irregularities such as weak and/or sol storey
is the addition of shear walls and braced
frames within the weak/soft storey. Braced
frames and shear walls may also be effectively
used to balance stiffness and mass distribution
within a storey to reduce torsional
irregularities. Shear wall shall be placed such
that it forms an integral part of load flow path
tor Tateral loads. Minimum two shear wall
shall be constructed in each orthogonal
direction in opposite side of shear centre away
from centre as far as possible to add better
torsional resistatice to the entire structure, The
stitfness centre of the complete structure at a
floor level after adding shear wall shall be
such that eccentricity with respect to centre
of gravity of mass is reduced to a minimum.

¢) Seismic gaps (or movement joints) shall be
created between various parts of a building
with irregular plan geometry to separate it into
a number of regular independent structures,

However, care shall be exercised to provide _

sufficiently wide gaps to avoid the problem
of pounding,
8.2.3 Strengthening at Structural Level

In structures where more than a few critical members
and components do not have adequate strength and
ductility, an effective way is to strengthen the structure
$¢v that the overall displacement demands shall be
reduced. It may enhance force demands on some other
elements, which may require further strengthening.
Braced frames and shear walls are an effective means
of adding stiffness and strength.

8.3 Alternative Strengthening Qptions
8.3.1 Supplemental Damping and Iselation

Seismic isolation and supplemental damping are
rapidly evolving strategies for improving the seismic
performance of structures. Base isolation reduces the
demands on the elements of the structure. This
technique is most effective for relatively sttt buildings
with low profiles and large mass compared to light,
fle=xible structures.
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Energy dissipation helps in the overall reduction i1
displacements of the structure,

This technique s most effective in structures that are=
relatively flexible and have some inelastic deformationa
capacity.

8.4 Methods of Analysis and Design  fom~
Strengthening

8.4.1 Design Criteriu

The performance criteria for the design of strengthening
measures shall be same us for evaluation process s
defined in 5.

8.4.2 Member Capacities

Member capacities of existing elements shall be based
on the probable strengths as defined in 5 and also used
for detailed evaluation,

8.4.3 Analysis Options

The engineer may choose to perform the same analysis
as performed during the evaluation process.

8.5 Strengthening Options for Reinforced Concrete
Framed Structures

8.5.1 Jacketing

The deficient frame members and joints are identified
during detailed evaluation of building. Members
requiring strengihening or enhanced ductility shal] be
Jjacketed by reinforced concrete jacketing, steel protile
Jacketing, and steel encagement or wrapping with FRPs
where possible, the deficient members shall first be
stress relieved by propping,

NOTES

I Reinforced cancrete jacketing involves placement of new
longitudinal reinforcement and ransverse reinforcement bars
in the new conerete overlay around existing member.

2 Steel profile jacketing shall be done through steel angle
profiles placed ateach comer of the existing reinforced concrete
member and counected together as a skeleton with Lransverse
steel straps. Anoiber way iy by providing steel encasement.
Steel encasement is the complele covering of the existing
member with thin plates.

3 Retrofilting using FRPs involves mMacement ot composite

material made of continuous fibres with resin impregnation

on the onter surtace of the reinforéed conerete member,
8.5.L.1 Reinforced concrete jacketin ¢ of colunng

Reinforced concrete jacketing improves column
flexural strength and ductility, Closely spaced
transverse reinforcement provided in the jacket
tmproves the shear strength and ducti lity of the colwmn.
The procedure for reinforced concrere facketing is as
follows;

&) The seismic demand on the columns. in terms
of axial load P and moment M s obtuined.
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by The column size and section details are f)
estimated for P and M as detéermined above.

¢) The existing column size and amount of
reinforcement is deducted to obtain the
amount of concrete and steel to be provided
in the jacket.

dy The extra size of column cross-section and
reinforcement is provided in the jacket.

e) Increase the amount of concrete and steel
actually to be provided as follows (o account

for losses. A, =(3/2)A,and A, = (4/3)A,

where
A and A, = actual concrete and steel to g)
be provided in the jacker,;
and
Aland A, = concrete and steel values

obtained for the jacket after
deducting the existing h)
concrete and steel from their
respective required amount.

Existing column
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The spacing of ties to be provided in the jacket
in order to avoid flexural shear failure of colunin
and provide adequate confinement to the
longitudinal steel along the jacket is given as:

£

ey

!

il
S

i
where
£, =yield strength of steel,
Jix = cube strength of concrete,
d,, = diameter of stirrup, and
t; = thickness of jacket.

If the ransfer of axial load to new fongitudinal
steel is not eritical then friction present at the
interface shall be relied on for the shear
transfer, which shall be enhanced by
roughening the old surface.

Daowels which are epoxy grouted and bent into
90° hoek shall also be employed to improve
the anchorage of new concrete jacket.

Bent-down bars

New longitudinal
reinforcement

New transverse
stirrup

Existing column

New concrete

Jacket

Bent-down bars

Welding

overlay (jacket)

Fia. 2 RemNnitoreen CONCRETE

12

JACKETING
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8.5.1.2 The minimum specificutions for jacketing
columns are:

) Strength of the new materials shall be equal
or greater than those of the existing column.
Concrete strength shall be at least 5 MPa
greater than the strength of the existing
concrete,

b) For columns where extra longitudinal
reinforcement is not required, a minimum of
12¢ bars in the four corners and ties of 8 @
100 c/c should be provided with 135° bends
and 10¢ leg lengths,

¢} Minimum jacket thickness shall be 100 mm.

d) Lateral support to all the longitudinal bars
shall be provided by ties with an included
angle of not more than 135°,

€)  Minimum diameter of ties shall be 8 mm and
neit less than one-third of the longitudinal bar
diameter.

) Vertical spacing of ties shall not exceed

200 mm, whereas the spacing close to the
Joints within & length of % of the clear height
shall not exceed 100 mm. Preferably, the
spacing of ties shall not exceed the thickness
of the jacket or 200 mm whichever is less.

8.5.1.3 Fibre jacketing of a beam

Dimensions of FRP jacket is determined assuming
composite action between fiber and existing concrete.
The rupture strength of FRP is used as its limiting
strength.

Limit state moment capacity of FRP retrofitied member
is given by:

Ultimate flexure strength is determined based on the
assumption that compressive concrete reaches a strain
of 0.003 5 and FRP reaches its maximum strain,
Shear strength of a beam after strengthening:

V=V,

cont Vo + Vi
w here

Viw =T.xbxD

V., =087xf xA, x(dis)

d
Vmp = Afff [:
Ve = shear contribution of concrete;
V., = shear contribution of steel; and

3

V| = shear cantribution of FRP sheet,

8.5.2 Addition of New Structural Elements

Onie of the strengthening methods includes adding new
structural elements to an existing structure to increase

13
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its lateral force capacity, Shear walls and steel hracin o)
shall be added as new elements to increase the strengt K
and stiftness of the structure.

B8LY Addition of reinfurced concrete shear wall

Addition of new reinforced concrete shear wall s
provides the best option of strengthening an existin g
structure for improved seismic performance. Tt add =
significant strength and stitfuess to framed structures .
The design of shear walls shall be done as per IS 13920 |

4)  Where vertical shear walls are insertecd
between existing columns shear transfe -
reinforcement (dowel burs), perpendicular tc
the shear plane, is given by:

V,

U

="
Sk

Avf

where

V, = aliowable shear force not greater
than 0.2f, A, or 5.54,_ (A, is the area
of concrete section resisting shear-
transfer);

# = coefficient of friction:

= 1.0 for concrete placed against

hardened concrete with surface
intentionally roughened;

= (.75 for concrete anchored to as—
rolled structural steel by headed
studs or by reinforcing bars: and
1 = efficiency factor = (0.5

b) The number of bars required for resisting
shear at the interface are given by:

_ A
+
A vl
where
Al = cross-section area of a single bar,

¢) The minimum anchorage length of the
grouted-in longitudinal and transverse
reinforcement of the shear wall in to the
existing components of the building shall nat
be less than 6 times the diameter of the bars
(vee Fig, 3).

d)  Wherever thickness of column is 250 mim or
less. shear wall shall encase the column by
wrapping shear wall reinforcement around
column after roughening reinforced concrete
column surface. Tn case where shear wall
spans perpendicular ta the larger dimension
of columin, the transverse reintorcement of
shear wall shall be anchored und wrapped
around the column surface as shown in the
skelch.
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8.5.2.2 Addition of steel bracing

Steel dingonal braces shall be added to existing conerete
trames. Braces shall be arranged o that their centre line
passes through the centres of the beam-column joints.
Angle or channel steel profiles shall be used. Some of
the design criteria for braces are given below:

4) Slenderness of bracing member shall be less
or equal to 2 500/ ﬁ .

b) The width-thickness ralio of angle sections for
braces shall not exceed 136/ \/)T\ .Forcircular

sections the outside diameter to wall thickness
ratio shall not exceed 8 960/f,. and rectangular
tubes shall have an out-to-out width to wall

thickness ratio not exceeding 288/ \/JTP .

¢} In case of Chevron (inverted-V) braces, the
beam intersected by braces shall have
adequate strength to resist effects of the
maximum unbalanced vertical load applied to
the beam by braces. This load shafl be

campression P

d)  The top and buttom flanges of the beam at the=
point of intersection of V-braces shall he~
designed to support a lateral force equal to 2
percent of the beam flange strength £,b,.

¢} The brace connection shall be adequalex
against out-of-plane ftailure and brittle
fracture. Typical connection detail is showia
in Fig, 4.

Gusset plate

4A Brace Connection Details
2g X,

e . Potential
hinge line

L
#+

4B Gusset Base Connection Detail

F16. 4 Brace CONNECTIONS

8.5.2.3 Pre-fabricated steel bracing sub assemblages
as shown in Fig. 5 may be used, for ease of
construction, Braces in X-, V-and inverted V-shall be
arranged inside a heavy rectangular steel frame, which
is then placed in frame bay and firmly connected.

T
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