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FOREWORD

As a fallout of 2001 Bhuj Earthquake, disaster mitigation & management has been given top
priority by Govt. of India. Some of the notable contributions have been enactment of Disas-
ter Management Act in 2005, National Disaster Management Policy in 2009 and now National
Disaster management plan in 2016. Also, globally, through Sendai Framework for Disaster
Risk Reduction 2015-2030, all countries are committed to enhance disaster resilience and
adopt best practices from all over the globe. Also, Sustainable Development Goals 2015-30,
lays down emphasis on making cities safe, resilient & sustainable and recently held COP 21
Paris agreement speaks about the issue of increase disaster risks from the adverse impact
of climate change. Out of several hydro-metrological & geo hazards, Earthquake has been
one of the most lethal hazard taking away human lives in matter of seconds. As per esti-
mates, the loss of lives per year due to earthquake is more than 15000 globally. It is a known
fact that the main catalyst in triggering loss of human lives has been our built environment
in particular our buildings. There are gaps as regards construction practices in vogue, the
knowledge about earthquake resistant construction, the design principles, the associated
codes and whole gamut of other parameters such as capacities, education, implementation &
awareness. BMTPC in its endeavor to have earthquake resilient India has been in forefront
and brings out simple o comprehend guidelines, manuals, illustrations which can help not only
professionals as well as common people so as to understand the complexities of earthquake
resistant design & construction. Some of the milestones of BMTPC has been Do's & Don'ts,
Earthquake TIPS, Vulnerability Atlas of India and district wise Earthquake Hazard Maps for
the entire country. Nevertheless, a lot still is desired and to be achieved to reach out to the
common people and spread awareness so that there are no deaths during future events. Tak-
ing this forward, BMTPC joined hands with Department of Earthquake Engineering (erstwhile
School of Earthquake Engineering), IIT, Roorkee to prepare a document which in common
parlance though diagrammatic representations explains the earthquake design & construction
principles keeping in mind the common man.

It is indeed a matter of great gratification for me to present this Guidebook on the World
Habit Day 2016 with a theme 'Housing at the Centre'. The manual has three sections and
covers all aspects of earthquake engineering ranging from non-engineered construction to
RCC, multistoried buildings, thumb rules to classical design & construction principles and also
seismic evaluation and retrofit. The meticulous job done by Dr. Pankaj Agarwal, Professor,
Department of Earthquake Engineering is laudable as it is difficult fo translate complex en-
gineering into simple comprehensible language. I sincerely hope that document will serve as
a useful resource document to dispel the myths of earthquake engineering and help citizens
of India to build better & resilient houses which will cause no loss to human lives.

Let us transform India by building safe resilient houses

7™ Day of September, 2016 Dr. Shailesh Kr. Agrawal
New Delhi Executive Director, BMTPC
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PREFACE

The “"6uidebook on Earthquake Resistant Design and Construction” has been prepared
for Building Materials and Promotion Technology Council (BMPTC) under a project. The
purpose of preparation of the guidebook is that a common man who has no idea/exposure
to earthquake engineering can make his house seismically safe. However, it is very difficult
for the author of the guidebook to entirely eliminate all the intricacies of earthquake
engineering and present the matter in a fashion understandable to all. Here an attempt
has been made so that the owner of a house/building can ensure the safety of his house
from the earthquake point of view. Three sections in the guidebook have been prepared
to fill this objective.

The first Section entitled "How to make a dream house earthquake safe” is a guideline
to construct a masonry house consisting of brick, block, stone, adobe etc. with mortar.
Such type of construction is called load bearing walls construction. Most of the Indian
population is living in this type of constructions. Past earthquakes in India reveal that most
of the causalities have occurred only due to collapse of these constructions. Therefore,
it is necessary to reduce earthquake disaster in a common man's house making it seismi-
cally safe.

The second Section entitled "How to ensure the seismic safety of multistory reinforced
concrete buildings” encompasses buildings in which people live in flats i.e. frame construction
with beam, columns, shear wall etc. This type of construction is safer than the first type
of construction if it is made on the basis of BIS code recommendations. Two BIS codes
namely IS 1893 and IS 13920 are generally used for the earthquake resistant construc-
tion of multi-storey framed buildings. These codes are not easily to understand for our
design professional and architects since they are accustomed to the conventional design
but not earthquake resistant design. The main reason is that, earthquake engineering in
the past was available only at a few places and most of the engineering colleges either did
not include earthquake engineering in their curricula or at the most one or two optional
courses. Therefore, the graduates of civil engineering either had no idea about earthquake
engineering or only a little bit which was not sufficient for a design professional. However,
after the Bhuj earthquake on January 26, 2001 there have been number of technical pro-
grammes or schemes launched by different ministries with the help of technical institu-
tions on earthquake engineering education in the form of short ferm courses.

The final and third Section entitled "How to Analyze, Design, Evaluate and Retrofit
Multistoried RC Framed Construction for Earthquake forces” is useful for those profes-
sionals who have interest in seismic analysis and design of multi-storey reinforced concrete
buildings. This guidebook will help to analyze the structure for earthquake loads as per
IS 1893 and design the same with the help of IS 13920. A number of practical examples
have been given so that one can easily understand the clauses of these codes.

This guidebook not only cover the details of earthquake safe construction but also provide
direction to evaluate the seismic capacity and vulnerabilities of a house/ building for future
earthquake. If the house/building is found seismically deficient, a number of techniques

™)



have been suggested to increase/upgrade their seismic capacity for the future earthquake.
These techniques are called retrofitting measures. The guidebook also suggest measures
to repair and retrofit an earthquake damaged house/building. In short, the guidebook have
covered all the details to make earthquake safe construction (new or existing) of a house
or multistory reinforced concrete buildings.

The format of the guidebook has also proved to be another challenging task as to how
each constructional detail is to be explained; to what extent and in what manner so that it
can implement in the field and at the same fime the study of guidebook may not be boring.
Therefore, the guidebook have been prepared in the form of question - answer format to
maintain the reader’s interest. These questions are almost independent so that the reader
may fulfill his query by selecting the particular question or part. The author has provided
the minimum required information alongwith the possible diagram/sketches.

I hope this guidebook will fulfill the requirement and serve the desired purpose. To pre-
pare the guidebook a bulk of literature available at institute's library as well as internet
has been utilized and proper credit is given to best of my knowledge. Up-to-date and
advanced information is included in preparation of the guidebook. A selected list of main
documents used in the preparation has been given at the end. The author has also invited
constructive/positive comments so that the guidebook may further be improved and be
successful in their objectives. Finally T am thankful to BMTPC for providing the help and
particularly Dr. Shailesh Kumar Agarwal, Executive Director for inspiring to prepare such
guidebook.

Pankaj Agarwal

Professor

Department of Earthquake Engineering
Indian Institute of Technology
Roorkee
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A House and its Behavior during
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1.1 A House?

A house is living place that protects from the ill effects of environmental forces and
weather extremes such as heat, cold, rains, stormy winds, loud sounds and vibrations pro-
viding a comfortable atmosphere for living. It also provides privacy and security including
limiting entry by unwanted elements. But imagine! What will happen if the safety of the
house comes in trouble in the aftermath of natural forces like earthquake?
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1.2 How a house is built?

If a house is observed while being built one may notice a number of stages and operations
which are carried out to construct it such as

Digging of a trench for the foundation - to ensure that the house may neither settle,
slide nor overturn under forces like wind, earthquakes, etc.

Laying of foundation on a soil stratum - to transmit the loads (horizontal and vertical)
acting on the house to the ground

Laying the plinth - to provide a uniform horizontal leveled surface to construct the super-
structure which is visible. The part below the plinth level is called sub-structure while above
the plinth level it is called superstructures.

Laying of damp-proof -course (dpc) - to restrain penetration of moisture from the ground
to the superstructures

Construction of external walls - to protect the house from the ill effects of natural
and environmental forces minimizing interference by others and acting as a medium for
transferring loads to foundation. The walls also act as load bearing walls for vertical loads
and shear walls to resist lateral loads arising due to earthquake, wind, blast etc.

Construction of internal walls - to provide internal management of the house and rest
with minimum interference by member themselves.

Laying of roof - to provide a shelter from natural forces, o unite all the external and
internal walls under the vertical and lateral loads and to provide a horizontal surface for
the upper storey. It is also called diaphragm as it plays vital role in transferring the lateral
loads to the foundation

Laying of floor - to provide a smooth horizontal surface for movement that divides the
house in vertical segments called stories

Construction of parapet wall- to protect from falling of the object or a person from the

roof

Different types of structural layout may be possible for a house but basically it is primary like a box whose upper and lower
sides are roof and floor respectively and vertical sides are wall. These sequences will continue for the next storey also,
except substructure part. This type of construction in itself is very robust to resist the particularly vertical load.

-2 Brick block

WH:D/ cavity wall =
Damp-proof
course
Superstructure
\ ——
£ Plinth + DPC
—_—
o
[Te)
w
2 L—/ Substructure
& Backfill
$ | [ |
—_—
=
E Foundation
=]
ol
——

(Practical minimum)
for brick laying

Sequence for a construction of a house




I]mlﬂﬂ Guidebook on Earthquake Resistant Design and Construction

1.3 How does an earthquake affect the house?

First of all, know about the earthquake and its consequences. The phenomenon of an
earthquake can be simply explained like sudden throwing of a piece of stone in a large
calm pond of water. As the water body behaves consequently, similarly the earth surface
or ground behaves after an earthquake. Technically, an earthquake is a sudden tremor or
movement of earth's crust originating naturally at or below the surface, transmitting the
seismic waves in all directions horizontally and vertically. This leads to shaking of ground
which in turn imparts horizontal forces due to inertia of the house which is initially at
rest. It is just as we experience inertia forces in daily life e.g. moving or traveling in a car
or bus; as driver suddenly applies brakes we move forward and as he accelerates we move
backwards. Inertia force is instantaneously felt in a direction opposite to the direction
of base acceleration.

2. Inertia force on person or building

[ Y

o

1. Acceleration of truck or ground

o

\z'lnema force

\O

1. Deceleratlon (Braking)

A house during earthquake
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1.4 Why does a house damage during an earthquake?

A house is generally made to resist vertical loads such as weight of the building itself,
weight of persons and environmental loads (snow, rains efc.). Fortunately all the forces
often act in vertical direction except wind or earthquake. Wind forces are not so intense
to affect the stability of a house unless constructed in wind prone areas. But earthquake
forces, generally proportional to the weight of house are called inertia forces act in
horizontal directions. It is very much like our natural resistance for vertical loads since a
gravitational force always acts on us vertically downwards but if someone suddenly pulls or
pushes us we generally destabilize and may fall. Similarly, a house resists gravity loads but
can not endure horizontal loads because lack of resistance to such loads, which is mainly
responsible for damages or collapses in earthquake.

Inertia force resisting change
in motion. Inertia forces act in

a direction opposite
to direction of acceleration

Earthquake force accelerating house
in horizontal plane. Direction of
acceleration is reversible.

Deformation and damage of a house during earthquake*®
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1.5 What type of failure may occur in a house?

The observation of a house plan may reveal the presence of walls in two orthogonal direc-
tions. When the ground beneath the structure moves, motion is induced in all directions.
To understand simply lets resolve the base motion in three directions; two along the plan
of house in which the walls of the house are located and one in vertical direction i.e. along
the height of the house. The house normally resists vertical components due to its natural
resistance to gravity loads except in epicentral region where induced vertical accelera-
tions could be large. The vertical component of motion is generally weaker than horizontal
components and is usually less than 67% of the horizontal ones. All the walls parallel fo one
horizontal components of earthquake motion behave as in-plane walls or shear wall and
perpendicular walls simultaneously resisting out-of-plane bending by flexure behave as
flexure walls. The same explanation holds for the motion in orthogonal direction.

é Direction of seismic action ~ b ~
; \ _— | NN
Out-of-plane bending \ / v
? N / N\ \
\
I o |
| Si |
| Shear Shear IJ
I~
I | I ¥ T T /
/ / / I | | /
/ / / | | / / /
/ | I /
/ Flexure / /
/ / Flexure

Typical failure of a house during earthquake?®
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1.6 What are the possible ways of damage in a house during
earthquake?

The structure of a house may be different depending upon type of construction, sites,
structural topology which varies in different regions but the damage by an earthquake
may be identified uniformly. The most common type of damage noticed in past earthquakes
may be categorised as; Out-of-plane failure of a wall; Damage around openings, In-plane
wall failure; Excessive diaphragm failure; Wall- diaphragm tie failure; Parapet failure;
Non-parapet failure hazard such as balconies, overhangs etc.

Wall-diaphragm tie failure Wall failure in bending between diaphragm

Roof and / or floor collapse Soft story or other configuration
induced failure

Typical failure mode of a house during earhquake*®
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1.7 Why are the masonry houses more vulnerable to earthquake
forces?

Most of the houses are constructed with locally available materials such as brick, stone,
block, adobe etc. which are termed as masonry construction. In contrast to other materials;
masonry has wider acceptability which depends upon locally available materials, climatic and
functional requirements, technical knowledge and traditional practices. But such materials
make a house stiff and heavy with low seismic resistance due to limited tensile and shear
strength. These constructions do not posses any ductility (ability fo deform in inelastic
state) and ability for energy dissipations. Therefore, these constructions are much vulner-
able to earthquake forces since the earthquake resistant capacity of a house can be simply
expressed as - the product of resistance and ductility and in case of masonry construction
both the quantities have a lower value as compared fo other contemporary materials; the
product of both the terms further decrease the earthquake resistance capacity.

Masonry walls being made from discrete units lack structural integrity which is another
cause of weakness against lateral loads. Moreover, wall and floor masses create large in-
ertia forces and with the absence of bond among the walls, walls and floor/roof result in
the loss of box action and each wall of house behave independently in out-of-plane action.
As we know the capacity of a wall against out-of-plane action is much less to its in-plane
capacity therefore the walls of the houses may fall outward and consequently the roof
may collapse.

v
?«“’\O\)P
M

Seismic behaviour of a building
with poor connection between walls

Failure of a masonry house?®*
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Possible Ways to Increase the
Earthquake Resistant Capacity of a House

11
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2.1 Can a house resist earthquake?

Why not! It is possible o make an earthquake resistant house. Some damages may occur
but it will not collapse. Just as a child is to be saved from various fatal disease by fol-
lowing vaccination program regularly right from the beginning; similarly to save a house
from earthquake, a number of provisions and precautions are to be taken since its incep-
tion - planning, construction and post construction. These provisions are called earthquake
resistant measures even available in BIS code of practices. First of all it is necessary to
know how these provisions work to save the damage in a house during earthquake.

IS 4326 : 1993
{Reaffirmed 2008)

(2005-01)
YT A
el ot e e feere ol wver — A e
(R 750477
Indian Standard

EARTHQUAKE RESISTANT DESIGN AND
CONSTRUCTION OF BUILDINGS —
CODE OF PRACTICE

( Second Revision )

{Incorporating Amendment Nos. 1, 2 & 3)

UDC 699.841 (026)

© BIS 2005

BUREAU OF INDIAN STANDARDS
MANAK BHAVAN, 9 BAHADUR SHAH ZAFAR MARG
NEW DELHI 110002

Price Group 11

BIS codes on earthquake resistance measures in masonry houses
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2.2 How does a house resist earthquake loads acting on it?

A house is constructed on certain design principles irrespective of its vertical height which
vary from single to four stories. The seismically ideal condition of a house is that verti-
cal load is transferred to the foundation through the load bearing walls while the lateral
load is carried by the composite box structure. The seismic efficiency of load bearing
structures largely depends upon the lateral load resistance of the walls of a house. The
walls spanning vertically between horizontal diaphragms (floors) face lateral loads caused
by earthquake. The floor acts as rigid diaphragm transferring the loads to in-plane walls
which in turn fransmit the forces to the ground. Such structures are quite stout having
short span concrete slab system supported by numerous walls running in both the principal
directions of a house. The efficacy of the system relies on the capability of the individual
masonry elements sustaining it to share loads along with their mutual connection to trans-

mit forces.
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i
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Vertical load resisting mechanism in a house
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N
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load

Wall —r
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A B c

Lateral load resisting mechanism in a house”
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2.3 What are the main components of a house to resist the
earthquake?

A house is a composite unit or assembly of certain components namely structural components
and non-structural components. The combined performance of individual system enables
it to resist vertical and lateral loads. The structural components transfer the horizontal
and vertical loads comprising of roof, walls, connection of roof and walls, connection of wall
to wall, floors and foundation and its ground stratum. Non-structural components provide
utility services to the occupants such as balconies, projections, parapet walls, staircases,
overhead tanks, chimneys etc. But the failure of a non-structural component also brings
about severe damage hence proper connection between non-structural components and
structures also matters.

Structural Components of
a house

Non- Structral Component
of ahouse

Structural and Non-structural components of a house should be connected to
each other
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2.4 How floor and roof systems behave during earthquake?

Floor systems in a house carry out dual functions i.e. supporting the vertical loads and dis-
tributing lateral loads to shear walls (in-plane walls). Walls perpendicular to the assumed
ground motion must span vertically between the floor diaphragms so that the inertial effect
of half of the wall height may be transferred to floor diaphragm already bearing its dead
loads. Generally house roofs are of two types (i) RCC or RB type also called rigid slab; i.e.
a 75 mm thick concrete slab provides a rigid diaphragm action, effectively suitable for
irregular floor plan or odd span (ii) wooden slab, tiled roof efc. i.e. flexible roof system
which is more vulnerable to earthquake forces due fo incapability of transferring inertial
effect to the shear walls and has torsional forces. Failure of rigid diaphragm is very rare
during earthquake while the flexible diaphragm fail during earthquake.

Therefore, the first way to protect a house from earthquake is that it may have a rigid
type of slab such as RCC or RB with a minimum of 75mm thickness. In case of flexible
type of roof like gable roof it should be properly braced in both the directions so that a
rigid action can be achieved and should be adequately anchored into the R.C. bond beam.
The following additional requirements should also be considered (i) each floor should be
situated in a single plan avoiding sharp dis-levelment (ii) rigid behavior of horizontal dia-
phragm should not be altered by the presence of discontinuities such as staircase, large
opening zones should be reinforced by bond beams (iii) Two way slabs are preferred in
place of one way slab (iv) to reduce seismic loads, light roof structural system and roof
cover (tiles) are preferred.

. | | "

i‘\ 4 Anchaor 1 |
o i Anchor — [t I |
1 b_._. .._, 4 k '.'_._'_.'.}

Wyl | e Bond-beam o o Vi
= ond-baam

Two way rigid slab or adequately braced in both direction gable roof is
preferable for transferring of earthquake forces?®
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2.5 How do wall systems behave during earthquake?

The in-plane walls, to which the inertial forces are, transferred, may have three modes
of failures under varying loading conditions namely vertical and horizontal mainly due to
earthquake (a) sliding or tensile failure at the heel of wall (b) diagonal shear failure (c)
flexure failure at the toe of wall. Toe failure occurs due to crushing under bi-axial compres-
sive stress; failure at the heel occurs when vertical loads are lower to lateral loads which
develop tensile stress normal to the bed joint with consequent horizontal cracks. Failure
in the center of walls is described as diagonal shear failure, and infact takes place in the
bed and header joints under a combination of principal tensile and compressive stress with
subsequent sliding along the joint. The shear strength of the wall increases with increase
in vertical loads. The stress distribution within a shear wall is complex and depends upon
the geometry of wall, the nature of the load application, the presence of opening etc. Un-
less the major openings or discontinuities are present none of the above failure modes can
normally cause complete collapse of the wall. If the in-plane shear capacity of the wall is
adequate resisting the combined effects of inertial forces, all the inertial forces will be
transferred to the foundation.

Therefore, the second way to protect a house from the earthquake is that its walls
should have sufficient in-plane strength which largely depends upon the unit and mortar
strength, thickness of wall and even the vertical load acting on the wall. Unit and mortar
as recommended by the code but the minimum thickness of wall must be 9" (225mm) and
for vertical load of all the walls of the upper stories in one vertical plane.

Sliding shear Flexural

:[I:LT:LI_, Shear
i i e [

Possible mode of failure of in-plane wall??

Unit and mortar as
15:4326 specification

Minimum thickness
of wall 9 inches /
Openings in the
wall as minimum,
centrally located,
not more than 40%

area of wall &I\’
™\

Possible way to prevent in-plane wall failure
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2.6 How important is the roof/floor wall connection for resisting
earthquake?

Ina house, the connection between floors and walls is vital link since is has two main func-
tions and unfortunately both are opposite to each other. At one time it provides lateral
support to the wall to resist the earthquake loads under the in-plane action as well as out-
of-plane. On the other hand the connection must allow progressive movements which occur
in between the two elements due to the effect of temperature, concrete shrinkage and
masonry growth or shrinkage. If the first objective is achieved by providing a monolithic
connection in between the floor and wall then it is difficult to achieve the second objective
i.e. a free movement at the interface of floor and wall that might create cracking at the
interface. Therefore, the ideal condition for the connection of floor and wall in a house
from seismic point of view is monolithic but practically one can rely on friction but in that
case masonry house may face some potential serviceability problems.

R.c.slab

A A L A

I — ]
|

Bond-beam

Bond-beam

Bond Beams in masonry buildings?®

Slab and wall should be well

connected preferably with corner

steel, otherwise friction connection Slab wall
may also be sufficient

jm s o et
Corner stee

Floor and walls should be connected to each other either by bond beam or
vertical tie member

17



I]mlﬂﬂ Guidebook on Earthquake Resistant Design and Construction

2.7 How wall to wall connection is important for resisting
earthquake forces?

Wall to wall connection is another important link to improve the earthquake safety of a
house. This connection provides an integrated action among all the walls of a house that
will be very effective for resisting the earthquake forces. In common house construction,
the wall to wall connection is provided in the form of toothing i.e. two orthogonal walls
are connected by creating a half brick gap in alternate courses. Past experience reveals
that this form of connection does not behave satisfactorily during the earthquake. Since
this connection is neither capable to integrate all the walls nor does it unite the corners
where this connection is made.

Therefore, the third way to protect a house from the earthquake is that all the walls act
in an integrated manner and the corners (L, T, + etc) of the walls must be properly rein-
forced so that their chances to split out are as minimum as possible. This can be achieved
by providing the horizontal bands along the height of house running in all the walls either
externally or internally as well as by providing vertical steels at all junctions of wall. The
details of these features are given in the BIS codes. Sometimes dowels in place of hori-
zontal bands may also be another cost effective alternative solution to integrate the walls
and strength of the junctions of walls but of course less effective.

I

4 Tie-column

>0.5m

# Bond-beam

Lond-heal(%
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1
]

Solid RC slab

E E Lintel band

Corner steel at the

/interseclmn of wall
L

Plinth level

All exterior and interior wall must be integrated by proving horizontal band and
vertical tie members (tie corner, vertical steel)
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2.8 How each non-structural component is affected by an
earthquake?

A parapet wall and other free standing elements are the most common type of non-structural
systems which have little resistance to lateral loads due to low flexural strength. They rely
on gravity for stability. Some form of flushing of the base exuberate the situation. Being
at or near the top of structure where the effects are magnified by the dynamic response,
this element is easily damaged by bending or overturning. Failure of parapet may be fatal
when it overturns outside, crushing people or damages parked or moving vehicles. It is
desirable to avoid such elements or to support them by local reinforcement. Alternatively
un-reinforced parapets can be designed to span horizontally between returns or piers which
themselves can designate to provide overall stability. Some times a bond beam occurring
at roof or floor level may be used at the top of the parapet wall.

Parapet Wall Parapet wall should
be well connected
/ from roof and provide
a band beam at
:;I;,——l— :l-_l__l;l_l—_ top of parapet
Roof
1 1 1 i - Lintel band

Corner steel at the
intersection of wall

Ve

Plinth level

XK

Parapet wall and other nonstructural element should be properly connected to main
structural system
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Planning Consideration of a House to
improve the Seismic Behavior
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3.1 How far construction site affects house stability during
earthquake?

The stability of a house in either case much depends on the type of soil at the construc-
tion site. The ferm soil describes the top layers of material constituting the earths crust
in varying proportions including three basic materials air, water and solid particle. The
major classification of soil is by particle size of solid elements namely either fine grained
i.e. silts and clay or coarse grained i.e. gravel and sand. A simple test to identify soil is to
disperse a quantity of soil into a container of water and note the rate of sedimentation.
Sand and gravel settle quickly within about 30 seconds. Silt settles within 15 to 60 minutes
while clay remains suspended for several hours. As a rule the stability of soil depends on
the increase in particle size. Sand and gravel soils are the best for construction. Silt is
coarse than clay but finer than sand hence is stable, cohesive in nature, fend fo compress,
deform and creep under constant load particularly vulnerable to volumetric changes induced
by moisture variations. The clay is a culprit to foundation stability. If the soil is clayey a
number of precautions are required.

Rock is also a soil strata generally assumed as good site for construction. But this hypoth-
esis is not always true because bearing qualities of rock are dependent on factors such as
presence of bedding plane, faults, joints, weathering, cementation of constituents efc.
resulting in foundation failure particularly in earthquakes. Therefore, the stability of
rock may also be ensured before the construction especially in case of earthquake prone
regions. The foundation should not be laid on stepped rock unless in a hilly ferrain where
a special precaution will be required.

If the construction site is not leveled and required filling, compaction of soil is a must upto
the similar densities and nature as the native and virgin soil. In case of silt and clay, soil
compaction is more severe. There are some sites where soil condition is very poor which
is not able to resist loads such as peat, organic fills, loose filled soils, shifting soil at base
of hills. Sometimes the sites are prone to landslide and liquefaction and must be avoided.
Saturated cohesionless soils are prime to liquefaction besides a category of silty soils may
also liquefy during earthquakes.

Clay Silt Gravel Rock

Worst * Best

Stability of seil increases as it particle size increases

Plinth

Un-compacted ar fill s0il should be
well compacted as the native soil
otherwize foundation should kept
at native orvirgin zoil af least at a
depth 2W . where W iz the width
of foundation

Mative |
z0il

Suitability of soil at construction site
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3.2 How much depth of soil can affect the stability of a house
during earthquake?

After the selection of site, the depth of a good soil is the next issue for seismic effi-
ciency of a house. As a thumb rule for a common house construction which is having a strip
foundation with a width W whose load may be Q, requires the depth double the width for
diminishing the load effect. At a depth of W/2 the load will remain only 0.8 Q and will
keep on reducing; at a depth equal to the width it will come to just 0.5 Q and at a depth
2W it will be about 0.1 Q or even less. This suggests that the depth of good soil should
be about 2 W.

20%

10% l Y

Depth and width required for a good soil at the construction site®
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3.3 Which type of foundation is suitable for a house?

Foundations provide the supporting link between the house and the ground, transferring the
vertical and horizontal loads o the latter. Hence foundation must be on firm stratum with
sufficient resistance for sliding or overturning of a house during earthquake. To perform
satisfactorily the foundation must withstand ground movement limiting distortion of the
house to tolerable levels.

The usual concept of foundation for low rise buildings is to build walls either directly on to
the bottom or on fo a thin layer of rubble compacted in the bottom of trench. Later strapping
and corbelling of the brick work at the base of wall is to introduce to form footing. For
better construction the bottom of the trench is needed to be lined up with a layer of weak
un-reinforced concrete. The design width of footing should not only satisfy allowable stress
in the foundation material but should also be varied so that neither excessive settlement nor
differential settlement may occur.

When the bearing capacity of the soil is insufficient for strip footing the area of footing can
increase. A mat/raft covering the whole building reducing soil stresses to an acceptable level.
The raft/mat must be strong and stiff which distributes foundation loads and helps to reduce
the distortion in the brickwork. Such foundation is expansive for masonry building.

Another option to support the strip footing is by piles or by piers. In these cases, the wall
and footing can be connected to become a composite beam spanning between the piles or piers
with no support assumed from the soil beneath it.

Ralt Foundatan

Strip Foundation

Sheething——£

Brick veneer
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Piers and beam design (typical)

Different type of foundation used in houses depending upon the condition
of site®
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3.4 What is the ideal plan of a house for resisting earthquake?

The building plan of individual house depends upon parameters such as shape, size, and ori-
entation of the site, relation to neighboring building, internal communication route, natural
lighting requirements and the function for which the building is designed. The square and
rectangular building plan performs better than those with many projections. The total
dimensions of the projection, re-entrant corners of recesses in one direction should not
exceed 25% of the overall dimensions of the building in the corresponding directions. In
case of long rectangular buildings it is desirable to limit the length of a single part up to
four fimes its width. The plan must be symmetrical along both the axis which will prevent
possible torsional vibrations causing unexpected behavior. For unsymmetrical plan such
as L, T, + shaped, a separate joint can be provided o separate the building into differ-
ent parts to maintain symmetry and regularity. To prevent hammering effects between
the adjacent parts, the separation width should not be less than 30mm with an additional
10mm for each storey with building height exceeding 9m. The seismic joint can be filled
or covered with flexible and water proof materials.

— LE=EB— ; l<4B *» »———— L<4B ———

. . I! <B/4 I

Examples of regular configuration of masonry buildings in plan

B

w— L<4B— — L<4B—

-

Seperahon Seperatlon N

Irregular masonry buildings should be separated in regular sections??

25



hm IFE Guidebook on Earthquake Resistant Design and Construction

3.5 What may be the ideal elevation for a house for resisting
earthquake?

The seismic capacity of a house decreases with increasing height i.e. increasing in number
of stories. Partially reinforced masonry or masonry with all earthquake resistant mea-
sures may allow upto 3 to 4 stories adequately serviced by the staircase. Masonry houses
more than 4 storeys require special emphasis on design and construction and the use of
reinforced masonry for the structural system. The main requirements for finalizing the
vertical planning are symmetry, regular elevation, and uniform distribution of resisting ele-
ments, stiffness, and masses along the height. Avoiding concentration of masses at upper
stories, sudden changes in stiffness caused by changing the dimension in plan, distribution
and type of structural elements may reduce possible damage. When significant changes in
elevation occur a vertical isolation joint can be inserted to separate buildings to prevent
them from hitting each other under earthquake loads.

Mix structural system such as combination of masonry structural walls at one storey and RC
frame structural system to adjacent storey are also to be avoided or should be reinforced
with vertical and horizontal reinforcement. RC columns should be part of framed system
connected to walls to ensure distribution of loads among the walls and columns.
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Mixed structural system should be avoided??
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3.6 What type of wall layout is desirable from earthquake point
of view?

Earthquake motion is three dimensional phenomenons. It is unpredictable as to which will be
the main direction of motion. Hence the resisting elements should be designed to resist the
seismic excitation in both principal directions otherwise the consequences may be serious.
The building structure is approximately symmetrical along each principal axis regarding
lateral stiffness and mass distribution, but it is not subjected to significant torsion. A
sufficient number of structural walls with approximately the same cross-sectional area
and stiffness should be provided in each direction. The building with regular structural
layout, with walls properly connected together at floor levels has often performed well.
Therefore, the structural systems must be simple and regular consisting of load bear-
ing walls and cross walls that do not change their position and shape along the height of
building, evenly distributed in both directions with gravity and seismic loads transmitted
in a clear and undisturbed way from element to element and the induced seismic energy
dissipating uniformly over the entire structure. In the absence of uniform distribution
concentrations of stress occur resulting a heavy damage and collapse of the structure.
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Effect of wall arranaement on torsional resistance’

Effect of wall arrangement on torsional resistance”
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3.7 Are some considerations needed in the planning of exterior
walls?

Apart from height limit the most significant impact of the code are the requirements
associated with tying and detailing which is already discussed in previous section. The
designer must ensure that the walls should span vertically between the floors and hori-
zontally between cross walls behaving in fwo way flexure. Non-load bearing walls and free
standing elements must be supported.

Floor slab
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Lateral load resistance of walls (a) not preferred (b) preferred:
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3.8 Are some considerations needed in the planning of openings
in exterior walls?

In-plane walls subjected to lateral loading, concentration of the stresses first occur at
the openings provoking large strain resulting in cracking masonry elements and degradation
in stiffness. The openings in the walls for windows and doors affect lateral stiffness and
reduce seismic resistance. The effect depends upon the size and location of the opening.
In case of 3 or 4 storied houses, shear forces increase from top to bottom; hence small
opening in lower stories is only recommended. Large openings may be provided with in-

creasing number of stories. Staggering openings opposed to align openings produce better
coupling for vertical section.
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3.9 Is a gap required between nearby houses to avoid hitting
against each other during earthquake?

A very common phenomenon is that a building or a house is closed i.e. wall to wall contact
on the three sides of the other house. In such a situation, an earthquake can cause a
house which is not sufficiently separated to pound against each other severely by heavy
hammering. Adequate clearance must be provided so that each can move laterally without
interference or contact. Rocking or settling of the foundation and actual deflection of the
structure itself, separation at the top of the shorter structure should at least be equal
to the sum of the total deflection. For a typical masonry, wall construction less than 25m
in height an arbitrary rule of thumb for such a gap is 50mm for the first 5m of height
above the ground plus 10mm for each additional 3.3m in height is required.
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3.10 What additional measures are to be considered in roof and
floor systems of a house for resisting earthquake?

Generally roof and floors do not take part in resisting earthquake loads. Therefore, they
are designed on the basis of vertical loads but must be strong enough to transfer a force
which means adequate in-plane rigidity. The cast in-situ two way slab is the ideal solution
for roofs and floors. Rigid floor action is necessary to distribute forces to individual shear
wall. They should be firmly connected by steel ties or RC rings or RC bond beams. The
corresponding locations of openings due to staircase and irregularities in the floor, affect
the effectiveness of the floor as a diaphragm hence the staircase must be separated from
the plan or should be symmetrically placed in the plan.

Decreasing effectiveness of floor diaphragm

— Independent Rigidly attached
stairwell l_‘ﬁ

S stairwell
| 1
| 1

Decreasing effectiveness of floor diaphragm

=

Stairwell

Influence of placement of stair on effectiveness of floor diaphragms”
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Chapter 4
Effect of Workmanship and
Construction Practices on the Seismic

Performance of a Masonry House
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4.1 Do the workmanship and construction practice affect the
seismic performance of a house

The quality of construction depends on the quality of material and workmanship. Workman-
ship relates to the mason's work such as general appearance, alignment, complete filling of
joints, rejection of damaged units, the use of properly mix mortar and general attention.
A mason poor work reduces the seismic performance of a house and its resistance against
environmental and natural forces. Defects in construction practices with their effect on
the performance are as follows;

Unfilled mortar joint: Here joints are filled only on one side and the other side remains
unfilled reducing its tensile, shear and compressive strength (responsible for seismic re-

sistant) up to 1/3 and also producing serviceability problem due to less resistance to rain
penetration.

Thick bed joint or thick layer of mortar: The compressive strength of masonry reduces
up to 20 to 30 % with increasingly thick mortar layer of 10mm to 20mm.

Out-of -plumb: The wall must be horizontally and vertically in plumb. Misalignment and
initial deviation increases the eccentricity of loading of wall resulting in reduced capacity.
Ina 3m storey height a 200mm thick wall with a 13mm displacement can bring a reduction
in axial load up to 15%.

All these may unitedly reduce the strength of a wall up to 38 to 457%.

Unfilled Out-of-plumb
mortar joint Thick mortar of wall

bed joint

N/ -
// W 1,

Common causes of poor workmanship”

/f"
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4.2 Does the seismic performance of a house depend on level
and alignment of masonry?

The foundations and floor slabs for laying masonry must be checked for level and align-
ment. If the discrepancies exist, they must be removed at the level of base course either
by concrete topping or by changing the thickness of mortar joint. Prior to using mortar
the base course should be dry to avoid the irregular or broken bond patterns. Openings
and wall length should be in dimension to reduce the amount of cutting or it should be
accurately cut to maintain uniform mortar joint thickness. Adhoc dimension schemes are
not acceptable as they result in poor arrangement.

11
i
i
:
-

Concrete

— —=  topping

-1 Unleveled
foundation

Section A-A

Use of concrete topping to level base for first course of
masonry when the base is too low

Proper way to remove any misalignment at foundation level”
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(a) Improper Layout Ignoring (b) Proper Layout taking
Modular Dimensions Advantage of Modular
Dimensions

Planning consideration in masonry wall openings’
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4.3 Which type of unit is preferable in earthquake resistant
construction?

Masonry units must be sound with sufficient strength. It must also be durable not ex-
hibiting efflorescence. Solid masonry units are usually laid with full mortar bed; hollow
units are laid in face shell bedding with mortar applied to the face shell of each unit. The
compressive strength of masonry is directly related fo units' strength while the tensile
strength governed by bond between mortar and unit. Masonry bond strength depends on
the correct match of the mortar and unit properties. Practically the value of bond strength
is particularly susceptible to workmanship effect and mortar. Laying of units in running
bond with of fset between % and  unit length is recommended.

(a) Solid Pressed unit  (b) Cored Unit (c) Hollow unit

Contemporary clay units

(b) H Block (c) Lintel Block

Different types of unit in masonry construction

__Header

L_Stretcher

Types of bonds in masonry construction”
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4.4 Which type of mortar is preferable in earthquake resistant
construction?

Mortar is the most important ingredient for the strength and durability of the masonry
construction. It fills the irregularities, provides the resistance to the penetration of
light and water and bonds the unit together. But in earthquake resistant construction it
provides tensile and shear strength resisting the lateral loads. The most effective mortar
consists of cement, lime and well graded sand. The proportion of individual ingredients is
to be based on compressive strength or field experience. But higher cement content leads
to bond breaks and opening of cracks in head joints. Lime increases workability, plasticity
and water retention of the mix for maximum bond strength. Hydrated lime is generally
recommended. If sand is too little the mortar becomes sticky or fatty while too much sand
results in lean mortar difficult to spread. Admixtures available in the market should only
be used when specified and recommended. Generally the masons have a good knowledge in
mix proportion rather than laboratory technicians.

An improperly matched mortar may either get stiffened prematurely or remain fluid for
too long. Laying of subsequent courses is not allowed because they tend to move out of
horizontal and vertical alignment. Pre wetting the surface reduces suction preventing
premature stiffening. Mortar materials should be measured in gauge box or hoppers in
appropriate volume ratios. It should have good consistency. Best results may be obtained
when mortar is at lowest workable consistency producing highest bond. It should be re-
tempered to replace the water loss by evaporation. The rate of vertical construction may
be limited so that the weight of the upper courses may not deform the plastic mortar
below. Excess mortar protruding from the joints after laying should be struck of cleanly
to remove mortar strain later.

|,_,_'!.. ',‘.“ ',_:_!..7".‘
(1) Concave joint-recommended. (5) Flush joint-obtained by rubbing
Tooling works mortar to produce carﬁ)et faced wood float against
a good weather joint wall-special care required to
make joint weather tight and clean
|' A | e e
(2) V-joint-recommended. Tooling (6) Racked joint- not recommended

works mortar tight to produce
a good weather joint

|'-"-.—J'- gy |""-—:.)

|"’-'r"‘, DRI T I R

(3) Weather joint-recommended (7) Squeezed joint-not recommended
this joint used to give a rustic effect

| A S R ey |-v_ B T R

(4) Deep concave joint-recommended (8) Struck joint-not recommended
for special effect or to give the

appearance of a rakedgjoint

Type of joint in masonry”
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Effects of other Parameters excluding
Earthquake on the performance of a
Masonry House
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5.1 What are the main causes of cracking in the house?

The main cause of cracking in a house excluding earthquake is the foundation movement
or uneven settlement or moisture movement in plastic soils such as clay and silt. In settle-
ment some portion of the foundation drops below the original due to a number of reasons
such as soil consolidation, shear failure, variable type soil, compaction of infill, erosion
of supporting soil, dehydration and loss of soil moisture. I+ may mostly be observed at
the perimeter of the floor slab, and corner. Cracks resulting from uneven settlement of
foundation, may be in any form, are mostly diagonal, vertical and tapered.

Wall

I
1

/ |l Foundation

Floor line ; T Settlement
Wall opening

Cracking due to differential settlement!?

|
I
|
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5.2 What may be additional causes of cracking in a house?

Clay and silt types of plastic soil increases and decreases in volume with moisture contents.
Slight movement of houses is inevitable in seasonal change. Two types of movements may
also be possible beside such settlement namely, (i) Upheaval - relates to the raising of
internal areas of the foundation above as-built position. In high-clay soil this results from
excessive moisture under the foundation caused by improper drainage, underground wa-
ter, from domestic sources such as leaks in supply or waste systems. Normally the whole
house is affected due to up-heaving leading to sticking doors and windows, or cracking of
brick walls, ceiling cracks etc. (ii) Sliding - occurs when a structure is erected on slope
and the movement is not limited to vertical position but possesses a lateral or horizontal
component.

- Distressed position

i ~ As built position

| I
| I
| |
I Q '
P e I
Distressed |
position

-

\— As built position

Cracking due to Upheaval

]

Possibility of sliding failure®
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5.3 How the cracks developed due to foundation movement
differ from earthquakes?

Foundation movement can cause distortion and cracking in the buildings. There are general
indications to identify damage such as few isolated cracks at weak points in structure,
Cracks taper from top to bottom, Cracks continuous through DPC, Cracks exceed 3 mm

width, Cracks occur both externally and internally at the same location, Doors and window
sticks.

DD;

|

‘ Narrow cracks
U]
]

O O| |

L1 O

/ ‘ | Wide cracks
O O O ! O O
0O 0O 0O O [ O
55
00 F9 oo
D D / Narrow cracks /J D D

-7 Sagging mode =

I
1

Identification of cracking in a house due to foundation movements’?
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5.4 What are the common locations of cracking in a house due
to foundation movements?

Foundation movement results in continuous cracks at weaker sections, such as window open-
ings and doors and at points of change in foundation depth. Other indications cause doors
and window to stick, effect on partitions, ceiling, floors and roof, resulting from rocking.
The best way of confirming is fo measure how much external walls are out of plumb and
brick courses are out-of-level. The capacity of 9 inch thick brick walls to carry loads is
reduced to more than 30% by a stepped or slanted crack up to 1 in. (25mm) wide.
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crack Pier Head
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Possible location and type of cracking in a house due to foundation movements'?
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5.5 Can houses crack due to environmental reasons?

Common causes of cracking due to environmental reasons are frost attack, thermal ex-
pansion, and contraction, drying shrinkage, over-stressing of walls or floors and chemical
attack. Expansion of masonry may be caused by heat, moisture, or freezing which may
result in sailing of upper portions of a wall over lower ones, diagonal shear cracks, bowing
of walls, and flexural cracking at corners, restrained longitudinal expansion and bowing of
parapets. Cracks result from strain including stress in excess of strength in compression,
tension, or shear due to impositions of loads or by restrain volume changes in the masonry
materials.

D}Tjjctlon Concrete slab Up Lift T come.\ ———
/— oof sla
Displaced Wa g «——— Wall Expansion I——-
1 == — Roof Line

Horizontal

shear Crack : \ Horizontal Tensile
\ crack

Stepped ! E— Wall
Shear Crack\ T
] oundation
Floor Line : N e ____________w_________//_
Grade : ’_,_1 M W i

i 4;)/— Wall Expansion

ALTERNATE CRACK PATTERN

Parapet

Stepped Shear, — . \ <«—— Wall Expansior——
crack S 2 < i
Oversailing L : :
Roof line—/ |7 =~ T TTTTToTTToTTTTTooo v
Oversailin . \ Horizontal Shear Crack
Displaced wall
Wall ——

Oversailing

:
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Foundation \ Horizontal Shear Crack

Cracks due to environmental reasons in a house’?
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5.6 How much cracking is vulnerable to a house?

Cracks do not hamper the vertical load capacity of the wall significantly but the differential
foundation movement increases the tensile and shear stress in the walls and very large
movement can make the wall unstable. Therefore, in case of earthquake, these cracks are
responsible for damage in houses and be repaired as suggested below';

guishable, typical crack width 0.1mm

Category | Description Repairing method/action needed
of cracks
0 Hairline cracks, normally indistin- | No action required

Fine cracks, typical crack width 1.0
mm.

Filling of cracks from epoxy grout
injection

2 Cracks courser than category 1, typi- | Cracks will normally close during
cal crack width 5.0 mm subsequent winter and can be filled
with epoxy or cement mortar
3 Typical crack width larger than cat- | Cracks can be patched up by mason,
egory 2, typical crack width 5mm to | re-pointing of external brickwork
15mm. Door and window sticks and possibly a small amount of brick-
work to be replaced,
4 Typical crack width are 15mm to | Underpinning or partial rebuilding
25mm are likely to be required, expert ad-
vice from outside can be solicited.
5 Typical crack width larger than 25mm Rebuilding is likely to be required,

expert advice from outside can be
solicited.
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5.7 Do trees or vegetation near a house may be the cause of
cracking?

Plants such as weeping willow can cause foundation problem even if located at some distance
from a house. Plants with large, shallow root system can grow under the foundation in di-
ameter; produce an upheaval in the foundation. It is suggested that the trees be planted
at a safer distance of about 1.5 times the ultimate anticipated heights.

Plants also remove water from foundation soil producing foundation settlement. In case
of excessive differential movement, foundation failure may likely be possible.

Where the free is older than the house, calculation of heave potential in the soil adjacent
to the foundations be carried out before removal of tree.

Cracks due to trees or vegetation near a house’’
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5.8 Is it possible to eliminate the cracking due to foundation
movement?

Yes, it is possible to prevent further movement by improving the stability of the underlying
soil; for example, cavities in the soil caused by erosion can be filled by injecting cement-
based grout under pressure. However, the stabilization of clay soils moving due to changes
in moisture content is less straightforward. In theory, the characteristics of the clay and
its tendency to change volume can be significantly altered by adding certain chemicals.
Shrinkage potential in particular can be reduced by using lime which replaces sodium ions
in the clay mineral with calcium ions. This technique is effective in the laboratory and can
be used to treat clay fill, but the extremely low permeability of most shrinkable clays
makes the technique extremely difficult to use in field.

. 3 /1 Ground line

%

Clay

Differential settlement damage resulting from uneven soil properties’®
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5.9 What is underpinning and how is this technique used for
repairing the existing foundation of a house?

If foundations fail, a prompt and competent repair is required. One solution is to do un-
derpine of the foundations, i.e. either providing new foundations or extending the existing
ones downwards to reach more stable ground. Foundation area depends on the bearing
capacity of the underlying soil. The depth of foundation should be deep enough so that it
is not affected by moisture changes. Floor slabs are also susceptible to damage because
of clay shrinkage and swelling. It is advisable to suspend a floor or a 150 mm depth of void
is recommended under it, rather than a slab bearing on the ground.

I =SII=Ll

-

A
The bays are numbered to indicate a typical
seqguence of excavation, concreting and pinning up

Existing footing e Pinning up —=frzrrr)

I
Pinning u o
i .“\Excavatlon in

! bays externally

/

Mass concrete__|; *
underpinning i

Section A-A - Alternative-‘l:se_am fornjed Alternative-?:E_Seam fqrmed
in place of existing footing above existing footing
Mass Concrete Underpinning Section A-A

Pier and beam underpinning

Underpinning of existing foundation of a house'’
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5.10 What precautions have to be considered in laying the
foundation of the extension of a house?

The foundation requirements for extensions are essentially the same as those for new
houses, with one important provision i.e. a vertical movement joint about 10mm wide
throughout the height of the building including foundation. Movement joints are essentially
deliberate cracks, helping to prevent the walls from cracking and it should be adequately
protected from rain and wind.
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Earthquake Resistant Provisions in a
Masonry House
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6.1 What are the criteria for earthquake resistant provisions in
masonry houses?

Masonry building is usually designed for dead and live loads ignoring the seismic load since
the earthquake codes have not been incorporated into building regulations in past. On
the contrary masonry construction has several inherent weaknesses which make it more
vulnerable to earthquake forces like absence of integration among all the load bearing
walls and connections between floor and roof, limited ductility, heavy mass etc. Therefore,
to construct a masonry house some additional features must also be incorporated in the
conventional construction known as earthquake resistant (ER) measures. These earthquake
resistant features along with the general guidelines are given in IS: 4326 and IS: 13928
which deals with the selection of materials, special features of designh and construction
using rectangular masonry units, timber construction and building with prefabricated
flooring/roofing elements. A guideline for construction of earthen buildings is covered in
a separate code i.e. IS 13927: 1993.
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6.2 What are the general provisions laid by the BIS codes for
the earthquake resistant house?

Building (particularly roof and upper storey ) should be light in weight

Integrity and continuity in construction so that it forms a continuous load path
between the foundation and all diaphragm levels, and ties all portions of building
together

Projection/ suspended ceiling should be avoided while other should be reinforced
and firmly attached to main structure

Plans & elevation should be symmetrical with respect o mass and stiffness,

other wise use separation joints

Avoid close proximity between buildings to avoid pounding, use separation gap

and minimum width of separation shall be 25mm

Use either separated staircase or enclosed with rigid walls when not possible to use
sliding joint

Sloping roof system be adequately braced in both orthogonal direction (horizontal
tie member and cross bracing) and be properly anchored into the RC band.
Foundation should be firm and uniform, otherwise separate the building in different
units. In case of loose soil, improve the soil
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6.3 What are the provisions for masonry unit and mortar for
the earthquake resistant house?

Masonry unit
Well burnt bricks or solid concrete blocks having a crushing strength > 35 MPa
Squared stone masonry, stone block masonry or hollow concrete block masonry, as
specified in IS: 1597 (Part 2): 1992 having adequate strength

Mortar
Category A: M, (Cement-sand 1:6) or M, (Lime-cinder 1:3) or even richer
M, (Cement-lime- sand 1:2:9 or Cement sand 1:6) or richer§
H, (Cement- sand 1:4) or M, (Cement-lime-sand 1:1:6) or richer

Masonry Bond

*  Usual bond but vertical joints should be broken properly from course to course
Make a sloping joint by making the corner first to a height of 600mm and then bulg-
ing the wall in between them
A toothed joint perpendicular walls, alternatively in lifts of about 450mm

Collar joint

Head joint

Bed Joint

Alternating toothed joints in walls at Corner and T- Junction!®
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6.4 What are the provisions for openings in walls of an
earthquake resistant masonry house as per BIS codes?

Openings in door and window should be as small as possible, these should be placed cen-
trally. Top level of openings should be same, covered with lintel band. If do not comply
with code, strengthen by RC lining with 2 HYSD of 8f. Avoid arches over the opening
otherwise use steel ties.
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Details of opening in a masonry wall of a house as per IS: 4326°
Size and Position of Openings in Bearing Walls
S. Position of Opening Details of Opening for Building
No. category
1 Distance b, from the inside corner of outside wall, Aand B ¢ Dand E
Min Zeromm | 230 mm 450 mm
2. | For total length of Openings, the ratio
(b, +b,+b,)/ 1,0 (by +b,)/1, shall not exceed :
a) one-storeyed building 0.60 0.55 0.50
b) two- storeyed building 0.50 0.46 0.42
c) 3 or 4-storeyed building 0.42 0.37 0.33
3. | Pier width between consecutive openings p,, Min | 340mm | 450mm | 560 mm
" Vertical dcs‘rancg between two openings one above 600mm | 600 mm | 600 mm
the other &,, Min
5| Width of opening of ventilator b, , Max 900 mm | 900 mm | 900mm
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6.5 What are the seismic strengthening provisions laid by the
BIS codes for the earthquake resistant house?

1. Lintel band 4. Door
2. RooffFloor band 5 Window
3. Vertical bar

v=2 _+_
E. ?ﬁ ] Zz’l t
Section at X-X T

40d |—

E re |
/77777

w = Window 12 = Thickness of concrete In jam
t = Wall thickness v = \ertical bar
t1 = Lintel thickness d = Diameter of reinforcing bars

Seismic strengthening arrangement as per IS: 4326*°

Strengthening Arrangements Recommended for Masonry Buildings (Clause 8.4.1)

Building Category =~ Number of Stories

1 (2)

A 1t03
4

B 1t03
4

C land 2
3and 4

D land 2
3and 4

E 1to 3*

Where

Masonry mortar (see 8.1.2).
Lintel band (see 8.4.2).

Strengthening Provisions in all Storey
(3)

a
ab,c
ab,.cfg
ab,cdfg
ab,cfg
atog
atog
atoh
atoh

Roof band and gable band where necessary (see 8.4.3 and 8.4.4).
Vertical steel at corners and junctions of walls (see 8.4.8)
Vertical steel at jambs of openings (see 8.4.9)

Bracing in plan at tie level of roofs (see 5.4.2.2).

Plinth band where necessary (see8.4.6), and

Dowel bars (see 8.4.7).

*4™ storey not allowed in category E.

NOTE: In case of four storey buildings of category B, the requirements of vertical steel may be checked
through a seismic analysis using a design seismic coefficient equal to four times the one given in (a) 3.4.2.3
of IS 1893:1984. (This is because the brittle behaviour of masonry in the absence of vertical steel results in
much higher effective seismic force than that envisaged in the seismic coefficient provided in the code). If

this analysis shows that vertical steel is not required the designer may take the decision accordingly.
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6.6 What is the life safety band in a house to protect from
earthquake?

Masonry houses are strengthened by horizontal bands or bond beams at critical levels with
vertical reinforcing bars at corners and junctions of walls forming a "box" like framing
system which improve the integral action as well as transfer the earthquakes forces from
the floors to structural walls to foundations. These horizontal bands are called life safety
bands for a house and depending upon their location it may be termed as roof, lintel, sill,
and plinth band. The reinforcing details of these bands are available elsewhere (IS 4326,
13928, TAEE etc). In combination with vertical reinforcement, it improves the strength,
ductility and energy dissipation capacity of a house. The descriptions of each horizontal
band with its individual function are as follows:

1. Lintel band B. Holding down bolt

2. Eave level (Roof) band 9. Brick/stone wall

3. Gable band 10. Door inlet integrated with roof band

4. Door (a) Perspective view

5. Window (b) Details of truss connection with wall

6. Vertical steel bar (c) Detail of integrating door fintel with roaf bar
7. Rafter

Overall arrangement of reinforcing masonry building having pitched roof*®

Plinth Band: Provided at the plinth level of walls on the top of the foundation, it is use-
ful in sustaining differential settlements particularly when foundation soil is soft or has
uneven properties. Plinth band is overlaid by damp proof courses to prevent a passage of
moisture from the ground fo the structures.

Gable Band: It is provided at the top of gable masonry below the purlins. The band shall
be made continuous with the roof band at the eave level fo restrict the out-of-plane failure
of gable wall, which is susceptible to earthquake forces.

Roof Band: Roof band is similar to lintel band but is provided below the roof or floors to
improve the in-plane rigidity of horizontal floor diaphragms.

Lintel Band: It is provided at lintel level on all internal and external longitudinal and
cross walls including partition walls. It gives integrity to the structure and resistance to
out-of-plane wall bending. It enhances the stability of partition walls and prevents the
collapse of roof.

Sill Band: Similar to lintel band, it is provided at sill level to reduce the effective height
of masonry piers between openings resulting in reduction of shear cracking in piers.

Vertical Steel: It is provided at corners and junctions of walls and around jambs of doors
and windows. It is embedded in plinth masonry of foundation, roof slab or band so as to
develop its tensile strength in bond. It should pass through the lintel bands and floor slabs
in all stories in the form of steel bar of 10mm to 12mm diameter.
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6.7 What are the details of life safety bands in a house to
protect from earthquake?
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(c) (d)

(a) Section of band with two bars

{b) Section of band with four bars

(c) Structural plan at corner junction
(d) Structural plan at T-junction of walls

1. Longitudinal bars
2. Lateral ties
b1, b2 - Wall thickness

All dimensions are in mm.
Details of life safety bands!®

Recommended Longitudinal Steel in Reinforced Concrete Bands (Clause 8.4.5)

Span Building Building Building Building
Category Category Category Category
B c >} E

No. Dia No. Dia No. Dia No. Dia

Of Bars Of Bars Of Bars Of Bars
(3] (@) 3) 4) (5) | () @ (8) (C)]
m mm mm mm mm
5 or less 2 8 2 8 2 8 2 10
6 2 8 2 8 2 10 2 12
74 2 8 2 10 2 12 4 10
8 2 10 2 12 4 10 4 12
NOTES:

L. Span of wall will be the distance between centre lines of its cross walls or buttresses. For spans

om

greater than 8m it will be desirable to insert pilasters or buttresses to reduce the span or
special calculations shall be made to determine the strength of wall and section of band.
The number and diameter of bars given above pertain to high strength deformed bars. If plain
mild-steel bars are used keeping the same number, the following diameters may be used:

High Strength Def. Bar dia 8 10 12 16 20

Mild Steel Plain bar dia 10 12 16 20 25

Width of R.C band is assumed same as the thickness of the wall. Wall thickness shall be 200 mm
minimum. A clear cover of 20 mm from face of wall will be maintained

The vertical thickness of RC band be kept 75 mm minimum, where two longitudinal bars are
specified, one on each face; and 150 mm, where four bars are specified.

Concrete mix shall be of grade M15 of IS 456:1978 or 1:2:4 by volume.

The longitudinal steel bars shall be held in position by steel links or stirrups 6 mm dia spaced at
150 mm apart.
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6.8 How to provide vertical reinforcement in a house to protect

from earthquake?
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1- One brick length, 1/2-Half brick length, V- Vertical steel bar with mortar/concrete filling in pocket
(a)and (b) - Alternate courses in one brick wall

(c) and (d) - Alternate courses at corner junction of 1-;‘2- brick wall

(&) and (f) - Alternate courses at T-junction of 1% brick wall

Details of vertical reinforcement!®

Vertical Steel Reinforcement in Masonry Walls with Rectangular Masonry Units

No. of Storey Diameter of HSD Single Bar in mm at Each
storeys Critical Section
Category B Category C Category D Category E

One = Nil Nil 10 12

Two Top Nil Nil 10 12
Bottom Nil Nil 12 16

Three Top Nil 10 10 12
Middle Nil 10 12 16
Bottom Nil 12 12 16

Four Top 10 10 10 Four storeyed
Third 10 10 12 building not
Second 10 12 16 permitted
Bottom 12 12 20

NOTES

1. The diameters given above are for H.5.D. bars. For mild-steel plain bars, use equivalent
diameters as given under Table 6 Note 2.

2. The vertical bars will be covered with concrete M15 or mortar 1:3 grade in suitably
created pockets around the bars (see Fig.12). This will ensure their safety from
corrosion and good bond with masonry.

3. Incase of floors/roofs with small precast components, also refer 9.2.3 for floor/roof
band details.
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6.9 What do International Codes recommend for the earthquake
resistant house?

Euro code 8 provides some rules for simple low-rise masonry buildings which can be used
without further quantitative analysis. The main rules concern the minimum area of wall
that should be provided in each direction as a % of the total floor plan area; as given in
table below?s;

Rules for minimum area of shear walls for ‘simple’ masonry buildings,
from Eurocode 8

Acceleration at site, 0, S

=0.07kg =0.10kg =0.15kg =0.20kg
Type of MNumber of Mini sum of cry tional areas of horizontal shear
construction | storeys, n walls in each direction, as percentage of the total floor area
(note 2) per sterey. P o

Unreinforced 1 2.0% 2.0% 3.5% n/a
masenry 2 2.0% 25% 50% n/a

3 3.0% 5.0% n/a nfa

4 5.0% n/a n/a n/a

(note 4)

Confined 2 2.0% 25% 3.0% 3.5%
masenry 3 2.0% 3.0% 4.0% n/a

4 4.0% 5.0% n/a nfa

5 6.0% nfa n/a n/a
Reinforced 2 2.0% 2.0% 2.0% 3.5%
masonry 3 2.0% 2.0% 3.0% 50%

4 3.0% 4.0% 5.0% n'a

5 4.0% 5.0% nfa nfa

. The table is based on a minimum compressive strength of 12N/mm? for unreinforced
masonry and SN/mm® for confined and reinforced masonry.

2. Roof space above full storeys is not included in the number of storeys.

3. For buildings where at least 70% of the shear walls under consideration are longer
than 2m, the factor k is given by k=1+(/_ —2)/4 =2 where [, is the average
length, expressed in meters, of the shear walls considered. For other cases k=1,

4. n/a means 'not acceptable’.

There are a number of additional features that make an earthquake resistant masonry
house;

EC8 specifies a horizontal concrete beams or steel ties to be placed around the building
perimeter at every floor level with a minimum steel area of 200 mm?.The plan shape must
be approximately rectangular, with a recommended minimum ratio of shortest to longest
side of 0.25, and with projection of recesses from the rectangular plan area not exceed-
ing 15%.

The building should be stiffened by shear walls (load bearing walls), arranged symmetrically
in plan in fwo orthogonal directions

A minimum of two parallel walls should be placed in two orthogonal directions, the length
of each wall be greater than 30% of the length of the building in the direction of wall
under consideration.

At least for the walls in one direction, the distance between these walls should be greater
than 75% of the length of the building in the other direction.

At least 75% of the vertical loads should be supported by the shear wall.

Shear walls (load bearing walls), should be continued from the top to the bottom of the
building

Difference in mass and shear wall area between any two adjacent storeys should not exceed
20%.Walls in one direction should be connected with walls in the orthogonal direction at
a maximum spacing of 7m.
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6.10 What are the other options to construct a high rise
masonry building in severe seismic zones?

Two types of masonry constructions are prevalent i.e. confined masonry and reinforced
masonry for high rise masonry buildings. As in case of unreinforced masonry house construc-
tion, a number of earthquake resistant measures are provided horizontally and vertically
at regular intervals. Lintel band, roof band even sill band along the height of building and
vertical steel at corners, door and window, jamb openings etc. are recommended along the
length. On the similar concept, confined masonry is to be constructed which is a good and
efficient alternative way of construction. Basic concept of confined masonry is that all
walls in the house must be well confined on all four sides by reinforced members like bond
beams and tie columns which are interconnected.

Reinforced masonry construction is another development in this series to construct a high
rise earthquake resistant masonry building. Two types of reinforced masonry are used
namely (i) Reinforced grouted masonry or simply grouted masonry and (ii) Reinforced hollow
unit masonry. In grouted masonry, two wythes of bricks or solid concrete block or stone
units are filled with grout, binding the two wythes together and providing a space wherein
the reinforcement can be placed and bonded with the surrounding masonry.

Masonry confined within (a) reinforced masonry and (b) reinforced concrete bond
beam and column

Reinforcement

laid in mortar
Concrete
infill

Reinforced grouted cavity masonry
construction systems (EC 6)

Concrete Reinforcement Mortaror
infill laid in mortar Concrete infill

a

Reinforce

hollow unit masonry (EC 6)

Type of reinforced masonry?®
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6.11 What are the construction details of confined masonry?

Confined masonry buildings consist of load-bearing un-reinforced masonry walls, bricks or
concrete blocks confined by cast-in-place reinforced concrete vertical tie columns. These
tie columns with rectangular section of dimensions corresponding to the wall thickness
and depth of about 200mm, are located at regular intervals and connected together with
horizontal reinforced concrete tie beams cast after construction of masonry walls. The tie
columns are required at least at the corners of the building, at the free ends of the walls
and around openings exceeding 1.5 m? in area. In no case the spacing between tie columns
exceed bm. Horizontal tie beams are required at each floor level (or at 4m centers, if less)
and around openings. Rules are given for the minimum longitudinal and transverse steel
required in the confining elements. Both tie column and tie beams must have at least four
10mm diameter longitudinal reinforcement and stirrups of 6mm diameter must be spaced
100mm at the extremes and 200 mm at center of the elements. The confinement prevents
damage due to out-of-plane bending effects and improves wall ductility. The confined
masonry has exhibited good earthquake resistance in past earthquake and can safely be
constructed upto 4 stories. This type of construction differs from masonry infill panels
built into the concrete frame.

N e R R [ R _
7 Construction column at corner
! ' loaction (dimension|g .7 ) __

-

Tl

I:l]:l :]]:l | T Brick load-bearing wall
SeEa s e e : (10" thick)

10 ft

" Ring beam or cast in place
floor slab (10" thick)

E s AT A o A i o F

Details of confined masonry
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6.12 How does the reinforced masonry be constructed?

In reinforced masonry construction, minimum % of steel in horizontal and vertical direc-
tion is required. Horizontally minimum 0.05% and vertically 0.08% of steel is required.
The table summarizes® some requirements for steel in special reinforced masonry build-
ings in seismic region. Reinforced masonry can achieve much higher shear strength. The
reinforcement not only increases the shear strength, but also provides ductility.

Minimum steel requirements in ACI 530 for special reinforced
masonry buildings

Maximum horizontal and vertical spacing (i) Length or height of building
3

reinforcing steel
(ii) 1219 mm if less

Minimum area of vertical steel One third minimum required area of
horizontal shear steel

Horizontal shear reinforcement must be anchored around vertical reinforcement with a
standard hook
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Strengthening and Retrofitting of a
Seismically Deficient House before the
next Earthquake Strikes
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7.1 Why strengthening and retrofitting is required in case of
existing undamaged masonry houses?

There are a large number of masonry houses or buildings not designed for seismic forces
and also lacking in earthquake resistant provisions. In case of moderate to strong earth-
quakes such houses either completely collapse or severely damage causing massive death
toll and extensive loss. The demolition or replacement of such houses is not feasible due
to economic reasons, immediate shelter problems etc. The retrofitting is the only being
economically feasible solution for seismic deficient house.

A seismic deficient house after earthquake (severe cracking/collapse)

/

\

&
S

A retrofitted house after earthquake (minor cracking without collapse)
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7.2 Can an existing house be made earthquake resistant?

The seismic performance of an existing house may be improved by seismic retrofitting.
However, the selection of retrofitting techniques differs from case to case. Therefore, it
is desirable; that a design professional for the seismic retrofitting be employed to apply
technical guidelines available on their relative merits, cost, effectiveness etc. Retrofitting
without technical know how lead to more vulnerable house.
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7.3 How to know whether the house is seismically deficient or
not?

To check the seismic adequacy of a house is a specialized job. There is no well defined
procedure but if earthquake resistant provisions are missing a house may be assumed as
seismically deficient. Here is a list of common features which make a house seismically
vulnerable or deficient. Let as begin from roof to foundation;

Presence of flexible roof/floor or diaphragm - A flexible roof is one whose in-plane rigidity
is not sufficient to transfer the seismic forces from one to other elements. For example;
tiled gable roof, wooden roof, an RCC or RB type roof of thickness less than 75mm etc.

No connection of floor with the walls - Improper connection in between the roof and
wall causes damage in gable wooden or tile type roof. In case of RCC or RB slab, a friction
connection may be assumed sufficient for transferring the seismic forces.

Insufficient wall area in both principal direction of a house -the minimum wall area
remains less than requisition (at least 5% of plan area as per EC 8) to resist the seismic
forces in both the principal directions. For adequate resistance against out-of-plane rigid-
ity, a minimum thickness of wall 230 mm i.e. 9" is recommended to resist the out-of-plane
forces.

Very large openings in walls - The openings in the walls reduce the seismic capacity in
in-plane or out-of-plane. Ideally the opening must be small, centrally placed and rein-
forced.

Absence of connecting ties among the walls- Improper wall to wall connection checks
the box like action of a house. Therefore absence of horizontal bands makes the house
more vulnerable.

Absence of interconnection of two layers of same walls - In old masonry construction
particularly in stone masonry, walls are constructed in multi-wythes i.e. multi-layer (inner
and outer layers) with no proper bonding in fwo layers.

Absence of vertical reinforced elements from roof to foundation - No vertically re-
inforced concrete tie member at the corners or at the opening of the house will greatly
reduce overturning capacity.

Absence of plinth band or beam- This may induce strong possibility of differential
settlement.

Inadequate foundation - Isolated foundation prevents the building to behave as a single
unit.

Inadequate connections of non-structural elements with structural system - Non-
structural elements such as parapet walls are subjected to amplified motions, it may lead
to out-of-plane failure. Similarly, balconies, overhang projection, canopies are also prone
to failure due to the vertical component of earthquake motion.

....... Continued
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Some particular features in the old masonry which make a house more vulnerable are;

Presence of already existing cracks - Foundation settlement, expansion of masonry due
to environmental reasons etc are some reasons causing cracks which reduce the lateral
strength and provide a weaker structure.

Poor quality of mortars - The quality of the mortar deteriorates with the age of con-
struction resulting in decrease of tensile, shear and bond strength.

These are the common seismic deficiencies present in a masonry construction. In the subse-
quent slides the retrofitting solution of each seismic deficiency are presented in general. On
this basis, the design professional or engineer may modify the given retrofitting technique for
the particular house or can also adopt alternate techniques on the similar lines.
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Common causes that makes a house seismic vulnerable??
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7.4 How far the seismic performance be improved in case of
flexible roof/floor or diaphragm?

There are two methods of stiffening an existing wooden floor connecting to the surrounding
walls. The first is based on the use of traditional materials i.e. wood and steel. The second
implies creation of a composite structure formed by the wood structure and by reinforced
concrete thin slab. Replacement of flexible wooden floors by RC slabs is a common practice
in the renovation of masonry buildings because RC slabs are more durable than flexible
wooden floors and require little maintenance, providing better serviceability, and a flat
ceiling surface. For seismic resistance point of view cast -in-situ RC slabs well anchored
to the walls provide spatial interconnection of walls with distribution of lateral forces
through their in-plane rigidity. Finally, the weight of cast-in-situ RC slabs increases the
compressive vertical stresses of walls and reduces principal tensile stresses under the
combination of gravity and earthquake loads.

o= O =
Stiffening an existing wooden floor by the use of traditional materials
i.e. wood and steel

N
151 20 cm

Lo

Stiffening an existing wooden floor by the use of composite materials
i.e. wood and RC??
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7.5 How can a good connection be provided between
roof/floor and walls?

The connection between the masonry walls with floor/roof is a vital link on which the dis-
tribution of earthquake forces depend and ensures a monolithic and integrated behavior of
structure to resist the earthquake forces.. A poor connection between the floors and walls
is responsible for the independent behavior of wall and transverse walls may collapse due
to out-of-plane forces. In most existing buildings, the floor and roofing joists have only
gravity connection with the walls - typically, direct bearing with sparse anchorage. These
gravity connections are inadequate in resisting out-of-plane seismic force. Therefore, the
roof has to be properly connected to the walls through appropriate keys.

R.c.slab

Bond-beam

Bond-beam

Proper way of connection between the masonry walls and a RC floor/roof*®
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7.6 How to increase the thickness of wall or shear area of walls
by using Ferro-cement to resist earthquake forces?

Ferro-cement consists of closely spaced multiple layers of hardware mesh embedded in a
high strength cement mortar layer with a reinforcement ratio of 3-8% and mortar strength
in between 15-30 MPa. Ferro-cement may be a solution to increase the in-plane as well as
out-of-plane capacity of wall. Total thickness may vary from 10 to 50mm and mortar is
toweled on through the mesh with covering thickness of 1-5mm.Typical mortar mix con-
sists of 1 part cement, 1-3 parts sand with approximately 0.4 w/c ratio. The behavior of
mortar can be improved by adding 0.5 to 1% of a low-cost fiber such as polypropylene. The
mesh helps to confine the masonry units and thus improves in-plane inelastic deformation
capacity.

250400 mm,
25-30 mm——— ™ 25-30 mm
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Welded mesh @ 4-6 mm
@150-200 mm

Surface treatment by Ferro-cement
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7.7 Can FRP be useful to increase the in-plane and out-of-plane
capacity of a masonry wall?

A layer of fiber reinforced polymers (FRP) on the surface of the walls which has high
strength to weight ratio, stiffness to weight ratio, corrosion and fatigue resistance may
be another alternative of steel mesh. FRP consisting of stiff and strong reinforcing fibers
(primarily carbon and glass), held together.

T
IEEE
1N A

Brick masonry wall confined by wrapping with FRP
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7.8 What is shotcrete and how it can be applied to increase the
in-plane capacity of masonry walls?

In the case of weak masonry, absence of enough solid piers, or inadequate shear wall area,
shotcrete is ideally suitable which is concrete mix pneumatically applied to the surface of
a masonry wall over a mesh of reinforcing bars with an overlay thickness of at least 60mm
typically reinforced with a welded wire fabric. Shear dowels (6-12mm diameter @ 25 -120
mm) are fixed using epoxy or cement grout into holes drilled to transfer the shear stress
across shotcrete masonry interface and the masonry wall. Moreover design of concrete
mix, selection of correct process and skilled workmanship are essential for effective use
of shotcrete. It significantly increase the ultimate load of the retrofitted wall as the
shotcrete overlay is assumed to resist all the lateral loads applied to a retrofitted wall
with the brick masonry being neglected altogether.
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Typical details for providing Shotcrete and alternative details for fixing of
reinforcement with the existing wall* 1°
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7.9 How the external buttress may be helpful to increase the
in-plane capacity of masonry walls?

Provision of additional external buttresses at the perimeter of the building are the ex-
amples of exterior supplemental devises to increase in-plane strength of the existing
masonry walls. The buttress has sufficient capacity against overturning forces and uplift
forces therefore it requires an additional foundation. It should have proper connection
with the existing walls through dowel. This technique has limitations in case of buildings
constructed at the property lines or not having much space.

(E) reinforced concrete or
unreinforced masonry wall

(N) tension tie to

building each side
of butress

-~
§ NH ,ml.:\(N) concrete, masonry

Uiy ull or steel butress wall
if required

Details for providing external buttress and its connection with existing wall!
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7.10 How can out-of -plane capacity of the walls be enhanced by
using steel sections?

Use of steel sections as buttresses may prove to be the best solution to increase the out-
of-plane strength of wall. Strengthening schemes consist of two steel sections (channel
section or angle section) having full wall height placed on both the sides of the existing
wall and attached fo the roof or floor diaphragms. Steel sections are interconnected
with each other in between by drilling in anchors through masonry at regular intervals of
50cm. The steel sections may be painted or covered with cement plaster o protect from
corrosion.
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Strengthening of existing un-reinforced masonry by confinement with steel sections?”
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7.11 Can cross tie members increase the out-of -plane capacity
of the walls?

The crosstie elements (tie beam and tied column) may also be used to ensure integral ac-
tion of bearing walls like a crate.

The splint and bandage is another approach to strengthen the walls as well as bind them
together economically. The horizontal bands (bandage) and vertical steel (splints) are
welded which consist of welded wire mesh provided on both outer and inner surfaces at
critical sections nailed fo the masonry and covered with micro-concrete.
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Cross tie elements in the form of tied beam and column or bandage for integration
of a masonry house?®®
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7.12 How to strengthen the large openings of the walls?

The in-plane strength of masonry walls reduced due to openings may be increased by em-
ploying an RC or steel frame inside the opening. The weakness of the wall caused by the
opening can be effectively counteracted by the frame.

Vertical jamb steel may be placed at the edges of opening, while the horizontal edges of
the opening are reinforced with reinforcement bar spanning between the jamb reinforce-
ment. Jamb reinforcement can be inserted from one side and be anchored to foundation
pad and slab or lintel band/lintel if available. The horizontal bars may be hooked at the
ends or may extend past the openings edging upto an adequate distance.
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Use of steel and RCC frame to strengthened the openings**

Provide add'l full-height
jamb bars equal in area
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Existing masonry wall

Use of Vertical and horizontal reinforcement may another alternative to strengthen
the openings?7-1°
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7.13 How to improve wall-to-wall connection in a house to resist
earthquake forces?

Corners and wall intersection zones are always susceptible o heavy damage during earth-
quakes. The corner or wall intersection can be strengthened by stitching techniques.
Holes are drilled in orthogonal walls of the structure at a regular interval of 0.5m. After
cleaning of holes with water, steel rods of about 12mm diameter are inserted into both
intersecting walls. The holes are filled with cement grout.
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Stitching technique to strengthen the intersection region/corners of a house'®
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7.14 How external jacketing may be useful to integrate all the
walls of a house to resist earthquake forces?

The application of reinforced cement coating forming a jacket on one or both sides of the
wall is used to improve the lateral resistance. It is easy to apply and very efficient, hence
is widely used. Ferro-cement or wire fabrics like FRP materials are more efficiently used.
Inretrofitting by jacketing, plaster is first removed from the wall and joints bet