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FOREWORD

Users of vanous civil engmeermg codes have been feelmg the need for
explanatory handbooks and other CO‘mpnduOl‘lS based on Indian Standards. The
need has been further emphasized in view of the first publication of the National
Building Code of India in 1970 (which has since been revised in 1983) and its
implementation. The Expert Group set up in 1972 by the Department of Science
and Technology, Government of India carried out m-depth studies in varxous areas
of civii engmeermg and construction pIaLuu:b Uululg the plcpalduuu of the Fifth
Five-Year Plan in 1975, the Group was assigned the task of producing a Science
and Technology Plan for research, development and extension work in the sector of
housing and construction technology. One of the items of this plan was the
formulation of deslgn handbooks, explanatory handbooks and desngn aids based on
the Nationai Duuumg Code and various Indian Standards and other activities in the
promotion of the National Building Code. The Expert Group gave high priority to
this item and on the recommendation of the Department of Science and
Technology, the Planning Commission approved the following two projects which
were assigned to the Bureau of Indian Standards (erstwhile Indian Standards
institution):

a) Development programme on code implementation for building and civil
engineering construction, and

b) Typification for industrial buildings.

A special committee for Implementation of Science and Technology Projects
(SCIP) consisting of experts connected with different aspects was set up in 1974 to
-advise the BIS Directorate General in identifying and for guiding the development
of the work. Under the first project the Committee has identified several subjects
for preparing explanatory hadbooks/compilations covering appropriate -Indian
Standards/codes specifications which include the following:

*Handbooks Published.
1. Design Aids for Reinforced Concrete to 1S 456 : 1978 (SP 16 : 1980)

2. Explanatory Handbook on Codes of Earthquake Engineering (1S 1893 : 1975
and IS 4326: 1976) (SP 22: 1982)

3. Handbook on Concrete Mixes (SP 23 : 1982)

Explanatory Handbook on indian Standard Code of Practice for Plain and
Reinforced Concrete (IS 456 : 1978) (SP 24 : 1983)

‘Handbook on Causes and Prevention of Cracks in Buiidings (SP 25 : 1984)
Summaries of Indian Standards for Building Materials (SP 21 : 1983)
“ Handbook on Concrete Reinforcement and Detailing (SP 34: 1987)

:b.
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8. Handbook on Functional .\equ..emcnm of Industrial Buildings (Lighting

and Ventilation) (SP 32 : 1986)
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10. Handbook on Water Supply and Drdmdge with Special Emphasis on

Plumbing (SP 35: 1987)
1. Handbook on Functional Requirements of Buildings (other than
Industnal Buildings) (SP 41 : 1987)
Subjects Under Programme:
—Foundation of Buildings
—Construction Safety Practices

—-Building Construction Practices

*H ndboo

W
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published are available for sale from BIS Headquarters, and from all Branches



—Formwork
—Fire Safety
—Tall Buildings
—Loading Code

The Explanatory Handbook on Masonry Code SP 20 (S&T) was first
published in 1981 to provide commentary on various clauses of Part VI, Section 4
of National Building Code of India 1970 (which was based on IS 1905 : 1969
version) with the object of promoting and facilitating the use of the masonry code.
The handbook has been found to be very helpful to professional engineers. This
handbook while providiig commentary on various clauses highlighted certain
improvements modifications that were needed in the basic code (IS 1905 : 1969).
Subsequent to publication of the handbook, the code (IS 1905) was revised in 1980
(IS 1905 : 1980) taking into consideration the recommendations contained in the
handbook (see also Introduction).

The code was further revised in 1987 as a result of the experience gained with
the use of 1980 version of the code and also other developments in other parts of
the world in the design and construction refinements of masonry structures. The
revision of the handbook was also taken up simultaneously along with the revision
of the code to make it up-to-date. At the same time it was felt that it would be
helpful and handy to professionals if information relating to construction practices
based on various Indian Standards on masonry was also included along with the
commentary. Therefore masonry construction practices have now been included in
the revised handbook and the title of the handbook has been changed accordingly.

The revised handbook is in two parts. Part | gives commentary on ‘IS
1905 : 1987 Code of practice for structural use of unreinforced masonry (second
revision)’ along with design examples (IS 1905 : 1987 has also been included in the
National Building Code Part VI, Section 4 Masonry through amendment No. 2)
and Part 2 gives all construction aspects relating to masonry construction based on
relevant Indian Standards and other literature available on the subject.

The following points are to be kept in view while using the handbook:

a) Wherever the expression ‘The Code’ has been used in the handbook, it refers to
IS 1905 : 1987.

b) Part 1 of the handbook is to be read along with IS 1905 : 1987,

¢) The clause numbers in Part | of handbook refer to the corresponding clause
numbers in IS 1905 : 1987. The clauses are explained in the same sequence as
they occur in IS 1905 : 1987. When there are no comments to a particular
clause, the same has been omitted.

d) For convenience figures and tables appearing in Part | of the handbook are
identified with Prefix ‘E’ to distinguish them from those used in the code. For
example, Figure E-3 refers to the figure in the handbook whereas Figure 3
refers to that given in the Code. Where a clause is pre-fixed by letter ‘E’, it
refers to comments on that clause in the handbook.

€) Notations as per IS 1905: 1987 are maintained with additional notations
wherever necessary.

f) The handbook does not form part of any Indian Standard on the subject and
does not have the status of an Indian Standard. Wherever there is any dispute
about the interpretation or opinion expressed in this handbook, the provisions
of the Code(s) only shall apply; the provisions of this handbook should be
considered as only supplementary and informative.

g) References cited have been listed at the end of each part of the handbook.

The handbook, it is hoped would be useful to practising engineers and field
engineers in the design and construction of masonry work. It would also be helpful
to students of civil engineering to acquaint themselves with the various provisions
of the basic Code on masonry and construction practices.

The handbook is based on first draft revision prepared by Shri M. S. Bhatia,
retired Engineer-in-Chief, Central Public Works Department (Government of

(i)



India). The draft handbook was circulated for review to Central Public Works
Department, New Delhi; Engineer-in-Chief’s Branch, Army Headquarters, New
Dethi; Sr. Civil Engineer (Design), Northern Railway, New Delhi; National
Buildings Organization, New Delhi; Central Building Research Institute, Roorkee;
Central Road Research Institute, New Delhi; Shri M.G. Virmani, New Delhi;
Public Works Deptt., Govt of Tamilnadu, Madras: Maulana Azad College of
Technology, Bhopal: Public Works Deptt. Maharashtra, Bombay; Tirath Ram
Ahuja Pvt Ltd, New Dethi; National Buildings Construction Corporation Ltd, New
Delhi; National Council for Cement and Building Materials, New Delhi; Structural
Engineering Research Centre, Madras; M/s C. R. Narayana Rao, Madras; Tata
Consulting Engineers, Bombay; Indian Institute of Technology, Kanpur; Civil
Engineering Department, University of Roorkee, Roorkee; Punjab Public Works
Department, Patiala; Structural Designers and Consultants Pvt Ltd, Bombay;
Indian Institute of Technology, Kharagpur; Indian Institute of Architects, New
Delhi; School of Planning & Architecture, New Delhi; Shri D. N, Chopra, New
Delhi; Shri T. S. Khareghate, Bombay; Department of Earthquake Engineering,
University of Roorkee, Roorkee; Housing and Urban Development Corporation
Ltd, New Delhi; Tamilnadu Housing Board, Madras; Delhi Development
Authority, New Delhi; Andhra Pradesh Housing Board, Hyderabad; Rajasthan
Housing Board, Jaipur; Shri Thomas Mathew, Cochin; Central Vigilance
Commission, New Delhi; Chief Municipal Architect, Calcutta and the views
expressed were taken into consideration while finalizing the handbook.

(Vii)
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INTRODUCTION

Until 1950’s there were no engineering methods of designing masonry for
buildings and thickness of walls was being based on ‘Rule-of-Thumb’ Tables given
in Building Codes and Regulations. As a result walls used to be very thick and
masonry structures were found to be very uneconomical beyond 3 or 4 storeys.
Buildings exceeding 3 or 4 storeys had thus to be constructed with steel or RCC
frames. Since 1950’s intensive theocritical and experimental research has been
conducted on various aspects of masonry in advanced countries. As a result
different factors which effect strength, stability and performance of masonry
structures have been identified and methods of design based on engineering
nrm_cmleq evolved. Most of the countries have therefore switched over to use of so-
called “calculated or engineering masonry™ of structures. Simultaneously methods
of manufacture of bricks and construction techniques have been considerably
improved upon.

The basic advantage of masonry construction lies in the fact that in load
bearing structures, it performs a variety of functions, namely, supporting loads,
subdividing space, providing thermal and acoustic msu]atlon affording fire and

weather protection, etc, which in a framed building, have to be provided for

separately. No doubt, use of masonry in load bearing structures has certain
limitations, but it is suited for a building in which floor area is subdivided into a
large number of rooms of small or medium size and in which the floor plan 1s
repeated in each storey throughout the height of the building. These conditions are

met with in residential buildings, hostels, nursing homes, hospitals, schools and

certain types of administrative buildings. Extensive research, including large scale
testing, has been carried out in regard to the behaviour of masonry which has
enabled engineers and architects to design tall masonry structures on sound
engineering principles with greater exactitude, economy and confidence. There are

many recent examples in other countries of well designed 12 to 20 storeyed load

bearing masonry buildings which have only 25 to 40 c¢m thick walls. This is in
contrast to the 16 storey ‘Monadnock Building’ in Chicago designed by John Rort
in 1891 with 180 cm thick brick walls at the base.

In India there has not been much progress in the construction of tall load
bearing masonry structures, mainly because quality of bricks generally
manufactured in the country is poor, their normal strength being of the order of
only 7 to 10 N/mm?2. In many Western countries, bricks of even medium quality
have crushing strength of 30 to S0 N/mm?. However, recently mechanized brick
plants have been set up at a few places in the country which are producing bricks of
strength 17.5 to 25 N/mm?2. Thus, it should now be possible in some parts of the
country to go in for 5 to 6 storeyed load bearing structures at costs less than those
of RCC framed structures. With this development, structural design of load bearing
masonry buildings has assumed additional importance in India as well. In fact
under the Fxnpnmppml Proiects Scheme of the National Ruildines ﬂroann,\nnn

ZApCnmeiilal TS oCngliie aunal DUNCLLE QINLaLio

50 residential units in § 5toreyed blocks, having one brick, that is 25.4 cm thlck load
bearing brick masonry walls in all the storeys were constructed at Manicktola,
Calcutta in 1975 and construction of 20 residential units in" 5 storeyed blocks,
having one brick, that is, 22.9 ¢cm thick walls, have been constructed in New Delhi.

Buildings are presently designed in western countries mostly by allowable stress
method of design. Walls are designed as vertical cantilevers with no moment
transfer at walil to floor connection. Lateral loads are distributed to cross walls
according to their stiffness and locations by the diaphragm action of floor and roof
slabs acting as horizontal beams. It has been found that eccentricity of load from a
slab at the top of a masonry element gets reduced at the bottom support of the wall.
In some countries limit state design method is now coming into vogue because of
better reliability and economy obtained through the adoption of this method. For
large and important projects strength of masonry is based on ‘for-the-job’ prism
tests instead of placing relmnr‘e on standard tables. In seismic zones masonry
consisting of hollow blocks is reinforced vertically to take tension. In some
countries structural advantage is taken of the fact that use of through-wall units
resuits in stronger masonry. in iail singie storey iong-span buiidings such as



churches, sports stadia, large halls, etc, use of Diaphragm type masonry walls is
proving to be an economical innovation.

Before concluding, a brief mention may be made of some special features and
trends of load bearing masonry in other countries for information of designers.
These are as follows:

a) Manufacture and use of high strength burnt clay units (70 to 100 N/mm?) with
perforations for passing vertical reinforcement where necessary.

b) Use of high-bond organic modified mortars (polymers) to obtain masonry with
very high compressive as well as bond strength.

¢) Basing design calculations for structural masonry on prism/cube strength of
masonry with units and mortar actually proposed to be used in the job.

d) Use of ‘Through-Wall-Units® in order to achieve higher efficiency of masonry
(ratio of masonry strength to unit strength). With the use of these units, vertical
wall-joints in masonry are eliminated.

e) Use of floors/roofs of high stiffness in order to reduce eccentricity of loading
on walls.

f) Use of prefabricated brick panels in masonry.

g) Use of facing bricks in conjunction with normal bricks for external walls, for
architectural effects.

h) Prestressing of masonry elements.

There is need and considerable scope in this country of intensifying
experimental, research and study in the field of load bearing masonry in order to
‘make better and more economical use of this wonderful and versatile building
material—the brick.

In India we have been trying to keep pace to some extent with the
developments taking place in other countries in ragard to masonry and in 1961, ISI
(now BIS) published its first Code on Masonry which made provisions for design of
masonry based on working stress method. This code. was revised in 1969. Certain
provistons were upgraded based on improvements brought about in Codes of some
other countries. Unfortunately there has not been much of research on the subject
in our country. In [976, BIS undertook the task of publishing a handbook on
masonry and during the preparatory work certain deficiencies in the Code came to
light. The Code was therefore further revised in 1980 and a comprehensive
handbook on masonry with clause-wise commentary and analysis, illustrative
examples and design tables was published in 1981. In view of the growing interests
of the users of Code and handbook and practical importance of this subject to
designers and builders, the Code as well as the handbook and practical importance
of this subject to designers and builders, the Code as well as the handbook have
been further revised and updated. Now Building Regulations incorporate the
concept of engineered masonry contained in the Code, where as earlier in our
country one brickwall could only be a single storey building. Presently one brick
walls are built-up to 4-5 storeys in many parts of the country.

The revised Code along with the handbook it is hoped would be of
considerable help to engineers in the design and construction of masonry buildings
especially tall buildings.

(x)
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USE OF UNREINFORCED MASONRY

( Third Revision )
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1 SCOPE

1.1 BIS has not yet formulated any Code of
practice for design and construction of reinforced
masonry since quality of bricks generally available
in the country at present is not suitable for use in
reinforced mansonry. Bricks for this purpose
should necessarily be of high strength and should
also be dense, so that moisture absorption is less.
If bricks have high moisture absorption,
reinforcement. gets corroded in course of time,
thereby lowering its life expectancy.

1.2 Mud mortar for masonry as bonding material
is normally not used in the present day
construction because of its poor bonding quality.
Mud mortar does attain some strength on drying,
but it readily absorbs moisture on coming in
contact with moisture or rain and loses its
strength when wet. For temporary and low cost
singlé storeyed houses, however, its use is
sometimes made particularly in rural areas, when
economy in cost is the main consideration. (Some
information on use of mud mortar construction is
given in 1434 and 1.4.4.1 of Part 2)

2 TERMINOLOGY

Some of the terms defined in this clause are
illustrated in Fig. E-1 to E-9.

2.3.1 Need for making a distinction between
column and wall arises because a column can take
lesser unit load than a wall. This behaviour of
masonry is based on experimental research and,
in this context, it will be relevant to quote from
the Proceedings of the Conference on Planning
and Design of Tall Buildings' as follows:

“Walls and Columns—Plain Masonry—Mode
of failure. The characteristic failure of wall
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SP 20(S&T) : 1991

under compressive loading takes the form of
vertical tensile cracks at mid-height and in line
with the vertical mortar joints. The cracks can
develop at such frequency as to become
progressively slender columns side by side. The
lower elasticity of mortar causes vertical
compressive load to impart, lateral strain
movements to the mortar, which produces
tensile stresses in the brick by inter-face bond
whilst maintaining the bed-joint mortar in
compression. The mortar is then in condition
of triaxial compressive stress and the brick
carries vertical compression in combination
with biaxial lateral tension. Greater the height
to length ratio of the wall, higher the value of
horizontal tensile stresses at the vertical joints
and, therefore, weaker the wall against vertical
splitting under load.”

Since a column has greater height to length
ratio in comparison to a wall, it has a lower
permmisible stress under a vertical load.

A masonry column has been defined as a
vertical member the width of which does not
exceed 4 times the thickness. This provision is
based on British Standard CP 111 : Part 2 : 19702,
However, in the National Building Code of
Canada® and also Recommended Practice for
Engineered Bricks Masonry?, 1969, a column has
been defined as a member whose width does not
exceed 3 times the thickness.

2.9 Hollow Units

Shellback' found that in perforated bricks, type
and distribution of voids influence the strength of
bricks but for perforation areas up to 35 percent
of the cross-section, the bricks have been found to
behave as if solid. That explains the background

A
(g
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NOTE — Loss of area duc to grooves is ignored.

FiG. E-4 CROSS-SECHONAL AREA OF MASONRY
UNIT

CROSS JOINT
WALL JOINT

BED JOINT

F1G. E-5 JOINTS IN MASONRY

for the definition of ‘hollow units’.
3 MATERIALS
3.1 Masonry Units

1)

Choice of masonry units is generally made
from the consideration of: (a) local
availability, (b) compressive strength, (c)
durability, (d) cost, and (e) ease of
construction. Brick has the advantage over
stone that it lends itself to easy construction
and requires less labour for laying. Stone
masonry, because of practical limitations of

. dressing to shape and size, usually has to be

1)

thicker and results in unnecessary extra
cost. Thus, the first choice for a building at
any place, would be brick, if it is available
at reasonable cost with requisite strength
and good quality. In hills as well as in
certain plains where soil suitable for
making bricks is not available or cost of
fuel for burning bricks is very high and
stone is locally available, the choice would
be stone. If type and quality of stone
available is such that it cannot be easily
dressed to shape and size, or if the cost of
dressing 1s too high, use of concrete blocks
may prove to be more economical,
particularly when construction i1s to be
more than two storeys, since thickness of
walls can be kept within economical limits
by using concrete blocks. In arcas where
bricks and stone of suitable quality are not
available and concrete blocks cannot be
manufactured at reasonable cost, and lime
and sand of good quality are available,
masonry units could be of sand-lime bricks.
However, for manufacture of sand-lime
bricks, special equipment is required, and
thus use of sand-lime bricks is not common
in India as yet.

Strength of bricks in India varies from
region to region depending on the nature of
available soil and technique adopted for
moulding and burning. Some research has
been done for manufacture of bricks of
improved quality from soils such as black
cotton and moorum, which ordinarily give
bricks of very low strength. The following
statement based on information collected
by BIS some time back, will give a general
idea of the average strength of bricks in
N/mm?* available in various parts of India,
employing commonly known methods for
moulding and burning of bricks:

Delhi and Puajab 7 to 10
Uttar Pradesh 10 t6 20
Madhya Pradesh 35t0 5
Maharashtra 5
Gujarat Jto 10
Rajasthan 3

West Bengal 10 to 20
Andhra Pradesh 3

Assam 35

HANDBOOK ON MASONRY DESIGN AND CONSTRUCTION—~PART 1
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E-BA RCC SLAB GIVING E-6B CROSS WALLS GIVING
LATERAL SUPPORT TO LATERAL SUPPORT TO A WALL

A WALL AT TOP
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E-6C PIERS GIVING LATERAL
SUPPORT TO A WALL

[ | b I b
1 }7“ L 74
—.-{ t el A‘_+ t L —

E-60 RCC BEAM GIVING LATERAL E-6E RCC BEAMS GIVING LATERAL

SUPPORT TO A COLUMN IN THE SUPPORT TO A COLUMN IN THE
DIRECTION OF ITS THICKNESS 't’ DIRECTION OF THICKNESS't'

AS WELL AS WIDTH 'b’

FiG. E-6 LATERAL SUPPORTS

In certain cities like Calcutta and Madras, N/ mm? Storeys
machine-made bricks are now being 3 35 I to 2
produced, which give compressive strengths 3 to 3. 2 10 3
varying between 175 and 25 N/mm2. 10 3 tg 4

i) The following relation generally holds good 15 4 to$
between strength of bricks and maximum
number of storeys in case of simple It is, however, possible to go higher than
residential buildings having one brick thick these levels by optimization of architectural
walls and rooms of medium size: and structural designs, for example,
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Horizontal force P acting on wall 4 is resisted
by cross walls B which act as shear wall.

FiGg. E-7 SHEAR WALL
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Fic. E-8 FACED WALL

adopting cellular type of plan, reducing
storey helgh S, keeplng openings away from
intersections of walls, limiting spans of
rooms and size of openings, designing floor
and roof slabs so as to distribute loads
evenly on various walls, and using selected

bricks in the lower one or more storeys, etc.
When buildin

whnen pulidir .

in courses, minimum thickness of walls
from practical considerations has to be 30
to 40 cm depending upon type and quality
of stone used. However, CBRI have
innovated a technigue of makmo precast

stone blocks for use as masonry umts, SO
that it has become feasible to build stone
masonry walls of 20 to 25 cm thickness,
resulting in economy in cost (see 1.3.7 of
Part 2)
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Fi1G. E-9 VENEERED WALL

strength of masonry depends on surface
characteristics and uniformity of size and
shape of units as well as certain properties
of mortar. Units which are true in shape
and size, can be laid with comparatively
thinner joints, thereby resulting in hlgher
strength. For this reason, use of A grade
bricks gives masonry of higher strength as
compared to that with B grade bricks, even
Ihnlluh r‘rn\hlnu ctrpngth of bricks of the

two grades may be same. For similar
reasons ashlar stone masonry which uses
accurately dressed and shaped stones is

much stronger than ordinary coursed stone

information on various
L 1 o4

i‘laSOuly u[lllb IE€Ierence Illd)r UC made 1o l.J
of Part 2.

detailed

between mortar and masonry units

on suction rate of masonry units.

Masonry units, which have been previously used
in masonry would not possess adequate suction
rate and may not develop normal bond and
compressive strengths when reused. it 1s therefore
not advisable to reuse such units in locations
where stress in masonry is critical.

3.2 Mortar

1

i)

Particulars of mortars for masonry are

contained in IS 2250 : 19815. Important
reamrement% characteristics and nrnne_rt_ge&
of commonly used mortars are summarised
below for ready information. For more
detailed information on mortars reference
may be made to 14 of Part 2 of this
Handbook.

for

ater
Al

Requirements

macanry
Hiasvnry

retentivity and low drying shrinkage. A
strong mortar will have adequate crushing
strength as well as adequate tensile and
shear strength. It is necessary that mortar

chauld attain initial
MISAVESEiVY atlalll llllllﬂl

of a good mortar

strenoth \llnrl{ah”i'\r’ wa

arge
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iii)

enable work to proceed at a reasonable
pace. At the same time it should gain
strength within reasonable period so that
masonry is in a position to take load early.
A workable mortar will hang from the
trowel and will spread easily. A mortar with
good water reteritivity will not readily lose
water and stiffen on coming in contact with
masonry units, and will remain plastic long
enough to be easily adjusted in line and
level. This property of good water
retentivity will enable the mortar to develop
good bond with masonry units and fill the
voids, so that masonry has adequate
resistance against rain-penetration.

Mortars are intimate mixtures of some
cementing materials, such as cement, lime
and fine aggregate (such as sand, burnt
clay/surkhi, cinder, etc). When only fat
lime is used, which sets very slowly through
the process of carbonation, it becomes
necessary, for the sake of better strength, to
use some pozzolanic material, such as burnt
clay/surkhi or cinder. Plasticizers are used
in plain cement-sand mortars to improve
workability. Mortars could be broadly
classified as cement mortars, lime mortars
and . cement-lime mortars. Main
characteristics and properties of these three
categories of mortars are as under

a) Cement mortars — These consist of
cement and sand, varying in proportion
from 1:8 to 1:3, strength and
workability improving with the increase
in the proportion of cement. Mortars
richer than 1 : 3 are not used in masonry
because these cause high shrinkage and
do not increase in strength of masonry.
Mortars leaner than 1:5 tend to
become harsh and unworkable and are
prone to segregation. Cement mortars
set early and gain strength quickly.
Setting action of mortar is on account of
chemical changes in cement in
combination with water, and thus these
mortars can set and harden in wet
locations. In case of lean mortars, voids
in sand are not fully filled, and
therefore, these are not impervious. Rich
mortars though having good strength
have high shrinkage and are thus more
liable to cracking.

b) Lime mortars — These consist of
intimate mixtures of lime as binder and
sand, burnt clay/surkhi, cinder as fine
aggregate in the proportion 1:2 to
1:3. As a general rule, lime mortars
gain strength slowly and have low
ultimate strength. Mortars using
hydraulic lime attain somewhat better
strength than those using fat lime. In
fact, lime mortars using fat lime do not
harden at all in wet locations. Properties

SP 20(S&T) : 1991

of mortar using semi-hydraulic lime are
intermediate between those of hydraulic
and fat lime mortars. When using fat
lime, it is necessary to wuse some
pozzolanic material such as burnt
clay/surkhi or cinder to improve
strength of the mortar. The main
advantage of lime mortar lies in its good
workability, good water retentivity and
low shrinkage. Masonry in lime mortar
has, thus, better resistance against
rainpenetration and is less liable to
cracking, though strength is much less
than that of masonry in cement mortar.

c) Cement-lime mortars — These mortars
have the good qualities of cement as well
as lime mortars, that is, medium
strength along with good workability,
good water retentivity, freedom from
cracks and good resistance against rain-
penetration. Commonly adopted
proportions of the mortar (cement : lime
:sand) are |:1:6, 1:2:9 and
1:3:12. When mix proportion of
binder (cement and lime) to sand is kept
as I:3, it gives a very dense mortar
since voids of sand are fully filled.

iv) Mortar for masonry should be selected with

care keeping the following in view. It
should be noted that cement-lime mortars
are much better than cement mortars for
masonry work in most of the structures.

a) If binder contains more of cement and
less of lime, it develops strength early,
and is strong when matured. A rich
cement mortar is needed, firstly, when
masonry units of high strength are used
$0 as to get strong masonry; secondly,
when early strength is necessary for
working -under frosty conditions; and
thirdly, when masonry is in wet location
as in foundation below plinth, where a
dense mortar being less pervious can
better resist the effect of soluble salts.

b) An unnecessarily strong mortar
concentrates the effect of any differential
movement of masonry in fewer and
wider cracks while a weak mortar
(mortar having more of lime and less of
cement) will accommodate movements,
and cracking wiil be distributed as thin
hair cracks which are less noticeable.
Also stresses due to expansion of
masonry units are reduced, if a weak
mortar is used. Lean mortars of cement
alone _are harsh, pervious and less
workable. Thus when strong mortars are
not required from considerations of
strength or for working under frosty
conditions or for work in wet locations,
it is preferable to use composite mortars
of cement, lime and sand, in appropriate
proportions. Figure E-10 based on BRS
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Effects of mortar mix proportions on the crush-
ing strengths of mortar and brickwork built with
medium strength bricks.

Strengths are shown relative to the strength of
a | : 3 cement-sand mortar and the brickwork built
with it

Fi1G. E-10 RELATION BETWEEN STRENGTH OF
BRICKWORK AND  STRENGTH OF
MORTAR

Digest 61¢ illustrates the relation
between strength of mortar and
brickwork for a number of mortar mixes
when bricks of medium strength (20 to
35 N/mm? according (o British
Standards) are used. As the proportion
of lime in mortar is increased, though
mortar loses strength, reduction in
strength of brickwork is not much.

c) It has been observed from experimental
results that lime-based mortars give
higher ratio of strength of brickwork to
mortar as compared to non-lime
mortars. This can be explained as
follows: Normally brickwork fails under
a compressive load on account of
vertical tensile splitting, for which bond
strength of mortar is more important
than its compressive strength. Since
lime-based mortars have much higher
bond strength, as compared to cement
mortars, the former produce brickwork
of higher strength. Table E-1 giving test
results abstracted from SIBMAC
proceedings’ illustrates this point very
clearly.

Table E-1 Effect of Mortar Mix on Strength
of Brickwork

[ Using Clay Brick of Strength 32.7 N/mm?
(4 750 ibf/in2)]

Mortar Mix Mortar Brickwork Ratio
(Cement: Compressive Compressive
Lime: Strength Strength
Sand) (28 Days) (28 Days)
X Y r
X
(nH (2) 3) . @
' n/mm? (1bf/in2) N/mm? (1bf/in2)
1:%:3 178 (2590) 89 (1290) 0.50
1A 414 108  (1570) 9.3 (1 345) 0.86
1:1:6 4.7  (680) 8.5 (1235 1.82
1:2:9 1.7 (245) 4.6 (660) 2.69

NoTE — Lime used was in the form of well matured putty.

v) Optimum mortar mixes from consideration
of maximum strength of brickwork for
various brick strengths based on Digest No.
616 (Second Series) and Table | of the
Code, are given in Table E-2 for general
guidance.

Table B2 Optimum Mortar Mixes for Maximum
Masonry Strength with Bricks of
Various Strengths

Brick Mortar Mix Mortar
Strength (By Volume) Type
(Cement ; Lime : Sand)
(n @) 3)
(N; mm?)
Below 5 1:0:6
1:2C:9 M2
0:1A:23
5-14.9 1:0:5 M1
l:ic: 6
15-24.9 1:0:4 H2
1:KC: 4%
25.0 or above 1:0-4C:3 HI

Nott — Lime of grade B can be used as an alternative to
lime C.

4 DESIGN CONSIDERATIONS
4.1 General

In order to ensure uniformity of loading, openings
in walls should not be too large and these should
be of *hole in wall’ type as far as possible; bearings
for lintels and bed blocks under beams should be
liberal in sizes; heavy concentration of loads
should be avoided by judicious planning and

8 HANDBOOK ON MASONRY DESIGN AND CONSTRUCTION—PART 1



sections of load bearing members should be
varied where feasible with the loadings so as to

obta

in more or less uniform stress in adjoining

parts of members. One of the commonly occuring
causes of cracks in masonry is wide variation in

stres

No-

s in masonry in adjoihing parts.

TE— A ‘hole in wall’ type opening is defined as an

opening where total width or height of solid masonry
around the opening is equal to or greater than the corres-
ponding window dimension. :

4.2 Lateral Supports and Stability
4.2.2 Stability

i

i) In a masonry structure, there are generally
inbuilt, out of balance vertical forces due
to imperfection in workmanship and
verticality of walls which tend to make the
structure unstable. Thus for stability
calculations of a lateral support, horizontal
force equal to 2.5 percent of all vertical
loads acting above that lateral support is
assumed for checking the adequacy of that
support. This ‘horizontal force is in
addition to any other lateral force, namely
wind or seismic that the structure may be
subjected to.

1) It 'should be borne in mind that assumed
horizontal force of 2.5 percent is the total
out of balance force due to vertical loads at
the particular support and it does not
include out of balance forces acting at
other supports. Further it should be kept
in view that horizontal force of 2.5 percent
of vertical loads need not be considered for
elements. of construction that provide
lateral stability to the structure as a whole.

4222

a)

b)

¢)

Provision ,in sub-clause (a) is as per 1964
version of IS : 875.

A cross wall acting as a stiffening wall
provides stability to the wall at its junction
with the cross wall thereby resisting
movement of wall at horizontal intervals
and sharing a part of the lateral load.
Further in conjunction with the floor
supported on the wall, it resists horizontal
movement of the top of the wall. For the
first mode of stiffening, it is necessary that
cross wall is built jointly with the load
bearing wall or is adequately anchored to it
and there should be no opening in the cross
wall close to its junction with the main wall
(refer clause 4.2.2.2(b) of the Code); for the
second mode, the floor should be capable of
acting as a horizontal girder and also the
floor should be so connected to the cross
walls that lateral forces are transmitted to
the cross walls through shear resistance
between floor and cross walls.

When bricks of old size thatis, 23 X 11.5 X
7.7 cm (FPS System) are used, Table E-3

SP 20(S&T) : 1991

may be used in place of Table 2 of the Code
for buildings up to 3 storeys.

Table E-3 Thickness and Spacing of Stiffening

Walls (Brick Size 23 X 11.5 X 7.7 cm)

Sl
No.

Thickness
of Load
Bearing
Wall to

be Stiffened

Height of
Storey

Stiffening Wall

Maximum
Spacing

Minimum
Thickness

(2 (3)
(m)

325

1G]

(cm)

(5)
(m)
4.50

(cm)

1L.5 11.5

23 3.25 1S 6.00

345 and
above

5.00 1.5 8.00

4223

1) Cross walls in conjunction with floors in a
building provide stability to the structure
against the effect of lateral loads that is,
wind, etc. In case of halls, we have only
end walls and there are no intermediate
cross walls. If hall is longer than 8.0 m, the
end walls may not be able to provide
adequate stability (depending upon the
extent of lateral loads) and therefore, it is
necessary to check stability and stresses by
structural analysis.

ii) If roofing over a hall consists of RCC

beams and slab, it will be able to function

as a horizontal girder for transmitting the
lateral loads to the end walls. The long
walls will therefore function as propped
cantilevers, and should be designed
accordingly, providing diaphragm walls, if
found necessary. Use of diaphragm walls
has been explained in E-5.5.3. Also end
walls will be subjected to shear and
bending and should be designed for
permissible shear and no-tension. It is
necessary that RCC slab of the roofing
system must bear on the end walls so that
lateral load is transmitted to these walls
through shear resistance. Method of
structural analysis of a hall is illustrated in
Solved Example E-11.

42.24

i) When a hall or a factory type building is
provided with trussed roofing the
longitudinal walls cannot be deemed to be
laterally supported at the top unless trusses
are braced at the tie beam level as shown in
Fig. E-11. With braced trusses as lateral
supports, longitudinal walls will function
as propped cantilevers and should be
designed accordingly. Even when designed
as propped cantilever, ordinary solid walls
may have.to be fairly thicker and therefore

HANDBOOK ON MASONRY DESIGN AND CONSTRUCTION—PART 1 9
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TIE BEAMS OF ROOF
TRUSSES FIXED TO
WALLS

PURLINS
ANCHORED 10
GABLE WALLS

DIAGONAL BRACING
OF TIE BEAMS OF TRUSSES
SO THAT ROOF ACTS AS A
HORIZONTAL GIRDER AND
TRANSMITS WIND FORCE
TO GABLE WALLS

F1G. E-11 DiAGONAL BRACING OF TRUSSES

become uneconomical. In that situation
use of diaphragm walls may be resorted to
since that can result in considerable
economy.

When bricks of size 23 X 11.5 X 7.7 cm
(FPS) are used, Table E<4 may be used in
place of Table 3 of the Code.

Table E-4 Minimum Thickness of Basement
Walls (Brick Size 23 X 11.5 X 7.7 cm)

St Minimum
No. Thickness of
Basement Wall

Height of the Ground Above
Basement Floor with Wall
Loading (Permanent Load) of

Qore than Less n:;}

50 kN/m 50 kN/m
(H 2) 3) @)
(cm) (m) (m)
1. 345 2.50 2.00
2. 23 1.35 1.00

NotE — Permanent load means only dead load and it does
not include live load.

4227

a) A free standing wall has no cross walls to
give it stability against overturning due to
lateral loads that is, wind or seismic loads. It
thus acts like a cantilever fixed at the base
and free at the top. For design of free
standing walls please see comments on
E-5.5.2.1 and E-55.2.2.

b) If a wall is intended to retain some dry
material and there is no likelihood of any
hydrostatic pressure, the design of wall
could be based on permissible tension in
masonry. A retaining wall intended to
support earth should be designed as a
gravity structure, placing no reliance on
flexural movement of resistance, since water
can get access to the back of the wall and

impose pressure through tensile cracks if any
and endanger the structure.

4.3 Effective Height
4.3.1 Wall (Table 4— Note 1)

Referring to Note | of Table 4, strictly speaking
actual height of a wall for the purpose of working
out its effective height should be taken to be the
clear distance between the supports. However, in
the Code it has been given as the height between
centres of supports, which is in accordance with
the provisions of British Standard CP-111 : Part
2:19702 as well as Australian Standard 1640-
1974%. Since thickness of floors is generally very
small as compared to height of floors, this method
of reckoning actual height will not make any

“appreciable difference in the end results. One

could, therefore, take actual height as given in the
Code or clear distance between supports as may
be found convenient to use in calculations.

Wall (Table 4—Note 5)

Implication of this note is that when wall
thickness is not less than 2/3 of the thickness of
the pier, a concentrated load on the pier, will be
borne by the pier as well as the wall. In this case
we may design the element just as a wall
supporting a concentrated load, taking advantage
of the increase in the supporting area due to the
pier projection. In case thickness of wall is less
than 2/3 of the thickness of pier, we have to
design the pier just like a column, for which
permissible  stress is less because of greater
effective height and further supporting area will
be only that of the pier that is, without getting
any benefit in design of the adjoining walls on
cither side. However in case, the wall and piers
arc supporting a distributed load, we would get
the advantage of stiffening effect of peirs as
in 4.5.2 of the Code.

4.3.2 Column — In case of columns actual height
should be taken as the clear height of a column
bctween supports as illustrated in Fig. E-12.

4.3.3 Opening in Walls

i) An RCC slab bearing on a wall is assumed
to provide full restraint to the wall while a

! N '.:.:_:-; RS |
/
Hi ] _MASONRY
" COLUMN
/]
[ SINTRAG o A |
Actual Height H= Clear distance between

supports.

F1G. E-12 ActuaL HEIGHT oF A COLUMN
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timber floor comprising timber joints and
planking is assumed to provide only partial
restraint. The clause makes stipulations for
reckoning effective height of columns
formed by openings in a wall for the two
cases:

a) when wall has full restraint at top and
bottom; and

b) when wall has partial restraint at top
and bottom. These two cases are
illustrated in Fig. E-13.

i) In the case of (b) (see Fig. E-13), if height
of neither opening exceeds 0.5H, wall
masonry would provide some support to
the column formed by openings in the
direction parallel to the wall and for this
reason effective height for the axis
perpendicular to-the wall is taken as H and
otherwise it is to be taken as 2H. For the
direction perpendicular to the wall, there is
a likelihood of a situation when no joist
rests on the column formed between the
openings and thus effective height is taken
as 2H that is, for a column having no
lateral support at the top.

4.4 KEffective Length

When a wall has more than one opening such that
there is no opening within a distance of H/8 from
a cross wall and wall length between openings are
not columns by definition, the design of the wall
should be based on the value of SR obtained from
the consideration of height or length, whichever is
less.

4.5 Effective Thickness

4.5.1 In case of masonry using modular bricks,
actual thickness of a one-brick wall for design

COLUMN FORMED
\ BY OPENINGS

RCC SLAB
\ T

NG ST G, 2R R
H
H
y .
Effective Height, hx = 0.75H + 0.25H,
hy=H

E-13A Walls Having Full Restraint
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calculation is taken as 19 cm, though nominal
thickness is 20 cm. Similarly in case of brick
masonry with bricks of old size (FPS System)
actual thickness of one-brick wall would be taken
as 22 cm though nominal size of brick is 23 cm.

4.5.2 (See also comments on Note 5 of Table 4.)
When ratio £,/t, is 1.5 or less and the wall is
having distributed load, Note 5 of Table 4 would
be applicable. It follows from this that
interpolation of values in Table 6 are valid only
when f,/1, exceeds 1.5.

454

1) It has been observed from tests that a
cavity wall is 30 percent weaker than a
solid wall of the same thickness as the
combined thickness of two leaves of the
cavity wall, because bonding action of ties
cannot be as good as that of normal bond
in a solid wall. That explains why effective
thickness of a cavity wall is taken as two-
thirds of the sum of the actual thickness of
two leaves.

ii) In this type of wall either one leaf (inner)
or both leaves could be load bearing. In
the former case, effective thickness will be
two-thirds the sum of the two leaves or the
actual thickness of the loaded leaf
whichever is more. In the latter case
effective thickness will be two-thirds of the
sum of thickness of both the leaves, or the
actual thickness of the stronger leaf,
whichever is more.

4.6 Slenderness Ratio

1) Under a vertical load a wall would buckle
either around a horizontal axis parallel to

JOISTED
FLOOR

COLUMN FORMED
BY OPENINGS

M

For ;<05 H
ho=H
hy=2 H

For H,>05 H
hx=2 H
hy:2 H

E-13B Walls Having Partial Restraint

FiG. E-13 ErrecTivE HEIGHT OF WALLS WITH OPENINGS
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the length of the wall or around a vertical
axis as illustrated in Fig. E-14. Buckling is
resisted by horizontal supports such as
floors and roofs, as well as by vertical
supports such as cross walils, piers and
buttresses. Thus capacity of the walls to
take vertical loads depends both on
horizontal supports that is, floor or roof as
well as on vertical supports that is, cross
walls, piers and buttresses. However, for
the sake of simplicity and erring on safe
side, lesser of the two slenderness ratios,
namely, one derived from height and the
other derived from length is taken into
consideration for determining permissible
stresses in .masonry walls, thus ignoring
strengthening effect of other supports.

SECTION

E-14A Section of a Wall
with Tendency to Buckle
Around Horizontal

Under Vertical Load

E-14B Plan View of a Wall

with Tendency to Buckle

Around Vertical Axis Under
Vertical Load

Axis

FiG. E-14 BUCKLING OF WALLS

ii) In case of columns, there will be two values

1)

12

of SR as illustrated in Fig. 8 of the Code.
For the purpose of design, higher of the
two values is taken into account since
column will buckle around that axis with
reference to which the value of SR is
critical, that is, greater.

Load carrying capacity of a masonry
member depends upon its slenderness
ratio. As this ratio increases, crippling
stress of the member gets reduced because
of limitations of workmanship and elastic
instability. A masonry member may fail,
either due to excessive stress or due to
buckling (see Fig. E-22). According to
Sahlin (p. 1003)!, for materials of normal
strength with SR less than 30, the load
carrying capacity of a member at ultimate
load is limited by stress, while for higher
value of SR failure is initiated by buckling.
Further, mode of failure of a very short
member having h/1 ratio of less than 4 is

v)

vi)

predominantly through shear action, while
with h/1 = 4 or more, failure is by vertical
tensile splitting. From consideration of
structural soundness and economy of
design, most codes control the maximum
slenderness ratio of walls and columns so
as to ensure failure by excessive stress
rather than buckling.

Limiting values of SR are less for masonry
built in lime mortar, as compared to that
built in cement mortar, because the former,
being relatively weaker, is more liable to
buckling. Similarly, values of maximum
SR are less for taller buildings since
imperfections in workmanship in regard to
verticality are likely to be more
pronounced in case of taller buildings.
Limiting values of SR for column is less
than that of walls because a column can
buckle around either of the two horizontal
axes, while walls can buckle around
horizontal axis only.

Since slenderness of a masonry element
increases its tendency to  buckle,
permissible compressive stress of an
element is related to its slenderness ratio
and is determined by applying Stress
reduction factor (ks) as given in Table 9 of
the Code:. Values of Stress reduction factor
have been worked out (see Appendix B of
BS 56289 by taking into consideration
accentricity in loading because of
slenderness. Strictly speaking full value of
stress reduction factor is applicable only
for central one-fifth height of the member.
In practice however for the sake of
simplicity in design calculations, stress
reduction factor is applied to the masonry
throughout its storey height (Note 3 under
Table 9 of the Code is an exception) and
for designing masonry for a particular
storey height, generally stress is worked
out at the section just above the bottom
support assuming it to be maximum at that
section. Theoretically critical section in -a
storey occurs at a height 0.6 H above the
bottom support as explained later in E4.7.
Thus provisions of the Code and the design
procedure in question, as commonly
followed, is an approximation, that errs on
the safe side.

Advantage of Note 3 under Table 9 of the
Code is taken when considering bearing
stress under a concentrated load from a
beam. Bearing stress is worked out
immediately below the beam and this
should not exceed the Basic compressive
stress of masonry (see Table 8 of the
Code). Also stress in masonry is worked

out at a depth of g—from the bottom of the

beam. This should not exceed the
permissible compressive stress in masonry.

HANDBOOK ON MASONRY DESIGN AND CONSTRUCTION—PART 1
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If actual stress exceeds allowable stress in
either case, a concrete bed block is
provided below the beam (see Solved
example E-9 for design of a Bed block).

In accordance with 54.1.5 of the Code,
some increase in permissible compressive
stress is allowed for concentrated loads
which are concentric. For ghecking bearing
stress under such a load, however, some
authorities on masonry recommend a
conservative approach—that is, either to
take advantage of Note 3 of Table 9 of the
Code or to take advantage of provisions of
5.4.1.5 of the Code but do not apply both
the provisions of the code at the same time.
In this connection reference may be made
to commentary portion 4.13.6 of the
Australian Standard 1640-19748 which is
appended to that standard.

4.7 Eccentricity

i)

i)

Eccentricity of vertical loading on a
masonry element increases its tendency to
buckling and reduces its load carrying
capacity; its effect is thus similar to that of
slenderness of the member. Thus combined
effect of slenderness and eccentricity is
taken into consideration in design
calculations by the factor known as Stress
reduction factor (ks) as given in Table 9 of
the Code.

Eccentricity caused by an eccéentric vertical
load is maximum at the top of a member,
that is, at the point of loading and it is
assumed to reduce linearly to zero at the
bottom of the member that is, just above
the bottom lateral support, while
eccentricity on account of slenderness of a
member is zero at the two supports and is
maximum at the middle. Taking the
combined effect of eccentricity of loading
and slenderness critical stress in masonry
occurs at a section 0.6 H above the bottom
support as shown in Fig. E-15.

For the sake of simplicity, however, in
design calculations, it is assumed that

-

MAXIMUM
| ECCENTRICITY

0-6H-

/
!
]

ey €q e¢

ex = eccentricity due to loading.
e, = eccentricity due to slenderness.
e, = combined eccentricity which is maximum

at 0.6 H from bottom support.

F1G. E-15 ECCENTRICITY OF LOADING ON A WALL
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critical section in a storey height is at the
top of bottom support and masonry is
designed accordingly. In other words the
design method commonliy adopted includes
extra self weight of 0.6 H of the member
and thus errs on the safe side to some
extent. In view of the fact that design
calculations for masonry are not very
precise, the above approximation is
justified.

5 STRUCTURAL DESIGN
5.1 General

i) Some general guidance on the design

concept of load bearing masonry structures
is given in the following paragraphs.

i) A building is basically subjected to two

types of loads, namely:

a) vertical loads on account of dead loads
of materials used in construction, plus
live loads due to occupancy; and

b) lateral loads due to wind and seismic
forces. While all walls in general can
take vertical loads, ability of a wall to
take lateral loads depends on its
disposition in relation to the direction of
lateral load. This could be best
explained with the help of an
illustration.

In Fig. E-16, the wall 4 has good
resistance against a lateral load, while
wall B offers very little resistance to
such load. The lateral loads acting on
the face of a building are transmitted
through floors (which act as horizontal
beams) to cross walls which act as
horizontal beams) to cross walls which
act as shear walls. From cross walls,
loads are transmitted to the foundation.
This action is illustrated in Fig. E-17.
Stress pattern in cross walls due to
lateral loads is illustrated in Fig. E-18.

WALL UNDER
BENDING

Resistance of brick wall to take lateral loads
is greater in case of wall A than that in case of
wall B.

Fi1G. E-16 ABILITY OF A WALL TO TAKE LATERAL

LoADps

HANDBOOK ON MASONRY DESIGN AND CONSTRUCTION—=PART 1 13
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FACADE
PANEL d

STRESS AT THE
BASE OF WALL 3"

Wind load on the facade wall I is transferred via
floor slabs 2 to the cross walls 3 and thence to
ground.

The strength and stiffness of 2 that is floors as
horizontal girder is vital; floors of lightweight
construction should be used with care.

FiG. E-17 FUNCTION OF LATERAL SUPPORT TO

14

WALL

1it) As a result of lateral load, in the cross
increase of

walls there will be an
compressive stress on the leeward side, and

WIND LOAD ON SHADED

AREA IS RESISTED BY
THE CROSS WALL

STRESS
DIAGRAM

DEAD LOAD

WIND LOAD

x-y
X+Yy

COMBINED

)

decrease of compressive stress on the wind-
ward side. These walls should be designed
for ‘no - tension” and  permissible
compressive stress. It will be of interest to
note that a wall which is carrying -greater
vertical loads, will be in a better position to
resist lateral loads than the one which is
lightly loaded in the vertical direction. This
point should be kept in view while
planning the structure so as to achieve
economy in structural design,

A structure should have adequate stability
in the direction of both the principal axes.
The so called “cross wall’ construction may
not have much lateral resistance in the
longitudinal direction. In multi-storeyed
buildings, it is desirable to adopt ‘cellular’
or ‘box type’ construction from
consideration of stability and economy as
illustrated in Fig. E-19.

-

F1G. E-18 STRESS PATTERN IN CROSS WALL ACTING AS SHEAR WALL
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STABLE :
GLAZING
Z 4 %
A
1A 7 A
UNSTABLE Y/ 4
-4 A A
7 g %
Z ¢ v
4 ¢
4
PLAN

STABLE /
——

E-19A CROSS WALL CONSTRUCTION-UNSTABLE

IN LONGITUDINAL DIRECTION
‘STABLE

Lz

/A

/ZJEZ_-:MQ A =——="A]

'

%

S EE—] AN

PLAN

E-19B CELLULAR OR BOX TYPE CONSTRUCTION

FiG. E-19 StaBiLity oF CRoss

STABLE IN BOTH DIRECTIONS

WALL AND

CeLLULAR (Box Typg) CONSTRUCTION

v)

Vi)

vii)

Size, shape and location of openings in the
external walls have considerable influence
on stability and magnitude of stresses due
to lateral loads. This has been illustrated in
Fig. E-20.

If openings in longitudinal walls are so
located that portions of these walls act as
flanges to cross walls, the strength of the
cross walls get considerably increased and
structure becomes much more stable, as
will be seen from Fig. E-21.

Ordinarily a  load-bearing  masonry
structure is designed for permissible
compressive and shear stresses (with no
tension) as a vertical cantilever by accepted
principles of engineering mechanics. No
moment transfer is allowed for, at floor to
wall connections and lateral forces are
assumed to be resisted by diaphragm
action of floor; roof slabs, which acting as
horizontal beams, transmit lateral forces to
cross walls in proportion to their relative
stiffness (moment of inertia). Various

modes of failure of masonry are illustrated
in Fig. E-22.

successfully as wall 2;

SP 20(S&T) : 1991

ol
B
—
I=h:=}
i
128
- |H A
T T 1
o
< g
This wall will not resist lateral loading as

it tends to act as three

separate short lengths rather than one.

|0 0]
==y
o220
- 0
oo
| :
|

This wall will tend to act as one long portion of

brickwork and will be more resistant to lateral
loading.

FiG. E-20 EFFecT OF

viii)

iX)

53.1 General — Pre-1980 version of
provided for dispersion of axial loads applied to a

OPENINGS ON SHEAR

STRENGTH OF WALLS

For working out stresses in various walls,
it is faster to tabulate stresses floor-wise for
such walls ‘carrying greater loads.
Computations for vertical loads and lateral
loads are made separately in the first
instance, and the results from the two
computations are superimposed to arrive
at the net value of stresses.

In any particular floor, from . practical
considerations, generally, quality of bricks
and mix of mortar 1s kept the same
throughout. Also in the vertical direction
change in thickness of walls is made only
at floor levels.

5.3 Load Dispersion

the Code

HANDBOOK ON MASONRY DESIGN AND CONSTRUCTION—PART 1 15
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STRAIGHT WALL
1 STRENGTH INDEX s}

} ¥ anw |

“s(“

—— o S

E-21 A BRICKWORK RESISTING SHEAR
(FOR ALL FOUR WALLS)

FLANGED WALL
STRENGTH INDEX =3

TrTrTTIY
H

E-218B BRICKWORK RESISTING SHE AR
(FOR TWO CENTRAL WALLS)

FiG. E-21 EFFECT OF FLANGES ON SHEAR STRENGTH OF A CROSS WALL

| — PORTION
UNDER
COMPRESSION

PORTION
UNDER
TENSION

l.zl-ll’E“— .

~svems.

S\ 77/

=AW\

—

- cCacrald

E-22 A TENSILE SPLITTING [OF A WALL UNDER E-228B BUCKLING OF A WALL UNDER
VERTICAL COMPRESSIVE LOAD VERTICAL COMPRESSIVE LOAD

F1G. E-22 VArioUus MoDEs OF FAILURE OF MASONRY — ( Contd)
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E-22C SHEAR FAILURE OF A MASONRY
CROSS WALL UNDER LATERAL LOADING

MASONRY UNDER

EXCESSIVE -ﬂ

TENSION— | N

£-22D EXCESSIVE COMPRESSIVE STRESS IN CROSS
WALLS RESULTING IN CRUSHING OF MASONRY
AT THE TOE UNDER LATERAL LOADING

CONSEQUENT TENSILE
SPLITTING AND CRUSHING

EXCESSIVE COMPRESSIVE
%/’ STRESS AT TOE AND
OF MASONRY

Fi1G. E-22 VaRrRIous MODES OF FAILURE OF
M ASONRY

masonry wall at an angle of 45° to the vertical,
distributed uniformaly through a triangular
section of the wall. This was based on provisions
of B. S. CP-111: Part 2:19702. According to
Brick Institute of America4, though distribution
of stress through an angle of 45° is borne out by

SP 20(S&T) : 1991

experimental studies carried out at the University
of Edinburgh, ascumption regarding even
distribution of stress does not seem to have been
fully substantiate. The Institute therefore
recommended that angle of distribution of
concentrated loads in a masonry wall should not
exceed 30 degrees. This recommendation is in
conformity with provisions of the corresponding
German Standard (DIN 1053-1952), Swiss
Standard (Technical Standard 113-1965) and the
publication: ‘Brick and Tile Engineering 1962 by
Harry C. Plummer’. In view of the above, angle of
dispersicn had been changed from 45° to 30° i
1980 version of the Code (see Fig. E-23).

53.2 Arching Action

i) Arching in masonry is a well known
phenomenon by which part of the load
over an opening in the wall gets transferred
to the sides of the opening. For good
arching action masonry units should have
good shear strength and these should be
laid in proper masonry bond using a good
quality mortar. Further, portions of the
wall on both sides of the opening should be
long enough [see E-533(i)] to serve as
effective abutments for the arched masonry
above the opening since horizontal thrust
for the arch is to be provided by the shear
resistance of the masonry at the springing
level on both sides of the opening. If an
opening is too close to the end of a wall,
shear stress in masonry at springing level
of imaginary arch may be excessive and
thus no advantage can be taken of arching
in masonry for design of lintels.

i) To explain the effect of arching on design
of lintels and stress in masonry, let us

T A T

ANGLE OF DISPERSAL4S’

w
w “2h tan £5°

W - Concentrated load

ANGLE OF DISPERSAL 30°

w
W= ————
2h tan 30

w - Distributed load after dispersal at depth h from
plane of application of concentrated toad

F1G. E-23 DISPERSAL OF CONCENTRATED LOAD IN MASONRY
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consider a wall of length AB with an
opening of effective span PQ = L as shown
in Fig. E-24 PRQ is an equilateral triangle
with PQ as 1is base.

Because of arching action, loads of floor

and masonry above the equilateral triangle

get transferred to the sides of the wall.
Tharafare lintel at PO ic Aacioned far laad

LAVIVIVIC LML al 1Y 10 ULdignvid 11Ul vala

of masonry contained in the triangle PRQ.

R | PR S Py 4

To work out approximaic Stress in
masonry in various stretches, it is assumed
that:

a) load from the lintel gets uniformly
distributed over the supports,

b) masonry and floor loads above the

frnanalp PRQ get uniformly distributed
a I\Y 5 Lt l\llllll: AN IS RS RrIA%]

over the stretches of masonry CD and
EF at the soffit level of the lintel, CD
and EF being limited in length to L2
and over the stretches GH and JK at the

floor level limited in length to L or

L- whichever is less, H being the

. heiéht of top of the opening from the
floor level.

In case some other opening occurs
between the lintel and horizontal plane 25
cm above the apex R of the triangle,

iii)

arching action gets interrupted because of
inadequate depth of masonry above the
triangle to function as an effective arching
ring. Also if there is some other load
between the lintel and horizontal plane 25
cm above the apex R of the triangle,
loading on the lintel gets affected.

In case of buildings of conventional design
with openings of moderate size which are
reasonably concentric, some authorities on
masonry recommend a simplified approach

In simplified approach stress in

masonry at plinth level is assumed to be
uniformly distributed in different stretches
of masonry, taking loadings in each stretch
as indicated in Fig. E- 25 without making
any deduction in “w'ﬁigut of masonry for the
openings. It is assumed that the extra
stresses obtained in masonry by making no
deduction for openings, compensates more
or less for concentratlons of stresses due to
openings. This approach is. of S‘péCial
significance in the design of multistoreyed
load-bearing structure where intervening
floor slabs tend to disperse the upper
storey loads more or less umformly on the
inter-opening spaces below the slabs and
thus at plinth level stress in masonry, as
worked out by the above approach is
expected to be reasonably accurate.

for desion.
ior gesign

{EXTRA FLOOR LOAD
ON STRETCH CD AND GH
rEXTRA MASONRY LOAD
NNl CTRDETAL AN AN Ll
— T T T e T

)

MASONRY LOAD
ON LINTEL

NANNANARNNNNNNNE

N\NNNNNNNNNNNNE

/ EFFECTIVE
SPAN \.
/ \ H
/ \
/ \ R
AFLOOR
G x H J X K 8 LEVEL
T ~n L+H hinlhasar 1o lage
A = [, UR 2 y WIHILIICYEL 1Y ivdD
Fic. E-24 ARCHING ACTION IN MASONRY
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When location and size of opening is such
that arching action can take place, lintel is
designed for the load of masonry included
in the equilateral triangle over the lintel as
shown in Fig. E-26B. In case floor or roof
slab falls within a part of the triangle in
question or the triangle is within the
influence of a concentrated load or some
other opening occurs within a part of the
triangle, loading on the lintel will get

" !
E: | modified as given in (iii), (iv) and (v).
i !
!
w w D ‘" w MASONRY LOAD
i) [ oN LINTEL
l :I TR o L D R e e LA
e e 4 - ST S SRR MR o6 SR
NOTE — Loads on Sections 4 to E of the building L/ ;
are considered to be acting on wall lengths a to e
respectively. /] V]
F1G. E-25 ﬁ §
“ L L ) ;
53.3 Lintels / A L/
i) Lintels over openings are designed taking %
into consideration arching action in
masonry where feasible as explained y FLDOR
earlier. It is a common practice to assume
that length of walls on both sides of an E-26B Effective Load when Li and
opening should be at leasthalf the effective L, > L/2 and Floor/Roof Slab does not
span of the opening for transfer of load to Intercept the Equilateral Triangle Over
sides by arch action. In case it is less, lintel the Linte!

should be designed for full load over the
opening regardless of the height of the
floor slab as shown in Fig. E-26A.

11)
FLOOR LOAD ON LINTEL
\ KMASONRY LOAD ON LINTEL

iv)

\N\ARARRRRRANNN

\NANNNNRNRNNN5

Ly L
(EFFECTIVE
SPAN)
V)
FLOOR
E-26A Effective Load when vi)

L
L1<—~2-

When stretches of wall on sides are equal
to or greater than L/2 and equilateral
triangle above the lintel is intercepted by
the floor/roof slab, the lintel is designed
for load of masonry contained in the
equilateral triangle plus load from the floor
falling within the triangle as shown in Fig.
E-26C.

When stretches of wall on the sides of the
opening are equal to or greater than L/2
with the equilateral triangle over the lintel
intercepted by floor slab and another
opening comes within the horizontal plane
25 cm above the apex of the triangle, lintel
is to be designed for loads shown in Fig.
E-26D.

When any other load is coming between
the lintel and horizontal plane 25 ¢cm above
the apex of the equilateral triangle over the
lintel, the latter is designed for the loads as
shown in Fig. E-26E.

It may be clarified that in fact load coming
on a lintel is indeterminate and the above
suggestions for the design of lintels are
based on empirical rules derived from
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j OPENING ?

h2250 mm /]

/ JL'—_—— FLOOR LOACQ

/ ON LINTEL 2

LOAD ON /

é Attty LINTEL 5
/ 3

/| /

/ Ly L Lo j

(EFECTIVE SPAN) /

/ /

/ /]

4 /

L

E-26C Effective Load when L, and L, =
L/2, and Equilateral Triangle Over the
Lintel is Intercepted by Floor Slab Above
with no Other Opening to Intercept Arch

(h (2) 3)
Multiple 25.4-38.1 0.68
brick-width (10-15)

Theoretical explanation for the above
behaviour of masonry is that presence of
vertical joints, which have a much lower
lateral tensile strength, reduces the
compressive stress of masonry under axial
loading. Thus greater is the frequency of
vertical joints, lesser is the compiessive
strength of masonry. Thus a 20/23 em
thick brick wall (one brick-length) is
weaker than a 10/11.5 c¢cm brick wall of
single brick-width because of presence of
vertical joints in both the directions in the
former. Table 8 of the Code for Basic
Compressive Strength of Masonry, which
is based on British Standard?, may be
presumed to hold good for one brick-
fength or thicker walls and thus in case of
half-brick load bearing walls some increase
in Basic stress may be permitted at the
discretion of the designer.

For similar reasons, concrete blockwork
masonry which has proportionately lesser
vertical joints is stronger than brickwork

vii)

20

Action

experience and general principles of
engineering.

Economy in the design of lintels may be
effected by taking advantage of composite
action between lintel and the masonry
above it. For this purpose centering of the
lintel should not be removed till both
masonry (up to 25 c¢cm above the apex of
equilateral triangle above the lintel) and
RCC of the lintel have gained sufficient
strength so as to be able to bear stresses in
the composite beam having masonry in
compressive zone and RCC lintel in the
tensile zone. Behaviour of composite beam
in this case is anologous to that of grade
beam in pile foundation.

From experimental research, it has been
observed that single brickwidth walls for
vertical loads are stronger than multiple
brick width walls as can be readily seen
from the test results reproduced below
(Swiss results quoted by Mark!o);

Wall Wall Relative
Construction Thickness  Strength
cm (in)
(y - (2) (3)
Single
brick-width 12.7 (5) 1.00
-do- 152 (6) 0.89
-do- 17.8-254 0.80
(7-10)

masonry?, though the Code at present does
not make any stipulation about it. In other
countries, for high rise load-bearing
structure advantage of this phenomenon is
taken by making use of ‘through-wall units’
of burnt clay, thereby attaining higher
permissible strength for brick masonry,
and making it feasible to go high with
single unit thick walls.

5.4 Permissible Stresses
5.4.1 Permissible Compressive Stress

54.1.1 Srress reduction factor

When a wall or column is subjected to an axial
plus an eccentric load (see Fig. E-27) resultant
eccentricity of loading (Z) may be worked out as
follows:

W=w + W
Taking moments about AB,
We=w, X0+ Wye
. We
oWt ws
54.1.2 Area reduction factor

1) Provision of Area reductiou factor in-this
Code was originally similar to that in 1970
version of British Standard Code CP 1112
When the Code was revised in 1980, -upper
limit of ‘small area’ was reduced from 0.3
to 0.2 m? based on the provision in BS
5628 Part 1: 19789,

HANDBOOK ON MASONRY DESIGN AND CONSTRUCTION—PART 1
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’ FLOOR B AND
stosexy] MASONRY LOADL”]
° LOAD OF OF STOREY 8 [/
/{MASONRY LOAD [FLOOR A || ONLINTEL 7

A
v OF STOREY 13\N A /
A \

FLOOR A/ | \ I
Y R 10000 4 RN R
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/ ] STOREY A |/]
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sTOREYV] ’
A
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/
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4 L _ 4 W
| 4 L »

E-26D Effective Load when L; and L, 22 L/2 and Equilateral Triangle
Above the Lintel is Within 25 cm [(Vertically) of Another Opening
in the Upper Storey

ANOTHER LOAD WITHIN 25 cm FROM THE
HORIZONTAL PLANE PASSING

THROUGH THE APEX OF THE
EQUILATERAL TRIANGLE OR

LOWER
ADDITIONAL MASONRY LOAD ON
/THE LINTEL ON ACCOUNT OF THE

|NFLUENCE OF THE OTHER LOAD

L4
s
Y

FMASONRY LOAD OF
EQUILATERAL TRI-
ANGLE OVER THE
LINTEL

\\
\\\
o, "W
y -
UJ
/\

OOMONONNNSNNINANNYE

-LOAD FROM THE OTHER
LOAD WITHIN THE
INFLUENCE OF EQUILA-
TERAL TRIANGLE OVER
THE LINTEL ASSUMED
UNIFORMLY DISTRIBUTED
AND DISPERSE AT AN
ANGLE OF 30° FROM
THE VERTICAL

Py

SNNNNANANNNNNN s

E-26E Effective Load when L, and L, = L/2 and the Equilateral
Triangle is Within the Influence of Another Load
F1G. E-26 EFrecTIVE LOADS ON LINTELS FOR VARIOUS SITUATIONS
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W, = axial load.

VA7 m mnmmeagnion Do A s Aleboamnn $2) Foncan anntea lima
w = C\/bclllllb luau at uplualive € 11Ul Wiy uv.
W = resultant load at distance ‘¢’ from centre line.

e

= resultant eccentricity.

'F1G. E-27 RESULTANT ECCENTRICITY

i) Area reduction factor due to ‘small area’ of

a member is based on the concept that
there is statistically greater probability of

failure of a semall section due to sub-

standard units as compared to a large
element. However American and the
Canadian Codes do not Include any

provision for smallness of area. The reason
for this seems to be that factor of
safety/load factors inherent in a Code
should be enough to cover the contingency
mentioned above for this provision. In the
Australian Code (1974)% and draft 1SO
standard (1987)!! limits for smallness of
area in this context are taken 0.13 and 0.10
m?, respectively. Strictly speaking necessity
for this provision in the Code arises when
there is appreciable variation in strength of
individual units. In view of the fact that
strength  of masonry units being
manufactured at present in our country
can appreciably vary, the necessity for this
provision is justified in our code.

5.4.1.3 Shape reduction factor

Shape modification factor is based on the general
principle that lesser the number of horlzontal

iyinta

Junua in uxqbunuy’,

carrying capacity.

arantar Qiranaot nr land

su.au.l llD BllBllslll Ul 1vau

It has, however, been found

Qe e

from experimental studies that for units stronger
than 15 N/mm?, extent of joints in masonry does
not have any significant effect on strength of

llklbl)llly UCLdUbC Ul uNcC Ul UIC LUlllpdldllVCl)’ lllsll
strength mortar that normally goes with high-
strength units.

22

5.4.1.4 Increase

in permissible compressive

stresses allowed for eccentric vertical and]or
lateral loads under certain conditions

)

Eccentric vertical load (vertical load- plus
lateral load in case of free standing walls)

maeANnry
HIASUILL Y

addition to axial stress. It has been found
that masonry can take 25 percent greater
compressive stress, when it is due to
bending than when it is due to pure axial

load, because maximum stress in case of

bending occurs at the extreme fibres and
then it gets reduced linearly while in axial
compression, stress is more or less uniform
throughout the section. For sintilar reasons

permissible compressive stress in concrete

for beams is greater than that in columns
subjected to vertical loads. This rule of
higher Permissible compressive stress when
due to bending can also be explained from
the consideration that UeyOﬁu elastic limit
redistribution of stresses takes place
because of plasticity and thus stress biock
is in practice more or less rectangular in
shape instead of triangular as is normally
assumed in accordance with the elastic
theory. This enables the member to take

greater load.

gtrecg mn
S5iICS8S  in

bending

nfaneeg

an
Uil Lauses

When loading on a masonry element has

some eccentricity, the Code lays down the

design approach for various ranges of
eccentricity ratios namely (a) eccentricity

. | - .
ratio of % or less; (b) eccentricity ratio

1 1
exceeding 52 but not exceeding o and (c¢)

eccentricity ratio exceeding lg _ Basis of the
design approach is explained below (see
also Fig. E-28).
a) Eccentricity ratio of or less—

Refering to Fig. E-28B, W is total
vertical load per unit of wall with
resuliant Pccemrl(;!tv 2, t is thickness of
wall, fi and f; are the stresses at the two
faces of the wall and f, is Permissible

compresswe stress for axiai 10aamg

) A Z
WM
PR
Substituting values of 4, M and Z
W, WexX6_ W, 68
h= 7 =T( +_t—)
w We X 6 w 6T
fer = 7))

HANDBOOK ON MASONRY DESIGN AND CONSTRUCTION—PART 1



SP 20(S&T) : 1991

2t =1
— v)“e--g e 6
C‘=0 —t f“;=2W
W=t 6 25 f.
o 125X

[ 2\‘
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[

il

STRESS
Fic. E-28D
LAY Wy
= <e<3s  ___t
77 e=1/24 6 2 3<e<2
, fi=1251, ;__; £=125 f.
& A £,=075 f. __2W
& W=/ t 3(%—6)

Tg_[[[mmmn b I-— t —e
| 3 c
FiG. E-28B .-Aﬂﬂ 1.25fc><3(-;--5)

a. W
> 124 <5< 1/6 _f_l t s| b ow- 2
3(i-e)
fi=125 f, 2
LTS Fic. E-28E
t( '

125%

’ W=—%¢z

‘ 4=
_i_ ' h

L -

FiG. E-28C

&b

'

W = permissible load per unit length of wall.
Jf. = permissible compressive stress of masonry.
€= resultant eccentricity of loading.

t = thickness of wall.

F1G. E-28 VARIATION IN STRESS DISTRIBUTION WITH CHANGE IN
ECCENTRICITY OF LOADING
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b)

> TY -« 1001
l, s« 1771
for eccentricity ratio e 1 and
W . 1 24 )
since ~— is equal to axial compressive
¢
stres fc,
W 1
Si= —(1 + —) =1.25 f.
{ 4
4 [ 1,
fo= T( :) =0.75 f
As we allow 25 percent additional

bkllll}llVDDIV\.«
loading, it
compressive
ratio up to

compressive

qtrage of eccentr
DLIUDD lll uuo\, \ll \f\fl/\dlll-l l\a

follows that maximum
stress (fy) for eccentricity

EIZ does not exceed axial

stress by more than 25

1 .

coontricity ratio exceedinag — (see Fig
LOCeNnINicily rGaQ CXCeChing 6 \see TiE.
E-28E)—We had seen from (b) above
15 | P it hac thhn
TS LIIC

this ratlo exceeds 8 there will be tension

on one face rendering ineffective a part
of the section of the masonry and stress
distribution in this case would thus be

as shown in Fig. E-28E. Average
compressive stress:

. _AtT0_fi

=TT

Since f; has to be limited to 1.25 f;

percent which is permitted by the code.
Therefore for eccentricity ratio of —2% or

fess, it is not necessary to compute and
add bending stress to the axial stress.
The designer is expected to work out
only axial compressxve stress for the
purpose of design and see that it does
not exceed Permissibie compressive
stress for axial load.

. Design load, W=/, t
. . . 1
Eccentricity ratio exceeding — but not
24

exceeding %(see Fig. E-28C and E-28D)

We X 6

Tt
H

Bending stress =

2

1
for eccentricity ratio -(substituting in
the above equations), 6

w W 2w
fi=—+—=22

! t !
":K—K—‘O
J2 1 1

Thus on one face compressive siress geis
doubled and on the other face it is fully
nullified by tensile stress and there is no
tension in the cross section. For loading

with eccentricity ratio between — and -,
24 6
we have to limit the maximum stress f,
to 1.25 f
. W, 6E,
fi=—(1+—\=125f
! t
Design Load,
W= 1.25 fit
6e
1L+ —

. 125 f

fi= 5=
The design load W in this case will be
equal to average compressive stress

multiplied by length ab of the stress
triangle abc. Since for equlibrium, the
load must pass through the centroid of
the stress triangle abc and the load is at

i .
a distance of 2 — 2 from the compressive

iace, we get
ab _t
3 2
and ab = 3[% — 7\
\2 )
Thus design load, W = average stress
X ab
1 25X fc 30—
2 3(t—?

[P can

C\{UdllUll WC Cdii SC¢
that theoretlcal y design load W is zero
when &= ¢/2. However from practical
considerations & should be limited to
t/3.

it) In Appendix C of the Code, use of

concrete bed block has been suggested in

3.2 and 3.3. It seems necessary to add that
in case some tension is likely to develop in
masonry because of eccentricity of
concentrated loads, the bed blocks should
be suitably reinforced and these should be

l()llb cuuugu $O as to plCVClll lC[lbllC lebl\b
in masonry due to eccentricity of loading.

"8.4.2 Permissible Tensile Stress

In accordance with Note 2 of the clause tensile
stress up to 0.1 N/mm? and 0.07 N/mm? in t.he
masonry of boundry/compound walls is

nermitted when mortar used 'in masonry is of M1

and M2 grade respectively or better. This

relaxation has been made to effect economy in the
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design of the boundry/compound walls since
there is not much risk to life and property in the
event of failure of such walls.

5.4.3 Permissible Shear Stress

In 1969 version of the Code, provision for
Permissible value of shear stress (based on B.S.
CP Ul: Part 2:19702) was 0.15 N/mm? (1.5
kg/cm?) for walls built in mortar not leaner than
1:1:6 cement: lime: sand mortar. In the 1981
version of the Handbook it had been brought out
that experimental research on the subject had
proved that when masonry is preloaded, that is,
when it is having vertical load, it is capable of
resisting greater amount of shear force. Australian
Code AS : 1640-1974%8 had also reflected this
already. Based on that in 1980 version of
1S 1905, value of Permissible shear stress was
suitably modified and was related to amount of
preloading, subject to a maximum of 0.5 N/mm?
and minimum of 0.1 N/mm2.

5.4.4 If there is tension in any part of a section of
masonry, that part is likely to be cracked and thus
cannot_be depended upon for resisting any shear
force. The clause is based on this consideration.
This situation is likely to occur in masonry
clements subjected to bending.

5.5 Design Thickness/Cross Section

5.5.1 Walls and Columns Subjected to Vertical
Load

5.5.1.1 Solid walls

Brick work is generally finished by either pointing
or plastering and with that in view, it is necessary
to rake the joints while the mortar is green, in
case of plaster work raking is intended to provide
key for bending the plaster with the background.
Strictly speaking thickness of masonry for
purposes of design in these cases is actual
thickness less depth of raking. However in case of
design of masonry based on permissible tensile
stress (as for example design of a free standing
wall), if walls are plastered over (plaster of normal
thickness i.e. 12 to 15 mm) with mortar of same
grade as used in masonry or M2 grade—
whichever is stronger or are flush pointed with
mortar of M1 grade or stronger, raking may be
ignored.

5.5.2 Walls and Columns Mainly Subjected to
Lateral Loads

55.2.1 Free standing walls

1) 1980 version of the Code provided for
design of a free-standing wall as a gravity
structure that is, without placing reliance
on the flexural moment of resistance of the
wall due to tensile strength of masonry. It
was seen that this approach to design
resulted in fairly thick walls and maximum
height of an unplastered 23 cm thick wall
(one-brick thick of conventional size) could
be only about 0.86 m while it has been a
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common practice since long to build such
walls to heights much greater than 0.86 m.
It was further seen from Table 9 of 1980
version of the Code (based on BSCP
121 : Part 1:1973!2) that height to
thickness ratio of free-standing walls given
in relation to certain wind speeds could not
be sustained unless flexural moment of
resistance of the wall is taken into
consideration. From a study of practices
being followed in some other countries in
this regard, it is evident that, for design of
free-standing walls, it is appropriate to
take into consideration flexural moment of
resistance of masonry according to the
grade of mortar used for the masonry.

il) Method of working out thickness of free-
standing walls by taking advantage of
flexural moment of resistance of the wall
has been given in Solvéd Example E-13. It
would be seen that self-weight of a free
standing . wall reduces tensile stress in
masonry caused by lateral load that is,
wind pressure. Thus heavier the masonry
units, lesser is the design thickness of wall
for a particular height. It is, therefore,
advantageous to build compound walls in
stone masonry in place of brick masonry
when stone is readily available and
thickness has to be greater than one brick.
Also it should be kept in view that use of
light-weight  units  such as hollow
bricks/ blocks in free-standing walls has
obvious structural disadvantage.

i) As a general rule, a straight compound
wall of uniform thickness is not
economical except for low heights or in
areas of low wind pressure. Therefore,
when either height is appreciable or wind
pressure is high, economy in the cost of the
wall could be achieved by staggering, zig-
zagging or by providing diaphragm walls.
Instances of design of staggered and
diaphragm compound walls are given in
Solved Examples E-14 and E-15. It can be
seen that for wind pressure of 750 N/mz2,
maximum height of a 23 cm thick brick
wall using grade M1 mortar can be 1.5 m
for a straight wall, 3.2 m, for a staggered
wall and 40 m for a diaphragm wallk

5.5.2.2 Retaining walls

This clause is similar to 5.5.2.1 of the Code and
method of design of a retaining wall, based on the
permissible amount of tension in masonry, is
similar to that for a free standing wall.

5.5.3 Walls and Columns Subjected to Vertical as
Well as Laterai Loads

1) Longitudinal walls of tall single storey
wide span buildings with trussed roofs such
as industrial buildings, godowns, sports
halls, gymnasia, etc, which de not have any
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i)

intermediate cross walls other than gable
walls, tend to be very thick and
uneconomical if designed as solid walls,
since vertical load is not much and the
lateral load due to wind predominates.
This would be particularly so when the
trusses are not adequately braced at the tie
beam level so as to be able to act as
horizontal girders for transmitting the
lateral loads to the gable walls. In this case,
the walls act as simple cantilevers and
flexural stress at the base will be quite
high.  When, however, trusses are
adequately braced to provide girder action
and are suitably anchored to the gable
walls, longitudinal walls would function as
propped cantilevers, thus resulting in
considerable  reduction in  bending
moments on the long walls as shown in
Fig. E-29.

In UK, masonry diaphragm walls have
been adopted in wide-span tall, single
storey buildings and these have proved
very economical and successful. Principle
of a diaphragm wall is similar to that of a
rolled steel ljoist that is, placing more
material at places where stresses are more.

As a result % ratio of a diaphragm wall is

much higher than that of a solid wall,
thereby resulting in economy.

1) A typical arrangement for laying bricks in

a diaphragm wall is shown in Fig. E-30. By
varying the depth and spacing of ribs in
terms of brick units, designer can obtain an
arrangement that meets the requirement in
any particular case. Placing of ribs is
decided on the consideration that
projecting flange length on either side of
rib does not exceed 6 times the thickness of
the flange. Thus rib-spacing is limited to 12
t; + t, where ; and ¢, stand for flange and
rib thickness respectively. Brick layout in
diaphragm wall is planned such that
proper masonry bond is obtained with the
least number of cut bricks. Designers
interested in getting more detailed

TRUSS NOT
BRACED

RTINS

26

/

PH|
2

E-29A Trusses Not Braced

information regarding use of diaphragm
walls may refer to ‘Brick Diaphragm Walls
in Tall Single Storey Buildings’ by W. G.
Curtin and G. Shaw!?

554 Walls Subjected to In-Plane Bending and
Vertical Loads (Shear Walls)

A cross wall which functions as a stiffening wall
to an external load-bearing wall, is subjected to
in-plane bending.' If it is also supporting a
floor/roof load, it is subjected to vertical load in
addition to in-plane bending. The design
procedure in this case is given in Example E-11. It
should be kept in view ‘that such a wall when
subjected to vertical load gets strengthened, since
vertical load reduces or nullifies tension due to

bending and also increases the value of
permissible shear stress (see also comments
on 5.4.3).

5.5.5 Non-Load Bearing Walls

i) Non-load bearing panel and curtain walls,
if not designed on the basis .of guidelines
given in Appendix D of the Code, may be
apportioned with the help of Table E-§
which is extracted from Recommended
Practices for Engineered Brick Masonry?.
The table is based on the assumption that
wall is simply supported only in one
direction either vertically or horizontally
without any opening or other
interruptions. Where the wall is supported
in both directions, the allowable distance
between lateral supports may be increased
such that the sum of the horizontal and
vertical spans between supports does not
exceed three times the permissible distance
permitted for supporting in the vertical
direction.

i) Guidelines given in Appendix D of the
Code are based on some research in which
mainly  rectangular  panels  without
openings were tested. If openings are small
that is, hole-in-wall type (see E-4.1 Note),
there would be no appreciable effect on
strength of panels, since timber or metal
frames that are built into the openings
compensate to a great extent for the loss of

TRUSS
BRACED
PRO_I;_
3 . YgH
hoe -t S PH
= P T
: 5/82
: X T = Pl ‘l‘ = ‘_PH
—" T (mux)
BENDING
MOMENT

E-29B Trusses Braced

F1G. E-29 Errect OF BRACING OF TRUSSED ROOFs ON BUILDINGS
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F1G. E-30 TyricaL BRICK LAYING ARRANGEMENT FOR DIAPHRAGM
WALLS

Table E-5 Span to Thickness Ratio of Non-Load Bearing Panel/Curtain Walls

Design Wind

Vertical Span

gment-Lime

A

Horizontal Span

rCemem-Lime

-~

Pressure Cement-Li Cement-Lime
kg/m? Mortar 1:1:6 Mortar | : 14 : 44 Mortar 1 :1:6 Mortar | ;4 : 414

(1) 2 3 “4) (5)

25 38 43 54 61

50 27 30 38 43

75 22 25 31 35

100 19 21 27 30

125 17 19 24 27

150 15 17 22 25

NoTE — Partition walls which are not subjected to any wind pressure that is, internal partition walls may be apportioned

with the help of the above Table by assuming a minimum design wind pressure of 250 N/m?2.

strength of the panel due to the openings.
However, when the openings are large or
when the openings cannot be categorised
as of ‘hole-in-wall’ type, it may often be
possible to design the panel by dividing it
into sub-panels as shown in Fig. E-31.

In situations where design by forming
sub-panels is not feasible, panel may be
analysed using theory of flat plates (for
example, yield line theory or finite element
method) taking into consideration end
conditions as appropriate.
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oo Denotes free edge.
Denotes simply supported edge.
Arrows indicate span ring modes of subpanels.

Fi1G. E-31 DESIGN oF PANEL HAVING A
LARGE OPENING

6 GENERAL REQUIREMENTS
6.1 Methods of Construction

Information regarding constructional aspects of
masonry based on IS Codes (relating to materials
of construction, Codes of practice, etc) is given in
a classified form in Part 2 of this Handbook for
the convenience of the designers, architects and
builders.

6.2 Minimum Thickness of Walls
Considerations Other than Structural

From

i) Requirements for-thickness of walls from
considerations other than strength and
stability have been discussed below with
regard to fire resistance, thermal

1i1)

iv)

insulation, sound insulation and resistance
to rain penetration.

Resistance to Fire— The subject of fire
resistance of buildings has been dealt with
comprehensively in appropriate Indian
Standards!4 and also in Part IV of the
National Building Code of India 1983
which may be referred to in this regard.

Thermal Insulation — Thickness of walls in
case of non-industrial . buildings from
consideration of thermal insulation should
be worked out for the climatic conditions
of the place where a building is to be
constructed on °© the basis of IS
3792 : 1978's. Even though no Indian
Standard has yet been published on the
subject for industrial buildings, data and
information given. in the above Indian
Standard would be of some assistance in
deciding the thickness of walls from
consideration of thermal insulation.

Sound Insulation of ‘Value of Wall

a) Indian Standard IS 1950 : 1962!¢ lays
down sound insulation standards of
walls for non-industrial buildings such
as dwellings, schools, hospitals and
office buildings. Salient features of that
standard -are summarised below for
ready information.

b) While deciding thickness/specifications
of walls, it is necessary to consider,
firstly the level of ambient noise in the
locality where building is to be
constructed depending upon intensity of
traffic and type of occupancy of the
building. Noise level of traffic varies
from 70 decibels (abbreviated as dB) for
light traffic to 90 dB for heavy traffic.
Requirements of sound insulation for
different buildings from consideration
of ambient noise level and occupancy
are given in Table E-6. These values are
applicable to external walls for reducing
out-door air-borne noise.

Table E-6 Requirements of Sound Insulation
Values (dB) of External Walls of Buildings

Against Air-borne Noise
[Clause 6.2(iv) (b)]

SI Type of For Noisy For Quiet

No. Building Locations Locations
(90 dB Level) (70 dB Level)

(h (2) (3) “)

1. Dwellings 45 25

2 Schools 45 25

3. Hospitals 50 30

4 Offices 40 20
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¢) Sound insulation values of party and
internal  wallls are decided on
considerations of levels of indoor noise
emanating from adjacent buildings or
adjacent rooms and these should be as
given in Tablé E-7.

Table E-7 Sound Insulation Values for Party
and Internal Walls

Si Situation Sound
No. Insulation
Values
dB
(1 (2) (3)
1. Between living/bed room in one 50
house or flat and living/bed
rooms in another
2. Elsewhere between houses or 40
flats
3. Between one room and another in 30
the same house or flat
4. Between teaching rooms in a 40
school
5. 'Between one room and another 30
in office
6. Between one ward and another
in a hospital:
Normal 40
Extra quiet 45

~d) Sound insulation values of non-porous
homogeneous rigid constructions, such
as a well plastered brick/stone masonry
or concrete wall, vary as the logarithm
of weight per unit area and thus increase
with the thickness of wall. These values
are given in Table E-8.

Table E-8 Sound Insulation Values of Solid
Constructions

Weight Per m? of Sound Insulation

Wall Area Value
kg dB
5 22.8
25 33.2
50 37.6
100 420
150 44.7
200 46.4
250 479
300 49.1
350 50.0
400 50.9
450 5i.6
500 52.3
600 53.6
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e) Based on the data given in Table E-8,
insulation values of brick walls plastered
on both sides work out as in Table E-9.

Table E-9 Sound Insulation Values of Masonry
Walls Plastered on Both Sides

Thickness of Wall (cm) dB
7.7 45.7
10 47.3
11.5 48.0
20 51.3
23 52.2

NoTe -~ Thickness of walls given above are
nominal and exclusive of thickness of phaster.

f) As a general guide, it may be taken that
for noise insulation a one-brick wall (20
or 23 cm thick/plastered on both sides
as external wall’'and a !4 brick wall (10
or 11.5 cm thick) plastered on both sides
as internal walls are adequate.

v) Resistance to Rain Penetration —
Recommendations for thickness of walls
of different types of masonry from
consideration of resistance to rain
penetration  based geherally on IS
2212 : 196217 are given in Table E-10.

6.3 Workmanship

Common defects of workmanship in masonry are:
a) Improper mixing of mortar;
b) Excessive water cement ratio of mortar;

¢) Incorrect adjustment of suction rate of

bricks;
d) Unduly thick bed joints;
e) Uneven or furrowed bed joints;
.f) Voids in perpend joints; and
g) Disturbance of bricks after laying.

Improper mixing of mortar and excessive water
cement ratio may reduce the strength of mortar to
half, thereby affecting the strength of masonry.

Suction rate of bricks has a very pronounced
effect on the strength of brick-work and therefore
it should be controlled carefully. Water absorbed
from mortar by bricks leaves cavities in the
mortar, which get filled with air and thereby
reduce the strength of mortar. Brick work built
with. saturated bricks develop poor adherence
between brick and mortar. Thus flexural strength
as well as shear strength of such brickwork would
be low. At the same time such a brickwork will be
prone to excessive cracking due to high shrinkage
and thus rain-resisting qualities of the brickwork
will be poor. British Ceramic Association have
suggested a suction rate of 2 kg/min/m2, while in
accordance with Canadian Code® and American
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Table E-10 Suitability of Walls for Different Exposures
(R—~Recommended and NR—Not Recommended)

S1 Particulars of Wall Type of Exposure
No. Pt A __
Sheltered Moderate Seve;\
8y (2) 3) @ 5)
I. Brick masonry—burnt clay or sand-lime
a) | brick wall—not plastered R NR NR
b) I brick wall—plastered both sides R R NR
c) 14 brick wall—not plastered R R NR
d) 14 brick wall—plastered both sides R R R
2. Stone masonry
a) Minimum thickness 35 cm—not plastered R R NR
b) Minimum thickness 35 cm—plastered both sides R R R
3. Concrete block masonry 20 ¢m minimum thickness
a) Not plastered R NR NR
b) Plastered on both sides R R NR
4. Stone blocks—20 cm, Min thickness
a) Not plastered R NR NR
b) Plastered both sides R R NR
S. Cavity wall of 25 c¢m, Min thickness R R

NOTES

1 Use of cement-lime or lime mortar in place of cement mortar appreciably improves the resistance of a wall to rain.
1t is also'important that joints in masonry are fully filled with mortar.

2 Sheltered conditions’ are those where wall is protected by overhangs or adjoining buildings or rainfall is low (less than
750 mm per year and is generally not accompanied by strong winds. ‘Severe conditions’ occur when wall is subjected to
strong winds and persistant rain and there is no sheltering action of overhangs or adjoining buildings, or rain fall is heavy
(exceeding I 000 mm). ‘Moderate condition’ obtains when exposure conditions are between ‘Sheltered’ and *Severe’ conditions.

Practice® adjustment in suction rate is required, if
initial absorption rate exceeds 1 kg/min/m2.

The Commentary on Australian Code? specifies
that suction of bricks should be between 1.0 to
3.0 kg/min/m2. Optimum suction rate depends on
atmospheric conditions, namely, temperature and
humidity as well as certain properties of mortar
used in masonry. It is desirable that suitable
provision for suction rate should be made in our
Code after obtaining sufficient data from
experimental studies.

Strength of masonry gets reduced as the
thickness of bed joints increases. Taking normal
thickness of bed joints as 10 mm, an increase of 3
mm in thickness of bed joints may reduce the
strength of brick masonry by 15 percert and vice
versa.

Experiments conducted in other countries
indicate that uneven or furrowed joints can reduce
strength of brickwork up to about 33 percent.
Thus, this is rather a serious defect in masonry
construction.

Inadequately filled vertical joints, substantially
lower the rain resisting property of walls.
Disturbance of bricks after laying affect the bond
strength as well as shear strength of brickwork
and therefore should be avoided. If adjustment in

30

position of bricks after laying becomes necessary
bricks as well as mortar should be completely
removed and brickwork redone with fresh mortar.

NoOTE — Some masons have the habit of making a furrow
in the mortar of the bed joint in the middle parallel to the
face, before laying a -course of bricks, so as to lessen
squeezing out of mortar from the bed joints on pressing into
position.

This practice should be avoided.
6.4 Joints to Control Deformation and Cracking

BIS has published a Handbook on ‘Causes and
Prevention of Cracks in Buildings'’. This book
would be of considerable help to designers,
architects, engineers arid builders for controlling
and prevention of cracks in masonry.

6.6 Corbelling

i) Limitations of a corbel have been illustrated
in Fig. E-32. With these limitations,
minimum siope of corbelling (angle
measured from the horizontal to the face of.
the corbelled surface) would work out to
63°, when using modular bricks with header
courses in the corbelled portion.

ii) Load on a corbel has very high eccentricity.

It is, therefore, necessary to exercise great
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Fi1G. E-32 LiMITATION OF A CORBEL IN

caution in the use of corbelling in buildings
since eccentricity in loads appreciably

reduces the permissible compressive stress in

masonry. As it is not feasible to make
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(In the solved examples which follow, numerical

values have been liberally rounded off with a view
to mmnhfmng calculation work. Also, since

simplifying calculation \lIso, sinc
calculations relating to masonry cannot be very
precise, approximations in computation have
been made when such approximations are not
likely to affect the end results. Emphasis in the

solutions is more on nrarhr‘al results than on

QiUuns tilail

arithmetical accuracy.)

Example 1 : Effective Height, Effective Length,
Effective Thlckness and Slenderness Ratio of

RS 11,

YWais

dllu LUlulllIIb

In a double storeyed building walls are 20 cm
thick; clear height of floors is 3.0 m; plinth is 0.7
m above the foundation footing, floor and roof
are of RCC 12 cm thick, door height is 2.1 m,
window height is 1.5 m and plan of the building is
as shown in Fig. E-33. Work out effective height,
effective  length, effective thickness and
slenderness ratio of walls and columns of First
and Second floors
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i< —1—1— < L
2 3
4 A
x € 3 @ = tan™*
x = allowable projection of one unit.
X = total allowable horizontal projection of
corbel.

: = nominal wall thickness (actual-plus thickness
thickness of one joint)

h = nominal unit height (actual
thickness of one joint).

d = nominal bed depth of unit (actual bed depth of
unit plus thickness of joint).

0 = slope of corbel (angle measured from the
horizontal to the face of the corbelled surface).

height plus

MASONRY

precise calculations of actual stress in the

corbelled portion of masonry, the Code
prn\‘ndpc for some emnirical rules to limit

s IO SOIIC LS 0

the stress to within safe limits.

Solution
L. Effective Height
a) First floor
Actual height H=0.7 + 3.0 + 0.06
=376 m

A, B, C, D, E, J and M are all walls,
havmg length more than 4 times thickness
and thus:

Effective height,
h =

e
2
vy

H

X 3.

76

il
~1

No
o0

X
m

[\S 2NV

In case of F, K and N wall, even though
length is less than 4 ¢, these are not to be
treated as columns, because they are
supported on one 51de by cross walls. Their
effective  height, therefore, will be
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All dimensions in metres.

determined as in the case of wall and will be
2.82 m.

Brickword G—Since length is less than
4¢, it is a column by definition; thus as
per 4.3.3:

h=075 H+0.25 H,
=0.75%3.76 + 0.25 X 2.1
=334 m
Brickwork P is a column being less than 4 ¢

in length, an(viwlsnsupported in both the

horizontal directions by RCC beam/slab.
Effective height is thus:

h=H
i

i1

= 3.76 m in both directions. .

b) Second floor
H=1006+30+0.06
=312 m
h ford, B, C, D, E, F, J, K, M and N

71U

h for P in both directions
=H
=312 m

2. Effective Length of Walls

Effective length of walls will be same in first
floor and second floor.

Wall 4.-1t is continuous on one end and
dxscontmuous on the other end is supported by

cross walls.

L =09 L
=09X44
=39 m
Wall B— 1t is continuous on both.ends and is
supported by cross walls.
s =08 L
=08 X44
=352 m
Hall C--1t is discontinuous on one side and

continuous on the other and is supported by cross
walls on both sides.

Sl

o
Noo
~J \D \O

L

X 3.0

m

Wall D— It is discontinuous on one side and has

an opening on the other side which is taller than
05 H.

s =15X30
=45 m
Wall E— This wall is discontinuous in both sides,
but is braced by cross walls.
) =1L
=30 m
Brickwork F—T uiS wall, because of opemng

taller than 0.5 H is free on one end and is

32 HANDBOOK ON MASONRY DESIGN AND CONSTRUCTION—PART 1



supporied by cross wail on the other end is
discontinuous.

/ =

Brickwork G-—1t has no support on either side
and thus slenderness -for this element will be
governed by its height.

Brickwork J-—Same as brickwork G.

Brickwork K—This is free at one end and
supported by a cross wall but continuous at the
other.

o =15 L
=15X07
=105 m
NoTE — The clement K has been taken as continuous on

one end, because length of wall between cross wall and .

opening is more than

=037 m
Wall A Tho wall 1c o nﬁnnnno on one cide and
Yy Uit vl 1110 wdll 13 LULLLUTIUWUUD Uil VIV JiUb duu

discontintous on the other. On one side it is
supported by a cross wall which 1s more than

=0.60 m

Lnlm

Wi

in length, being 0.70 — 0.095 = 0.605 m.

On the other side, length of cross wall is less
than H/5 and thus this side is not adpqnqtn]u

than H/ not
supported. The brickwork is thus supported and
continuous on one side and free on the other,
thus

L
X2
m

han
“ — =
S wnia

Brickwork N — This element is discontinuous and
supported on one end and free at the other, thus

I=2 L
=2 X 0.40
=080 m

Column P : Same as G.

Assume joints dre not raked. Actual thickness
will therefore be 19 ¢m. From examination of the
plan we find that walls 4, B, C, E and M are
stiffened by cross walls. Thus effective thickness
will be actual thickness multiplied by Stiffening
coefficient. In all other cases, effective thickness
will be same as actual thickness. Stiffening co-
efficient of the walls 4, B, C, £ and M in
accordance with Table 3 of the Code will be as

SP 20(S&T) : 1991
foiiows:
Walls A and B :
t’—: =3
Sy 44
w, 019
=23 o
This being more than 20, Stiffening Co-efficient
ka=1
Walls C and FE:
o=
lw
5 30
W, 19
= 15 approximately
ka=12

1, _ 0.40 +0.095

o 0.19
=26 say 2.5
S _ 20
w, 0.19
= 10.5 = 10 (say)
12+ 14
ko= >

1.3 (By interpolation)
4, Slenderness Ratio

We may tabulate values of effective height,

effective h:nnfh effective thml{npac and stiffening

co-efficient for each element of brickwork
worked out earlier and then calculate values of
slenderness ratio as in Table E-11.

Example 2 : Working out Resultant Eccentricity

A masonry wall, 20 cm thick (see Fig. E-34)
carries an axial load 27 kN/m from wall above
and an eccentric load 16 kN/m from RCC floor
acting at a distance 4.75 cm from the centre line
of the wall. Determine the resuitant eccentricity of
loading and eccentricity ratio.

Solution

Let W be the total vertical load and e the
Resuitant eccentricity of all loads.

Taking moments about the centre line of wall

We= W, X0+ W, X475

(27 +16)X 107 =27 X 10° X 0 + 16 X 10° X 475
__ 16 X10° X 475
) 43 % 10°
= 1.77 cm

HANDBOOK ON MASONRY DESIGN AND CONSTRUCTION—PART 1 33



SP 20(S&T) : 1991

Table E-11 Values of Slenderness Ratio
Brickwork First Floor, 1 =0.19 Second Floor, ¢ = 0.19 Remarks
Element A A
“h I kn SRY (g I ke SR )
(1) )] 3) 4) %) (6 )] (8) ) 10)
A 2.82 3.96 1.0 14.8 2.34 396 1 123 Value of SR shown in the
B 2.82 352 1 14.8 2.34 3.52 1 12.3  table is the one that is to be
C 2.82 27 1.2 12.4 2.34 2.7 1.2 10.3  taken into consideration for
D 2.82 45 1 148 2.34 2.7 1 12.3  design
E 2.82 3.0 1.2 12.4 2.34 3.0 1.2 10.3
F 2.82 14 1 7.4 2.34 14 1 7.4
G 3.34 — 1 17.6 2.87 — 1 15.1
J 2.82 — 1 14.8 2.34 — 1 12.3
K 2.82 1.05 1 5.5 2.34 1.05 1 5.5
M 2.82 3.0 1.3 11.4 2.34 3.0 1.3 0.5
N 2.82 0.80 1 4.2 234 0.80 1 42
P 3.76 — 1 19.8 3.12 — 1 16.4
NoTEs h !
1 In case of walls SR = XK or-t- and fer design lesser of the two values is considered.

2 In case of columns if SR is different for the two horizontal axes, greater of the two values of SR is considered in design.

/— 4.75 cm

3
[—19 cm—o
W1 =27 kN/m
W,= 16 kN/m

W=wWw + W,;=43 kN/m

Fi1G. E-34

Resultant eccentriéity ratio,

1.77
=—=10.09

e
t 19

Example 3 : Design of a Wall Carrying Axial
Load

A load bearing brick masonry wall of a building is
20 cm thick, is laterally supported by RCC slabs
at top and bottom, which are 12 ¢cm thick each

34

and clear height between slabs is 3.0 m. If the wall
has an axial load of 71.5 kN/m at the base,
inclusive of self-weight, what should be the
crushing strength of bricks and grade of mortar
tor the wall. Wall is 4 m long between cross walls
and bricks used are of modular size. Assume that

. . N Y
there are no openings in the wall within 3 of its
junction with cross walls and there are no
in cross walls within

junctions with the load bearing wall under
consideration. Assume that two ends of wall are
discontinuous and joints are not raked.

openings LSI- of their

Solution
Effective height,
h=075 H
=0.75 3+0.12)
=234 m
=19 cm

SR:&
t

234
0.19
=123

NOTE —Since cross walls are more than 0.19 X 20
= 3.80 m apart, value of stiffening co-efficient as per Table 6
of the code will be equal to one.
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Effective length,
I=1L
=40 m
(Case at Sl. No. 3 of Table 5 of the Code).

Since effective height is less than effective
length, SR based on height will control the design.

Stress reduction factor ks with zero eccentricity
(from Table 9 of the Code for SR 12.3, by
interpolation)

_ (084 -10.78) X 0.3

=084 5
=0.84 — 0.01
=0.83
Compressive stress in masonry
_ 715X 10

= 2 2
19 % 100 37.6 kg/cm” = 0.376 N/mm

With Shape modification factor = 1,
Compressive stress of masonry

0376

0.83
=045 N/mm’

Referring to Table 8 of Code we find that
bricks of strength 5.0 N/mm’ are required if the
bricks have height to width ratio equal to 0.75.
Since modular bricks are used which have height
to width ratio of 1.0, value of Shape modification
factor (from Table 10 of the Code) equals to 1.2.

Thus Basic Compressive stress required
_ 045
12
= 0.38 N/mm’

Referring to Table 8 of the Code again, masonry
required is—bricks of 5 N/mm? strength and
mortar of M3 grade.

Basic

Example 4 : Design of an Axially Loaded Short
Length Wall of a Double Storeyed Building

If masonry element P in first floor of Example |
carries a load of 44 kN at the base inclusive of self
load, what should be the strength of bricks and
grade of mortar for masonry in question? Assume
that joints are not raked.

Solution
Length of masonry element as per plan
=06 m

As length is less than 4 times its thickness, the
element by definition is a column. SR for this
column, as worked out in Example I is 19.8. Area
of P in plan =0.19 X 0.6 = 0.114 m*. The area
being less than 0.2 m’ (see 5.4.1.2 of the Code).
Area Reduction factor (k.) will be applicable and

SP 20(S&T) : 1991

this will be:
k, =070 + 1L.5A
=070+ 15X0.114
=0.87

Stress reduction factor for zero eccentricity and
SR : 19.8 from Table 9 of Code by interpolation
is

(0.67 — 0.62) X 0.2

= 0.67 —
2
= 0.665
Compressive stress in masonry
W 4M4x10
A 0114x10°
=38.6 N/cm’
=0.386 N/mm’

For Shape modification factoq equal to 1, Basic
compressive stress of masonry in question is to be

0386
T 0.665 X 087

= 0.67 N/mm’

From Table 8 of the Code it is seen that strength
of bricks in this case should be 7.5 N/mm’.

Height to breadth ratio of modular bricks
0.9

==

0.9

Thus from Table 10:k, = 1.1 and value of Basis
Compressive stress should thus be

0.67 )

Tr = 0.6 N/mm2
and grade of mortar for this Basis Com-
pressive stress (vide Table 8) should be MI

and masonry in question for element P would
thus be: 7.5—MI.

Example 5 : Design of a Wall Carrying Eccentric

Load, Eccentricity Ratio Being Less than _!_
24

If load at the top of wall in case of Example 4 is

acting at a distance of 0.7 cm from the centre linhe

of the wall, design the brick masonry for the wall.

Solution :
Eccentricity ratio = ¢
!
_ 07
19
= 0.037
1

Since this is less than % it Is not necessary to

work out bending stress on account of eccentricity
as per Note below of 54.1 of the Code. Thus
axial stress in masonry at the base will govern the
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design and masonry required will be as worked
out earlier in Example 4, namely 7.5— ML

Example 6 : Design of a Wall with Eccentric Load,

N . . . . i i
Eccentricity Ratio Being Between 33 and R
A wali 20 cm thick, using moduiar bricks carries
at the top a load of 80 kN/m having resultant

- . 1
eccentricity ratio ofﬁ

cross walls and is of 3.4 m clear height between
RCC slabs at top and bottom. What should be
the strength of brick and grade of mortar., Assume
that joints are not raked.

Wall is 5 m long between

Solution :

As effective height of the wall is less than its
length, SR in the direction of height will govern
the design. Also since length to thickness ratio of
the wall exceeds 20, stiffening coefficient of wall

will be unif.y Mo.rf:OVPr element being fairly long,

20 — 1
Ay 1

19 cm

075X 34
0.19

13.4

Although theoretically as explained in E-4.7
critical stress in masonry in any storey occurs at
a height of 0.6 H from the bottom support, we
would for the sake of simplicity in calculations,
assume it {0 occur at boitom suppori.

Axial stress in masonry due to loading at top

w
A

80 X 10°
100 X 19
42 N/em’ = 0.42 N/ mm’

Axial stress due to self load of wall at bottom
support (W being the unit weight of masonry)

WAH

A4

A

20X 10'x 34
106
=0.068 N/mm’

Bending stress due to eccentricity of load at the
top.

H

M WEXE6
a bd’
&0 X l() X 20 X 6
l()() X 197 X (2

36 HANDB(

=22 N/cm’
=022 N/mm’

Thus maximum compressive stress fl in masonry

c—l—ker‘ no ctreeg

Xiai Ssiress nULGE  SUIVSS

0.42 + 0.068 + 0.22 N/mm’

0.708 = 0.71 say
Stress reduction factor k, for SR =134 and
eccentricity ratio % (from Table 9 of the Code,

by interpolation)
ot et A I.4
=081 — (081 —0.74) X —2~

-
Ay

= 0.
In accordance with 5.4.1.4(a) of the Code 25
percent additional stress is allowed for eccentricity
. 1 -1
ratio between — and —.
24 6
Therefore Basic compressive stress’ of required
masonry having Unity Shape modification factor
should be

071
0.76 X 1.25
=0.74 N/mm’

From Table 8 of the Code we find that bricks
should have strength of 7.5 N/mm?’. Since
modular bricks are being used, which have width

to height ratio of 1, Shape modification factor ks
from Table 10 nf the Code i1s 1.1 and thus

1adit viiv Qi uiiud

masonry should have Basic Compressive stress

V.

1.1
= 0.67

Refering to Table 8 of
that, using bricks of 7.5
mortar should be M1. Thi

s: 7.5-MI].

again we find

trength grade of

e Code ag
mm 2
masonry is designated

tl
N/
18

NOTE—1t is a normal practice to work out stress on
masonry just above the bottom support for every storey of a
building and to design the masonry for slenderness of wall

ilmem oy + by et Al et

diong  witn resultant cL,\,l.llul\.il_y

support.

Af Tandia o than
01 10ading at the lup

Example 7 : Design of a Wall Eccentric Load,

Nonedmtalés 2 L

0 D.sin D_°
LALCHUINILY RRalv pen

1ig Greater Than -
6

A 23 cm thick brick masonry wall (see Fig. E-35)
carries an axial load of 12 kN per meter length
and eccentric load of 27 kN per meter length
acting at a distance of 7.33 cm from the axis of
the wall. Design the masonry for the wall if its
Slenderness ratio is 16, assume that lmntc are not

raked. o



12KN 27KN

7-33 e¢m

A\

L
L

[y]
3.

FiG. E-35

Solution
Resultant eccentricity, e
W, Xe + W, Xe,
W, + W,

12X 10° X 0 + 27 X 10° X 7.33
(12 + 27) X 10°

=507 cm

Eccentricity ratio = %
507
23—
=0.23

] . )
This being more than g , there will be tension
on one face and effective thickness of wall

supporting the load will get reduced. Referring to
E-5.4.1.4(ii)(c), thickness of wall in compression

=7

3(% - 5.0)

H

17.8 cm

Maximum Compression stress in masonry
would be twice the average compressive stress on

the area under compression since stress
distribution is  triangular. Thus maximum
compressive stress
_2X (12 +2710°
100 X 17.8
=44 Njcm’
= 0.44 N/mm"
Stress reduction factor &, for SR 16 and

eccentricity ratio 0.23 (from Table 9 of the Code,
by interpolation)
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=0.63 — (0.63 — 0.58)

(0.23 —0.16)
(0.25 - 0.16)
=0.59

Since 25 gercent higher stress is permissible as
per 5.4.1.4(b) of the Code, and Shape modi-

fication factor k, of bricks is unity beoause bricks
have height to width ratio less than 0.75, Basic
compressive stress of required masonry

_ 044
0.59 X 125

= 0.6 N/mm’

Thus from Table 8 of the Code strength of
brick should be 7.5 N/mm’ and grade of mortar
MI1. Marginally even mortar M2 can do.

Example 8 : Design of a Wall with Openings

External wall of a single storeyed house is 20 cm
thick, and has door and window openings as
shown in Fig. E-36. Plinth level is 1.20 m above
the top of foundation footing and floor to ceiling
height 1s 2.80 m. One way RCC slab of 3 m clear
span bears on the wall and is 10 cm thick.
Determine the maximum stress in the wall and
calculate strength of bricks and grade of mortar
required for the wall. There is a 20 cm thick
parapet wall of 0.8 m height above the roof slab.
Wall and parapet are plastered on. both sides.

[+ b w a
/4 2. |
o.19-l L—- 2.0 — —,‘l-o»io-s LI-O ——] 0-6 i l"O-IQ

LINTEL LEVEL = 2.0m
SHLL LEVEL OF WINDOW=0:-6m

All dimensions in metres.

FiG. E-36
Solution

From a visual examination of Fig. E-36 it is
observed that portion ‘b’ of wall will have the
maximum stress. We will, however, for the sake
of comparison and illustration, work out stress at
plinth level in portion ‘a’ of the wall as well. Since
there are no openings below PL, load disperses
below plinth and corresponding stresses get
reduced notwithstanding the increase in self-load
of masonry. :

Loads
Parapet = (—]—91%.% X 0.80 X 20 X 10°

=352 kN/m
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Roof Load

RCC slab 10 cm thick
= 10 X 250

=2500 N/m>=2.5 kN/m’
Lime concrete terrace 12 cm thick

= 12 X 200

=2400 N/m’ =24 kN/m’
Live load = 1.5 kN/m’
Total load = 6.4 kN/m’
Clear span of slab

=300 m

Effective span

= 3.00 + 0.10
=310 m

. Roof load on wall
_64X3.1
2
, =992 kN/m
Thickness of wall including plaster
=19+3
=22 cm
Self-load of wall up to plinth level

22
==X 28X20X 10
100

1232 X 10° N/m
1232 kN/m

It is a common practice not to make any
deduction in wall loads on account of openings,

since calculations for design of masonry are not
very precise.

Portion ‘a’ of wall

0.19
=0.60 + —
2

(Length of wall ‘a’ has been taken up to centre of
cross wall)

Length

= 0.69 cm

This portion bears additional load on account
ot opening on one side, which is 1.0 m in width.

. Total load on wall
=(3.52+992 + 12.32)

X (0.69 + %)

=25.76 X 1.39
= 30.65 kN

Since wall is plastered on both sides, it may be
assumed to have raked joints on both sides.
Thus effective thickness
=19-2
=17 cm

Compressive stress at plinth level

4

A

_ 3065 X 10°
17 X 69

=26 N/cm’ = 0.26 N/mm’

Slenderness ratio from consideration of height

_h
t
(1.20 + 2.80 + 0.05)
=0.75 X
075 0.17
=18

Though length of wall ‘a’ is less than 4 ¢ that is,
76 cm, it will not be considered as a column,
because it is supported by a cross wall on one
side.

Effective length 1

=2 L

=2 X 0.69

= 1.38 m (see Table 5 of the Code)
Therefore SR in the direction of length

1.38
T
=8.0

Since lengthwise SR is less than that in the
direction of height, former will govern the
design.

Stress reduction factor k, for SR 8.0 (from
Table 9 of the Code)

=095
Area reduction factor k, (see 5.4.1.2)
=070+15 4
A=0.17X0.69
~ ke =0.117 m’

=0.70+ 1.5 X0.117
=0.70 +£ 0.18

= 0.88

where

Therefore, basic compressive stress of required
masonry, with unity Shape modification factor
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0.26
~ 093X 08B
=0.31 N/mm?’
Portion ‘b’ of wall
Length =0.5 m.

This being less than 4 ¢, by definition it
becomes a column.

This portion of wall has openings on both sides,
therefore, total weight on wall at plinth level

= 25.76(—139 +0.50 + —123)

= 38.64 kN
Compressive stress in wall at plinth level
_ 3864 X 10° _ 2
= T7x %0 =45 N/cm
= 0.45 N/mm’

Slenderness Ratio

Effective height for the masonry for the direc-
tion perpendicular to the plane of the wall (see
43.3)

h =0.75H+ 025 H,
Where H, is the height of taller opening

=0.75(1.2 + 2.8 + 0.05)
+0.25 X 2.0

=3.04 + 0.50
=354 m

Effective height of masonry for the direction
parallel to the Wall

h =H
=12+28+0.05
=405 m
SR for the two axes of wall will be
3.54 4.05
—6]7—2.1 an F—S.l

Thus SR 21 will govern the design as element
is being deemed to be a column

k, from  Table 9 of the Code for SR 21
= .59

Area of the portion of wall in plan

=0.5X0.17
= 0.085 m’

Since plan area is less than 0.2 mz,.Area
reduction factor (see 5.4.1.2) will apply.

SP 20(S&T) : 1991

Area reduction factor k.
=07+4+15 4

=0.7+ 1.5 X 0.085
=0.83

Thus Basic compressive stress of requisite
masonry with unity Shape modification factor

=S
ksxka

045
7 0.59 X 0.83

=0.92 N/mm?

Obviously stress in Wall ‘b> will govern the
design. Referring to Table 8 of the Code, we see
that bricks of 10.0 N/mm’ strength are required.
For these bricks from Table 10 of the Code,
k, = 1.1 and thus Basic compressive stress of
required masonry should be

0.92 )
= ﬁ' =0.84 N/mm

Thus from Table 8 we get grade of mortar for
the masonry to be M1. It may be mentioned that
if there is only a small portion of wall which is
carrying high stress, it may be possible to effect
economy in cost by using a lower grade masonry
for walls which do not have large openings and to
use the masonry we have calculated only for the
portions of wall ‘b’, which has openings in both
sides. For that purpose stresses on other walls
should also be calculated and masonry designed
accordingly. It should however be kept in view
that if in one storey of a building, bricks and
mortar of different strength/grades are to be used
a very close supervision is required in order to
avoid mistakes.

Example 9 : Design of a Wall with Concentrated
Loads from Beams

Wall of a single storey building as shown in Fig.
E-37 carries a concentrated load of 70 kN from a
beam. Design the wall as well as bed block under
the beam. Roof of the building consists of an
RCC slab which bears on cross walls and beams.
Height to width ratio of the building is less than 2
and span of the beam is 6 meters. RCC slab is
designed as a one-way slab.

Solution

Let us consider the stress at PL in masonry AB
between the window. Top lateral support on this
masonry may be assumed to be at mid level of the

1
beam that is, at a height of 5+ 0.15 ) X 0.5

=49 m above the plinth level. Bottom support
will be reckoned at the top of footing.

Thus H =49+ 1.25
=6.15 m
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1
0-15 RCC BEAM :
A [ /02805 IAO
OO S TIMICE ST SR SRR TR SRATING. S ;y
¢ CONCRETE V]
¢ BED BLOCK V]
/ %
)50 T /
/ W w 20
/ ) /
¢ %
A /
A B 05 PL
e 1028 —eh 100
i TOP_OF FOOTING

All dimensions in metres.

Fi1G. E-37

And effective height, A
=0.75X6.15=46 m

Let us assume that wall is one brick that is, 23
cm thick, joints are raked for plastering on both
faces of the wall, and overall thickness including
plaster is 25 cm.

Thus effective thickness, ¢

=23 —-1-2 (actual thickness of
23 cm wall is 22 cm)
=20 cm
Thus SR = —};—
_4s
0.2
=23

In accordance with 4.6.1 and Table 7 of
the Code maximum SR for a brick wall in cement
mortar should not exceed 27. Thus thickness of
wall is adequate from consideration of SR.

Stress in Masonry AB at PL

Concentrated load from beam is assumed to
disperse to a maximum extent of b + 4¢ where
b is the width of bearing of beam and 7 is the
effective thickness of wall (see Appendix D of the
Code).

Thus
b+ 4r=25+4X20
=105 cm

Therefore stress in masonry for concentrated
load

70 % 10°
20 X 105

=333 N/cm’ = 0.33 N/mm’

In addition there will be some stress in masonry
due to self load of wall. Because of the window
openings weight of 3.5 m length of wall, will be
borne by 2.5 m length only. Height of masonry
above the plinth

=50+0.15+10
=6.15 m

Thus stress in masonry 48 at plinth level due
to self load of masonry

20 X 10° X 0.25 X 3.5 X 6.15
20 X 2.5 X 100
=21.5 N/cm’
=0.22 N/mm’
It should be noted that for calculating self
weight of masonry we take overall thickness inclu-
sive of thickness of plaster which is 22 + 3 =25

cm and for the purpose of working out stress we
take effective thickness which equals 20 cm.

Thus overall stress in masonry in question at

=0.33+0.22
=0.55 N/mm’

From Table 9 of the Code we get stress reduction
factor &, for SR 23 =054, Thus Basic
Compressive stress for masonry for unity Shape
modification factor should be

:_&
S

055
0.54

= 1.01 N/mm?

Referring to Table 8 of the Code stren%th of
bricks to be used should be 12.5 N/mm* and
grade of mortar should be M1. Since height to
width ratio of units is less than 0.75 and strength
of units is 15 N/mm’, shape modifactor will be
unity and no further modification is needed.

In case bricks of strength 12.5 N/mm?’ are not
locally available we may either introduce piers of
114 brick thickness under the beams or change the
thickness of entire wall to 14 brick that is, 34.5
cm. While considering the alternative with a pier
under the beam, advantage may be taken of the
provision in Note 5 under Table 4 of the Code.
According to that Note if pier is kept 1}4 brick
thick and wall is one brick thick, pier and wall
will act as one structural element and thus it may
be feasible to achieve a fairly economical design
without having to make the entire wall 14 brick
thick. Design should be worked out for both these
alternatives and the one which is more economical
should be adopted.

Let us now work out the bearing stress under
the beam and examine the need for a bed block.
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Bearing width of beam = .25 cm

Length of wall supporting the concentrated
load equals the space between window openings
which is 3.5 — 1 = 2.5 meter. Since length of wall
is more than 3 times the width of bearing, load
from the beam would be treated as a concentrated
load and 25 percent increase in bearing stress
would be permissible (see. Appendix D of the
Code). Assuming that beam bears on full
thickness of wall bearing stress

_ 70 X 10°

T 20X 25
=140 N/cm’
=140 N/mm’

Stress due to self load of masonry at bearing
level

_ 20X 10° X 0.25(1.0 + 0.5)

20 X 100
=38 N/cm’
= 0.04 N/mm’

s Overall = 1.40 + 0.04
stress = 1.44 N/mm?’

Basic compressive stress of masonry from Table
8 of the Code

= 1.06 N/mm’

Permissible compressive stress immediately
below the beam with &, = 1
= 1.06 N/mm’

As explained in E-4.6(vii)'when we invoke the
provision of Note 3 below Table 9, we do not
make any increase in permissible compressive
stress, because of concentration of load, under
5.4.1.4(c) of the Code.

As bearing stress is more than permissible stress
it would be necessary to provide concrete bed
block under the beam. This design has been given
later. Let us also check the stress in masonry at a

H
depth of ry from the bottorn of the beam. Angle

of dispersal of the load in masonry may be
assumed to be 30 degress with the vertical (5.3.1
of the Code).

Height of masonry up to bottom of beam, H

=5-(050—-0.15+ 1.25
=59 m
It should be noted that for the portion of wall
directly below the beam we have taken actual
height to be the clear distance between the
supports that is the bottom of beam and top of
wall footing

SP 20(S&T) : 1991

Thus length of wall supporting the concent-
rated load at a depth of (.74 m

=0.25+2 X 0.74 X tan 30°
=0.254+2X0.74 X 0577
=0.25+ 085
=11 m
Therefore stress in masonry from beam at a
depth ofg

70X 10°
20 X 110

=32 N/cm’ = 0.32 N/mm’
Stress in masonry due to self load of wall at A
that is 0.79 m below the beam 8
20 X 10° X 0.25X (1 + 0.5 +0.79)
B 20 X 100
=56 N/cm’=0.06 N/mm’
Therefore total stress
= 0.32 + 0.06
=0.38 N/mm’

Permissible compressive stress in masonry for
SR 23

1.06 X ks
1.06 X 0.535
=0.57 N/mm’
Thus masonry is safe below% height.

We have seen earlier that masonry is not safe in
bearing under the beam. It is therefore necessary
to provide a concrete bed block under the beam.

Design of concrete bed block

Through a concrete bed block, stress is assumed
to spread at an angle of 45° to the vertical.
Length of block should be such that compressive
stress on masonry after spreading through the
block reaches the permissible compressive stress
value of masonry, which in this case is 0.57
N/mm’ as worked out earlier. A simple method
of working out length of block is the trial and
error method.

Approximate length of block could be had
from the relation

1X20%X0.57=70X%X10°

70 X 10°
20 X 0.57

=61 ¢cm

In order to make some allowance for additional
stress due to self load of masonry let us assume
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length of block to be 70 cm. In that case depth of
block should be (assuming angle of dispersion to
be 45°)

_70-25

2
=225 cm

It is desirable to adopt a depth in terms of
number of brick Courses that is a multiple of
nomina}l depth of bricks which is 7.7 cm. Thus let
us make the depth to be 23 cm. We would now
work out the actual stress at the bottom of this
block and compare it with the permissible stress
in masonry.

Stress due to beam load below the block
_ 70 x10°
20 X 70
=50 N/cm®
= 0.5 N/mm’

Stress due to self load at the bottom of the bed
block

20 X 10° X 0.25(1 + 0.5 + 0.23)
20 X 100

= 4.33 N/cm’=0.04 N/mm’
Thus.overall stress in masonry

=0.5+0.04

= 0.54 N/mm’

This is safe being less than permissible stress of
0.57 N/mm’. Thus a concrete bed block 70 cm
long and 23 cm deep of width same as thickness
of wall should be provided below the beam.

Example 10 : Design of Walls of a Building with
Cross Wall System of Load-bearing Construction

A 3 storeyed building as shown in Fig. E-38 has
load bearing cross walis of 23 ¢m thickness. The
building is subject to a wind pressure of 132/m’.
External longitudinal walls are also 23 cm thick
while internal corridor walls are 4 brick thick. All
walls are plastered both sides. Design the masonry
for cross walls of first floor. Assume roof and
floor loads (RCC slab) to be 7 kN/m’. The
building is without any parapet over the roof.
Centre to centre height of floors is 3 m.

Solution

1) We will consider the design of a typical cross
wall of first floor marked 44 on the plant. Roof
and floor loads borne by the typical cross walls is
shown shaded on the plan in Fig. E-38. Height to
width of the building equals

3IX3
(20.5 + 0.44)

which is much less than 2. As cross walls are

0.43,

spaced 5 meter apart, in accordance with E-4.2.2.2
it is not necessary to work out wind stresses.
However for the sake of illustration we will work
out the stresses due to wind in the transverse
direction.

2) Loads

Assume that roof and floor slabs are 15 cm thick.
Since the buiiding is only 3 storeyed, we would
ignore the live-load reduction factor for the sake
of simplicity. As structural system is based on
cross wail construction, slabs are designed for
one-way action so that slab load is supposed to
come only on the cross walls. Since walls are
plastered, joints of masonry are assumed to be
raked.

Roof/floor load per bay per floor
=7X10°X5X 18.5
= 648 kN

Self-load of cross wall per floor

=2 X 20X 10’ X (0.22 + 0.03) X
8 X3

=240 X 10° N
= 240 kN

Self load of 2 corridor walls (14 brick thick) per
floor per bay ignoring openings

=2 X 20 X 10° X (0.105 + 0.03) X
3X5

= 81 kN
Wind load per bay per floor
=1320X5X3=20X10° N
= 2000 kg
3) Direct Compressive Stress in Cross Wall Due
to Vertical Loads

Total vertical load on cross walls 44 of first floor
at PL

= 3(24000) + 2 X 64 800 + 2 X
8 100

=218 X 10° kN

Area of the cross walls in plan per bay,
assuming total depth of raking to be 2.0 cm.

=2 X 8 X (0.22 — 0.020)
=320 m’

Thus direct Compressive stress in masonry due
to vertical loads

2,18 X 10°

T 320
=7X%X10° N/m®
= 0.7 N/mm’
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TYPICAL PLAN OF CROSS WALL A

All dimensions in metres.

FiG. E-38

4) Bending Stress Due to Wind Load

Wind load normal to the main elevation per
bay will be acting as shown in Fig. E-39.

Wind moments at plinth wall of the building

per bay /
20 N W KLR W I
=10><103><3><§+20><103 Kb
IX2+20X10° X
=270 X 10’ N.m 30m
Total wind moment in the entire building 20 KN
=270 X 10’ X 6
=1620 kN.m ! 30m
The above moment will be shared by various
cross walls including end walls in the ratios of 10 KN
their respective stiffnesses, that is, moments of
inertia. FiG. E-39¢« WIND FORCEs ON ONE Bay
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Moments of Inertia of inner cross wall (5 Nos):

In this case parts of the longitudinal wall will
act as flanges to the cross walls, the maximum
projecting flange length being actual distance
between window openings and cross walls or 12
times the thickness of longitudinal wall or

? whichever is less (see 4.2.2.5 of the
Code).

Distance between openings and cross wall
=25-022
=228 m

12 time thickness of wall
= 12X0.22
=264 m

e <23
6

=15 m

Thus overall effective flange width which will
act along with the cross wall (see Fig. E40) in
resisting bending moment is

=15+0.22
=172 m

Moment of inertia of cross wall AA4 inclusive of
flanges

_ 022X (185)° 022X25
12 12

18.5+0.22

T )

+2X0.22 X 1.72(

= 116 — (negligible) + 66
=182 m*
Moment of inertia for the end wall
In this case projecting flange length is to be

limited to 6¢ or{-lﬁ- , whichever is less

_3X%3

16
= 0.56 m

Moment of Inertia (I) of one end wall
022X (185 022Xx25
- 12 T 12

18.5 + 0.22

7 )

+2X0.22 X 0.76(

116 — (negligible) + 29
=145 m*

There are in all 5 cross walls and 2 end walls
which are resisting the wind moment.

Thus B.M. borne by one inner cross wall AA.

1 620 X 10° X 182

(182 X5+ 145X 2)
By comparison with the figure of 270 kN.m
which is the wind moment per bay, it is obvious
that as an approximation we could take wind on
one cross wall to be equal to wind moment per
bay.
Bending stress on cross wall due to wind
moment

=250 X 10> N.m

=t__My

1
_+250><103 18.5 + 0.44
T T 182 X 10° 2 )

=+0.013 N/mm’

Overall compressive stress in cross wall
=0.7 £ 0.013
=0.713 N/mm® or 0.687 N/mm’

It is thus evident that when height/width ratio
of a building is small, we need not in fact compute
wind stresses in the masonry and could base our
design only on direct compressive stress.

Let us now design the cross wall for overall
compressive stress of 0.7 N/mm? as worked out
above.

Slenderness ratio of wall, assuming that plinth
level is 1.0 m above the top of footing

h

!
(0.22 — 0.025)

=15

0-22m

A
+72

0-22<”——— 80m
m

fo— 25 m—ofe

m
t i
80m _____..l.Lo.zz
m

FiG. E-40 TypicaL CRrOSS WALL WITH FLANGES
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Stress reduction factor from Table 9 of the
Code

= 0.76

Basic compress stress of masonry for unity
Shape modification factor

=S
ks

—0—7—— =0.92 N/mm’

Referring to Table 8 of the Code bricks should
be of strength 10.0 N/mm’ and mortar should be
of grade MI.

In case of longitudinal walls, though lower
grade masonry could be provided because of
comparatively lighter loads, as a general rule same
quality of bricks and grade of mortar are used for
cross as well as longitudinal walls on one floor,
since longitudinal walls are expected to contribute
to the structural strength of cross walls.

Example 11 : Design of a Hall Subjected to Wind

Load

A hall as shown in Fig. E-41 and of inside
dimensions 10.0 m X 20.0 m with a clear height of
5.5 m up to the bottom of beam is to be
constructed with load bearing masonry walls
using modular bricks. Calculate thickness of
walls, strength of bricks and grade of mortar for
10ng1tud1nal and cross walls assuming a wind
pressure of 1200 N/m’.

Solution:
1) Design Dataj Assumptions

Roof consists of RCC T-beams 40 cm X 80 cm
with RCC slab 12 cm thick, beams being at 4.0 m
centres. Roof is covered with lime concrete terrace
of 15 cm average thickness.

Height of parapet = 20 cm above slab level

Plinth height =05 m
Height of plinth above foundation footing
=07 m

2) Minimum thickness of Walls

According to 4.6.1 of the Code, maximum
SR = 27, assuming cement or cement-lime mortar

Long wall

H=07 455+ 20

=6.6 m

(NOTE - Actual height has been reckoned from top of
foundation footing up to middle of beam.)

h=075 H=075X 6.6 =495 m

!
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D-DOOR 15x25 W - WINDOW 15x2:0

100
i ) -
+25 WALL'a’ -/ —1
?_m
145 w w
2+5 b b
ﬁw w
b b
i |
< HALL
5 D p| 200
? ? A
/-WALL'D' b
w wﬁ
b b
w w
/WALL 4 )
2. 4 0 Y < 27
PLAN
All dimensions in metres.
Fig. E41
h 495
t=——=———=18 cm
SR 27

In view of long spans and assuming that joints
are raked to a depth of 1.0 cm on both sides
adopt 1'% brick wall with actual thickness =
29 cm, that is, nominal thickness 30 cm.

Cross wall
H=07+5.5+ (080 — 0.06)

(from top of footing to centre of slab)
=694 m
h=075 H=0.75X694 m
=52l m

=19 cm
Adopt 30 cm nominal thickness for cross walls.
3) Loads :

Roof load
RCC slab = 12 X 250 = 300 N/m?
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Terrace = 15X 200 =300 N/m’
Live load = 1 500 N/m?
e 088 T 77500 N/m?

Self weight of beam
_ 4080 — 12) X 25 000
100 X 100
=6800 N/m

Effective span of beam
=10+03

10.3 m

Load on long walls

I

10.3
Load from beam = (750 X 4 + 680) >

=190 000 N=190 kN

Self load of wall including parapet assuming 3
cm plaster thickness. Since we will be considering
combined stresses due to vertical loads and wind
load, we will work out all loads at the top of
foundation footing which is
(0.7+55+08+0.2)x20X 10

100
=4.61 X 10 N/m
Load on cross walls

7500 X 4
2

(29 + 3)

Slab load =

15000 N/m
I5 kN/m

Total load on wall at plinth level

=46.1 + 15=61.1 kN/m
4) Stress in Walls Due to Vertical Loads

i

Longwall

2.5 m length of wall will bear weight of 4.0 m
length of wall, because of openings.

~ Stress at footing-top level due to self weight

_ 4.61 X 10° X 4.0
2.5 X 26 X 100

=284 N/cm’
=0.28 N/mm’
Stress due -to concentrated load from beam
Load will spread on
b+4r=004+4X0.29
=120 m length of wall
.. Stress at plinth level due to concentrated load

1 90 000

- —= N 2
156 %26 X 100 6 N/em

=0.46 N/mm’

Therefore total axial at plinth level

=0.28 + 0.46
= 0.74 N/mm’
Cross wall without opening (Wall a)
. 611X 10° _ 2
Compressive stress = 26X 100 23.5 N/cm
=0.24 N/mm’

Cross wall with opening (Wall b)
Compressive stress at plinth level
61.1 X 10° 10

X

= =276 N/cm?
(26 X 100) (10— 1.5) fem

=0.28 N/mm’

(NOTE—The factor T(—)i—ol—s— is to make allowance

for increase in stress due to. the door opening which
is 1.5 m long.)

5) Stresses Due to Lateral Loads and Combined
Siresses

i) Long walls

Since long walls are not adequately stiffened in
accordance with the requirements of clause
4.2.2.2(b) of the Code and hall is longer than 8.0
m, it is necessary to work out bending stresses due
to wind load in longitudinal as well as cross wall.
Obviously wind load normal to the long walls will
be critical and therefore we will work out bending
stresses in long as well as cross walls on account
of wind load normal to the long walls.

Wind load on long wall
Wind load P on long wall per bay
=1200X4X(55+08+0.2)
= 31200 N=31.2 kN

(Wind load on exposed portion of wall below
plinth has been ignored)

Total wind load for the building (5 bays)
=31.20 X 5= 156 kN
Moments due 1o wind load on long wall

The walls are laterally supported at the top by
RCC beams and slabs. It can be assumed that this
lateral support will be adequate as a horizontal
girder to transmit the wind force to the cross
walls. The long wall will thus function as a
propped cantilever and the maximum bending

moment will be p_H_ at bottom support as shown

in Fig. E-42,
Maximum B.M. on long wall per bay
L
8
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SECTIONAL 8 M DIAGRAM
VIEW
Fic. E-42
= 31200 (0.7 +55+ %)
= 31 200 X 6.6
= 25740 N.m
= 25.74 kN.m

We have erred on the safe side by including a
small portion of height which is actually not
exposed and thus not subject to any wind force.

Bending stress in long wall

M
/=7
_MXx6 =+25.74><103><6
bd* 4% 0.29* X 10*
=+ 46 N/cm’
=% 0.46 N/mm’

Combined stresses in long wall
=-axial stress + bending stress
=0.74 £ 046 = 1.20 N/mm’ or
0.28 N/mm’ (both compression)
i) Cross walls

Wind forces are shared by cross walls in the
ratios of their stiffness. Since the cross walls are
identical except for a small door opening in the
middle in one wall, for practical purposes it may
be assumed that wind loads are shared equally by
the 2 walls.

Total wind load on a cross wall may be
assumed to be acting at a plane at mid-height of
the cross wall. Thus total B.M. on one cross wall

2 2
_156000X(0.74+55+08+0.2)
2X2

280.8 X 10° N.m
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Moment of inertia of cross wall

A part of the long wall will act as a flange with
the cross wall and effective overhanging length of
flange (see 4.2.2.5 of the Code) will be actual
length of wall up to window, that is,

H
1.25 m or 61 that is 6 X 0.20 or — that is,

16
0.7+55 1-i-60.8 +0.2 =045 m

whichever is less, that is, 0.45 m. Thus I about
neutral axis of the wall

_ 0.29 X-10° N 2(0.45 + 0.29) 0.29 X 5.15°
12 12

=24+09

=249 m'

Thus Bending stresses at extreme fibres

My
f=x="
+ 2 80 000 X 5.29
249 X 10
=+6.0 N/cm®
= 0.06 N/mm’
Combined stress in cross walls
= axial stress + bending stress
In case of cross wall ‘@’ combined stresses are

=0.24 £ 0.06 = 0.30 N/mm’ or
0.18 N/mm’ (both compressive)
In case of cross wall ‘b’ combined stresses are
=2810.6=0.28*0.06
=0.34 N/mm’ or 0.22 N/mm’
(both compressive)

Check for shear stress in cross walls
We will consider wall ‘b’ which will have greater
shear stress
Shear load on the cross wall
_ 156 X 10°
2
=780X 10° N

Section of wall being rectangular, we will
assume parabolic shear distribution and
maximum shear stress will be 1.5 times the
average shear. Since flanges do not make any
contribution for resisting shear load, maximum
shear stress on wall

___7800X 10° X 1.5
0.26 X (10 — 1.5) X 10°

=53 N/cm’

= 0.05 N/mm’
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Permissible shear stress (see 5.4.3 of the Code),
assuming mortar to be of M1 grade.

£i=0.1+ f4/6 where fy is axial compressive
stress on the wall due to dead load.

fa = stress due to self load of wall + stress due
to dead load from slab

_6LIX 10+ 6X 10° X2
26 X 100

=28 N/cm’
=0.28 N/mm’

Thus

0.28
fs =0.1+ —-6"'—

=0.14 N/mm’

Actual stress being only 0.50 N/mm?, wall is
safe in shear. In fact since actual shear stress is
about one third of permissible shear for MI
mortar, we could use M2 mortar. Thus both cross
walls are safe in tension as well as shear.

6) Masonry for Walls

i) Long walls

Masonry of long walls should be designed fog
maximum compressive stress that is, 1.19 N/mm

srR="
t
075007+ 55+ 04)
B 0226
=19

Stress reduction factor &, from Table 9 of the
code
= 0.65

Therefore Basic compressive stress for masonry
for unity

Shape modification factor
_L19
0.65
= 1.83 N/mm’

Referring to Table 8 and Table 10, bricks
should be of strength 25 N/mm’ and mortar
should be of grade HI. If bricks of this strength
are not locally available it would be necessary to
introduce piers under the beams so as to increase

the supporting area thereby reducing stress in
masonry.

1) Masonry for cross walls

Masonry of cross wall should be designed for
maximum compressive stress that is, 0.34 N/mm’

SR = %
_ 075X (0.7 + 55 + 0.8 — 0.06)
026
=20
48 HANDBOOK

Stress reduction factor from Table 9
= 0.62

Basic compressive stress for unity Shape modi-
fication factor

034
0.62
=0.55 N/mm’

Referring to Tables 8 and 10 of the Code,
bricks should be of strength 7.5 N/mm?® and with
Shape modification factor equal to 1.1.

Thus basic stress of masonry required
_ 055
N

. Grade of mortar should be M3. However from
the consideration of shear stress, we should use
grade M2 mortar.

=0.5 N/mm’

Example 12 : Design of Panel Walls

In a framed structure a panel wall (see Fig.
E-43) of brickwork 23 c¢m thick is 4.5 m long and
3 m high (between centres of supports). If the
panel is subjected to a horizontal wind pressure of
750 N/m?, determine the mix of motar for the
brickwork assuming:

a) panel is supported at top and bottom and is
free on other 2 edges,

.~

COLUMN
PANEL WALL

1

[ L =45 m ————|

F1G. E-43 PANEL WALLS

b) panel is free at the top and supported on
other 3 edges, and

¢) panel is supported on all 4 edges.
Solution
Case (a)

In @his case, panel is spanning in the vertical
direction and maximum bending moment is

PH
M=

_ 750X 3X 45X 3
8
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(see Appendix D of the Code)
=3 800 N.m

Compressive stress (axial) in masonry due to
self-weight at mid-height
20X 10°X3
10° X 2

3 N/ cm’
= (.03 N/mm’

»~ Maximum tensile stress
(0.11 — 0.03) = 0.08 N/mm®

If mortar used for masonryis | : 1 : 6 or better,
tensile stress up to 0.07 N/ mm? is permissible vide
562 of Code It will thus be marginally safe in
tension with M1 mortar. It may be clarified that
even if j {omts are raked to serve as key for plaster
it is valid to base the design on full thickness o
wall provided the wall has been plastered with

mortar of grade not lower than MI.
Maximum compressive stress
=0.11+0.03=0.14
Total shear force on panel
750 X 45X3

A &4
N

<D

16 13
- Shear stress at supports

10 130
2X45%022X% 10*
0.51 N/cm’

= 0.005 N/mm’

2

This is safe being less than 0.1 N/mm
Case (b)

H
- Ratio = 3/4.5
L

= 0.67

Since // L ratio exceeds 0.3 and panel is free at
top and supported on other 3 edges, maximum
bending will be in the horizontal direction, and by

mterpolatlon from Table 12 of the Code it will be:

6X 750 X 4.5 X 3 X 4.5
10 N.m
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Therefore tensile stress

M_  3010X6
Z  3X022x 10

This 1s safe, being less than permissible limit of

N 1A N mzand aasenar: idad tnr af orade M1 Ar
v.194 H/ min pluvxubu mnoriar O1 51“\]\' ivii Ul

better and bricks of strength not less than 10
N/mm?’ are used.

Case (c)
In this case panel is-supported on aii 4 edges

and i ratio is
L

.q
S

From Table
we get maximum bending moment
horizontal direction

=0.038 X 75X 45X 3X45

~Aan

=1730 Nm
Thus the maximum tensile stress in the hori-
zontal direction will be

NI

L e ke Y4 WAV
1 IJU/\U

T30X 022X 10°

=72 N/cm® = 0.072 N/mm’

= 048 N/mm’
This will be safe with mortar of M2 grade for
which permissible tensile stress is 0.10 N/m m’ for
mdina tha harizantal diractinn acrace hed
U\.uuuxs in I.ll\a HULIZVIIWAL ULIVWLIVIL avivos vvu

joints.

Example 13 : Design of a Straight Free Standing
Wall
A free standing brick wall 23 cm thick (see Fig.

E-44) is subjected to a wind pressure of 750 N/ m".
What should be the maximum height from

rtawea RAT1 ned AN
mor Laiy ivil allu 1vi g

congidaratian

Consialralion o

grades.

Solution :

e e T A PRI Iy P

COdC rmits lCﬂSlOll lll mabuu{y‘ 1ICC bldr Il
walls to the extent of 0.07 N/mm* if mortar used
is of Ml or better grade and 0.05 N/mm® if
mortar used is of M2 grade.

Tensile stress f; at the base of wall

_M_w
Z A
_PH_wHXA
2Z A
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SECTIONAL ELEVATION
FiG. E-44

Considering 1 meter length of wall,

PHX 6

f= gl

inserting value of p =750 N/m’ and w = 20 X
10° N/m’

2 250 H*

. -20X 10° H

If mortar used is of M1 grade,
fi=.07 N/mm’= 70X 10° N/m’

For 1 = 23 ¢m nominal thickness, actual thick-
ness = 22 cm

2250 H?
0.22 X 0.22

=46 500 H* — 20000 H
465 H* — 200 H— 700 =0

This is a quadratic equation of the form

70 X 10° = — 20000 H

ax* + bx+ c¢=0 and its solution is .

c=Tbxb—4ac

2a
Thus we get,
- 200 + /200% + 4 X 465 X 700
2 X 465

200 £ 1158
930

1.46 m say 1.5 m

If we use |:6 cement mortar (M2 grade)
fi =005 N/mm’
and from the above equation
2250 H
022 X022
465 H* =200 H— 500 =10
o= 200 + 1/(200)* + 4 X 465 X 500
2 X 465
200 + 985
T 930
=125 m

In urban areas it is a common practice to build a
23 cm thick courtyard wall for houses in 1:6
cement mortar, plastered on both sides up to a
height of about 2 meters. It has proved to be
generally safe, because the wall is braced by cross
walls. )

50 000 = — 20000 H

The Code permits higher tensile stress in the
case of boundry/courtyard walls at the discretion
of the designer (see Note 2 of 5.4.2 of the Code).
Thus if we design a 23 cm wall for a tensile stress
of 0.1 N/mm’, as is permissible for M1 mortar,
we get a safe design height of 1.7 m as follows:

465 H*—200 H—1000=10
200 + \/(200)° + 4 X 465 X 1 000
2 X 465

=17 m

Example 14 : Design of a Staggered Free
Standing Wall

A brick masonry wall of staggered shape (see
Fig. E45) is 23 cm thick and is subject to a wind
pressure 750 N/m®. Determine the maximum
height of the wall if mortar used is: (a) 1 cement :
1 line : 6 sand (M1 grade), (b) I cement : 6 sand
(M2 grade).

(a) Consider module length AB of the wall
which is 2.31 +0.22=2.53 m long. If f is
the permissible tensile stress in masonry

_ My_W
ST T
HZ
M= p><2.53>< *2—
_ 750 X 2.53 H
2
=950 H> N.m
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Solving this equation for H we get

Ap1155— for—-nss 5
o mi 200 + /200° + 4 X 131 X 500
L ' -—L H= v 2 X 131

0565 /
200 + 550
2% =2
262
All dimensions in metres. =286 m say 28 m
F1G. E-45 PLAN VIEW OF A STAGGERED WALL NOTE — While planning and designing a free standing
staggered wall, it should be borne in mind that total length
of projecting flanges on either side of a rib should not
exceed 6 times the flange thickness. In other words module
I, around N.A of the wall of a staggered wall should be limited to 12 times the thick-
0.22° ness of wall plus width of the rib or pier formed by stagger-
=2[1.155 X =+ 1.155 X 0.22 X (0.565 ing. Thus in the above example upper limit of module works
[ 12 out to 12X 0.22+ 0.22 =286 m as against 2.50 actually
3 provided in the wall in question.
12 Example 15 : Design of a Diaphragm Type Free
=2 (0.001 025 + 0.007 561) + 0.003 307 Standing Wall
=2 X 0.085 86 + 0.003 807 A brick masonry wall (see Fig. E-46) is built in
_ mortar of grade MI1. Find the maximum safe
=0.017 2 + 0.003 31 height for this wall, when it is subjected to a wind
=0.205 m* velocity of 47 m/s and is located in a built up
urban area. Bricks used are of format size
0.565 23 X 115X 7.7 cm.
2 ‘ In accordance with IS 875(Part 3): 1987,
=0.282 m wind pressure, p, = 0.6 12, where V, stands for
, . . , design wind speed
Thus inserting values in the equation:
My (= Vokik2).
So= 7 wH Vs is regional basic wind speed and ki, k», k; are
modification factors
2
= 950 H” X 0.282 20 000 H (N/m?) k, (for a boundry wall) = 0.73
0.205 k2 =091
—_ 2
=1310 H —2000 H ks =10
Permissible value of tension for 1:1:6. & pa=0.6 X (47 X 0.73 X 091y
Cement mortar across bed joint =750 N/m?
= 7 .
=0.07 N/mm" =70 X 10° N/m’ Consider the diaphragm unit of length B and if H
" 700°= 131 H:— 200 H be the height of the wall in metres, then Bending
, Moment
131 HH —200 H—700=10 _ pH H pBHz
Solving this quadratic equation we get M= ) = p(BH) X — )
2
_ 200 + /2007 + 4 X 131 X 700 B=127 m and p=750 N/m’
2 X 13 a2 TOX 127X H )
_ 200 + 638 s M= 2 =476 H
202 P
= 3.2 metres ‘ 1 A
b) If mortar used is of 1 cement : 6 sand mix _ My ‘
(M2 grade), value of permlss1ble tens;le stress T - wH..... (Eqn "X}
is 005 N/mm’=50X10° N/m® Sub-
stituting in the above equation, w being the unit weight of masonry
5000= 1310 H — 2000 H BD' bd ;
131 H2 —200 H— 500 =0 T2 12 (referring to Fig. E-46)
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B=126.75 cm, b=116.25 cm .

D =565 cm, d=355 cm

NOTE: For proper bond some bricks are 3/4
size as shown in plan view of a diaphragm

wall.

F1G. E-46 PLAN VIEw OF A DIAPHRAGM WALL

D =565 cm and d =355 cm

Taking all units in metres,
; _ 1.27X0565° _ 1.16 X 0.355°
12 12
= 0.019 X 0.004 3
=0.0147 m'
D
y= 5
_ 0365
2
= (.282

In accordance with the Code, permissible
tension in masonry with mortar M1 is

0.07 N/mm’ = 70 000 N/m’
W =20000 N/m’
Thus inserting values in the aboive Eqn ‘X’ we get

476 H* X 0.282
— "7 2000
0.014 7 0000 H

=9130 H*— 20000 H
Transposing and simplifying,
913 H* —2000 H—7000=0
Solving this quadratic equation we get
H= 2 000 + /2 000> + 4 X 913 X 7 000
2X913
2 000 + 5 437
T 1826
=407 m=4.0 m (say)

and

70 000 =

52

If mortar used is of M2 grade, f, =50 000
N/m’ then we get H=3.6 m.

It will be of interest to compare the economy of
straight, staggered and diaphragm type free
standing walls as considered for design in
Examples 13, 14 and 5.

Straight Walls

Area of wall per metre length = 0.22 X | = 0.22
m°. This wall for a wind pressure of 750 N/m’ can
be taken to a height of 1.5 m using M1 mortar
and to a height of 1.25 m using M2 mortar.

Staggered Wall

Area of wall for module length of 2.53 m
=231 X0.22+ 0.22 X 0.565
=(0.508 + 0.124
=0.632 m*

Area per metre length
_0.632
2.53
=0.25 m’
For the same wind pressure, this wall can be
taken to height of 3.2 metres with M1 mortar and
2.8 m with M2 mortar.

Diaphragm Wall
Area for one diaphragm length

= 1.268 X 0.565 — 1.163 X 0.355
=0.303 m’

Area per metre length
0303

T 1.268
=024 m’
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This wall can be built to a height of 4.0 m, with
M1 mortar and to a height of 3.6 m with M2
mortar. Diaphragm walls can be used with great
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advantage and economy in single storeyed tall
structures for warehouses, factories and large
halls, etc.

ANNEX H-2

DESIGN OF. BRICK MASONRY FOR
RESIDENTIAL BUILDINGS UP TO 3 STOREYS

H-2.1 Design Parameters

Maximum  Clear Live
Span Height Load
(Short of on
Span Storey Floors
in Case
of 2-Way
Slab)
m m kg/cm?
Case 1 3.00 270 150
Case 2 3.60 2.70 150
Case 3 3.00 2.70 200
Case 4 3.00 3.00 200
Case 5 3.60 2.70 200
Case 6 3.60 3.00 200
Case 7 420 2.70 200
Case 8 4.20 3.00 200
H-2.2 Assumptions
For Al
Cases
H-2.2.1 Height of plinth from 0.5m
ground level
H-2.2.2 Height of plinth above 1.0m
footing top
H-2.2.3 Height of parapet wall 1.0m

above RCC roof slab

For For For

Cases Cases Cases
1, 3 2,5 7 and
and 4 and 6 8
H-2.24 Thickness of I0cm 12¢m  l4cm
RCC roof/floor. slab
H-2.2.5 Thickness of I0cm 12cm l4cm
lime concrete over
roof slab (average)
For All
Cases
H-2.2.6 Thickness of ceiling finish I cm
H-2.2.7 Thickness of cement concrete 4 ¢m

flooring

H-2.2.8 Wall plastered on both sides. 3 cm
total plaster thickness

H-2.2.9 Length to width ratio, span 1.30
ratio of rooms

H-2.2.10 Openings in walls as percentage of area

of walls in plan
a) In external wall 45 percent
b) In internal wall 30 percent

H-2.2.11 The bricks used in masonry are modular
bricks of nominal size 20 X 10 X {0 cm.

H-2.2.12 Openings in a wall are so shaped and
located that:

a) In load bearing walls, openings do not occur
within —1;— distance from a cross wall, that
function as a stiffening wall, and length of
cross wall is not less than %(see 4.6 and

Fig. 9 of the Code and also comments on 4.4
of the Code).

b) The horizontal area of brickwork in any
wall is not less than 2 000 cm-”.

¢) The brickwork between two consecutive
openings does not become a column by
definition,

NOTE - In case area of brickwork in any wall is less than
2 000 cm? or becomes a column by definition, stress in the
actual portions shall be checked by calculations.

H-2.2.13 RCC roof/floor bears fully on eternal
masonry walls; thus eccentricity over wall has
been assumed to be negligible.

H-2.2.14 The RCC slabs are designed as two-way
slabs, thus loads on wall are shared accordingly.
H-2.3 Design Steps

H-2.3.1 Slenderness Ratio (SR) and Stress Factor
(K5)

Slenderness ratio and stress factor have been
calculated and are given in Table E-12 for cach
case (see E-12).
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Table E-12 Slenderness Ratio and Stress Factor

Particulars

Case 1 Case 2 Cased4 Case 6 Case 7 Case 8
& &
Case 3 Case §

I. Third and second storey

a) Actual height H in m (centre to centre of structural slab)

b) Effective height 2= 0.75 H from Table 1 of the Code.

) SR=—’thért=l9 cm

d) Stress factor K, for SR given above in (c) from
Table 9 of the Code

2. First storey
a) Actual height H in m (from top of footing to
the centre of slab)

b) Effective height A= 0.75 H according to
Table 1 of the Code

c) SR=l:-fort=19 cm

d) Stress factor K, for SR given above in (c) from
Table 5 of the Code

e) SR=%f0r =29 ¢cm

f) Stress factor K, for SR given above in (¢) from
Table 9 of the Code

2.85 2.87 3.15 3.17 2.89 3.19
2.14 2.15 2.36 2.18 2.17 2.39
11.3 11.3 12.4 12.5 11.4 12.6
0.86 0.86 0.83 0.83 0.86 0.83

3.76 3. 4.06 4.07 3.78 4.08
2.82 2.83 3.05 3.05 2.84 3.06

14.8 14.9 16.0 16.1 14.9 16.1

0.76 0.76 0.73 0.73 0.76 0.73

197 9.8 10.5 10.5 9.8 10.6
0.90 0.90 0.88 0.88 0.90 0.88

H-2.3.2 Loads
H-2.3.2.1 Unit weights

For calculating the loads of different
components of the building, the following unit
weights of materials have been taken:

a) RCC up to 2 percent steel =2 500 kg/m’
=2000 kg/m’
= 2400 kg/m’

d) Brickwork including plaster =2 000 kg/m’
H-2.3.2.2 Load distribution factors

The RCC slab is assumed as two way slab for
loading purposes. The roof/floor slab loads on
the supporting walls have been worked out in
accordance with 23.5 and Fig. 6 of 1S 456 : 1978.

For the assumed span ratio of 1.3, the load
distribution factor has been worked out in
accordance with Fig. 6 of 1S 456 : 1978 which
is as follows:

b) Lime concrete

¢) Cement concrete flooring

= 0.62
b) For longer span =0.38

H-2.3.2.3 Unit loads of roof/floor, roof/floor
load over different walls, self weight of wall of
different thickness including parapet walils have
been calculated and tabulated in Table E-13.

H-2.3.3 Shape Modification Factor
Assuming that modular bricks of size 20 X 10 X

a) For shorter span

10 cm are used in brick masonry, shape
modification factor for bricks of 5.0, 7.5, 10.0 and
15.0 N/mm? strength will be 1.2, 1.1, 1.1 and 1.0
respectively, in accordance with Table 10 of the
Code. Thus for determining the particulars of
masonry required for any situation, values of
basic stress as arrived at without application of
shape modification factor will be divided by the
above factors and values of basic stress thus
obtained, taken into consideration.

H-2.3.4 Compressive Stress in Masonry and
Puarticulars of Requisite Masonry

Following steps have been adopted for calculation
of loads and stresses for each case which have
then been tabulated:

Step (1)— Calculation of loads on external
and internal walls taking into
account parapet load, roof/floor
load and self load of walls.

Step (2) — Working out compressive stress
in masonry assuming that there
are no openings.

Step (3) — Working out compressive stress
after making allowance for open-
ings.

Step (4) - Working out requisite basic stress
after applying stress reduction
factor but without applying shape
modification factor as per 54.1.3
of the Code.
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Particulars Loads
A
[Case I Case 2 Case3 Case 4 Case 5 Case 6 Case 7 Case 8)
1. Dead load and live load in kg/m?:
i) Roof 625 715 625 625 715 715 805 805
ii) Floor 525 575 575 575 625 625 675 675
2. Roof load on walls in kg/m: )
i) External wall 600 830 600 600 830 830 1 080 1 080
ii) Internal wall 1 200 1 650 1 200 1 200 1 650 1 650 2170 2170
3. Floor load on walls in kg/m: v
i) External wall 510 660 550 550 720 720 910 910
ii) Internal wall 1010 1 330 1110 1110 1 440 1 440 1 810 1 810
4. Self weight of wall in kg/m per storey
(including 3 cm thick plastering):
i) For 19 c¢cm thick wall 1 250 1 260 1250 1 390 1 260 1 400 1 270 1 400
ii) For 29 c¢m thick wall 1820 1 840 1 820 2 020 1 840 2 030 1 850 2 040
5. Self weight of parapet wall (19 ¢m thick)
440 440 440 440 440 440

in kg/m (including 3 cm thick plastering) 440

Step (5)'— Working out values

Step (6) — Determining

of requisite
basic stress after applying shape
modification factor.

the masonry re-
quirements for triple, double and
single storey buildings with
reference to Table 8 of the Code.

H-2.3.5 Important notes in regard to tables for all
cases are given below:

a)

b)

<)

d)

Figures have been rounded off suitably to
simplify calculations.

The symbols FL1, FL2 and FL3 have been
used to indicate Floor 1 (first floor), Floor 2
(second floor) and Floor 3 (third floor)
respectively in accordance with IS
2332 : 1972, Here, the floor 1’ has been
defined as the lowest floor in the building
with direct entrance from the road.

For the sake of convenience of reference, the
brick masonry requirement has been
designated symbolically in the tables. For
example, 20-7-M2 means masonry with 20
cm thick wall using bricks with minimum
crushing strength of 7 N/mm? and mortar
Type M2. Standard types of mortar have

been given for different mix ratios of

cement, lime and sand in Table | of the
Code.

No deductions in self weight of walls due to
openings and no reduction in live loads have
been made in the calculations since design
calculations for masonry cannot be very

precise, thus that refinement is not called
for.

e) In case of first storey SR applicable to that

storey wall is based on height from top of
foundation footing to centre of floor slab.
Since, we are increasing the stresses due to
openings and -openings start from floor |
level, we get the maximum stress at floor |
level. Below that level, as, there are no
openings, loads on walls will start dispersing
and thus, in spite of increase in dead load of
masonry, no increase in stress will take place
below floor | level unless the percentage of
openings taken into consideration is very
small. Thus stresses in case of first storey
have been calculated at floor | level.

f) No provision has been made for any wind

force in the design calculations and it has
been assumed that the building as a whole is
stable against all loads.

g) No allowance has been made for seismic

forces and, therefore, when applying these
results for structures in seismic zones other
than | and II, strengthening measures as
given in IS 4326 : 1976 shall be adopted.
(see 6.1.2 of the Code).

h) In marginal cases, actual stress (basic) may

exceed the permissible stress by a maximum
of 10 percent, provided sufficient
precautions are taken about the quality of
materials and workmanship and work is
done under good technical supervision.
Alternatively, percentage of openings in
walls may be reduced suitably to bring down
the actual stress to permissible limits.
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Case 1 Loads and Stresses

Particulars External Wall Internal Wall Remarks
oS —~~
rlndividual Progressive\ Individual Progressive\
Load Load Load Load
kg/m kg/m kg/m kg/m
1) €] 3) C)) 5 (6)
Parapet Wall 440 440 _ _
Roof 600 1 040 1200 1 200
Third storey wall 1250 2290 1250 2450
Floor 3 510 2 800 1010 3 460
Second storey wall 1250 4 050 1 250 4 710
Floor 2 510 4 560 1010 5720
First storey wall 1250 5810 1 250 6970
kg/cm® kg/cm’
Compressive stress in masonry 2 290 2 450
wall without openings FL 3 0% 100 = 121 X100 = 129
4 050 4710
) — = . ——— = ),
FL 19 X 100 213 19 X 100 @
5810 6970
1 27 = 30 — = 367
FL 19 X 100 6 19 X 100
Compressive stress in masonry 121 .29 _
wall with openings FL3 0.55 2.20 070 1.84
2.13 2.48
2 _— = . —_— = .54
FL 0.55 387 0.70 33
3.06 3.67  _
FL 1 055 5.56 070 5.24
For Three-Storeved Building
Basic stress of requisite masonry 2.20 1.84
without application of shape FL3 0.86 = 236 0.86 = 214 K, = 0.86
modification factor
387 _ 3.54 _
FL 2 086 4.50 086 4.12 K. = 0.86
5.56 5.24
— = . — = . =0.76
FL 1 076 7.32 076 6.89 K
Basic stress of requisite masonry 256 .14
after application of shape FL3 1.2 = 21 1.2 = 18
modification factor
4.50 4.12
FL 2 11 = 4.1 T 3.7
7.32 6.89
1 2 = 67 — = 63
FL 1.1 1.1
Masonry requirements FL 3 20—3.5-L2 20—-3.5-L2
FL 2 20—5.0—-M3 20—5.0-M3
FL 1 20—7.5-M1 20-7.5-Ml
( Continued)
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Case 1—Concluded

Particulars External Wall Internal Wall Remarks

For Two-Storeved Building

kg/cm’ kg/cm’

Basic stress of requisite masonry
without application of shape FL2 = 256 = 214 K, =0.86

‘ N
]
(=]
_
b0
S

out 0.86 0.86
modifcation factor
3.87 3.54 _
FL 1 076 " 5.09 6 - 4.66 K, = 0.76
Basic stress of requisite masonr 2.56 14
¢S 4 ) = L 28 g

after application of shape
modification factor

—_
[
—
to

FL 1 09 = 46 466 = 42
1.1 1.1
Masonry requirements FL 2 20—3.5-1L2 20—-3.5-L2
FL 1 20—5.0-M1 20-5.0—M2

For One-Storeved Building

Basic stress of requisite masonry
without application of shape 2.20 1.84

=~ = 0 22 = =
modification factor FL1 0.76 2.86 0.76 242 K.‘ 0.76
Basic stress’ of requisite masonry
after application of shape FL 1 2.89 = 24 Eﬁ?_ = 20
modification factor 1.2 1.2
Masonry requirements FL 1 20—3.5~1L.2 20—3.5-L2
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Case 2 Loads and Stresses

Particulars External Wall Internal Wall Remarks
7\ S\
r Individual Progressive\ ,{ndividual . Progressive\
Load Load Load Load
kg m kg/m kg/m kg/m
(1) 0 3 4) (5) (6)
Parapet Wall 440 440 —
Roof 830 1270 1 650 1 650
Third storey wall 1 260 2 530 1 260 2910
Floor 3 660 3190 1 330 4240
Second storey wall 1 260 4 450 1260 5 500
Floor 2 660 5110 1 330 6 830
First storey wall 1 260 6 370 1 260 8 090
kg/cm’ kg/cm?
Compressive stress in masonry
. . . 2530 2910
wall without openings FL 3 X100 1.33 19X 100 ~ 1.53
4 450 5500
6 370 8 090
A TR R wxie - 4%
Compressive stress in masonry . 133 1.53
wall with openings kL3 0.55 242 070 219
. 234 289
FL 2 055 4.25 00 4.13
3.35 4.26
2 i = —_ = 09
FL 1 0.55 6.09 070 6.0
For Three-Storeyved Building
Basic stress of requisite masonry . 242 219 .
without application of shape FL3 86 2.81 086 2.55 K=086
modification - factor
4.25 4.13
L2 T = 494 = 4380 K, =0.86
k 0.8 ? 0.86
6.09 6.09
2 =7 = —_— = , . = 0.76
FL | 076 8.01 076 8.01 K=0
Basic stress of requisite masonry . 281 _ 2,55 _
after application of shape FL 3 1.2 23 1.2 21
modification factor .94 4.80
FL 2 S = 45 —— = 44
1.1 I.1
i R
FL 1 LELL 7.3 01 _ 7.3
1 1.1
Masonry requirements FL 3 20—3.5-1L2 20~3.5-L2
FL 2 20—5.0-M1 20—5.0-M2
FL | 20~7.5-M1 20—7.5~-M1

( Continued)
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Case 2—Concluded

Particulars External Wall Internal Wali Remarks

For Two-Storeyed Building

kg/cm® kg/cm’

N5
-
N
(3]
—
A -]

Basic stress of requisite masonry

without application of shape FL2 0:86 = 28l _0:86 = 255 K. =0.86
modifcation factor
. 425 413 _ _
FL 1 076 5.59 776 5.43 K, =0.76
Basic stress of requisite masonry 281 255
after application of shape FL 2 12 23 12 21
modification factor 559 543
FL 1 _T]- = 5.1 _l—l = 4.9
Masonry requirements FL 2 20—3.5-12 20—3.5-L2
FL 1 20—-5.0—-M1 20—5.0—M1

For One-Storeyed Building

Basic stress of requisite masonry

Wi\‘.h(.)l.lt a.pplication of shape FL 1 g = 318 - = 288 K =076
modification factor

N
B
%)
N
—
o

|
|

=}
~J
*
e
=
=y

Basic stress of requisite masonry
after application of shape FL 1 . 2.65 2.8 = 24
modification factor 1.2 1.2

oo

Masonry requirements FL | 20—-3.5-L2 20—3.5-L2
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Case 3 Loads and Stresses

Particulars External Wall Internal Wall Remarks
AN A\
/ Individual Progressive\ /) Individual Progressive\
Load Load Load Load
kg/m kg/m kg/m kg/m
(§))] (2) (3) “) (5) ©)
Parapet Wall 440 440 — - '
Roof 600 1 040 1 200 1200
Third storey wall 1250 2290 1 250 2 450
Floor 3 550 2 840 1110 3560
Second storey wall 1 250 4 090 1 250 4 810
Floor 2 550 4 640 1110 5920
First storey wall 1 250 5 890 1 250 7170
kg/cm? kg/em’
Compressive stress in masonry 2290 2450
wall without openings FL 3 19X 100 121 19X 100 1.29
409 4810
FL 2 T9X7100 — 2.15 X100 2.53
5890 7170 _
FL 1 X100 - 3.10 X100 3.77
Compressive stress in masonry 121 _ 1.29
wall with openings FL3 055 .20 070 184
215 _ 253
FL 2 s 391 070 3.61
310 i _
FL 1 s - 5.64 0.70 5.39
For Three-Storeyed Building
Basic stress of requisite masonry 220 1.84 =
without application of shape FL3 086 2.56 086 2.14 K, =086
modification factor 191 161
Putidainil = 5 = = . =(.86
FL 2 0.86 4.55 086 4.20 K.=0
5.64 5.39
—_— = —_— = K =(0.76
FL 1 0.76 7.42 076 7.09 K.=0.7
Basic. stress of requisite masonry 2.56 2.14
after application of shape FL3 12 11 12 18
modification factor
455 _ 420
FL 2 T - 4.1 1 38
1.42 7.09
FL | 11 - 6.7 11" 6.5
Masonry requirements FL 3 20-3.5-L2 20-3.5~-L2
FL 2 20—5.0-M3 20—5.0—M3
FL 1 20-7.5—M1 20-7.5-Ml
( Continued)
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Case 3—Concluded

Particulars External Wall Internal Wall Remarks

For Two-Storeyed Building

kg/cm’ kg/cm’
Basic stress of requisite masonry
without application of shape FL 2 : = 256 =22~ 914 K, = 0.86

[ ]
[
(=
—

modifcation factor 0.86 0.86
391 3.61

FL 1 076 - 5.15 076 4.75 K, =0.76
Basic stress of requisite masonry 2.56 2.14

after application of shape FL2 . = 21 .. = 18

modification factor

b
(]
—
[\

FL 1 51—115 = 47 %Lls = 43
Masonry requirements FL 2 20—3.5-12 20—-3.5-1.2
FL 1 20—-5.0—-Ml 20-5.0-M2
For One-Storeyed Building
Basi.c stress of.req.uisile masonry
v sto o gy 28 gy o ap geow
Basic stress of requisite masonry ) o
v T T i
Masonry requirements FL 1 20-3.5—-L2 20-3.5-1L2
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Case 4 Loads and Stresses

Particulars External Wall Internal Wall Remarks
. A\
f Individual Progressive * ¢ Individual Progressive
Load Load Load Load
kg/m kg/m kg/m kg/m
) 2 3) 4 5) (6)
Parapet Wall 440 440 — _
Roof 600 1 040 1 200 1 200
Third storey wall 1390 2430 1390 2 590
Floor 3 550 2 980 1110 3700
Second storey wall 1390 4 370 1390 5090
Floor 2 550 4920 1110 6 200
First storey wall 1 390 6 310 1 390 7 590
kg/cm’ kg/cm®
Compressive stress in masonry 2430 2590 _
wall without openings FL3 oxien - 1.28 X - 1.36
4370 5090
FL 2 19X 100 2.30 X100 2.68
6310 7 590
—_— . —= 99
FL1 19 X 100 332 19 X 100 3
Compressive stress in masonry 128 1.36 _
wall with openings FL3 055 2.3 070 1.94
2.30 2.68
—_— = " _— = 83
FL 2 055 4.18 070 38
332 _ 399 _
FL 1 055 6.04 0 5.70

For Three-Storeyed Building

Basic stress of requisite masonry
without application of shape FL3 - = 28! — = 234 K, =083

(o]
W
w
—
\o

modification factor 0.83 0.83
418 383 _ =
FL2 ;- Su og - 4ol K,=0.83
6.04 5.0 _ =
FL 1 Y 8.27 X 7.81 K =073
Basic stress of requisite masonry 2.81 234 _
after application of shape FL3 1.2 23 12 20
modification factor 5.04 461
FL 2 1T 4.6 Ewu 4.2
827 _ 781
FL'1 T " 1.5 m 7.1
Masonry requirements FL 3 20-3.5-L2 20-3.5-L2
FL 2 20-5.0-M1 20—5.0-M2
FL 1 20—-7.5—-H1 20—7.5-Ml

( Continued)
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Particulars External Wall Internal Wall Remarks

For Two-Storeyed Building

2 2
kg/cm kg/cm’

Basic stress of requisite masonry’ 2.33 194 _
without application of shape FL2 083 2.81 08 234 K. = 0.83
modifcation factor

4.18 3.83
—_— = . — = 525 K, =073
FL 0.73 573 0.73

Basic stress of requisite masonry FL 2 281 = 23 __2'34 = 12
after application of shape 1.2 1.2
modification factor

5.73 525
FL 1 ﬁ— = 52 11 - 4.8
Masonry requirements FL 2 20—-3.5-L2 20—3.5-L2
FL 1 20-7.5-L1 20—-5.0—M1

For One-Storeyed Building

Basic stress of requisite masonry
without application of shape FL 1 2.33 = 319 1.94 = 266 K. =0.73
modification factor 0.73 0.73

Basic stress of requisite masonry
after application of shape 1 319 _ 266 _
modification factor FL 1.2 27 1.2 22

Masonry requirements FL 1 20—-3.5-M2 20—-3.5—-L2
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Case 5 Loads and Stresses

Particulars Extern}l\ Wall lntewl Remarks
* Individual Progressive1 ! Individual Progressiv;\
Load Load Load Load
kg/m kg/m kg/m kg/m
9y 2 3 4 (5) (6)
Parapet Wall 440 440 — —
Roof 830 1270 1 650 1 650
Third storey wall 1 260 2 530 1 260 2910
Floor 3 720 3250 1 440 4 350
Second storey wall 1260 4510 1260 5610
Floor 2 720 5230 1 440 7 050
First storey wall 1260 6 490 1 260 8310
kg/cm’ kg/cm?
Compressive stress in masonry 2530 _ 2910
wall without openings FL3 19 X 100 1.33 19 X 100 1.53
4510 5610 _
6 490 8310
FL 1 X100 — 342 m = 437
Compressive stress in masonry 133 .53 _
wall with openings FL 3 055 242 070 219
2,37 295
FL 2 055 = 431 90 - 4.21
3.42 437
FL 1 055 - 6.22 0 6.24
For Three-Storeyed Building
Basic stress of requisite masonry 242 219 _ _
without application of shape FL3 08 281 086 255 K. =0.86
modification factor a3l 5
. 421
FL 2 086 5.01 8% 4.90 K, = 0.86
6.22 6.24
FL 1 — = 81 -— = .21 , = 0.76
0.76 8 0.76 8 k
Basic stress of requisite masonry 281 255
after application of shape FL3 1.2 23 12 21
modification factor
FL 2 301 = 46 490 4.5
.1 11
FL 1 818 = 174 82 7.5
1 1.1
Masonry requirements FL3 20-3.5-L2 20-3.5-L2
FL 2 20—5.0—-M1 20-5.0-M1
FL 1 20—7.5-M1 20—7.5—H2

( Continued)
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Case S—Concluded

Particulars External Wall Internal Wall Remarks

For Two-Storeyed Building

kg/cm?® kg/cm’

Basic siress of requisite masonry

[
N
N
l =
—_
G

without application of shape FL2 086 2.81 086 2.55 K =086
modification factor
431 4.21
FL 1 -(-)76 = 5.67 '0—73 = 5.54 K. =0.76
Basic stress of requisite masonry 2.81 _ 2.55
after application of shape FL2 1.2 23 1.2 21
modification factor )
5.67 5.54
L1 —_— = 2 —_— = 5
F 1.1 5 1.1 0
Masonry requirements FL 2 20—-3.5-L2 20—3.5-L2
FL 1 20-7.5-L1 20—5.0—M1
For One-Storeyed Building
Basic stress of requisite masonry
without application of shape FL 1 242 _ 318 219 _ 588 K. =076
modification factor 0.76 ’ 0.76 ’ o
Basic stress of requisite masonry
after application of shape FL 1 }_1_8_ = 27 2_8§ = 24
meodification factor 1.2 1.2
Masonry requirements FL 1 20—3.5-M2 20—-3.5-L2
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Case 6 Loads and Stresses

Particulars External Wall Internal Wall Remarks
/ Individual Progressiv? " Individual Progressive\
Load Load Load Load
kg/m kg/m kg/m kg/m
(H 2 (3) ) 5 (6)
Parapet Wall 440 440 — —
Roof 830 1270 1 650 1 650
Third storey wall 1 400 2 670 1 400 3050
Floor 3 720 3390 1 440 4 490
Second storey wall 1 400 4790 1 400 5 890
Floor 2 720 5510 1 440 7 330
First storey wall 1 400 6910 1 400 8 730
kg/cm’ kg/cm’
Compressive stress in masonry 2 670 _ 3050 _
wall without openings FL 3 19 X 100 141 19 X 100 .61
4 790 5 890
FL 2 m‘ = 252 m = 310
6910 8 730
— = 364 ——— = 4,59
FL 1 19 X 100 3 19 X 100 3
Compressive stress in masonry FL 3 141 2.56 et 2.30
wall with openings 0.55 0.70
2.52 3.10
L2s = . - = 4.
FL 2 0.55 4.58 070 43
3.64 4.59
FL 1 e 6.62 70 - 6.56
For Three-Storeyed Building
Basic stress of requisite masonry 2.56 2.30
without application of shape FL3 083 3.08 083 27 K. =083
modification factor .
458 443 _
FL 2 8 5.52 0.83 5.34 K, =0.83
6.62 6.56 _
FL 1 Y 9.07 e 8.97 K, =0.73
Basic stress of requisite masonry 3.08 271
after 4pplication of shape FL 3 12 ?'6 1.2 2.3
modification factor
FL 2 52 5.0 334 49
1.1 1
FL 1 307 8.25 897 8.2
1.1 1
Masonry requirements FL 3 20—-3.5-M2 20—-3.5-M2
FL 2 20—5.0-M1 20—5.0—-M1
FL 1 20—10—M1 20—10—-M1
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Case 6~ Concluded

Particulars External Wall Internal Wall Remarks

For Two-Storeyed Building

kg/cm? kg/cm’
Basic stress of requisite masonry

[
th
(=)
[
w
(=]

without application of shape FL 2 == = 308 =2 = a7 K. =083
modification factor 0.83 0.83
4.58 4.43
_— = .27 _— = .07 . =07
FL 1 073 6.2 %E 6 K. =073
Basic stress of requisite. masonry : 308 277
after application of shape FL2 12 2.6 12 23
modification factor 62 6
.27 .07
FL 1 11 57 T 5.5
Masonry requirements FL 2 20—-3.5—-M2 20—-3.5-L2
FL 1 20—7.5—-M3 20-7.5-M3
For One-Storeyed Building
Basic stress of requisite masonry
without application of shape F 2.56¢ 230 _ _
L1 —= = 351 = 3.15 K, =0.73
modification factor 0.73 0.73
Basic stress of requisite masonry 351 3.15
after application of shape FL 1 = = 29 I = 26
modification factor L1 1.2
Masonry requirements FL 1 20—3.5—-M2 20—3.5-M2
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Case 7 Loads and Stresses

Particulars Exterm}l\ Wall lntema/l\ Wall Remarks
/lndividual Progressive\ flndividual Progressive\
Load Load Load Load
kg/m kg/m kg/m kg/m
1 2 (3) 4) (5) ()
Parapet Wall 440 440 — —
Roof i 080 1520 2170 2170
Third storey wall 1270 2 790 1270 3440
Floor 3 910 3 700 1810 5250
Second storey wall 1270 4970 1270 6 520
Floor 2 910 5 880 1 810 8330
First storey wall 1270 7 150 1270 9 600
kg/cm? kg/cm’
Compressive stress in masonry . 2 790 um 3 440 o
wall without openings Lo Tox10 Y Toxiwo
) 4970 262 6520 3.43
FL 19x100 19x100
7150 $600
Compressive stress in masonry 1.47  _ 181
wall with openings FL3 055 267 ] 0.70 2.5
2.62 3.43
_— = 7 — = 490
FL2 0.55 4.76 0.70
3.76 505 _
FL 1 0ss o8 o - A
For Three-Storeyed Building
Basic stress of requisite masonry 2.67 2.59
without application of shape FL3 0.86 .10 086 3.01 K, =0.86
modification factor
4.76 4.90 =
FL 2 m = 5.53 m = 5.70 K, = 0.86
6.84 7.21
FL 1 276 = 9.0 076 = 949 K, =0.76
Basic stress of requisite masonry FL 3 30 _ 26 0L _ L,
after application of shape iz ' i.2 ’
modification factor 5.53
FL 2 - = 50 30 5.2
1.1 11
FL 1 20 8.2 24 8.6
1.1 ’ 1.1
Masonry requirements FL 3 20—3.5-M2 20~3.5-1.2
FL 2 20—-5.0-M1 20-7.5-L1
FL 1 20—10-M1 20—10—-Mt
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SP 20(S&T) : 1991
Case 7—Concluded

Particulars External Wall Internal Wall Remarks

For Two-Storeyed Building

kg/cm’ kg/cm’

Basic stress of requisite masonry
without application of shape FL 2 = 310 = 3.0l K. =0.86

N
=)
~3
[
w
o

I.
l.

. R 0.86 0.86
modification factor
4,76 4.90 =
FL 1 076 - 6.26 06 - 6.45 K, =0.76
Basic stress of requisite masonry 3.10 3.01

FL 2 = 26 - = 25

5|

after application of shape
modification factor

—
N
—
[

~
h
—
-
~{3
il
bl
<
=2
=l
1
w
o

[
?
w
i

Masonry requirements FL 2 S5—M2 20—3.5-12
FL 1 20—7.5-M2 20—7.5-M2

For One-Storeyed Building

Basic stress of requisite masonry

without application of shape FL 1 . = 351 - = 340 K. =0.76
modification factor

Sl
=
=

[
[
73
=)

|

f=]
~J
o
(=]
~
(=

Basic stress of requisite masonry
after application of shape FL 1 351 _ 29
modification factor 1.2 I

Masonry requirements FL 1 20-3.5-M2 20-3.5-M2

SlE
[
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Case 8 Loads and Stresses

Particulars Exten‘ljl\ Wall Interng] Wall Remarks
P Y y 4
 Individual Progressive }  / Individual Progressive“
Load Load Load Load
kg/m kg/m kg/m kg/m
(1 0] 3, 4) 5 (6)
Parapet wall 440 440 e —
Roof 1 080 1520 2170 2170
Third storey -wall 1 400 2920 1 400 3570
Floor 3 910 3830 1 810 5 380
Second storey wall 1 400 5230 1 400 6 780
Floor 2 910 6 140 1810 8 590
First storey wall 1 400 7 540 1 400 9 990
First storey wall* 2 040 8 180 2 040 10 630
kg/cm’ kg/cm?
Compressive stress in masonry 2920 3570
wall without openings FL3 19%X100 1.54 %100 - 1.88
5230 6780 _
FL 2 X100 ~ 275 Toxi00 3.57
7 540 9 990
FL 1 Tox100 = 397 X100 - 5.27
8 180 10 630
FL 1* — = 282 == 3.67
29 X 100 29 X 10
Compress.ive stress in masonry FL 3 154 _ 280 188 269
wall with openings 0.55 ~ 0.70
FL 2 275 _ .. 357 LA
- 55 > 0.70 >
FL 1 397 7.22 326 7.51
055 070 "
2.82 3.67
» = . = 6.67
FL1 0.55 313 0.70
For Three-Storeyed Building
Basic stress of requisite masonry 2.80 2.69

without application of shape FL 3 = 337 3 = 324 K.=0.83

!

e ) 0.83 0.83
modification factor
500 _ 510 -
FL 2 _0.83 = 6.02 083 6.15 K, =0.83
7.22 7.51 _ -
FL 1 073 = 989 7.)T3 = 1,0'29 K, =0.73
FL 1* ,5\:3 = 583 ffz = 7.58 K, = 0.88
v.00 V.00
( Continued)
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Case 8—Concluded

Particulars External Wall Internal Wall Remarks
kg/cm’ kg/cm?
Basic stress of requisite masonry 3.37 3.4
after application of shape FL3 2 2.8 12 - 27
modification factor
6.02 6.15
FL 2 —_— = . — = .
1.1 53 1.1 56
989 10.29
FL 1 W 9.0 - - 9.4
5.83 7.58
FL 1* _— = . —_ = .
Il 58 W 69
Masonry requirements FL 3 20—-3.5-M2 20—3.5~-M2
FL 2 20—7.5-M3 20-7.5-M3
FL 1 20—10—M1 20-10-M1
FL 1* 30—-75-M2 30-7.5-Ml
For Two-Storeyed Building
Basic stress of requisite masonry 2.80 2.69
without application of shape FL?2 YT 337 Y 324 K. =083
modification factor ’ '
5.00 5.10
_—_ = . - = .99 K, =0.73
FL1 0.73 685 0.73 69
Basic stress of requisite masonry 337 _ 3.4
after application of shape FL2 12 28 12 27
modification factor 6.85 6.99
— = 6.2 == = 64
FL 1 1.1 1.1
Masonry requirements FL 2 20—3.5-M2 20—-3.5-M1
FL 1 20—7.5-M1 20-7.5-M1
For One-Storeyed Building
Basic stress of requisite masonry
without application of shape 2.80 2.69
modification factor FL 1 073 384 073 368 k=073
Basic stress of requisite masonry
after application of shape FL 1 384 = 35 368 _ 3.4
modification factor 1 1.1
Masonry requirements FL 1 20—3.5-M2 20—3.5-M2

*Loads, stresses and masonry requirements for 1'% brick, 30 cm thick wall.
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Table E-14 Design Results of Brick Masonry Walls for Residential Building Up to 3 Storeys

Three Storeyed Building Double Storeyed Building Single Storgy Building

St Span Storey Live Storey o L \
No. Height Load Level nternal ExternaT\ r Internal External\ g Internal External
(m) (m) (kg/m) Wall Wall Wall Wall Wall Wall

1. 3.0 2.7 150 FL 3 20-3.5-L.2 20-3.5-L.2

FL 2  20-5.0-M3  20-50-M3  20-3.5-L2 20-3.5-L2

FL | 20-7.5-M1  20-7.5-M1  20-5.0-M2  20-5.0-MI 20-3.5-L2 20-3.5-L.2
2. 3.6 2.7 150 FL3 20-3.5-L2 20-3.5-L.2

FL 2  20-50-M2 20-50-M2  20-3.5-L2 20-3.5-1L.2

FL 1 20-7.5-M1  20-7.5-MI  20-5.0-M!  20-5.0-MI 20-3.5-L2 20-3.5-1.2
3. 3.0 2.7 200 FL 3 20-3.5-L.2 20-3.5-L.2

FL 2  20-5.0-M3  20-5.0-M2  20-3.5-L2 20-3.5-L2

FL 1 20-7.5-M1  20-7.5-M1  20-5.0-M2  20-5.0-M| 20-3.5-L.2 20-3.5-1.2
4. 3.0 3.0 200 FL3 20-3.5-L2 20-3.5-1.2

FL 2 20-5.0-M2  20-5.0-M1  20-3.5-L2 20-3.5-1.2

FL | 20-7.5-M1  20-7.5-H!f  20-5.0-M1  20-7.5-L1 20-3.5-L2  20-3.5-M2
5. 3.6 2.7 200 FL 3 20-3.5-L2 20-3.5-L2

FL 2 20-5.0-M1  20-5.0-M1  20-3.5-L2 20-3.5-L.2

FL 1 20-10-M3  20-7.5-Mt  20-5.0-M1  20-7.5-L1 20-3.5-L2  20-3.5-M2
6. 3.6 3.0 200 FL3 20-3.5-M2  20-3.5-M2

FL 2 20-5.0-M1  20-5.0-M1  20-3.5-L.2  20-3.5-M2

FL 1 20-10-M1 20-10-M1  20-7.5-M3  20-7.5-M3  20-3.5-M2  20-3.5-M2
7. 4.2 2.7 200 FL 3 20-3.5-L2  20-3.5-M2

FL 2 20-7.5-L1 20-5.0-M1 20-3.5-L2  20-3.5-M2

FL 1 20-10-M1 20-10-M1  20-7.5-M2  20-7.5-M2  20-3.5-M2  20-3.5-M2
8. 42 30 200 FL 3 20-3.5-M2  20-3.5-M2

FL 2 20-7.5-M3 20-7.5-M3  20-3.5-M1  20-3.5-M2
FL 1 20-10-M1 or 20-10-M1 or 20-7.5-M!  20-7.5-M1  20-3.5-M2°  20-3.5-M2
30-7.5-M2  30-7.5-M2

Table E-15 Design Results

of Brick Masonry Walls for Residential Buildings Up to 3 Storeys
(Using Conventional Bricks*)

Three Storeyed Building Double Storeyed Building Single Storey Building

Sl Span Storey Live Storey A\ e N\ 3
No. Height Load Level ,lnternal Extemzm (lnternal External\ Flnternal Extern;‘
(m) (m)  (kg/m) Wall Wall Wall Wall Wall Wall
) @ (3) 4 (5) (6) N (8) ) (10) (an
FL 3 23-3.5-L2 23-3.5-1.2
I. 3.0 2.7 150 FL 2 23-5.0-L1 23-5.0-M3  23-3.5-1.2 23-3.5-L2
FL } 23-7.5-M2  23-7.5-M!1  23-50-M3  23-5.0-M2  23-3.5-L2 23-3.5-L2
Fi 3 23-3.5-1.2 23-3.5-1.2
2. 3.6 2.7 150 FL 2 23-5.0-M3  23-50-M2  23-3.5-1L.2 23-3.5-L2
FL ! 23-7.5-M1  23-7.5-M1  23-5.0-M!1  23-5.0-Mt! 23-3.5-L.2  23-3.5-M2
FL 3 23-3.5-L.2 23-3.5-L.2 .
3. 3.0 2.7 200 FL 2 23-5.0-1.1 23-5.0-M3  23-3.5-L2  23-35-L2
FL 1 23-7.5-M2  23-7.5-M1  23-50-M3  23-5.0-M1I 23-3.5-1.2 23-3.5-1.2
FL3 233512 233512
4. 30 3.0 200 FL 2 23-5.0-M3  23-5.0-M1 23-3.5-1.2 23-3.5-L2
FL | 23-7.5-M1  23-7.5-M!  23-5.0-M2  23-5.0-M1  23-3.5-M2  23-3.5-L2
FL 3 23-3.5-L.2 23-3.5-1.2
5. 3.6 2.7 200 FL 2 23-5.0-M2  23-5.0-M2  23-3.5-L2 23-3.5-L2
FL 1 23-7.5-M1  23-7.5-M1  23-50-M1  23-5.0-MlI 23-3.5-L2  23-3.5-M2
(Continued)
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@ (3) 4 (5 (6) M (8 9 (10) (n
FL 3 23-3.5-1.2 23-3.5-M1
6 3.6 30 200 FL 2 23-5.0-M1 23-5.0-M1 23-3.5-L.2 23-3.5-M2
FL 1  2375Ml  23-100-M2  23-50-M1 237511 23-35-M2  23-35-M2
FL 3 23-3.5-M2  23-3.5-M2
7. 42 27 200  FL2 23-50-Ml  23-50-Ml  23-35-M2  23-3.5-M2
FL1  23-10-M2  23-10-M2  23-75-M1  23-75-L1  23-35-M2  23-3.5-M2
FL 3 23-3.5-M2  23-3.5-M2
8. 42 3.0 200 FL 2 23-7.5-L1 23-7.5-L1 23-3.5-M2  23-3.5-M2
) FL 1 23-10-M1 23-10-M1 23-7.5-M2  23-7.5-M2  23-35-M2 23-3.5-M2
*Without giving detailed calculations.
ANNEX H-3
DESIGN OF BRICK MASONRY FOR
OFFICE BUILDINGS UP TO 3 STOREYS
H-3.1 Design Parameters H-3.2.3 Height of parapet wall above 1.0m
Maxi-  Width Clear Live roof slab
mum of Height  Load For ~ For  For
Span  Corri- of on Cases Cases Cases
(Short dor Storey  Floors 1104510891012
Span H-324 Thickness of  llem  l4em  17cm
n OC;IS" RCC roof/floor slab
2-Way H-3.2.5 Thickness of I0cm 12cm  l4cm
Slab) lime concrete over roof
m m m kg/m? slab (average)
Case 1 3.60 1.50 3.00 250 H-3.2.6 Thickness of lcm lcm lcm
Case 2 3.60 1.50 3.00 400 ceiling finish
gz:z 2 ;28 :gg 13;;8 ‘2“5)8 H-3.2.7 Thickness of 8¢cm 8cm  8cm
Case 5 450 180 300 250 lime concrele cushion
Case 6 450 180 3.00 400 under toorng
Case 7 4.50 1.80 3.30 250 H-3.2.8 Thickness of 4cm 4cm 4cm
Case 8 4.50 1.80 3.30 400 cement concrete
Case 9 5.40 2.10 3.00 250 flooring
Case 10 5.40 2.10 3.00 400
Case 11 540 2.10 3.30 250 H-3.2.9 Wall plastered 3cm  3cm 3cm
Case 12 540 210  3.30 400 on both sides, total
3 ‘l l f the off W plaster thickness
H-3.1.1 Typical plan of the office building at all ‘
floors has been shown in Fig. E-47. H-3.2.10 Length to 125 133 139
width ratio, that is,
H-3.2 Assumptions span ratio of rooms
For Al H-3.2.11 Openings in
Cases walls as percentage
) ‘o . of wall area in plan:
'llzvziZ.l H¢‘1g,ht of plinth from ground 0.5m a) In wall A 50 50 50
i (external), percent
H-3.2.2 Height of plinth above footing 1.0m b) In wall B, percent 25 20 15
top ¢) In wall C, percent 30 25 20
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WALL * A’
L) 1
ROOM ROOM ROOM ROOM
L/WALL‘B‘\ L
CORRIDOR >WALL‘C'
- 3 — r
WAL~
L ¥
ROOM ROOM ROOM ROOM
M s

WALL *A°

Wall ‘A’—External longitudinal wall
Wall ‘B'—Internal cross walls
Wall ‘C'—Internal longitudinal walls

F1G. E-47 TypicaL PLAN ofF OFFICE BUILDING AT ALL FLOORS

H-3.2.12 The bricks used in masonry are modular
bricks of nominal size 20 X 10 X 10 cm.

H-3.2.13 Openings in a wall are so shaped and
located that:

a) in load bearing walls, openings do not
occur within H/8 distance from a cross
wall that provides stiffening to the wall,
and length of cross wall is not less than
H/6 (see 4.6 and Fig. 9 of the Code and
also comments on 4.4 of the Code).

b) the horizontal area of brickwork in any wall
i1s less than 2 000 c¢m?; and

c) the brickwork between two consecutive
openings does not become a column by
definition.

NOTE - In case area of brickwork in any wall openings is
less than 2 000 cm? or becomes a column by definition,
stress in the actual portion shall be checked by calculation.

H-3.2.14 RCC roof/floor bears fully on external
masonry walls. So, eccentricity over wall has been
assumed to be negligible.

H-3.2.15 The RCC slab is assumed to have been
designed as two-way for loading purpose.
H-3.3 Design Steps

H-3.3.1 Slenderness Ratio (SR) and Stress Factor
(K)

Silenderness ratio and stress factor have been

calculated and are given in Table E-16 for each
case (see E-16).

H-3.3.2 Loads
H-3.3.2.1 Unit weights

For calculating the loads of different components
of the building, the following unit weights of
materials have been taken:

a) RCC up to 2 percent steel =2 500 kg/m’
b) Lime concrete =2 000 kg/m’
c) Cement concrete flooring =2 400 kg/m’
d) Brickwork including plaster =2 000 kg/m’

H-3.3.2.2 Load distribution factors

The RCC slab is assumed as two-way slab for
loading purposes. The roof/floor slab loads on
the supporting walls have been worked out in
accordance with 23.5 and Fig. 6 of 1S 456 : 1978.

_For assumed span ratios (see H-3.2.10, the load
distribution factors have been worked out in

accordance with the above referred figure which
are as follows:

For For For

Cases Cases Cases

l1tod4 51089 tol2
a) For shorter span 0.60  0.63 0.64
b) For longer span 040 037 0.36

H-3.3.2.3 Unit loads of roof/floor, roof/floor
load over different walls, self weight of walls of
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Molle T 16 Qlacecdocnce Toadln ool Qince T mdin e
1Table £-10 Siendermess Ratio and Stress rFacilors
Particulars Cases Cases Cases Cases’ Cases Cases
land 2 3 and 4 Sand 6 7 and 8 9 and 10 11 and
12

1. Third and second storey
a) Actual height H in m (centre to centre of structural slab)  3.24 3.54 3.27 3.57 3.30 3.60

b) Effective height A =0.75 H from Table 1 of the Code 243 2.66 245 2.68 2.48 2.70
c) SR= % for =19 cm 128 140 129 141 130 142

d) Stress factor K, for SR given above in (c) from 0.82 0.78 0.81 0.78 0.81 0.78
Table 9 of the Code

1834

2. For first storey

a} Actual height H in m (from top of footing to the 4.07 4.37 4.08 4.38 4.i0 4.40
centre of slab)

b) Eifective height #=0.75 H from Tabie i of the Code 3.05 3.28 3.06 3.29 3.08 3.30

¢) SR =—’:— for t=19 cm 16.1 17.3 16.1 17.3 16.2 17.4

d) Stress factor K; for SR given above in (c¢) from 0.73 0.69 0.73 0.69 0.72 0.69
Table 9 of the Code

e) SR= —’:— for t=29 cm 10.5 113 10.6 11.3 10.6 114

f) Stress factor K, for SR given above in (e) from 0.88 0.86 0.88 0.86 0.88 0.86

Table 5 of the Code

different thicknesses including parapet walls have
been calculated and tabulated in Table E-17.
H-3.3.3 Shape Modification Factor

Assuming that modular brick of size 20 X 10 X
10 cm are used in brick masonry, shape modifi-

N/mm’, strength will be 1.2, 1.1, 1.1 and 1.0
respectively in accordance with Table 8 of the
Code. Thus for determining the particulars of
masonry required for any situation, values of
basic stress as arrived at without application of
shape modification factor will be divided by the

above factors and values of basic stress thus

cation factor for bricks of 5.0, 7.5, 100 and 150  obtained are taken into consideration.

Table E-17 Unit Loads of Roof/Floor and Walls

Particulars ngds
/Case Case Case Case Case Case Case Case Case Case Case Case\
i 2 3 4 5 6 7 3 5 i0 ii i2
1. Dead load and live load in kg/m?:
1) Roof 650 650 650 o650 765 765 765 765 B8O 880 B8O 88O
ii) Room floor 810 960 810 960 885 1035 885 1035 960 1110 960 1110
ili) Corridor floor 1060 1060 1060 1060 1135 1135 1135 1135 1210 1210 1210 1210
2. Roof load on walls in kg/m:
i) Wall 4 610 610 610 610 880 880 880 880 1220 1220 1220 1220
il) Wall B 1480 1480 1480 1480 2260 2260 2260 2260 3150 3150 3150 3150
i) Wall C 1160 1160 1160 1160 1640 1640 1640 1640 2230 2230 2230 2 230
3. Floor load on walls in kg/m:
i) Wall 4 760 900 760 900 1010 1190 1010 1190 1330 1540 1330 1540
ii) Wall B 1840 2180 1840 2180 2610 3060 2610 3060 3430 3970 3430 3970
1) Wall C 1660 1800 1660 1800 2140 2310 2140 2310 2710 2920 2710 2920
4. Self weight of wall in kg/m per storey
" (including 3 c¢m thick plastering):
i} For 19 cm thick wall 1430 1430 1560 1560 1440 1440 1570 1570 1450 1450 1580 1 580
i) For 29 c¢m thick wall 1960 1960 2150 2150 1970 1970 2160 2160 1980 1980 2170 2 170
5. Seif weight of parapet wali (i9 cm thick) 440 440 440 440 440 440 440 440 440 440 440 440

in kg/m (including 3 cm thick plastering)
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H-3.3.4 Compressive Stress in Masonry and
Particulars of Requisite Masonry

Following steps have been adopted for
calculations of loads and stresses for each case
which have then been tabulated:

Step (1) —Calculation of loads on external
and interrial walls taking into
account parapet wall load, roof/
floor load and seif-load of walls.

Step (2) —Working out compressive stress
in masonry assuming that there
are no openings. e

Step (3)—Working out compressive stress
after making allowance for open-
ings. -

Step (4) —Working out requisite basic stress
after applying stress reduction
factor but without applying shape
modification factor.

Step (5)—Working out values of requisite
basic stress after applying shape
modification factor.

Step (6) —Determining the masonry re-
quirements for triple, double and
single storeyed buildings  with
reference to Table 8 of the Code.

Important notes in regard to tables for all cases
are given below:

a) Figures have been rounded off suitably to
simplify calculations.

b) The symbols FL 1, FL2 and FL 3 have
been used to indicate Floor 1 (first floor),
Floor 2 (second floor) and Floor 3 (third
floor respectively in accordance with
IS 2332 : 1972 ‘Nomenclature of floors and
storeys’. Here, the ‘floor 1’ has been defined
as the lowest floor in the building with direct
entrance from the road.

¢) For the sake of convenience of reference, the
brick masonry requirement has been
designated symbolically in the tables. For
example, 20-7-M2 means masonry with

d)

e)

g)

h)

20 cm thick wall using bricks with minimum
crushing strength of 7 N/mm?2 and mortar of
type M2. Standard Types of mortar have
been given for different mix ratios of
cement, lime and sand in Table 1 of the
Code.

No deductions in self weight of walls due to
openings and no reduction in live loads have
been made in the calculations since design
calculations for masonry cannot be very
precise on account of a number of
assumptions and thus that refinement is not
needed.

In case of first storey, SR applicable to that
storey wall is based on height from top of
foundations footing to centre of floor slab.
Since, we are increasing the stresses due to
openings which start from floor 1 level or
higher than floor 1 level, we get the
maximum stress at floor 1 level. Below that
level, as there are no openings, loads on
walls will start dispersing and thus in spite
of increase in dead load of masonry, no
increase in stress will take place below the
floor | level, unless the percentage of
openings taken into consideration is very
small. Thus, stresses in case of first storey
have been calculated at floor 1 level.

No provision has been made for any wind
force in the design calculation, and it has
been assumed that the building as a whole is
stable against all loads.

No allowance has been made for seismic
forces and, therefore, when applying these
results for structures in seismic regions other
than 1 and II, strengthening measures as
given in IS 4326 : 1976 shall be adopted (see
6.1.2 of the Code).

In marginal cases, actual stress (basic) may
exceed the permissible stress by a maximum
of 10 percent provided sufficient precautions
are taken about the quality of materials and
workmanship, and work is done under good
technical supervision. Alternatively,
percentage of openings in walls may be
reduced suitably to bring down the actual
stress to permissible limits.
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Case 1 Loads and Stresses

Particulars Wall A Wall B Wall C Remarks
N Va r____A____\
“Individual Progressive\ lrndividual Progressiva Individual Progressive
Load Load Load Load Load Load
kg/m kg/m kg/m kg/m kg/m kg/m
(1 () (3 G &) () Y] t))
Parapet wall 440 440 — — — —
Roof 610 1 050 1 480 1 480 1160 1160
Third storey wall 1 430 2 480 1 430 2910 1430 2 590
Floor 3 760 3240 1 840 4750 1 660 4250
Second storey wall 1430 4 670 I 430 6 180 1 430 5 680~
Floor 2 760 5430 1 840 8 020 1 660 7 340
First storey wall 1 430 6 860 1 430 9 450 1430 8 770
First storey wall* 1 960 7 390 1 960 9 980 1 960 9 300
kg/cm® kg/em® © kg/em?
Compressive stress in 2480 2910 2590
masonry wall with- FL3 19X 100 L3l 19 X 100 .53 19X 100 1.36
out openings
4 670 6 180 5 680
FL2 e - 4 oxio . ¥ oxio - =%
6860 9450 8770
FL1 e~ 38 oxi0 - 7 pox100 . %
FL 1w 30— s 9980 _ 34 9300 _ 5,
29 X 100 29 X 100 29 X 100
Compressive stress in 1.31 1.53 1.36
L —— = 2 = = 2 = =
masonry wall with FL3 0.50 262 0.75 204 0.70 1.94
openings 2.46 3.25 2.9
FL 2 ﬁ(‘)‘ = 492 6—7—3‘ = 4.33 m = 4.27
3.6l 497 4.62
FL 1 50 7.22 05 6.63 o0 - 6.60
2.55 3.44 3.21
* _— = 10 — = 4 _— = .
FL 1 0.5 3 0.75 » 0.70 459
For Three-Storeyed Building
Basic stress of requisite
; 262 204 194 _
masonry without FL 3 08z = 3.20 08 - 2.49 g 237 K, =0.82
application of shape
modification factor
492 433 427 _
FL 2 w2 6.00 8 - 5.28 08 - 521 K. =082
722 6.63 660 _
FL 1 o3 9.89 03 - 9.08 073 - 9.04 K. =073
5.10 4.59 459
* — = 5 — = 5 —= = 5 . = 0.88
FL | 088 5.80 0.88 5.20 058 522 K. =038
Basic stress of requisite 262 2.49 2.37
masonry after appli- FL3 1.2 22 1.2 21 12 20
cation of shape
modification factor 6.00 3. .
FL 2 — = 55 38 = 48 —5—21 = 47
1.1 1.1 1.1
989 908 _ 9.04
FL 1 T = 10.0 T = 83 1 = 82
FL 1* 380 5.3 32 48 - 222 48

—
—
—
—
—
—

( Continued)
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Case 1 — Concluded

Particulars

Wall A Wall B Wall C Remarks
kg/cm’ kg/cm® kg/cm?®
Masonry requirements FL 3 20—3.5-1.2 20-3.5-L2 20-3.5-L2
FL 2 20-7.5-M3 20-5.0-M1 20—5.0-M2
FL 1 20—10-H1 20—10-M2 20—10-M2
FL 1 30—-7.5-L1 30—5.0-M1 30-5.0-M1
For Two-Storeyed Building
Basic stress of requisite 2.62 204 _ 194 _
= = .2 = = 249 — = 237 K,=082
masonry without L2 0.82 320 0.82 0.82
application of shape
modification factor 492 4.33 4.27
= = — = — = 585 =0.73
FL 1 %5 6.74 %E 5.93 %E) K
Basic stress of requisite 3.20 2.49 237 ’
. 2L - =2 = . — = 20
masonry after appli- FL 2 1.2 27 12 2.1 1.2
cation of shape
modification factor FL 1 6.74 - 6l 5.93 - s4 5.85 = 53
1. 1.1 1.1
Masonry requirements FL 2 20—3.5-M2 20—3.5-L2 20—3.5-L2
FL 1 20—7.5-M1 20~7.5-M3 20~7.5-L1
For Orw-Slloreyed Building
Basic stress of requisite
masonry without FL 1 282 _ 5g 208 _ 59 194 66 k=07
application of shape 0.73 0.73 ) 0.73 ’ )
modification factor
i isi . . 2.
Basic stress of requisite 357 _ 33 21 _ 25 266 _ 22
masonry after appli- 1.1 1.1 1.2
cation of shape
modification factor
Masonry requirements FL 1 20—3.5-M2 20—3.5-L2 20—3.5-1.2

*Loads, stresses and masonry requirements for 1\4 brick, 30 cm thick wall.
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Case 2 Loads and Stresses

Particulars Wall A Wja{ B W}E C Remarks
flndividual Progressive\rlndividual Progressive\flndividual Progressive\
Load Load Load Load Load Load
kg/m kg/m kg/m kg/m kg/m kg/m
(0 ) (3) C)] (%) (6) )] (8)
Parapet wall 440 440 — — —_ —
Roof 610 1 050 1 480 1 480 1 160 i 160
Third storey wall 1430 2 480 1 430 2910 1430 2590
Floor 3 900 3380 2 180 5090 1 800 439
Second storey wall I 430 4 810 1430 6 520 1430 5 820
Floor 2 900 5710 2 180 8 700 1 800 7 620
First storey wall 1 430 7 140 1 430 10 130 1430 9 050
First storey wall* 1 960 7 670 1 960 10 660 I 960 9 580
‘ 7 7kg/ cm’ ) kg/cm? kg/cm’
Compressive stress in 2 480 2910 2 590
. FL 3 —_— = ], = = 2 =
masonry wall with- 19 X 100 131 19 X 100 1.53 19 X 100 1.36
out openings
4 810 6 520 5 820
FL 2 ————= ), —— = o =
19 X 100 53 19 X 100 343 19 X 100 3.06
7 140 10 130 9 050
FL 1 ——= 376 — = 5, — =
19 X 100 19 X 100 533 19 X 100 476
7 670 10 660 9 580
FL1* ————= 264 — = =
29 X 100 29 X 100 3.68 29 X 100 330
Compressive stress in 131 1.53 1.3
masonry wall with FL 3 050 2.62 075 204 070 1.94
openings
2.53 343 3.06
FL 2 — = 506 = = o= -
0.50 0.75 457 0.70 437
3.76 5.33 4.76
FL 1 — = 7.52 —_— = —— =
0.50 0.75 & 0.70 680
2.64 .
FL 1* — = 528 368 491 . 330 4.71

f=]
wn
(=]
(=]
~3
w
==
~
<

For Three-Storeved Building

Basic stress 6f requisite 262 204 1.94 _
masonry without FL 3 oz 0 om - 9 om C 231 K=o82
application of shape
modification factor 5.06 4.57 4.37

222 = 6. PibA . 2L = s, = 0.82
FL 2 0.8 6.17 0.82 5.57 0.82 533 K =08
7.52 7.11 6.80 B
FL 1 o 10.30 o 9.74 i 932 K =073
5.28 491 4.71
* 2= =, — = s 2o = s . = 0.88
FL 1 058 6.00 088 5.58 0.88 535 K.=0

Basic stress of requisite 320 249 237
masonry after appli- FL3 12 27 12 21 1.2 20
cation of shape .

dification factor . .
moditication fa¢ FL2 LU 35T _ s 333 4
1.1 1.1 1.1
10.30 9.74 932
FL 1 W = 103 l_l— = 89 1 = 8.5
6.00 5.58 5.35
* —_— = _ = — =
FL 1 L 5.5 1 5.1 1 4.9
(Continued)
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Case 2—Concluded

Particulars Wall A Wall B Wall C Remarks
kg/em’ “*«g/cm’ kg/em?
Masonry requirements FL 3 20-3.5-M2 20—3.5-L2 20-3.5-L2
FL 2 20—7.5-M3 20-5.0-M1 20—5.0-M1
FL 1 20—12.5-M1 20—10-M1 20—10-M1
FL 1* 30—7.5-M3 30-5.0-M1 30—5.0-M1
For Two-Storeyed Building
Basic stress of requisite 262 204 194 _
masonry without FL 2 s - 3.20 - 2.49 o8 - 237 K, =082
application of -shape
modification factor 5.06 4.37 4.37
=2 = . 220 - ] =20 = ; = 0.73
FL 1 03 6.93 073 6.26 073 599 K,=0
Basic stress of requisite 320 249 237 _
masonry after appli- FL2 12 27 12 21 1.2 20
cation of shape
dificati § . .
modification factor FL 1 6.93 - 63 6.26 = 57 5.99 - 55
1.1 1.1 1.1
Masonry requirements FL 2 20—3.5-M2 20—-3.5-1.2 20—3.5-1.2
FL| 20-7.5-M1 20—7.5-M3 20—7.5-M3
For One-Storeyed Building
Basic stress of requisite 62 504 1.94
masonry without FL 1 o = 359 = 2719 —— = 266 K =073
application of shape 0.73 0.73 0.73
modification factor
Basic stress of requisite 359 279 266
masonry after appli- FL I TN 3.3 1 2.5 1 = 22
cation of shape
modification factor
Masonry requirements FL 1 20-3.5-M2 20—3.5-L.2 20-3.5-1.2

*Loads, stresses and masonry requirements for 1'4 brick, 30 cm thick wall.
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Case 3 Loads and Stresses

Particulars Wall A * Wall B Wall C Remarks
) Individual Progressive\rlndividual Progressive\(lndividual Progressive\
Load Load Load Load Load Load
kg/m kg/m kg/m kg/m  kg/m kg/m
) 03] (3 4 5) (6) )] )]
Parapet wall 440 440 — — e —
Roof 610 1 050 1 480 1 480 1 160 1 160
Third storey wall 1 560 2610 1 560 3040 1 560 2720
Floor 3 760 3370 1 840 4 880 1 660 4 380.
Second storey wall 1 560 4930 1 560 6 440 1 560 5 940
Floor 2 760 5 690 1 840 8 280 1 660 7 600
First storey wall 1560 7 250 1 560 9 840 1 560 9 160
First storey wall* 2 150 7 840 2 150 10 430 2 150 9 750
kg/cm? kg/cm? kg/cm’
Compressive stress in 2610 3 040 2720
masonry wall with- FL3 19X 100 137 19X100 1.60 19X 100 1.43
out openings 4930 6 440 5940
L2 wxwm - 2% oxi0 - ¥ oxo - P
7250 . 9840 9160
FL1 - 5700 = 382 oxi0 8 pxio - 48
7 840 10 430 9 750
* —_— = —_— = _ =
FL 1 29 X 100 270 29 X 100 360 29 X 100 3.36
Compressive stress in .37 _ 1.60 i43
masonry wall with FL3 50 2.74 075 - 2.16 0 - 2.04
openings 2,59 3.39 313
FL 2 50 5.18 05 - 4.52 70 - 4.47
3.82 5.18 4.82
FL 1 50 - 7.64 05 6.91 0 - 6.89
2.70 3.60 3.36
1* — = 5 — = 4, — = 4
FL 50 5.40 075 4.80 0.70 4.80
For Three-Storeyed Building
Basic stress of requisite 274 _ 216 204 _
masonry without FL 3 0.78 351 s 2.77 T8 262 K =078
application of shapg
modification factor 5.18 4.52 4.47
) =2 = 6 2 = 57 22 = s =,
FL 078 6.64 078 5.79 078 573 K, =0.78
7.64 6.91 6.89
i — = 1L — = 10 — = 9, = 0.6
FL .69 11.07 0.69 10.01 0.60 999 K, =0.69
5.40 4.80 4.80
* —_— = ——— = —_— = =
FL 1 086 6.28 0.86 5.58 0.6 558 K. =086
Basic stress of requisite 3.51 2.77 2.62
masonry after appli- FL 3 12 29 12 23 1.2 22
cation of shape
modification factor 67 . .
FL 2 867 6.0 37 53 31 5.2
1.1 1.1 1.1
11.07 _ 10.01  _ 9.99
FL 1 T0o 11.1 o - 10.0 Jo = 10.0
FL 1* 828 5.7 558 5.1 358 5.1

7|

—
—
—
—_
—
—

( Continued)
HANDBOOK ON MASONRY DESIGN AND CONSTRUCTION—PART

-

81



SP 20(S&T) : 1991
Case 3—Concluded

Particulars Wall A Wall B Wall C Remarks
kg/cm® kg/cm? kg/ cm’
Masonry requirements FL 3 20—3.5-M2 20—3.5-L.2 20—3.5-L2
FL 2 20—7.5-M2 20—7.5-L1 20—7.5-L1
FL 1 20—12.5-H1 20—10-H1 20—10-H1
FL 1* 30—7.5-M2 30-7.5-L1 30-7.5-L1

For Two-Stroreyed Building

Basic stress of requisite 2.04
masonry without FL 2 = 351 = 276 o 202 K. =078
application of shape
modification factor

N~
~1
-y
N
—
=

=3
2
®
e
2
®

FL | 18 7.51 432 6.55 447 6.48 K, = 0.69
0.69 | 069 069 '
Basic stress of requisite 351 276 262
masonry after appli- FL?2 12 29 12 23 1.2 = 22
cation of shape
modification factor
FL 1 ——-—7'51 = 68 -——-—6'55 = 60 ———6'48 = 59
1.1 1.1 1.1
Masonry requirements FL 2 20—3.5-M2 20—3.5-L2 20—3.5-L2
FL 1 20—7.5-M1 20—-7.5-M2 20—7.5-M2
For One-Storeyed Building
Basic stress of requisite 274 _ 216 204 _
masonry without FL1 0o 40 069 30 0.69 30 K=069
application of shape
modification factor
Basic stress of requisite 40 L 30
masonry after appli- FL 1 IR 36 N 26 1.2 25
cation of shape
modification factor
Masonry requirements FL 1 20-5.0-L1 20—3.5-M2 20—3.5-1.2

*Loads, stresses and masonry requirements for 14 brick, 30 cm thick wall
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Case 4 Loads and Stresses

Particulars Wall A Wall B W}{C Remarks
I N 7
rlndividual Progressiv;\ rlndividual Progressivve\ (lndividual Progressive\
Load Load Load Load Load Load
kg/m kg/m kg/m kg/m kg/m kg/m
(n (2 3 “) &) 6) U] ®
Parapet wall 440 440 — — C— —
Roof 610 1 050 1 480 1 480 1160 1 160
Third storey wall 1 560 2610 1 560 3040 1 560 2720
Floor 3 900 3510 2180 5220 1 800 4 520
Second storey wall 1 560 5070 1 560 6 780 1 560 6 080
Floor 2 900 5970 2 180 8 960 1 800 7 880
First storey wall 1 560 7 530 I 560 10 520 1 560 9 440
First storey wall* 2 150 8120 2 150 1110 2150 10 030
kg/cm’ kg/cm’ kg/cm’
Compressive stress in 2610 3 040 2720 _
masonry wall with- FL 3 Tox100 1.37 oxio - 60 X100 = 1.43
out openings
5070 6780 _ 6080
FL 2 K100 — 2.67 %100 = 3.57 55100 — 3.20
7530 10 520 9440
FL 1 Bxioo = % ox100 4 TEST R
8 120 11 110 10 030
* — = —_———— = ————— =
FL 1 29 X 100 280 29 X 100 383 29 X 100 3.46
Compressive stress in 1.37 1.60 143 _
masonry wall with FL 3 050 - 2.74 A 2.16 070 - 2.04
openings 2.67 3.57 3.20
FL 2 3-;6 = 534 m = 4.76 W = 457
3.96 5.54 497
FL 1 50 7.92 A 7.39 e 7.10
2.80 3.83 3.46
* —— = —_—— = vk =
FL 1 30 5.60 07s 5.11 070 494
For Three-Storeyed Building
Basic stress of requisite 2.74 2.16 2.04
masonry without FL 3 078 = ' 3.54 6—78— = 27 —078— = 262 K =078
application of shape
modification factor 5.34 4.76 4.57
FL 2 — = 659 — = 610 —— = 586 =(0.78
0.78 0.78 0.78 K
7.92 7.39 710 _
FL 1 m = ]11.48 m = 10.71 m = 10.29 K, =0.69
5.60 5.11 494
* — = 6.5] —_— = — = 574 = 0.86
FL1 0.86 63 0.86 594 0.86 k
Basic stress of requisite 3.54 2.77 262 _
masonry after appli- FL 3 2 - %9 2 = 23 2 - 22
cation of shape
modification factor .86
FL 2 L) = 6.0 810 _ 55 386 53
1.1 1.1 L1
1148 10.71  _ 10.299
FL 1 1o 10.4 o ~ 9.7 10 9.4
rLe 8L o g 338 - 44 L Y

—
—
—
—
—
—
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HANDBOOK ON MASONRY DESIGN AND CONSTRUCTION—PART 1 83



SP 20(S&T) : 1991

Case 4—Concluded

Particulars Wall A Wall B Wall C Remarks
kg/cm? kg/cm® kg/cm’
Masonry requirements FL 3 20—3.5-M2 20-3.5-L2 20—3.5-L2
FL2 20-7.5-M2 20-7.5-M3 20-7.5-L1
FL 1 20—12.5-M1 20—10-M1 20—10-M1
FL 1* 30-7.5-M2 30—7.5-M1 30-7.5-L1
For Two-Storeyed Building
Basic stress of requisite 2714 _ 2.16 204 _
masonry without FL 2 o8 351 98 - 277 X 262 K =0.78
application of shape
modification factor 5.34 4.76 4.57
= = 7 — = 6 — = 6.62 = 0.69
FL1 0.69 774 0.69 690 0.69 6 K
Basic stress of requisite 351 _ 277 _ 262
masonry after appli- FL2 EW 2.9 12 23 1.2 22
cation of shape
dification factor i . 6.62
modt FL1 I = 90 80 _ 63 222 = 60
1 1.1 1.
Masonry requirements FL 2 20-3.5-M2 20-3.5-L1 20—3.5-L1
FL 1 20—7.5-M1 20-7.5-M1 20—7.5-M2
For One-Storeyed Building
Basic stress of requisite 274 2,16 204 _
masonry without FL1 0.69 397 0e B e ~ % k=08
application of shape
modification factor
Basic stress of requisite 397 313 296
masonry after appli- FL 1 11 36 12 26 12 25
cation of shape
modification factor
Masonry requirements FL 1 20--5-L.1 20—-3.5-M2 20—3.5-L2

*Loads, stresses and masonry requirements for 1% brick, 30 cm thick wall.
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Case 5 Loads and Stresses

Particulars Wall A Wall B wall C Remarks
(Individual Progressiva( Individual Progrcssive\@ividual Progressive )
Load Load Load Load Load Load
kg/m kg/m kg/m kg/m kg/m kg/m
N , 2 3 O] &) (6) ) (8)
Parapet wall 440 440 — — — —
Roof 880 1320 2 260 2 260 1 640 1 640
Third storey wall 1 440 2 760 1 440 3 700 1 440 3080
Floor 3 1010 3770 2610 6 310 2 140 5220
Second storey wall 1 440 5210 1440 7 750 I 440 6 660
Floor 2 1010 6 220 2 610 10 360 2 140 8 800
First storey wall 1440 7 660 1 440 1 800 1 440 10 240
First storey wall* 1970 8 190 1 970 12 330 1 970 10 770
kg/ cm’ kg/cm’ kg/cm’
Compressive stress in 2760 3700 3080
masonry wall with- FL 3 19 X 100 145 19X 100 1.95 19X 100 1.62,
out openings 5210 7750 6 660
L2 = 2 L Ly 0009 3,
F 19 X 100 274 19 X 100 4.08 19 X 100 351
7 660 11 800 10 240
FL1  ———— = 4, — = = 6 L. Y
19 X 100 03 19 X 100 621 19 X 100 539
8 190 12 330 10 770
FLI* = 2 == 4 — = 3
L 29 X 100 82 29 X 100 4.25 29 X 100 37
Compressive stress in . 1.45  _ 1.95 1.62
masonry wall with L3 O 0g0 M 075 I8
openings 5
74 4.08 3.51
FL 2 - = s, = = = g
0.50 5.48 0.80 510 0.75 4.68
4.03 6.21 5.39
FL 1 — = 806 —_— = 7 —_— = 71
0.50 0.80 7.76 s 19
2.82 4.25 3.71
* —_— = —_— = — =
FL 1 0.50 5.64 0.80 5.31 =5 495
For Three-Storeyed Building
Basic stress of requisite 2.90 2.44 2.16
masonry without FL 3 081 = 3.58 0—81_ = 301 m = 267 K =038I
application of shape
modification factor 5.48 5.10 468 _
FL 2 YT 6.77 081 6.30 YT 578 K. =038l
8.06 7.76 7.19
2 = 1y == = 0. —_ = 9 =073
FL 1 073 11.04 073 10.63 073 9.85 K
5.64 5.31 494
* =" = . = = . —_ = 5, = 0.88
FL 1 088 6.41 088 6.03 088 62 K =0
Basic stress of requisite 0.58 3.01 2.67

masonry after appli- L 3 = 30 . = 25 = 22
cation of shape
modification factor

—
(]
—
N
—
[

FL 2 &~ 6 LEU Y 2B o sy
1l 1 L1
1.04 10.63  _ 985 _
FL 1 o = 1o o = o6 o 9.0
FL I* S4l - ss S8~ s 82 sy

—
—_—
—
—
—_—
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HANDBOOK ON MASONRY DESIGN AND CONSTRUCTION—PART ! 85



SP 20(S&T) : 1991.

Case 5—Concluded

Particulars

Wall A Wall B Wall C Remarks
kg/cm® kg/cm’ kg/cm®
Masonry requirements FL 3 20—3.5-M2 20—3.5-L2 20—3.5-1.2
FL 2 20~7.5-M1 20—7.5-M3 20-7.5-L1
FL ! 20—-12.5-H2 20—12.5-M1 20—-10-M1
FL 1* 30-7.5-M2 30~7.5-M3 30-7.5-L1
For Two-Storeyed Building
Basic stress of requisite 2.90 2.44 2.16
masonry without FL 2 081 = 358 081 = 3.0l 08l = 267 K =081
application of shape
modification factor 5.48 5.10 4.68
FL 1 ﬁ = 7.51 W = 7.0 O—ﬁ‘ = 6.41 K =0.73
Basic stress of requisite 3.58 3.01 267
masonry after appli- FL 2 12 - 30 12 25 2 - 22
cation of shape
modification factor
FL 1 (LI 6.8 L 6.4 Lol N 58
1.1 1.1 1.1
Masonry requirements FL 2 20-3.5-M2 20-3.5-1L.2 20—3.5-L.2
FL 20-7.5-M1 20—7.5-M1 20-7.5-M2
For Onle-Sloreyed Building
Basic stress of requisite 2.90 2.4 216 _ _
1 — = 397 — = 334 — = 296 K=073
masonry without FL 0.73 0.73 0.73
application of shape
modification factor
Basic stress of requisite 397 _ 334 296
masonry after appli- 1 .t 3.6 12 28 1. = 25
cation of shape
modification factor
Masonry requirements FL 1 20—5-L1 20-3.5-M2 20—3.5-L2

*Loads, stresses and masonry requirements for 1% brick, 30 cm thick wall.

86

HANDBOOK ON MASONRY DESIGN AND CONSTRUCTION-—PART 1



SP 20(S&T) : 1991

Case 6 Loads and Siresses
Particulars Wall A Wall B Remarks
/ N\ o \.
flndividuﬂl Progressivc\ {lndividual ProgressivD ndividual Progressi@
l.oad Load LLoad Load Load Load
kg/m kg/m kg/m kg/m kg/m kg/m
(i) (#3] 3) @ (5) 6 O] (8)
Parapet wall 440 440 - - — —- -
Roof 880 1320 2 260 2 260 1 640 I 640
Third storey wall 1 440 2 760 1 440 3 700 1 440 3 080
Floor 3 1190 3950 3066 - 6 760 2 310 5350
“ Second storey wall 1 440 5 390 1 440 8 200 1 440 6 830
Floor 2 1 190 6 580 3060 11 260 2310 9 140
First storey wall 1 440 8 020 1 440 12 700 1 440 10 580
First storey wall* 1 970 8 550 I 970 13 230 1 970 11110
kg/cm?® kg/cm kg/cm?
Compressive st“ress.jn FL 2760 _ 1.45 3700 _ 195 30 _
masonry wall with- 19 X 100 19 X 100 19 X 100
out openings
5390 8 200
[ oF Bl ] vt = 2'04 e = A.’Y’\ _ TPV = ‘l.tn
TS T9x 100 N 19x100 ° 9x100 7
FL S00__ 12700 _ ¢ ¢g = 557
i 19X 100 ' 19 X 100 ‘ 19 X 100 '
8 550 13 230 11110
L Ix100 P Hx100 4 %00 8
Compressive stress in 1.45 1.95
masonry wall with FL 050 2.90 080 244 = 216
openings
2.84 4.32
FL 050 = 5.68 080 - 5.40 = 479
4.22 6.68
L —£ = 8. - = 8. = 74
F. 050 8.44 0.80 8.35 3
2.95 4.56
— = 5 — = 5 = 511
FL 0.50 5.90 0.80 5.70 5.1
For Three-Sroreved Building 7
Basic stress of requisite 2.90 2.44
masonry without FL 081 3.58 081 3.01 = 267 K =081
application of shape
modification factor 5.68 5.40
FL — = 7 ~— = . = 5 = Q.
0381 7.0t 031 6.67 591 K =081
8.44 8.35
FL oA = . —_— = . = X = (.
073 11.56 073 11.44 10.18 K, =0.73
590 570 _ _ -
FL 088 6.70 m = 648 = 581 K =0.88
Basic stress of requisite 3.58 3.01
masonry after appli- L 12 - 3.0 T2 25 = 22
cation of shape
ificati 7. X
modification factor FL ‘0‘1 = 64 6 67 - 61 = 54
1.1 i.d
FL 1 s _ 11.6 a4 11.4 = 102
1.0 1.0
6.70 6.48
rr - = 6} —_— = t.n = z"a
i L1 Il -7 >0
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Case 6—Concluded

Particulars Wall A Wall B Wali C Remarks
kg/cm? keg/cm’ kg/cm?
Masonry requirements FL 3 20—3.5-M2 20—3.5-L2 20-3.5-1L.2
FL 2 20~7.5-M1 20-7.5-M1 20-7.5-L1
FL 1 20—12.5-H1 20—12.5-H1 20—12.5-H1
FL 1* 30-7.5-M1 30—7.5-M2 30-7.5-L1

For Two-Storeyed Building

Basic stress of requisite _ _ . _ _
masonry without FL 2 = 358 = 3.0l = 267 K =081

application of shape
modification factor

B
ke
=

(=]
%
=
e
o
=
=3
oo
=

w
o
)
w
8
IS
N
o

FL 1 '6—73- = 778 -675 = 740 W = 6.5 K, =073
Basic stress of requisite 358 301 _ 267
masonry after appli- FL 2 12 30 12 25 12 22
cation of shape
modification fact 7. . .
odification or FL 1 78 = 71 7.40 - 67 6.56 = 60
1.1 1.1 1.1
Masonry requirements FL 2 20—3.5-M2 20—3.5-1.2 20-3.5-L2
FL 1 20-7.5-M1 20—7.5-Ml1 20-7.5-M2

For One-Storeyed Building

Basic stress of requisite 2.90 . ~ ~
masonry without FL 1 om = 3 = 334 = 296 K =073
application of shape
modification factor

E
=

(=
~J
(¥
(=]
~)
(]

Basic stress of requisite 397 334 296
masonry after appli- FL 1 1 = 36 T2 - 2.8 3 = 25
cation of shape
modification factor

Masonry requirements FL 1 20-5.0-L1 20—3.5-M2 20—-3.5-L2

*1 oads, stresses and masonry requirements for 1% brick, 30 cm thick wali.
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Case 7 Loads and Stresses
Particulars Wall A Wall B Wall C Remarks
. A . ~ A~
{lndividual Progressive\ flndividual Progressivc_e\ mdividual Progressi\;\
Load Load Load Load Load Load
kg/m kg/m kg/m kg/m kg/m kg/m
(1 @ &) @ ) (6) ) ®)
Parapet wall 440 440 — — _ _
Roof 880 1320 2 260 1 640 1 640 1 640
Third storey wall 1570 2 890 1570 3 830 1570 3210
Floor 3 1010 3900 2 610 6 440 2 140 5 350
Second storey wall 1 570 5470 1570 8010 1 570 6 920
Floor 2 1010 6 480 2 610 10 620 2140 9 060
First storcy wall 1 570 8 050 1576 12 190 1570 10 630
First storey wall* 2 160 8 640 2 160 12 780 2 160 11220
kg/cm’ kg/cm’ kg/cm®
Compressive stress in 2890 3 830 3210
masonry wall with-  FL3  Toxpgg = 152 ox100 202 ox10 %
out openings
5 470
FL2 = 288 %%’% =422 OO _ g
1¥ X 10U 19 X 100 19 X 100
FL o 8050 _ ., 2190 _ ., 0630 _
19 X 100 19 X 100 19 X 100
P 280 g 20 44 20y
29 X 100 29 X 100 29 X 100
Compressive stress in . 1.52 L 2.02 1.69
masonry wall with £L S 050 3.04 080 2.53 075 2.25
openings
FL 2 288 5.76 422 5.8 364
0.50 : 080 075 488
A4 £ AN £ g0
FL 1 .7 = 8'4 V.2 = 2.oY —
0.50 8 0.80 8.03 0.75 745
298 4.4 3.87
FL 1* = 59 = = =
0.50 0.80 531 0.7 5.16
For Three-Storeyed Building
Basic stress of requisite . 30 _ s 253 o 225 _ 0 o — e
masonry Wl[hout l':L 4 ﬁ - J.07 m - 3 44 0 78 - &.00 Ng — U./0
application of shape
modification factor FL 2 576 _ 738 528 6.77 485 622 K =078
0.78 ’ 0.78 ) 0.78 ’ P
8.48 8.03 7.45
22 = . 27 - . JRA ) = 0.69
FL 1 0.69 12.29 0.69 11.64 .69 1080 K, =0
5.96 5.51 5.16
* —_— = § _ = X — = 6.0 s = 0.86
FL1 0.86 6.93 0.86 641 0.86 k=0
Basic stress of requisite 3.89 3.24 288
. — = 324 —_— = 27 — = 24
masonry after appli- FL 3 1.2 1.2 1.2
cation of shape
modification factor
FL 2 -————7,'38 = 6.7 ~—6.'7,7 = 6.2 6_'2,2 = 57
i.i I i.i
FL 1 ]__2_9 = 123 Hi“ = 116 M = 108
1.0 1.0 1.0
nr 1 6 93 £ 1 6'41 £ a 6 O p— £ £
o PR — = 0.0 - = 2.0 —— = 2.0

—
—
.
—
—
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Case T—Concluded

Particulars Wall A Wall B Wall C Remarks
kg/cm’ kg/cm’ kg/cm’
Masonry requirements FL 3 20—3.5-L1 20—3.5-M2 20—-3.5-L2
FL 2 20-7.5-M1 20—7.5-M3 20—7.5-M2
FL 1 20—15-H1 20—12.5-H1 20—12.5-Ml
FL 1 30—-7.5-M1 30-7.5-M2 30-7.5-M3
For Two-Storeyed Building
Basic stress of requisite ;5 34 _ 3.90 253 _ 3.4 2.25 = 288 K.=078
masonry without 0.78 ) 0.78 ’ 0.78
application of shape
modification factor 576 528 485 _
FL 1 06 8.35 06 7.65 0.69 7.03 K, =0.69
Basic stress of requisite 3.90 324 _ 288
masonry after appli- FL2 T = 3.25 T3 = 2.7 Tz - 2.4
cation of shape
modification factor
FL 1 835 _ 7.6 6 7.0 AL 6.4
1.1 1.1 1.1
Masonry requirements FL 2 20—3.5-M2 20—3.5-M2 20-3.5-L2
FL 1 20-7.5-H1 20—7.5-M1 20—7.5-M1
For One-Storeyed Building
Basic stress of requisite 3.04 253 _ 225 _
masonry without FLl 0.63 441 069 367 069 326 k=06
application of shape
modification factor
Basic‘stresvs of requisi'te ' 441 _ 363 .67 _ 3.06 326 _ 272
masonry after appli- 1.2 1.2 1.
cation of shape
modification factor
Masonry requirements FL 1 20—5.0-M3 20—3.5-M2 20—3.5-M2

*Loads, stresses and masonry requirements for 14 brick, 30 cm thick wall.
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SP 20(S&T) : 1991

Particulars Wall A Wall B Wall C Remarks
W — N 7\
(Individual Progressive M Individual Progressive) Individual Progressive®
Load Load Load Load Load Load
kg/m kg/m kg/m kg/m kg/m kg/m
4y 2 3) O] &) (6) ) (®)
Parapet wall 440 440 — — — —
Roof 880 1320 2260 2 260 1 640 1 640
Third storey wall 1570 2 890 1570 3830 1570 3210
Floor 3 1190 4 080 4 060 6 890 2310 5520
Second storey wall 1 570 5650 1570 8 460 1570 7 090
Floor 2 1190 6 840 3060 11 520 2310 9 400
First storey wall 1570 8 410 1570 13 090 1 570 10 970
First storey wall* 2 160 9 000 2 160 13 680 2 160 11 560
kg/cm’ kg/ cm’ kg/cm’
Compressive stress in 280 _ 3830 _ 3210 _
masonry wall with- ‘L3 Tgxig0 - 1% x>0 Bxi0
out openings 5 650 8 460 7 090
FL 2 —_— = 2, —_— = 4 ——— = 373
L 19 X 100 97 19 X 100 445 19 X 100
8 410 13 090 10 970
FL 1 ———— = 443 —_— = .89 —_— = 577
19 X 100 19 X 100 68 19 X 100
9 000 13 680 It 560
* —— = — = —_—
FLI* 55%ree = 310 wxion  *7 wxi00 %
Compressive stress in .52 _ 202 1.69
masonry wall with FL 3 m = 304 m = 253 0—7-5 = 225
openings 2.97 4.45 3.73
FL 2 0.50 = 594 080 = 5.56 075 = 497
4.43 6.89 5.77
FL 1 50 - 8.86 08 8.61 s - 7.69
3.10 4.72 3.99
* —_— = —_— = _—_— =
FL 1 0.50 6.20 0.80 5.90 0.75 5.32
For Three-Storeyed Building
Basic stress of requisite 3.04 2.53 2.25
masonry without FL 3 m = 3.90 ﬁ = 3.24 ﬁ = 2.88 K. =0.78
application of shape
modification factor 5.94 5.56 4.97
L 2 = = . —_ = . — = . s = U,
F 078 7.62 0.8 7.13 078 637 K, =078
8.86 8.61 7.69
FL 1 —— = 12.84 — = 12 = =), =0
0.69 12.8 0.6 12.45 ) 11.14 K, =0.69
6.20 5.90 5.32
* [sah = —— = —— = =
FL 1 086 7.21 0.86 6.86 0.86 6.19 K. =0.86
Basic stress of requisite’ 3.40 3.24 283
masonry after appli- FL 3 EV 3.35 S 27 . 24
cation of shape
modification factor
7.62 7.13 .
FL 2 —_— = 6.9 — = 65 837 5.8
L1 1.1 1.1
12.84 12.45 - 11.14
= = . == = 2. — = 111
FL 10 28 ) 5 10
. , 6.19
FL 1* U e 08 _ 42 = = 56

—
—

—
[
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Case 8—Concluded

Particulars Wall A Wwall B Wall C Remarks
kg/cm? kg/cm’ kg/cm®
Masonry requirements FL 3 20—3.5-M2 20—3.5-M2 20—-3.5-1.2
FL 2 20—7.5-M1 20—-7.5-M1 20—7.5-M2
FL 1 20—15.0-H1 20—15.0-H1 20—12.5-H2
FL 1* 30-7.5-M1 30—7.5-M1 30—7.5-M3

For Two-Storeved Building

Basic stress of requisite 3.04 2.53 2.25
masonry without FL 2 X7 3.89 8 324 R 288 K, =0.78
application of shape
modification factor 5.94 5.56 497
L1 — = 8.6l —— = 8.06 — = 720 K. =069
F 0.69 0.69 0.69
Basic stress of requisite . 3.40 224 2.28
masonry after appli- FL 2 11 = 325 2 27 12 - 24
cation of shape
modification factor 8.61 8.06 7.20
FL 1 — = 78 = 173 — = 65
1.1 1.1 1.1
Masonry requirements FL 2 20—3.5-M2 20—3.5-M2 20—3.5-L.2
FL 20—10-M2 20-7.5-M1 20—7.5-M1
For One-Sroreved Building
Basic stress of requisite 3.04 2.53 2.25
masonry without FL 1 o 441 Y 3.67 o 326 K, =0.69
application of shape
modification factor
Basic stress of requisi.te FL 1 441 _ 368 367 _ 3.06 32 _ 272
masonry after appli- 1.2 1.2 1.2
cation of shape
modification factor
Masonry requirements FL 1 20-5.0-M3 20—3.5-M2 20—3.5-M2

*Loads, stresses and masonry requirements for 14 brick, 30 cm thick wall.
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Case 9 Loads and Stresses
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Particulars Wall A W/a& B wall C Remarks
#Individual Progressive) Individual Progressive { Individual ~ Progressive ¥
Load Load Load Load Load Load
kg/m kg/m kg/m kg/m kg/m kg/m
(n 0] (3) 0] &) (6) )] ®)
Parapet wall 440 440 - — — —
Roof 1220 1 660 3150 3150 2230 2230
Third storey wall 1 450 3110 1 450 4 600 1 450 3 680
Floor 3 1330 4 440 3430 8 030 2710 6 390
Second storey wall 1 450 5 890 1 450 9 480 1450 7 840
Floor 2 1330 7220 3430 12 910 2710 10 550
First storey wall 1450 8 670 1 450 14 360 I 450 12 000
First storey wall* 1 980 9 200 1 980 14 980 1 980 12 530
kg/cm? kg/cm® kg'/ cm’
Compressive stress in 3110 4600 3 680
masonry wall with- FL3 oxio0 64 Bxi0 ¥ wxioo - %
out openings 5890 94
80 7 840
FL 2 —— = 310 - = —_— =
19 X 100 19 X 100 4.99 19 X 100 4.3
8 670 14 360 12 000
FL 1 ———— = 45 _— = — =
19 X 100 6 19 X 100 7.56 19 X 100 6.32
9 200 14 890 12 530
FL 1* —— = 3, —_— = =
29 X 100 17 29 X 100 513 29 X 100 4.32
Compressive stress in 1.64 242 1.94
masonry wall with FL 3 050 3.28 085 2.85 i - 2.43
openings 3.10 499
. . 4.13
FL 2 — = 620 — = —_— =
0.50 0.85 S8 0.80 516
4.56 7.56 -6.32
FL 1 — = 912 —— = 8, 204
0.50 0.85 8.89 0.80 790
3.17 5.13 4.32
FL 1* —~— = 634 == = —_— =
0.50 0.85 6.04 0.8 540
For Three-Storeved Building
Basic stress of requisite 3.28 2.85 243
masonry without FL 3 m = 4.05 m = 3.52 E—g—l = 3.0 K= 0.81
application of shape
modification factor 6.20 5.87 5.1
FL 2 —_— = . —— = . — = 37 = 0.81
0.81 765 0.81 725 0.81 637 k=0
9.12 8.89 7.90
FL 1 — = 12,67 — = 1235 -— = 1097 =0.72
0.72 0.72 0.72 - 097 K
6.34 6.04 5.
1* — = 72 — = 6. = = 6 =Q.
FL 0.88 0 0.88 6.86 0.88 614 k=088
Basic stress of requisite o 4 4.0 = 34 352 _ 29 30 _ 25
masonry after appli- 1.2 1.2 I
cation of shape
dification factor
modificati FL 2 765 _ 70 125 | 66 37 5.8
1.1 1.1 1.1
12.67 12.35 10.97
= 12 = = 124 — =110
FL1 1.0 12.7 1.0 12 1.0
.14
FL 1* 120 6.5 686  _ 6.2 LI 5.6
I.1 1.1 1.
( Continued)
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Case 9~ Concluded

Particulars Wall A Wall B Wall C Remarks
kg/cm? kg/cm® kg/cm®
Masonry requirements FL 3 20—-3.5-M2 20—3.5-M2 20-3.5-1L.2
FL 2 20~-7.5-M1 20-7.5-Mi1 20-7.5-M2
FL 1 20—15.0-H1 20—15.0-H1 20—12.5-H2
FL 1* 30-7.5-Ml1 30-7.5-M2 30-7.5-M3
For Two-Storeyed Building
Basic stress of requisite 3.28 285 2.43
masonry without FL 2 YT 4.05 YT 3.52 o8l = 30 K,=038!
application of shape
modification factor 6.20 5.87 5.16
FL 1 m = 8.6] 0—77 = 8.16 6_75 = 717 K =072
Basic stress of requisite 4.05 3.52 3.0
masonry after appli- FL 2 T = 333 2 = 29 12 - 26
cation of shape
modification factor 8.61 8.16 1.17
FL 1 N 7.8 11 74 T 6.5
Masonry requirements FL 2 20-3.5-M2 20-3.5-M2 20—3.5-1.2
FL 1 20—10-M2 20—7.5-Ml1 20~-7.5-M1
For One-Storeyed Building
Basic stress of requisite 38 _ 2.85 243
FL 1 -_ = 4.56 — = 396 —_— = 337 =0.72
masonry without 0.72 0.72 0.72 k )
application of shape
modification factor_
Basic stress of requisite 436 _ 396 237 _
masonry after appli- FL 1 2 38 T2 3.3 2 28
cation of shape
modification factor
Masonry requirements FL 1 20—-5.0-M3 20—3.5-M2 20—3.5-M2

*Loads, stresses and masonry requirements for 14 brick, 30 ¢m thick wall.
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Case 10 Loads and Stresses

Particulars Wsall A Wall B Wall C Remarks
- N\ —\/ P |
7 Individual Progressiva‘ Individual Progressive ~ Individual Progressive
Load Load Load .Load Load Load
kg/m kg/m kg/m kg/m kg/m kg/m
(1) ) 3) @ &) (6) )] (8)
Parapet wall 440 440 — — — —
Roof 1220 1 660 3150 3 150 2230 2230
Third storey wall 1 450 3110 1 450 4 600 1 450 3 680
Floor 3 1 540 4 650 3970 8 570 2920 6 600
Second storey wall 1 450 6 100 1450 10 020 1 450 8 050
Floor 2 1 540 7 640 3970 13 990 2920 10 970
First storey wall 1450 9 090 1450 15 440 1 450 12 420
First storey wall* 1 980 9 620 1 980 15 970 1 980 12 950
kg/cm® kg/cm? kg/cm?
Compressive stress in 3o _ 4600 _ 3680 _
masonry wall with- FL3 19 X 100 1.64 19 X 100 242 19 X 100 1.94
out openings L2 6100 _ .. 1000 _ . 8OO _ ..
19 X 100 ) 19 X 100 ) 19 X 100 ’
909 15440 12420 _
FL oxwo 78 oxi0  oB oxie ~ &%
6 7 1
FL 1* ._2_20_ = 332 __12& = 551 ._225_0_ = 447
29 X 100 29 X 100 29 X 100
Compressive stress in .64 242 194
masonry wall with FL 3, 050 328 085 285 080 243
openings 321 5.27 4.24
2 =L = 6. =20 = 6. S = 5,
FL 0.50 642 0.85 6.20 0.80 530
478 8.13  _ 6.54
FL } 5 9.56 085 = 9.56 080 - 8.18
332 5.51 447
1* =< = = = = s
FL 0.50 6.64 0.85 6.48 0.80 559
For Three-Storeyed Building
Basic stress of requisite 328 _ 2.85 _ 243 _ _
masonry without FL3 081 4.05 ar = 3% oer = 30 K=osl
application of shape
modification factor 6.42 6.20 5.30
L 2 ——— = . —_— = e = =
F. 081 7.93 081 7.65 081 654 K, =081
9.56 9.56 8.18
L 073 28 072 13.19 02 11.36 K =072
6.64 6.48 5.59
* —_— = a———rem = —r—rn = =
FL 1 0.88 7.55 088 7.36 088 635 K,=0.88
Basic stress of requisite 405 _ 352 _ 3.0 _
masonry after abpli' FL 3 T3 - 3.175 T2 - 29 T2 ° 25
cation of shape
modification factor 7. 765 4
FL?2 I8 - 22 g0 838 _ 5
1.1 1.1 1.1
13.28 13.19 11.36
1 —_— = 3. —= = 13, — = 114
FL 10 13.3 o 13.2 0 11
7.55 7.36 6.35
* — = — = — =
FL 1 1 6.9 m 6.7 I 5.8
( Continued)
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Case 10— Concluded

Particulars Wall A Walt B Wali C Remarks
kg/em® kg/cm? kg/cm’

Masonry requirements FL 1 20—3.5-M2 20—3.5-M2 20-3.5-1L2

FL 2 20—7.5-M1 20—7.5-M1 20~7.5-M2
FL 3* 30-7.5-M1 30-7.5-M1 30—-7.5-M2

For Two-Storeyed Building

Docin ctencc -~ . DU s B 11} ~ ofg LY E)

BAsIC stress ol requisite 3.20 = .80 — .45 — =
masonry without FL 2 081 4.05 0.81 352 081 3.0 K, = 0.81
application of shape
modification factor 6.42 6.20 5.30

L1 — = 892 —— = .61 — = 1.36 =0.72
F 0.72 0.72 8 0.72 K

Basic stress of requisite 405 _ 352 3.0 _
masonry after appli- FL2 Ev 3.38 2 29 12 2.5
cation of shape
modification factor

FL 1 §-—9—2 = 81 ﬂl_ = 18 w = 67
1.1 1 1.1
Masonry requirements FL 2 20—5.0-M3 20—3.5-M2 20—3.5-L2
FL 1 20—10-M2 20—10-M2 20—7.5-M1

For One-Storeyed Building

Racic stregs of re cite 1 9Q LY -1 A a9

Basic stress of requisite 3.48 285 _ 243 _ -
masonry without FL 1 072 4.56 %7 3.96 0.2 337 K. =072
application of shape
modification factor

Raci~r ctrace nf -aqnichn a4 K& 2 0K 3 ‘!"

ADIL JLEWOD UL I ulﬂl.l-\r .U — . JITY = . ) - 2. 0
masonzy after appli- FL 1 1.2 38 1.2 33 1.2 8
cation of shape
modification factor

Masonry requirements FL 1 20—5.0-M3 20—3.5-M2 20—3.5-M2

*Loads, stresses and masonry requirements for 1% brick, 30 cm thick wall.
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Case 11 Loads and Stresses

SP 20(S&T) : 1991

Particulars Wall A Wall B Wall C Remarks
A . A — A —
rlndividual Progressive1 Individual Progrcssiv? Individual Progressive
Load Load Load Load Load Load
kg/m kg/m kg/m kg/m kg/m kg/m
) (2) (3) 4) (5) (6) O] (8)
Parapet wall 440 440 — — — —
Roof 1220 1 660 3150 3150 2230 2 230
Third storey wall 1580 3240 1 580 4 730 1 580 3810
Floor 3 1330 4570 3430 8 160 2710 6 520
Second storey wall 1 580 6 150 1 580 9 740 1 580 8 100
Floor 2 1330 7 480 3430 13170 2710 10 810
First storey wall 1580 9 060 1580 14 750 1 580 12 390
First storey wall* 2170 9 650 2170 15 340 2170 12 980
kg/em’ kg/cm® kg cm’
Compressive stress in 3 240 4730 3810
masonry wall with-  ¥L 3 Jgxyep = 17 oxi0 % oxi0 20
out openings
6 150 9 740 8 100
2 —— = 324 —— = 5. — = 4
FL 19 X 100 32 19 X 100 513 19 X 100 4.26
9 060 14 750 12 390
1 —_— = ——— = _— =
FL 19 X 100 4n 19 X 100 176 19 X 100 652
9 650 15 340 12 980
* = . § —— = 4,
FL 29 X 100 333 29 X 100 52 19 X 100 448
Compressive stress in 1.71  _ 249 201
masonry wall with FL 3 5 3.42 085 - 293 080 - 2.51
openings 3.24 5.13 4.26
2 22 = 64 2 = 6 227 = .
FL 0.50 648 0.85 6.04 0.80 533
4.77 7.76 6.52
FL 1 —— = 954 = 9 —_— =
0.50 0.85 913 0.80 8.15
3.33 5.29 4.48
FL 1* — = 6.66 —_— = 6. — =
0.50 .85 622 0.80 560
For Three-Storeyed Building
Basic stress of requisite 342 2.93 251 _
oS = 4, == = 3 22 = » . =0.7
masonry without FL3 0.78 4.38 0.78 376 0.78 32 k=018
application of shape
modification factor 6.48 6.04 5.33 .
L —= = 8§ —_ = 7, —= = 6. = 0.78
FIL 2 078 8.31 o8 1.74 0.78 683 K, =07
9.54 9.13 8.15
" — = . —_— = . i iehiy = . = (.6
L1 069 13.82 0.69 13.23 0.6 11.81 K =0.69
6.66 6.22 5.60
* _ = 74 —_— = . — = 51 , = 0.86
FL 1 0.86 7.7 0.86 7.23 056 651 K. =0
Basic stress of requisite 438 3.76 322 _
masonry after appli- FL3 12 3.65 12 3.3 12 2.7
cation of shape
modification factor 31 X .
l FL2 33~ 16 KAL) 88 _ 42
1.1 1.1 1
13.82 13.23 11.81
FL 1 1_0_ = ]38 W = 132 1—0- = 118
.74 .
FL 1* 17 7.0 3 = 6.6 651 _ 5.9

—
—

—
—

|
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Case 11—Concluded

Particulars Wall A Wall B Walt C Remarks
kg/cm? kg/cm? kg/cm’
Masonry requirements FL 3 20-5.0-M3 20—3.5-M2 20-3.5-M2
FL 2 20—-10-M3 20—7.5-M1 20—7.5-M1
FL 1* 30—7.5-M1 30~-7.5-M1 30~-7.5-M2
For Two-Storeyed Building
Basic stress of requisite 3.42 293 2.51
20 o 227 = 20 = =07
masonry without FL2 0.78 4.38 0.78 3.76 0.78 322 K =078
application of shape
modification factor 648 6.04 533 _ -
FL 1 m = 939 0_6—9 = B8.75 m = 772 K =069
Basic stress of requisite 438 3.76 32
masonry after appli- FL2 12 3.65 12 313 12 27
cation of shape
modification fact 9.39 8.75 7.72
edriication factor g 22 = s 22 = g0 22 = 70
1.1 1.1 1.1
Masonry requirements FL 2 20—-5.0-M3 20—-3.5-M2 20—3.5-M2
FL 1 20—10-M1 20—10-M2 20-7.5-Ml
For One-Storeyed Building
Basic stress of requisite 342 293 251 _
masonry without FL 1 e 4.96 6 425 e 3.63 K, =0.69
application of shape
modification factor
Basic stress of requisite 498 4.25 3.63
. — = 4. - = 3. ~— = 303
masonry after appli- FL 1 1.2 4.15 1.2 3.54 1.2
cation of shape
modification factor
Masonry requirements FL 1 20—5.0-M2 20—3.5-M2 20—-3.5-M2

*Loads, stresses and masonry requirements for 114 brick, 30 cm thick wall.
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Case 12 Loads and Stresses
Particulars Wall A Wall B Wall C Remarks
A y . A\
SO IR e Y SRS N —
individual Progressive ~Individual Progressive ' individuai Progressive
Load Load Load Load Load Load
kg/m kg/m kg/m kg/m kg/m kg/m
(H () 3) 4) (5) (6) (7) (8)
Parapet wall 440 440 — - — —
Roof 1220 1 660 3150 3 150 2230 2230
Third storey wall 1 580 3240 ! 580 4730 1 580 3810
Floor 3 1 540 4 780 3970 8 700 2920 6 730
Second storey wall 1 580 6 360 1 580 10 280 1 580 8 310
Floor 2 1 540 7 900 3970 14 250 2920 11 230
First storey wall 1 580 9 480 1 580 15 830 1 580 12 810
First storey wall* 2170 10 070 2170 16 420 2170 13 400
kg/em? kg/cm® kg/cm’
Compressive stress in 3240 4 730 3810 i
masonry wall with-  FL3 wxio 7 oxi0 - Y oxi0 20
OUt Openings £ ALrn 1N 20N Q 1N
0 S0U IV L0V o Jiv
= = . = .37
FL 2 19 X 100 335 19 X 100 4l 19 X 100 4
9 480 15 830 12 810
= —_—— = . = .74
FL 1 19 X 100 499 19 X 100 833 19 X 100 6
10 070 16 420 13 400
* —_— .62
FLl 29 X 100 341 29 X 100 366 29 X 100 46
Compressive stress in 1.71 2.49 2.01
— = 342 = = 2 — = 251
masonry wall with FL 3 0.50 3 0.85 293 0.80
openings
3.35 5.41 437
— . o = 6. — = 5.46
FL2 0.50 6.70 0.85 36 0.80
499 8.33 6.74
-— = 9 — = 9. — = 843
FL 1 0.50 9.98 0.85 9.80 0.80 8
3.47 5.66 462
* — = 6 —— = 6.66 — = 578
FLi 0.50 694 0.85 0.8
For Three-Storeyed Building
Basic stress of requisite 342 293 251 _
masonry without FL 3 —O—:IE = 438 ﬁ = 376 -—_78‘ = 322 K =078
application of shape
modification factor 6.70 6.36 5.46
FL 2 98 - 8.59 078 - 8.15 07 70 K,=078
FL 1 22§ = 14.46 2?2 = 1420 Efi = 1222 K =069
V.07 v.0oy uv.07
6.94 6.66 5.78
FL 1* — = 8,07 —_— = 774 — = 672 K =086
0.86 0.86 0.86
Basic stress ctf rcquns‘x.te. oA 4.38 = 1es 3.76 — a1 3.22 = 99
masonry after appii- &~ - Iz 3.63 T2 313 T .
cation of shape
modification factor 8.59 8.15 7.0
FL 2 —_— = 178 — = 174 — = 64
1.1 1.1 1.1
FL i w = 145 ﬂ = 4.2 @ = 2.2
1.0 ’ 1.0 ’ 1.0 ’
8.1 7.74 6.72
FL |* - = 13 — =170 — = 6.l

—

_—
—
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Case 12 — Concluded

Particulars Wall A Wallt B Wall C Remarks
kg/cm® kg/cm® kg/cm’
Masonry requirements FL 3 20—5.0-M3 20—3.5-M2 20—3.5-M2
FL 2 20—10-M3 20—7.5-Ml1 20—17.5-M1
FL 1* 30-7.5-M1 30—7.5-Ml1 30-7.5-M1
For Two-Storeyed Building
Basic stress of requisite 3.42 2.93 2.51
masonry without . FL 2 ) -

application of shape
modification factor

= 438 — = 376 — = 322 K =078

(=]
3
®
i
2
%
3
%

o
-~
S
N
W
)
n

—_— = . _— = . —— = 791 . = 0.69
FL1 0.69 971 0.69 922 0.69 K
Basic stress of requisite 4.38 376 _ 322
masonry after appli- FL 2 R 3.65 Tz = 3.13 T2 = 2.7
cation of shape
modification factor 3 22 7.91
FL 1 271 9.7 22 8.44 _— = 12
1.0 1.1 1
Masonry requirements FL 2 20-5.0-M3 20—3.5-M2 20—3.5-M2
FL 1 20—10-M1 20—10-M1 20-7.5-M1
For One-Storeyed Building
Basic stress of requisite 342 293 251 _
masonry without FL 1 06 4.96 969 = 4.25 6 - 364 K. = 0.69
application of shape
modification factor
A . . .64
Basic stress of requlslite FL 1 496  _ 413 425 _ 354 3 - 303
masonry after appli- 1.2 1.2 1.
cation of shape
modification factor
Masonry requirements FL | 20-5.0-M2 20—3.5-M2 20—3.5-M2

*Loads, stresses and masonry requirements for 14 brick, 30 cm thick wall.
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Table E-18 Design Results of Brick Masonary Walls for Office Buildings Up to 3 Storeys

Three Storeyed Building

Double Storeyed Building

Single Storey Building

Si Span Storey Live Storey N s\
No. Height Load Level flnternél External ) rlmcmal External\ { Internal External\
(m) (m) (kg/m) Wall Wall Wall Wall Wall Wall
(1) (2) 3) 4) (5) (6) )] ®) 9) (10) (1
l. 3.6 3.0 250 FL 3 20-3.5-L.2 20-3.5-L.2
FL 2 20-5.0-M2 20-7.5-M3 20-3.5-1.2 20-3.5-M2
FL 1 20-10-M1 20-10-H1 or 20-7.5-L1 20-7.5-Mt 20-3.5-L.2 20-3.5-M2
30-7.5-L1
2. 36 30 400 FL3 20-3.5-L2 20-3.5-M2
FL 2 20-5.0-M1 20-7.5-M3 20-3.5-L2 20-3.5-M2
FL ! 20-10-M1 20-12.5-H! or 20-7.5-M3 20-7.5-M1 20-3.5-1.2 20-3.5-M2
30-7.5-M3
3. 3.6 3.30 250 FL 3 20-3.5-1.2 20-3.5-M2
FL 2 20-7.5-L1 20-7.5-M1 20-3.5-1.2 20-3.5-M2
FL 1 20-10-H1 or 20-12.5-H1 or 20-7.5-M2 20-7.5-M1 20-3.5-M2 20-5.0-L1
30-7.5-L1 30-7.5-M2
4. 36 330 400 FL3 20-3.5-1.2 20-3.5-M2
FL 2 20-7.5-M3 20-7.5-M1 20-3.5-1L1 20-3.5-M2
FL | 20-10-M1 or 20-12.5-M1 or 20-7.5-MI 20-7.5-M1 20-3.5-M2 20-5.0-L1
30-7.5-M1 30-7.5-M2
5. 4.5 3.0 250 FL 3 20-3.5-1.2 20-3.5-M2
FL 2 20-7.5-M3 20-7.5-M1 20-3.5-L.2 20-3.5-M2
FL 1 20-12.5-M1 or 20-12.5-M1} or 20-7.5-MI 20-7.5-M1 20-3.5-M2 20-5.0-L1
30-7.5-M3 30-7.5-M2
6. 45 3.0 400 FL 3 20-3.5-L2 20-3.5-M2
FL 2 20-7.5-M1 20-7.5-M1 20-3.5-L.2 20-3.5-M2
FL 1 20-12.5-H1 or 20-12.5-Ht or 20-7.5-MI 20-7.5-M1 20-3.5-M2 20-5.0-L.1
30-7.5-M2 30-7.5-M1
7. 4.5 3.30 250 FL 3 20-3.5-M2 20-3.5-M2
FL 2 20-7.5-M1 20-7.5-Mt 20-3.5-M2 20-3.5-M2
FL 1 20-12.5-H!1 or 20-15-H! or 20-7.5-M1 20-7.5-H1 20-3.5-M2 20-5.0-M3
FL 1* 30-7.5-M2 30-7.5-M1
8. 45 3.30 400 FL3 20-3.5-M2 20-3.5-M2
FL 2 20-7.5-M1 20-7.5-M1 20-3.5-M2 20-3.5-M2
FL 1 20-15.0-H1 or 20-15.0-H! or 20-7.5-M1 20-10-M2 20-3.5-M2 20-5.0-M3
FL 1* 30-7.5-M1 30-7.5-M1

{ Continued)
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Table E-18 — Concluded

(1) () 3 4 %) (6) )] 8) ®) (10) (n

9. 540 3.00 250 FL3  20-35-M2 20-3.5-M2
FL2  20-7.5-Ml 20-7.5-MI 20-3.5-M2 20-3.5-M2
FL 1 20-15.0-Hl or  20-150-HI or 20-7.5-Ml 20-10-M2 20-3.5-M2 20-5.0-M3
FL1*  30-7.5-Ml 30-7.5-MI

10. 540 3.00 400 FL3  20-35-M2 20-3.5-M2
FL2  2071.5M1 20-7.5-Ml1 20-3.5-M2 20-3.5-M3
FL1 — — 20-10-M2 20-10.0-M2  20-3.5-M2 20-5.0-M3
FL1*  30-7.5-Ml 30-7.5-M1

1. 540 3.30 250 FL3  20-35-M2 20-5.0-M3
FL2  20-7.5-Ml 20-10-M2 20-3.5-M2 20-5.0-M3
FL 1 — — 20-10-M2 20-10-M1 20-3.5-M2 20-3.5-M2
FL1*  30-7.5-Ml 30-7.5-M1

12 540 3.30 400 FL3  20-55-M2 20-5.0-M3
FL2  20-7.5-Ml 20-10-M2 20-5.0-M3 20-3.5-M2
FL | — - 20-10.0-M1  20-10-MI 20-3.5-M2 20-5.0-M2
FL1*  30-7.5-Ml 30-7.5-Mt1 '
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Table E-19 Design Results of Brick Masonary Walls for Office Building Up to 3 Storeys
{Using Conventional* Bricks)

Three Storeyed Building Double Storeyed i}uilding Single Storey Building

S Span Storey Live Storey V. AN
No. Height  Load Level / Internal External ¥ ¢ Internal External ¥ ¢ Internal External
(m) (m) (kg/ m2?) Wall Wall Wall Wall Wall Wall
1. 3.6 3.00 250 FL3 23-35-M2  23-3.5-1L2
FL 2 23-7.5-L1  23-50-M2  23-35-M2  23-3.5-L2
FL 1 23-10-MI  23-7.5-H1  23-7.5-M2  23-5-MI  23-35-M2  23-3.5-L2
2 3.6 3.00 400 FL 3 23-3.5-M2  23-35-L2
FL 2 23-7.5-M3 23-35-Ml1 23-3.5-M2  23-3.5-L2
FL 1 23-10-Mt 23-10-M2 23-7.5-M2 23-7.5-L1 23-3.5-M2 23-3.5-1L.2
3 36 3.30 250 FL 3 23-3.5-M2 23-3.5-L2
FL 2 23-75-M2  23-50-M1  23-3.5-M2  23-3.5-1.2
FL 1 23-10-M1 23-10-M2 23-7.5-M1  23-7.5-LI 23-3.5-M2 23-3.5-L2
4 3.6 3.3 400 FL 3 23-35-M2  23-3.5-L2
FL 2 23-75-M2  23-7.5-L1 23-3.5-M2 23-3.5-L.2 :
FL 1 23-10-H2 23-10-Mi 23-7.5-Mt  23-7.5-M3  23-35-M2 23-3.5-L2
5 45 3.0 250 FL 3 23-35-M2  23-35-M2
FL 2 23-75-Mb 23-7.5-M2 23-35-M2  23-3.5-M2
FL 1 23-10-MI 23-10-M1 23-7.5-M1 23-7.5-Mt 23-3.5-M2 23-3.5-M2
6 4.5 3.0 400 FL 3 23-3.5-M2 23-3.5-M2
FL 2 23-7.5-M1  23-7.5-M1  23-3.5-M2  23-3.5-M2
FL 1 23-10-HI or 34.5-7.5-M1 23-7.5-M1  23-3.5-M1  23-3.5-M2  23-3.5-M2
34.5-7.5-M1
7 4.5 33 250 FL 3 23-35-M2  23-35-M2
FL 2 23-7.5-M1  23-7.5-M1  23-35-M2  23-3.5-M2
FL 1 345-7.5-M1 23-10.0-M1 23-7.5-M1  23-7.5-M1  23-50-M3  23-3.5-M2
8 4.5 33 400 FL 3 23-3.5-M2  23-3.5-M2
FL 2 23-7.5-M1  23-7.5-M1  23-3.5-M2  23-3.5-M2
FL1 345-7.5-Ml 34.5-7.5-M1 23-7.5-M1  23-7.5-M1  23-3.5-M2  23-3.5-M2
9 5.1 30 250 FL 3 23-50-L1  23-3.5-M2
FL 2 23-7.5-MI  23-7.5-M1  23-75-1L.2  23-3.5-M2
FL 1 345-7.5-M1 345-7.5-M1 23-3.5-M1  23-7.5-MI1  23-35-1.2 23-3.5-M2
10 5.4 3.0 400 FL 3 23-5.0-L1 23-3.5-M2
FL 2 23-7.5-M1 23-7.5-M1  23-5.0-L1 23-3.5-M2
FL 1 34.5-75-M1 34.5-7.5-M1 23-10-M2 23-7.5-M1 23-5.0-M3  23-3.5-M2
1 5.4 33 250 FL 3 23-50-M3  23-3.5-M2
FL 2 23-75-M}  23-7.5-MI 23-5.0-M3  23-3.5-M2
FL | 345-75-M} 345-7.5-M1 23-10-M2 23-10-M2 23-5.0-M2  23-5.0-M3
12 5.4 33 400 FL 3 23-50-M3  23-3.5-M2
FL 2 23-10-M2 23-7.5-M1 23-5.0-M3  23-3.5-M2
FL 1 345-10-M2 23-75-M1  23-10-M!I  23-10-M2  23-5.0-M2  23-5.0-M3

*Bricks of nominal size 23 cm X 11.5 ¢cm X 7.7 cm.

HANDBOOK ON MASONRY DESIGN AND CONSTRUCTION—PART 1

103



SP 20(S&T) : 1991

ANNEX H-4

NOTATIONS, SYMBOLS AND ABBREVIATIONS

H-41 No

s —'.; i

ota s

from the Code are reproduced below along with
additions used in the h

reference.

tions, Symbol

1

and Abbreviations

NOTE — When any Notation has more than one meaning
its intended meaning will be with reference to the context.

= Hydraulic lime

= Area of a Section
= Width of a rectanguiar Section or
Width of bearing of a vertical load
Semi-hydraulic lime
Bending moment
Fat lime
Depth of a rectangular Section
= Dead load

Dambp nroof course

aiip piool

SN

s-le
@) <
11 O O T

.Resultant eccentricity as distance
from centroid

Stress (either compressive or tensile)
RQGI(‘ {‘nmprpccnlp Q"TPQQ

= Compressive stress/ Permissible
compressive stress

H il

NSNS Yo pgRnww

SO
Il

= Compressive strength of a masonry

agc nar nriem tact
a0 }Nl yllalll ol

Shear permissible stress
Tensile stress
= Ground level

Actual height between lateral
Supports or Total wall he|ght oV
the level being analysed

Height of an opening

High strength mortars

Effective height of a masonry
element between lateral supports
Moment of inertia

Area reduction factor

Shape modification factor

Stress reduction factor

Stiffening co-efficient of a wall
Actual length of a masonry wall
Effective length of a masonry wall
Live load

L2 L3 = Low strength mortars

Moment

Medium strength mortars
Neutral axis

Unit wind pressure/Lateral load
Total wind force/Horizontal load
Plinth level

Rolled steel

= Reinforced cement concrete
Slenderness ratio

Spacing of piers/Buttresses/

N enag e llg
LI0SS waiis

t = Actual thickness

= Effective thickness
Thickness of pier
Thickness of wall

Il
=
|
n

T

"
"
"
o

™
il

F~ ¥z
I T T

R

takakel
I

i winl ot
b—-‘t—l
I

il

II

S

VM1 M2 M3

>
I

TN 2
f

7
ngr
O
|

i

%]
h-]
it

-
s
N

Il

~ I3F

TN

Eccentricity as distance from centroid

Compressive stress due to dead loads

oo

. CP 121 : Part

= Axial load
= Eccentric load
= Width of piers/Buttresses/Cross

wallg
waiis

= Distance of extreme fibre of a
section from neutral axis
Modulus of a section

Ratio of flexural strength of wall
in the vertical direction to that in

the horizontal direction

il
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SECTION 1

1 GENERAL
1.1 Introduction

Masonry is one of the main items of
construction in a building and needs careful
consideration. It comprises masonry units such as
brick, stone, concrete block laid in mortar. There
i1s a large variety of units and a number of
different types and grades of mortars that are
used in masonry. Architects and Engineers should
have good knowledge of properties of units and
mortars so as to be able to choose an appropriate
combination of the two, to meet the requirements
for a particular situation. Similarly, field
engineers should have good knowledge of the
construction practices and techniques so that

masonry effectively serves the purpose for which -

it is intended.

1.2 Materials
1.2.1 Specifications

Materials used in masonry are covered, with
regard to their specifications, in a number of
Indian Standards at given in the List of
References and Bibliography at the end.
Information in a summarised form could be
found in “SP : 21 Summaries of Indian Standards
for Building Materials”.

1.2.2 Stacking and Storage

1.2.2.1 It is necessary that materials for
construction are stacked and stored at site in a
planned manner so as to minimise chances of
deterioration and to facilitate subsequent
handling for construction. Detailed
recommendations in this regard are contained in
‘IS 4082 : 1977 Recommendations on Stacking
and Storage of Construction Materials at Site’.
Summary of recommendations (with minor
modifications) relating to materials commonly
used in masonry namely, cement, lime, bricks,
concrete blocks and aggregates are given in the
following clauses.

1.2.2.2 As a general principle, materials should be
stacked/stored at site such that: (a) these are not
damaged by rain, humidity, wind and dust storm;
(b) lead for subsequent handling of those
materials is minimum; (c) it should be possible to
make use of and exhaust stocks of materials
received earlier, before starting use of freshly
arrived material; and (d) it is easy to take stock of
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the quantities available at site from time to time
for the purpose of inventory control.

1.2.2.3 Cement

Cement if received in gunny bags should be
stored in a building or temporary godown which
is dry, leak-proof and moisture-proof. Cement
bags should be stacked off the floor on wooden
platform about 15 cm clear above the floor and a
space of about 45 cm should be left alround
between the walls and stacks. Height of stacks
should not be more than 15 bags and width not
more than 4 bags length. When height of stacks
exceeds 8 bags, these should be placed alternately
in header and stretcher layers so as to avoid
toppling over. As an additional precaution during
monsoon season, bags should be covered with
tarpaulins or some waterproof sheets and
windows (if any) and doors should be kept closed.

1.2.2.4 Lime

Quicklime should be slaked soon after its
arrival and should be stored on a dry brick
platform in the form of compact heaps suitably
protected from rain and storm. During rains
slaked lime should be stored under a shed.
Hydrated fat or semi-hydraulic lime received in
bags should be stored in godown or shed on dry
brick platform, while hydrated hydraulic lime in
bags should be stored in a godown on wooden
platform just like bagged cement.

1.2.2.5 Bricks

Bricks should be stacked on dry firm ground,
stacks being generally 50 bricks in length, 2 to 4
bricks in width (placed lengthwise) and 10 bricks
in height, placing the bricks on edge. Clear
spacing between stacks should be 0.8 m or more.

1.2.2.6 Concrete blocks

Concrete blocks should be stacked at site so

that stacks are about 1 m high and each stack
contain a truck load (or its multiple) of the
material. It is very necessary to prevent the blocks
from getting wet before wuse; if there is a
possibility of occurrence of rain, either the blocks
should be covered with tarpaulins or stacking of
blocks should be done under a leak-proof shed.

1.2.2.7 Aggregates

Aggregates should be stored in regular stacks
on a dry, hard and level patch of ground such that
aggregates do not get admixed with soil, and
other foreign matter. Sufficient space should be
left between stacks of different types of aggregates
to prevent intermixing. Special precautions are
necessary in case of fine aggregates to prevent the
same from being blown away by wind.
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1.3 Masonry Units

1.3.0 As mentioned earlier there is a large variety
of masonry units from which an architect or
engineer can choose the one most suited to a
particular _situation. Main considerations in
choosing particular a unit are: availability,
strength requirement, durability, dimensional
stability and resistance to rain penetration, fire
rating, thermal properties, style of architecture
and economy in cost. Physical characteristics and
properties of various units are detailed in relevant
Indian Standards (see' List of References and
Bibliography at the end of this Part). Physical
characteristics of different units in common use
are summarized in Table 1. The more important
features are briefly given below.

1.3.1 Common Burnt Clay Brick

Brick 1s one of the most commonly used unit
for masonry and whenever brick of acceptable
quality and desired strength is available locally, it
is generally the unit of first choice. It has
practically most of the desirable characteristics of
a masonry unit namely strength, durability,
dimensional stability, good thermal performance,
good fire rating and economy in cost.
Compressive strength of brick depends on type of
soil used for moulding brick, method of
moulding, technique of burning, etc. In India,
strength  of common brick generally varies
between 2.5 to 25 N/mm2,

1.3.2 Heavy Duty Burnt Clay Building Brick

This brick, also known as ‘Engineering Brick’,

Table 1 Physical Characteristics of Masonry Different Units
(Clause 1.3.0)

Si Nomenclature Density  Standard Com- Water Drying Moisture Remarks Reference
No. Dimensions pressive Absorption Shrinkage Move- to Indian
(Actual)  Strength Percentage Percent- ment Standard
LXBXH (By Weight)  age Percent-
kg/m? cm N/mm? age
(n 2) 3) 4) (5) (6) N 8} %) (10)
1. Common burnt NS 19 X9X9 3535 20 up to NS NS Used for all IS 1077 : 1976
clay building class 125 general building
brick 19 X9 x4 >15 for construction
higher classes
2. Heavy duty burnt <2500 do <40 > 10 NS NS Used for IS 2180 : 1970
clay brick heavy engi-
neering works
3. Sewer brick NS do €175 »B12 NS NS Used for IS 4885 : 1968
sewer cons-
truction
4. Burnt clay per- NS 19X 19X9 47.0 > 15 NS NS This unit is 1S 2222 : 1979
forated buiiding 29X9X9 lighter in weight
brick and has better
thermal insu-
lation than
common burnt
clay brick
5. Burnt clay hollow NS 19X 19X9 «3.5 on 20 NS NS This unit is IS 3952 : 1978
block for walls 29 X9 X9 gross area lighter in weight
and partitions 29X 14 X9 and has better
thermal insu-
lation than
common burnt
clay brick
(Continued)
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(1) 2) 3) 4) (5) (6) (7 (8) ) (10)
6. Stone NS IS 1597 (Part 1):
1967
a) Granite Refer < 100 »5 1S 1597 (Part4):
Section 3 1967
b) Basalt <40
c) Sandstone < 30
d) Limestone <20
7. Precast stone block — — - — — - -~ There is no IS
Standard yet
for this Refer
CBRI Build-
ing Research
Note No. 7
8. Laterite stone 42500 39X 19X 19435 P12 NS NS Used in mas- 1S 3620 : 1979
block 49 X 19 X 19 N/mm? onry like
59 X29 X 19 coursed stone
masonry
9. a) Concrete Grade A:L-39, 49 Grade A: > 10 >0.1 >0.9 Hollow blocks IS 2185 (Part 1):
masonry <1500 and 50 Minimum of grade A& B 1979
block— Grade B: B-49, 74 35, 45, are used for
hollow and C: 99, 149 55 & 70 load bearing
less than 199, 249 Grade B: walls and of
1 500 299 20, 30 & grade C for
but H-19 and 9 50 mini- partitions
< 1000 mum
Grade C:
415
b) Concrete <1800 L-39, 49 Grade D: P> 10 0.1 +0.09 Solid blocks IS 2185 (Part l):'
masonry blocks- and 50 Minimum of grade D 1979
solid B-49, 74 40 & 5.0 are used for
99, 149 load bearing
199, 249 walls
299
H-19 and 9
10. Light weight P1600 39X30X 19428 on P25 >0.06 P0.05 Used for IS 3590 : 1966
concrete block 39 X 20 X 19 gross walls and
39 X 10 X 19 area partitions
I1. Auto-claved Varying L-49 or 50 Grade |: NS »0.05 NS IS 5482 : 1969
cellular between B-9, 14, 10-70 for
concrete blocks 451 and 19, 24 Grade 2: grade |
1 000 H-19, 24 15-60 and 0.1
and 29 for
grade 2
12. Lime-based block <1000 L-39 35 NS +0.1 >0.05 Block could IS 3115: 1976
B-10, 20 be solid or
“and 30 hollow and
H-9 and 19 is used for
load bearing,
non-load bearing
and panel walls
13. Sand-lime brick NS 19X9X9 7.5, 10.0, NS >0.025 NS Used for IS 4139 : 1976
’ 19X9X4 150 and for masonry just
20.0 class 75 like common
and 100 burnt clay
+>0.035 bricks
for class
150
(Continued)
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Table 1—Concluded

(1) (2) 3) (4) (5

)] (8) )] (10)

14. Soil-cement block NS 19 X9X9 20 for 15
19X 9X4 class 20
29X 19X 9 3.0 for

class 30

15. Non—loadibcaring NS
gypsum partition
block (solid and
hollow)

maximum,  gross
in multiples area
of 10

Breadth-75

to 150 in
multiples

of 25

Height-30
maximum, in
multiples

of 10

Length-70 <5 on NS

NS NS Used in
masonry for
lightly
loaded low
cost buildings

Used for
non-toad
bearing
partitions
in dry
situations

1S 1725 : 1982

NS NS IS 2849 : 1964

Legend : L = Length; B = Breadth; H = Height; NS = Not specified; 3> = Not more than; < = Not less than.

i1s characterised by high durability, low water
absorption and high compressive strength, and is
used in heavy civil engineering works such as
bridge structures and industrial foundations.

1.3.3 Sewer Brick

This brick has strength and other characteristics
in-between those of common brick and heavy
duty brick and is intended for use in sewer
construction where higher standard of durability
than common brick is needed, because of the
aggressive action of sewage.

1.3.4 Burnt Clay Perforated Building Brick

This unit has the advantage over common brick
of lightness in weight and better thermal
insulation. It is, therefore, used in load bearing
walls as well as non-load bearing partitions and
panels, when better thermal insulation and/or
lightness in weight are required.

S Burnt Clay Hollow Block

This unit is similar in properties and use to
perforated brick, except that, percentage of voids
is higher and thus masonry constructed with this
unit is much lighter in weight. Its compressive
strength 1s however low and thus this unit is
mainly used for non-load bearing walls.

1.3.6 Srone

In stone masonry, dressing of stone entails lot
of labour and time. Therefore, in regions where
stone as well as brick is available latter is
preferred. Stone as a masonry unit is made use of
when brick 1s either not available or is more
costly. As it is more expensive to dress stone to
small size units, thickness of stone walls is
gencerally kept more than what is needed from

sup to

structural and other considerations. Therefore,
self-load of stone masonry is high and
consequently space efficiency 1s low. For this
reason, use of stone masonry is normally
restricted to 2 or 3 storeyed buildings and where
possible use of stone in partitions and panel walls
is avoided.

Since water absorption of stone (about 1.5
percent) is very low as compared to that of brick
(about 20 percent), stone masonry is much more
durable, particularly in damp locations. Where
both brick and stone are available at reasonable
cost and ground water table is very high, it is
advantageous to provide stone masonry in walls
plinth level and brick masonry in
superstructure.

1.3.7 Precast Stone Block

As mentioned earhier, one of the drawbacks in
the use of stone in masonry is that walls have to
be thicker than what is necessary from structural
and other considerations. This drawback can be
overcome by combining stone pieces and lean
cement concrete to form precast blocks of regular
size. and shape—an innovation of Central
Building Research Institute, Roorkee. By using
precast stone blocks in place of stone, it is
possible to construct walls of much lesser
thickness, which results in economy in cost of
construction and improvement in space efficiency.
For detailed information regarding manufacture,
properties and use of this unit, a reference may be
made to Research Note No. 7 of CBRI:

1.3.8 Luterite Stone Block

Laterite, a weathered product of some type of
rock, is capable of being cut easily into blocks of
regular shape and size, suitable for masonry walls.
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Therefore, in those parts of India, where laterite
formation is met with, at or close to surface,
simple low cost buildings can be constructed
economically with the use of laterite blocks.
However, because of low compressive strength
and wide variation in quality of this material, use
of this masonry unit is generally confined to single
storeyed buildings of small spans and light loads.

1.3.9 Cement Concrete Block

In areas where brick or stone of suitable quality
for masonry is not available at reasonable cost,
but aggregates of quality suitable for
manufacturing concrete blocks are available,
cement concrete block can be used as a masonry
unit for load bearing walls, partitions and panel
walls. Concrete block could be solid or hollow
depending on strength requirement. Concrete
block has much lesser dimensional stability than
clay brick and stone, special care in the use of this
unit is, therefore, needed in order to avoid or
minimise cracks in masonry built with this unit.

1.3.10 Light-weight Concrete Block

This unit is manufactured. from light-weight
aggregates with the object of reducing dead load.
It has better thermal insulation than brick, stone
and normal concrete but has lesser strength. It is,
therefore, mainly used for non-load bearing
partitions, when for structural reasons it is
considered necessary to reduce dead load. This
unit, like concrete block, has low dimensional
stability and special care in its use is needed.

1.3.11 Auto-claved Cellular Concrete Block

This wunit, in its characteristics, performance
and use is similar to light-weight concrete block.
For the manufacture of this unit, lightness in
weight is achieved by introducing some gas in the
material through chemical action.

1.3.12 Lime-based Block

This unit is similar in characteristics and use to
cement concrete block but its strength is
somewhat low. Choice between this unit and
cement concrete block depends on considerations
of availaBility, strength requirement and relative
economy.

1.3.13 Sand-lime Brick

Characteristics of this unit are more or less
similar to that of common burnt clay brick. In
areas where neither soil suitable for burning brick
nor stone suitable for masonry, nor aggregates for
making concrete block are available, but lime and
siliceous sand are readily available, one could go
in for this type of unit. The unit can be
manufactured to any desired strength between 7.5
to 20.0 N/mm? depending on the requiremerits.
This unit has better dimensional stability than
concrete block ‘and lime-based but is inferior to
brick and stone in this respect.
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1.3.14 Soil-cement Block

Use of this unit is made mainly in low cost
buildings, when soil (available locally) is suitable
for manufacturing the unit and economy in cost is
a primary consideration.

1.3.15 Non-load Bearing Gypsum Block

This unit is suitable for use in internal partition
walls and dry locations. It has low self-weight and
high thermal insulation. Use of this unit in
masonry will prove to be economical and
advantageous mainly when gypsum is locally
available.

14 Mortar
14.1 General

Mortar is an intimate mixture with water of a
binder such as cement or lime and some inert
material such as sand, crushed stone, in the form
of a smooth paste. In masonry, mortar has an
important role to play and that is to bind the
units together into one mass, in order that
masonry may effectively perform its functions.
Various types of mortars in common use aré: mud
mortar, lime mortar, cement mortar, cement-lime
mortar and lime-pozzolana mixture mortar.
Composition, properties and methods of
preparation of various types of mortars are as
follows.

1.4.2 Materials for Mortars

Materials used for making mortars are: (a)
binder such as clay, lime, cement; (b) inert
material such as sand, crushed stone; (c¢)

pozzolana such as fly ash, burnt clay/surkhi; (d)
lime pozzolana mixture; and (e) plasticizers. Most
of these materials arc covered by Indian
Standards (see References).

14.3 Properties of> Mortars

Properties of mortars which are sought for use
in masonry are: workability, water retentivity,
rate of stiffening, strength, resistance to rain
penetration and durability. These properties have
been discussed below explaining their effect on
masonry. Choice of masonry mortar is governed
by several considerations such as type of masonry
unit and its properties, degree of exposure to
weather and environments, strength requirements,
etc.

1.4.3.1 Workability

Workability is the property of mortar which
enables it to be spread and applied to masonry
unit with ease. It also facilitates proper filling of
joints in masonry. A good mortar would hang
from the trowel and will flow down readily when
lightly jerked. This property of mortar depends on
properties of various ingredients used for making
mortar and on the method of mixing adopted. As
a general rule, a mud mortar prepared from fine
clay soil has better workability than one prepared
from sandy soil and a lime mortar has a better
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workability than cement mortar. Lime when used
in the form of putty, gives better workability than
when used in dry hydrated form. Also grinding of
lime mortar in a mortar mill, results in improved
workability. When using dry hydrated lime in
mortar, it is desirable to soak lime in water before
mixing with sand in order to improve its
workability. When mortar is made by mixing dry
hydrated lime and sand without pre-soaking of
lime, workability can be improved somewhat, by
keeping the mixed mortar in a covered heap for
about 12 hours before use. This process, known as
maturing, allows particles to swell up time to
time. A mortar made from well graded sand has
better workability than one made from ungraded
sand. Cement mortar made with ungraded coarse
sand has poor workability, particularly when mix
is lean and sand used is angular. Workability of
such a mortar can be improved by either adding
lime or chemicals known as plasticizers.

To some extent workability depends upon
consistency of mortar which is measured by
recording depth of penetration of a standard cone
as detailed in IS 2250 : 1981. That Standard
recommends  following _ values of depth
penetration for different purposes:

For laying walls with solid bricks— 90-130 mm
For laying perforated bricks -— 70-80 mm
For filling cavities —130-150 mm

As a general principle, when joints are thin or
units have high suction, consistency should be
more and when units are. heavy and have low
suction, consistency should be less. A good
craftsman adjusts the consistency of mortar by
varying the quantity of water through his
experience.

Composite cement-lime mortars are well known
for their good workability and have some other
desirable properties as discussed later in 1.4.3.5.

1.4.3.2 Water-retentivity

Most of the masonry units have normally
appreciable suction, depending on their porosity
and moisture content and they begin to suck
moisture from mortar as soon as these come in
contact with mortar. If units draw out too much
moisture from the mortar rapidly, the latter is
unable to gain adequate strength, when gain of
strength is dependent on the process of hydration
in mortar. Thus, when binder used is pertland
cement or hydraulic lime, it is necessary that
mortar should not part with its moisture readily
by suction—that is mortar should have good
water-retentivity. As a general rule, lime mortar
and cement-lime mortar have good water
retentivity while plain cement mortar made with
coarse ungraded sand has low water retentivity.
Water retentivity of cement mortar is improved
by the addition of hydrated lime or finely ground
limestone or chemical compounds known as
plasticizers. Generally speaking, mortars having
good workability have also good water retentivity.

A standard test for determination of water
retentivity in masonry mortars is given in
IS 2250 : 1981. In accordance with that standard
water retentivity of masonry mortar should not be
less than 70 percent. It may be clarified that
property of water retentivity in masonry mortars
is important mainly when masonry units have
high rate of suction—as for example, common
burnt clay brick and concrete block. In case of
engineering brick and hard stone, which have low
suction, high water retentivity of mortar does not
have much advantage. In case of common brick
which has water absorption of about 20 percent,
suction rate of units is reduced by pre-soaking or
pre-wetting of the units. In case of concrete blocks
and such other units, which have very high
shrinkage rate, pre-soaking or prolonged pre-
wetting 1s likely to result in extensive cracking of
masonry due to drying shrinkage and therefore
pre-wetting has to be done on a restricted scale
and a mortar with high water retentivity (85
percent or more) should be chosen for such
masonry (see also 6.3 of Part 1).

1.4.33 Rate of stiffening

Stiffening of mortar in masonry is caused either
by loss of moisture or by the setting action of
binder used in the mortar or by both. Most of the
moisture lost is absorbed into the masonry unit
but some evaporates into.the atmosphere. A mud
mortar stiffens only by loss of moisture and there
is no setting action of its clay. A lime-sand mortar
made from non-hydraulic lime (limes of grade C
and D) also stiffens in early stages by loss of
moisture but it has also very mild and slow setting
action due to carbonation. A cement mortar
stiffens mainly through setting action of cement.
Behaviour of a cement-lime mortar is in-between
that of lime mortar and cement mortar. It is
necessary that mortar should have sufficiently
high rate of initial stiffening so that construction
work could proceed at a reasonable pace. If rate
of stiffening is too low, mortar, due to its
plasticity will get compressed and squeezed out, as
the work proceeds, due to self-load of masonry,
thus resulting in variation in thickness of joints
and distortion of masonry. On the other hand, if
rate of stiffening is too rapid, it will result in
cracking masonry as the unavoidable shrinkage in
units due to drying and slight settlements in
foundation due to loads, cannot then be
accommodated within the mortar joints.

In cold regions, when nights are frosty, it is
important that mortar should stiffen rapidly
enough so that it is not damaged by frost by
formatidon of ice crystals within the body of
mortar. For this reason, as a general rule, cement
mortar should not be leaner than | : 5 and cement-
lime mortar leaner than 1:4:4}5. In addition,
some further precautions like preventing masonry
units, sand and water from getting too cold, use
of warm water for mixing of mortar, use of
calcium chloride as an accelerator in cement
mortar, covering the freshly laid masonry with
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tarpaulins at the close of the day’s work, etc,
should be taken.

1.4.34 Strength

A mortar gains strength, to a small extent by
loss of moisture that is by drying action as in mud
mortar and non-hydraulic lime mortar, but
mainly by setting action of its cementiticus
content, namely lime and cement. In case of lime
mortar made from non-hydraulic lime, which sets
through carbonation, gain of strength is very
slow. In case of cement mortar or lime mortar
made from hydraulic lime, gain of strength is due
to hydration and is comparatively rapid. From
structural considerations it is mnecessary that
masonry should attain the requisite strength by
the time loads are imposed on it. With that in
view, 28-day strength of a mortar is taken into
consideration.

As stated earlier, mud mortar stiffens only by
loss of moisture and its constituents, namely soil
has no setting action. It softens again on
absorbing moisture and is easily eroded by rain. It
has, therefore, very low strength and poor
durability. For this reason, mud mortar is
considered suitable only for use in superstructure
of temporary or semi-permanent buildings with
very light loadings. When mud mortar is used in
brick or stone masonry, basic stress in masonry
should be limited to 0.2 N/mm? and to prevent
erosion due to rain, external face of walls should
be protected either by lime/cement pointing or
some form of non-erodible plaster. Mud mortar
should not be used in moist or wet situations for
example, foundations of a wall. This mortar is
also not suitable for use in areas infected with
white ants.

Strength of masonry, inter-alia, depends on
strength of mortar. It is however, to be kept in
mind that undue importance should not be
attached to strength of mortar at the cost of other
properties of mortar. Mortar need not, therefore,
be stronger than what is necessary from
consideration of strength of masonry, and it should
possess other desirable properties. High strength
martar has an advantage only in case of high-
strength units, and heavy loads.

Ordinarily in  buildings designed as per
provisions of Design Standard Codes, slenderness
ratio of load bearing elements is restricted so that
due to over-loading, failure of masonry would
take place by tensile splitting of masonry and not
by buckling. Therefore, bond between mortar and
masonry is more important than compressive
strength of mortar. Use of composite cement-lime
mortar, because of its better bond strength, gives
a stronger masonry than that with plain cement
mortar, even though plain cement mortar may
have higher compressive .strength.

1.4.3.5 Resistance to rain penetration

Rain water penetrates a masonry wall by three
different modes, namely: (a) through pores of
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masonry units, {b) through pores of mortar, and
(¢) through cracks between units and mortar. It
has been found that rain penetration through
units and mortar is not very significant and main
source of rain penetration is through cracks in
masonry. Moreover, rain penetration is much
more through wide cracks, even if few in number,
than through thin cracks which may be more in
number. These cracks are mostly caused by
shrinkage of units and mortar on drying, thermal
movement of units and mortar and inevitable
slight settlement to which every building is
subject. Thus, from the view-point of rain
penetration, bonding property of mortar is of
great importance. It has been observed that if
mortar is not very strong, if it gains strength
slowly, and if it has good bons with units,
movement of units due to shrinkage, temperature
variations and settlement of foundation get
accommodatgd to a great extent within the
mortar and cracks are, therefore, thin and evenly
distributed. As a result, masonry has much better
resistance to rain penetration. A composite
cement-lime mortar possesses practically all the
above mentioned desirable qualities. In this
mortar relative proportion of cement and lime is
varied to suit the strength requirement of masonry
and shrinkage coefficient of units. For units
having high shrinkage for example, concrete
block, lime content should -be ample. Mixes of
composite mortars in common use are 1:15:4%,
1:1:6,1:2:9 and 1:3:12. Of these 4 mixes
1:1:6 mix is in more common use since it has
reasonably good strength and aiso, imparts to
masonry, adequate resistance to rain penetration.

1.4.3.6 Durability

Deterioration in mortar takes place due to: (a)
frost action before the mortar has gained
sufficient strength, and repeated cycles of freezing
and thawing, (b) prolonged chemical action
between soluble sulphates present either in burnt
clay bricks or in soil in contact with masonry in
foundation, and (c) ingress of moisture through
cracks into the body of the masonry and
consequent repeated cycles of wetting and drying
over a number of years and crystallization of
salts.

For protection against frost damage, and
repeated cycles of freezing and thawing, it is
necessary that mortar should gain strength
rapidly, it should be dense and should have good
ultimate strength. It should therefore, contain
adequate proportion of portland cement, and
sand should be well graded. Since lime mortar is
slow in setting, and does not have much ultimate
strength, its use is not suited when there is early
frost hazard or when masonry is likely to be
subjected to repeated cycles of freezing and
thawing. Use of an air-entraining admixture in
cement mortar |:5 or 1:6 considerably improves
its resistance to frost action and repeated cycles of
freezing and thawing.

For protection against sulphate attack, a rich
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cement mortar (!:4 mix or better) or composite
cement-lime mortar 1:l4:4% using ordinary
portland cement should be used when only
moderate protection is needed and rich cement
mortar (1:4 or better) with sulphate resisting
cement should be provided when sulphate attack
is expected to be severe. It should be borne in
mind that if masonry in any situation remains
generally dry, sulphates, even if present in brick
or sand in excessive quantity, cannot cause much
damage.

To ensure durability of mortar against
weathering action due to repeated cycles of
wetting and drying of masonry (for example,
parapets) in exposed situations, mortar should be
dense and moderately strong. For this mortar
should be either | cement:5 sand or | cement: |
lime:6 sand using well graded sand. Further,
properties of mortar should match the type of
unit used in masonry, so that there are no wide
cracks in masonry. For example, when using units
having high shrinkage such as concrete blocks,
cement-lime mortar should be used since this
mortar, being slow in gaining strength, permits
volumetric changes in units within the mortar
joints without occurrence of wide cracks and has
good resistance to rain penetration. Use of some
air-entraining admixture in cement mortar also
improves its durability quite appreciably.

1.4.4 Preparation of Mortars
1.44.1 Mud mortar

Soil for mud mortar should have clay and silt
content—60 to 70 percent and sand content—40
to 30 percent. It should be free from vegetation,
organic matter, gravel, coarse sand and -should
not contain excessive quantities of soluble salts,
Selected soil should be placed in regular stacks of
about 30 c¢m height, with raised edges. Size of
stack should be regulated so that mortar obtained
is adequate to meet a day’s requirement. Enough
water should then be added so as to soak the
entire soil. After 12 to 24 hours, it should be
worked up with a ‘phowrah’ and trodded over
with bare feet so as to form a thick paste, adding
more water if necessary and removing all clods,
stones, roots, etc. If during course of use, the
mortar becomes stiff due to loss of moisture by
evaporation, more water should be added and
mortar retempered.

If use of soil containing excessive soluble salts
is unavoidable, salts should be leached out from
the soil, by adding sufficient water daily to the
soil stack, once or twice, for about a week and
letting the water drain out from the sides of the
stack. If soul containing excessive salts is used in
mud mortar without leaching, the mortar will not
have much binding quality.

1.4.4.2 Lime mortar

a) Supply of lime — Hydraulic lime is
normally supplied as hydrated lime in bags,
but it could be supplied as quicklime in

b)

lumps or in ground form when so required.
Semi-hydraulic and non-hydraulic lime are
generally supplied as quicklime, but these
are also available as hydrated limes in bags.
Kankar lime is supplied either as quicklime
in lumps or as ground quicklime in bags.
When lime is supplied as quicklime, .it
should be slaked as soon as possible
(preferably within 7 days) since it
deteriorates in quality due to on slaking if
kept unslaked. Quicklime should be stored
when storing is unavoidable, in compact
heaps under cover from rain so that its
exposed surface is minimum.

Slaking of lime — There are basically two
methods of slaking of quicklime at site,
namely, ‘tank slaking® and ‘platform
slaking’. In the latter method, there are some
variations depending on type of lime, that is
hydraulic, non-hydraulic, dolomitic or
kankar. These methods have been described
below:

1) Tank slaking — This method of slaking
is adopted in case of semi-hydraulic and
non-hydraulic calcium lime. It is not
suitable for slaking hydraulic, dolomitic
and kankar lime because, firstly, these
limes, being slow in slaking, do not slake
properly by this method and secondly,
hydraulic and kankar limes lose their
strength rapidly due to excess of
moisture. In case of semi-hydraulic and
non-hydraulic calcium liine, this method
has the advantage over the other method
of slaking, namely platform slaking that
hydrated lime obtained is in the form of
putty, free from any impurities and
unhydrated particles, and mortar made

from lime in puttyform has good
workability.

For this method of slaking, there
should be preferably two tanks of

suitable sizes, the first one at a raised
level of 40 to 50 cm depth, so that its
contents could flow by gravity to the
second tank of 75 to 80 cm depth, at a
lower level. The upper tank is filled with
water up to about 25 cm depth and
quicklime broken to small lumps of 5 to
10 cm size is added to the tank to cover
the entire bottom of the tank up to about
half the depth of water. Care should be
taken to ensure that no part of lime is
exposed above water. As soon as
quicklime comes in contact with water, it
begins to slake with evolution of heat
and rise of temperature. Pace of feeding
of quicklime to tank is so adjusted that
near-boiling temperature is maintained.
Contents of the tank are constantly hoed
and stirred to promote slaking. After the
slaking has apparently ceased, hoeing
and stirting is continued for sometime
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more to ensure complete and thorough
slaking. Lime in slurry form is then run
down, through a sieve of IS designation

T72( mm ta the lower tank whoere 1t 1c¢
LU kL, U G IUYWYOTD LGN, WIILIC 1L 13

allowed to mature and thicken so as to
form putty. Period of maturing should
be I to 2 days’'in case of semi-hydraulic
lime and not less than 3 days in case of
non-hydraulic lime.

In case, a continuous supply of lime
putty is desired, there should be two low-
level tanks, to be used alternatively. On
small JObS the lower tank could be
dmnpn\ed with and slaking of lime and
its maturmg to form putty could be
carried out in one tank.

Lime, putty should not be allowed to
dry before use, and when kept in stordge
it should be COm‘pletCLy covered with a
layer of water. Putty of non-hydraulic
lime could be kept in storage up to 2
weeks, without any risk of deterioration
in quality but putty of semi-hydraulic

lime should be used within | or 2 davs

e 108 waClU Wil aays.

Plaiform slaking of semi-hydraulic and

non-hvdraulic calcium limeg —

1o HnyLiauaag Caiviuiig (S 848w

Qurcklrme is broken to about 5 to 10 cm
size and is spread in a 15 cm thick layer
on a water-tight masonry platform.
Water is then sprinkled over it
intermittently, overall quantity of water
used being approximately 60 percent by
weight of the quantit’y of quicklime. It is
necessary to regulate the quantity of
water carefully through experience, so
that after slaking, hydrated lime is in the
form of dry powder. If excess water is

used, hydrated lime will not be in dry
nnwder form and if less water is used,

slakmg will not be complete. To ensure
thorough and complete sl-xing, lime
shouid be, at intervals, hoed and turned
over adding more water if necessary.
When slaking activity has apparently
ceased, the slakmg process should be

allowed to continue by itself for a further
period of one or two days. Slaked lime
should then be screened through a sieve
of IS designation 3.35 mm and hydrated
lime kept stored in a compact heap,
suitably covered with a tarpaulin or a
layer of dry bricks to protect it from
wind, dust and rain. It is desirable to use
lime after slaking as soon as possible but
within 7 days, since it deteriorates in

quality due to contact with air.

Platform slaking of hvdraulic lime -
Hydraulic lime slakes rather slowly and
therefore before slaking the lumps
bHUu\U UC UIUKCH io plC\-Cb Ul blLC .) cin
and below. In fact, if lime is very
refractory, it should be ground to a
coarse powder so as to ensure good

SP 20(S&T) : 1991

slaking. Quickline should be heaped ona
water-tight masonry platform and water
to the. extent of about 30 litres per

guintal snrinkled over the heanp and

quintal sprinkled over the heap and
mixed with lime so that all lumps or
pieces of quickline get thoroughly
wetted. The heap should then be covered
all over with a layer of measured
quantity of sand 5 to 8 cm thick in order
to conserve heat of hydration and the
heap left undisturbed for 36 hours. After
this, lime along with sand should be
screened  through a sieve of 1S
designation 6.3 mm. When using this
hydrated lime, quantity of sand used for
covering the heap should be taken into

account while nronortionine lime and

COOUnL Wine OpOIrtiOiing il

sand. This hme should be stored in a
compact heap and protected from
moisture and rain. it shouid be used as
soon as possible within 7 days. If
limestone has been burnt at high
temperatures, it cannot be properly
slaked at site, and pressure slaking in an
autoclave her‘nmec necessary.

4y Plaiform slaking of dolomitic lime -
Slaking procedure of this lime is similar
to that of hydraulic lime. However, the
quantity of water used should be 40 litres

al md the hoean chanld he lafr
pbx quuual and the uua}J S110UIa OC iCIt

undisturbed for 2 to 3 days. Thereafter, it
should be screened, stored and
proportioned just like hydraulic lime. In
case of this lime also, pressure slaking is
needed when limestone has been burnt at
high temperature.

n
N

Slaking of kankar lime — Since kankar
lime contains a large proportion of
impurities, it is very slow in slaking. This
lime has, therefore, to be ground to a
coarse powder before slaking. Procedure
for slaking of this lime is similar to that
of hydraulic lime. However, no sand
should be added as. cover during slaking
and the quicklime after wetting and
turning over, should be left in the form
of a compact heap for 2 to 3 days for
slacking.

Alternatively the process of slaking
and wet grinding to form mortar could
be combined and carried out in mortar
mill as in 1.4.4.2(e)(6).

c) Use of hydrated lime in mortar — When

semi-hydraulic and non-hydraulic limes have
been supplied at site in hydrated form or
these have been slaked on a platform at site,

it 1q decirahla ta caak i in watar for came
1L 1> u\,ouuulu v suan lllllb lllé’w(ll\/l 1UlL duiiv

time before use, so as to ensure proper
workability of mortar. Soaking should be
for a minimum period of 16 hours in case of
non-hydraulic lime and for 8 to 12 hours for
semi-hydraulic lime. Hydraulic lime should
not be soaked before use since this lime
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starts- setting on getting wet and thus loses
strength if presoaked. If lime mortar has
been prepared from dry hydrated, non-
hydraulic and semi-hydraulic limes, its
workability can be improved by keeping it in
storage for 16 to 24 hours in case of non-
hydraulic lime and 8 to 12 hours in case of
semi-hydraulic lime. In case however, some
pozzolana has been used in the mix, the
mortar should be used as soon as possible
within 4 hours.

Proportioning of mix — For preparation of
lime mortar, lime, in the form of dry hydrate
or putty, and fine aggregate (sand and
pozzolana) are proportioned by volume.
Though density of lime putty varies with its
age, getting denser as it ages, for all practical
purposes, volume of putty is taken to be
same as that of dry hydrated lime. In case of
sand, it is its dry volume that is to be taken
for proportioning and therefore due to
allowance has to be made for its bulkage, in
case the sand is moist. When lime supplied is
in the form quicklime for estimating
roughly, lime requirement, it may be assured
that one' quintal of quicklime will yield 5
standard sized bags (0.035 m3) of dry
hydrated lime, after making allowance for
residue and wastage. When lime used in
non-hydraulic, it is necessary that at least
half the volume of fine aggregate is a
pozzolanic material namely, cinder, fly ash
or burnt clay. Even in case of semi-hydraulic
lime it is desirable to use pozzolona to the
extent of at least one third of the volume of
fine aggregate, so as to get better strength.
Though it is not essential to use pozzolana
in a mix of hydraulic lime mortar, there is
no technical disadvantage in domg so if it
results in saving in cost.

e) Mixing and grinding
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1) Mixing can be done either manually in a
masonry trough or in a mechanical
mixer. The latter method gives much
better result and is preferable. For all
important jobs, mixing should therefore
be done in a mechanical mixer.

2) When mixing is done manually, if lime is
in dry powder form, lime and sand or
lime and pozzolana and then sand should
be first mixed dry. Water should then be
added and wet mixing continued for
some time more so as to ensure thorough
and uniform mixing. When lime is in
putty form, some water may be added
right in the beginning, since otherwise,
because of sticky nature of putty, mixing
is difficult. Alternatively, lime putty and
water may be first mixed in the trough to
form a thin paste and then
sand/pozzolana added and further
mixing carried out.

3) When a mechanical mixer is used, all
ingredients may be added at one time
and mixing carried out for at least 5
minutes.

4) In lime mortar optimum result is
obtained by grinding the mortar in a
mortar mill, after dry or wet mixing of
ingredients;, manually or mechanically.
The mortar mill could be either animal
drawn or mechanically powered. The
ingredients after mixing are fed into the
mortar mill and grinding done,
continuously raking the stuff to ensure
uniform grinding, and adding more
water as and when necessary. Grinding
should be continued till all particles of
fine aggregate are fully coated with lime
and* mortar is of uniform colour all
through. In an animal drawn mortar
mill, grinding should generally be done
for 120 to 180 revolutions (2 to 3 hours)
depending on nature of lime and
aggregate used and quality of mortar
desired. In case of mechanically powered
mortar mill, grinding should generally be
done for at least 15 minutes.

5), When using hydraulic lime, sometimes,
as a short cut, unslaked lime in the form
of small lumps or coarse powder, is fed
directly into the mortar mill along with
requisite quantity of fine aggregate and
wet grinding is started. Thus, process of
slaking, mixing and grinding take place
simultaneously.  Drawback of this
method is that some unburnt stone also
gets crushed and incorporated into the
mortar mix and as a result, strength
obtained from this mortar is somewhat
less. It is, therefore, desirable to first
slake the hydraulic lime and screen the
same sO as to remove unburnt stone
before mixing and grinding.

6) Kankar lime — Mortar from kankar
lime is made by grinding slaked lime in a
mortar mill. Proportion of sand to be
added to the mix is determined after
testing lime for its calcium oxide content.
When calcium-oxide content is close to
the minimum limit of 25 percent, no sand
is added to the mix. When lime is of very
good quahty, lime and sand are mixed in
the proportion of 1:1.

Alternatively, mortar from kankar
lime should be prepared directly from
quicklime by first dry grinding quicklime
in the mortar mill and then wet grinding
the same, with or without addition of
sand. The process of wet grinding should
be continued for a minimum period of
three hours to ensure thorough slaking.
In this process, slaking and grinding take
place  simultaneously. The  result,
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however, is not so satisfactory as that
obtained by the former method.

7) In case of small and less important jobs,
it is generally not feasible to arrange a
mechanical mixer for mixing and a
mortar mill for grinding of mortar. In
such a case, wet mixing should be
continued in the mortar trough
manually, for a period of "at least 15
minutes so that- all particles of fine
aggregate get thoroughly coated with
lime and mortar is of uniform colour all
over. Workability and strength of such a
mortar however, is not so good as that of
mortar prepared by proper grinding.

Storage of mortar — As a general rule, all
mortars should be used as soon as possible
after preparation and mortar should not be

allowed to get stiff before use. Mortars.

prepared from non-hydraulic and semi-
hydraulic limes should be used on the same
day and left-over mortar of previous day
should be discarded. As an exception to this
general rule, lime mortar prepared from dry
hydrated lime without any presoaking
should be kept stored in a covered heap
before use as in 1.4.3.1, in order to improve
its workability. In case of mortar prepared
from hydraulic lime, it should be used
within 4 hours, as otherwise, it may partly
set before use.

Use of pozzolana in lime mortar — Mortar
prepared from non-hydraulic lime and sand
does not have much strength and is thus not
suitable for masonry work, except for very
light loads and temporary structures. Such a
mortar depends, for its setting or hardening
action on carbonation which takes place
very slowly and that also mainly at the
surface. Use of coarse angular sand and
thorough grinding for such a mortar
however, do help to promote carbonation to
some extent and that way, there is some
improvement in strength. Where semi-
hydraulic and hydraulic limes are not
available and use of non-hydraulic lime for
masonry is unavoidable, strength of mortar
is improved by substituting sand wholly or
partly with some pozzolanic material such as
fly ash, or burnt clay. Alternatively in place
of lime; one of the standard lime-pozzolana
mixtures, which are marketed as
standardized materials (Refer IS
4098 : 1967) should be made use of as dealt
with in 1.4.4.5.

1.4.4.3 Cement mortar

Cement — Types of cement normally used
for masonry mortars are: ordinary portland

cement, portland slag cement, portland
pozzolana  cement, masonry cement,
sulphate resisting portland cement and

super-sulphate cement, choice of cement

b)

<)
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depending on ready availability, and
requirements  of rate  of  strength
development and resistance to sulphate
action, ‘etc. As a general rule, for masonry
mortars it is not desirable to use cements
that set rapidly except in cold regions where
carly strength development is needed from
consideration of frost action. Masonry
cement gives a good workable mortar and
being slow in strength development,
masonry is much less liable to shrinkage
cracks. Portland pozzolana cement is also
somewhat slow in strength development and
should be preferred to ordinary portland
cement, when there is no need for early
strength development; in addition it has
better resistance against chemical and
sulphate attack. Sulphate resisting portland
cement and super sulphated cement are used
when moderate to high resistance against
sulphate attack is desired.

Proportioning — Proportioning of
ingredients for mortars is normally done by
volume, taking a normal bag of cement
weighing 50 kgs as a standard unit of
volume 0.035 cu.m. Measurement of sand is
done by making use of a box of size 40 X
35 X'25 cm which has the same volume as
that of a standard bag of cement. When
sand used is not dry, due allowance shoul.
be made for bulkage of sand, after carrying
out test for bulkage.

Mixing — Except on small jobs or when
requirement of mortar is not much, mixing
of mortar should be done in a mechanical
mixer. Cement and sand in specified
proportions are added to the mixer, and the
two are first dry mixed till a mix of uniform
colour is obtained. Water in measured
quantity is thén added gradually and wet
mixing continued till mortar of uniform
colour and desired consistency fs obtained,
time for wet mixing being not less than 3
minutes. Quantity of water should be
regulated so that mix obtained has the
consistency of a stiff paste. If mortar
contains too much of water, strength of
masonry will be affected. Mixer should be
cleaned with water immediately after use
each time before suspending the work.

For hand mixing, measured guantity of
sand should be siacked over a water-tight
platform and contents of a cement bag
emptied and spread over it’in a uniform
layer. The two ingredients should be first
mixed dry, by turning over and over a
number of times till a mixture of uniform
colour is obtained. Wet mixing of the whole
or a part of the dry mix should be done
either on the same platform or in a separate
trough, by adding requisite quantity of
water and hoeing the mix continuously for 5
to 10 minutes so that a stiff paste of uniform
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colour is obtained. Care should be taken not
to add excess water.

If a plasticiser is to be used in cement
mortar to improve its workability, its
measured quantity shouid be added to
mixing water for the cement mortar. When
lime is to be used as a plasticiser, it should
preferably be a non-hydraulic lime and
failing that semi-hydraulic lime. It should be

ithar icad in tha farm of pnﬂy added to the

a *
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mix or mixing water, or as a second choice
in the form of dry hydrated lime, presoaked
in a trough for some time and added to the

mix or mixing water, such that cement
mortar contains the rig ht nronortion of

J381021 Q1128 LA propQItiv.

lime.

As far as possible only that much guantity

of mortar should be prepared at one time as
can be consumed within half an hour.

I'lUWCVCl il lUr SOIIIC 14801 lﬂdl lb not
found fea51ble, mortar could be used up to a
maximum period of 2 hours, by retempering
the same, adding more water if necessary to

get the desired consistency. Mortar not used
within 2 hours of addition of water should

be discarded.

1.4.4.4 Cement-lime mortar

There are three methods of making cement-lime
moriar as gi‘vf:ﬁ below. These methods are
described in order of their preference. On large
and important jobs, method one should be
normally adopted. Method three should be
adopted only for small and unimportant jobs.
Only that much quantity of mortar should be
prepared at a time, as can be consumed in 2
hours.

a) Method One — Lime mortar with lime and
sand in specified proportion for whole day’s
i'eq'dii'buu.ut should first be yicpau,d from
lime putty and sand by mixing in a
mechanical mixer and then grinding it in a
mortar mill. This mortar called “coarse

stuff” is kept aside as stock and prevented
from drvmo out, Coarse stuff and cement

should then be taken in suitable proportions
in batches and mixed, along with additional
water in a mechanical mixer for a minimum
of 3 minutes so as to obtain mortar of
desired consistency and uniform colour.
When ratio of lime to cement in the mix is |
or less than 1, main function of lime in the
mix is to actasa plaauua’c‘i‘ and gi‘ii‘luiug for
preparation of coarse stuff may be dispensed
with.

For proportioning, volume of coarse stuff
is taken to be equal to that of sand in the
mix. Thus for preparing cement-lime mortar
1 cement:2 lime:9 sand, coarse stuff of
proportion 1:4l4 is prepared and cement

and coarse stuff are mixed in the proportion
1:2. If on the same day, different mixes of
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composite mortar namely 1:1:6, 1:2:9
and 1:3:12 are needed, coarse stuff of
standard prcpomon 1:3 is picyaiud and
additional sand is added where required at
the time of mixing to cement and coarse
stuff so as to obtain any desired mix. For
example, when }:1:6 morfar is to be
prepared with this stock, cement, coarse
stuff and sand are mixed together in the
proportion 1:1:3. Similarly, for obtaining

| '7 Qand 1. 7 <17 martare cament nnarca
1 .7 &l 1.0, 14 HIOTwls, \.«\.luvut, Coalse

stuff and sand in the proportion 1:2:3 and
1:3:3 are mixed.

When only a small quantity of mortar is
needed, mixing of mortar could be done
manually on a platform or in a trough.

b) Method Two — In this method, cement and
sand are taken in specified proportions and
are mixed together dry in a mixer. Lime
putty in specified proportion along with
requisite quantity of water are then added
and further mixing done till mortar of

iF v
UNIirorm coiour

Altaina

A
iS 00wainea.

When lime to be used is in the form of dry
Ao ghnild ha mea_cnalad
u_yulalbu PUWUCI, ll, bllUulU ve pi\,-aual\\,u lll
a trough for about 16 hours in case of non-
hydraplic lime and for 8 to 12 hours in case
of semi-hydraulic lime, excess of water if

any, decanted off from top and putty thus

formed in the trough, used for m,ul{lna

mortar, as described earlier. If mixing is to
be done manually, measured quantity of
lime putty and water are mixed together
separately in a container and emulsion of
lime thus formed (called milk of lime) added
to dry mix of cement and sand and further
mixing done in a trough or over a platform.
Care should be taken to add only that much
water as would give mortar of desired
consistency.

¢) Method Three — In this method, cement,
hydrated lime and sand in the specified
proporiion are first mixed dry in a mixer or
on a platform and then water added and
further mixing done so as to obtain a mix of
uniform colour and desired consistency. Wet

mixing should be carried out for a minimum
period of 3 minutes in case of mechanical
mixing and 10 minutes in case of manual
mixmg With this method, workability of
I'CSUlUﬂg mortar lh not so gOOU as I.Ildl
obtainable by methods one and two. This
method of mixing should, therefore, be
adopted only when methods one and two
are not feasible from practical

1.4.45 Lime-pozzolana mixture mortar

This mortar 1s made by taking lime-pozzolana
mixture and sand in specified proportions and
mixing the -ingredients in the same manner as
cement mortar. Mortar made from lime-

pozzolana mixture of type LP-20 or LP-40 as
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binder, which are hydraulic should be used within 14,6 Choice of Mortar
b4
4 hours of mixing, whlle mortar made from lime- .
pozzolana mixture of type LP-7 which is semi- 1.4.6‘.} Chmce of mortar is governed by several
considerations st 1irh ag ma nf ctrnintiire tunae ~f

hydraulic should be used within iZ hours.

1UIIS Sulll ad ‘]}"’ Ul Sululiuiv, type Ul

masonry units, degree of exposure to weather,

14.5 Srandard Mixes nature of environment, strength requirements, etc.

Standard mortar mixes for masonry commonly

These considerations are briefly discussed below:

used, mainly based on Table 1 of IS 2250 : 1981 a) Type of Structure — Structures may be
are given in Table 2. classified as permanent, semi-permanent or

Table 2 Standard Mortar Mixes for Masonry

Si Type Mix Proporiions Minimuin
No. ™\ Compressive
(Cemem Lime L.P. Pozzolana Sand\ Strength
Mixture N/mm?

1. H-1 I 0-% C or B — — 3 10

2. H-=2 1 0-%4 C or B — — 4 7.5

3. H-=2 1 % C or B — — 4% 6.0

4. M-I ! — — — 5 5.0

5. M-t 1 1 CorB — — 6 3.0

6. M-i — — 1 — 1.5 3.0
(LP-40)

7. M-=2 1 — — — 6 3.0

8. M-2 1 2B — — 9 20

9. M-22 — 1A — — 2 20

10. M-2 — IB — 1 1 2.0

1. M2 -— 1 Cor B — 2 — 2.0

12. M2 — — 1 — 1.75 2.0
(LP-40)

13. M-3 1 - — 7 1.5

14. M-3 1 3B — — 12 1.5

15. M-3 — 1A — 3 15

16. M-3 — 1B — 2 1 1.5

17. M-3 — 1 CorB — 3 - 1.5

i, M-3 — — i — 2 1.5
(L P-40)

19. L-I ! — — — 8 0.7

20. L-1 — 1B — 1 2 0.7

21, L-1 — 1 CorB — 2 1 0.7

22. L-1 — — i — 2.25 0.7
(LP-40)

23. L-1 — — 1 1.5 0.7
(LP-20)

24, L-2 1B — — 3

25. L2 - ' CorB — ! 2 0.5

26. L-2 — - 1 — 1.5
(LP-7)

NOTES :

1 All proportions are by volume.

2 Sand for making mortar should be well graded; if it is not well graded proportion of sand in the mix shall be reduced

in order to achieve the minimum specified strength.
3 In mixes | and 2, use of lime is optional, it is intended to improve workability.
4 In mixes 4, 7, 13 and 19, either lime C or D to the extent of !4 part of cement (by volume) or some plasticizer, should
be added for improving workability:

5 In mixes 8 and 14, lime and sand should first be ground in mortar mill and then cement added to coarse stuff.

6 1t is essential that mixes 9, 10, 11, 15, 16, 17, 20, 21, 24 and 25 are prepared by grinding in mortar mill,

7 Mix 3 has been classed to be of same type as mix 2, mix 5 and mix 6, same as mix 4 and mixes 8 to 12 same as mix 7,

-2

even though their compresive strength is less, because on account of higher bond strength these are taken as equiva-
lents in regard to strength of masonry.

Use of an air-entraining admixture in mortar 4 and 7 improves its sulphate resisting property as well durability that is
resistance, to frost hazard or damage due to repeated cycles of freezing and thawing.

HANDBOOK ON MASONRY DESIGN AND CONSTRUCTION—PART 2 19



SP 20(S&T) : 1991

temporary, depending on their life
expectency. Durability of mortar varies
according to the type of binder used in
making the mortar. Mortars for permanent
buildings should have greater durability
than those for temporary buildings. On this
consideration, mortars used should be as
under:

Permanent structures — Cement mortars
not leaner than 1:6; Cement-lime mortar
not leaner than 1 :1:6; Lime-mortars using
hydraulic lime; and Lime mortar using lime-
pozzolana mixtures LP40 and sand;

Semi-permanent structures — Cement
mortar 1:7 or 1:8 depending upon quality
of sand, Lime mortar using semi-hydraulic
lime; Lime mortar using non-hydraulic line
in conjunction with some pozzolana; Lime
mortar using lime-pozzolana mixture of type
LP-7; and

Temporary structures — Semi-hydraulic
lime mortar, Lime mortar using non-
hydraulic lime in case semi-hydraulic lime is
not available lime mortar using lime
pozzolana mixture of Mud mortar Type LP-
7.

b) Type of Masonry Unit— Physical
characteristics of wunits which have a
relevence in regard to choice of mortar are
their porosity, shrinkage co-efficient and
strength. For unit of high porosity, such as
common burnt clay bricks and cement
concrete blocks, mortar used should have
good water retentivity. Similarly, in case of
units with high or moderate shrinkage co-
efficients such as concrete blocks, cellular
concrete blocks and sand-lime bricks,
mortar used should not be very strong and
should gain strength slowly. Such mortars
are cement-lime mortars of mix 1:2:9 and
1:3:12 and lime mortars.

¢) Degree of Exposure to Weather — External
walls to a moderate extent and free-standing
walls such as parapets and compound walls
to a great extent are exposed to weather
which means rain penetration and repeated
cycles of wetting and drying in areas of
heavy rainfall and, frost action at night and
repeated cycles of freezing and thawing in
very cold climate. From consideration of
rainfall and repeated wetting and drying,
mortars which are slow in setting and have
good bond strength namely cement-lime
mortars or hydraulic lime mortars are better
than plain cement mortars. Masonry
subjected to night frost during construction
and repeated freezing and thawing during its
life span, should have greater durability than
masonry which is only subjected to repeated
wetting and drying. When masonry work is
being done in cold climate and nights are
frosty, mortar should be quick setting so

that it gains adequate strength before
occurrence of frost at night. For this, cement
mortar not leaner than 1 :4 or cement-lime
mortar not leaner than 1 : % : 41 or cement
mortar 1 : S with an air entraining admixture
should be used and use of plain lime mortar
avoided. Addition of air entraining
admixture to cement mortar considerably
improves its durability.

d) Nature of Environment — Environments
which affect choice of mortar for foundation
masonry are moisture in soil in contact with
masonry and presence of soluble sulphates
in soil and bricks. From this consideration,
mortar should be a cement mortar not
leaner than 1:4 or cement-lime mortar not
leaner than | : 15 :414 or cement mortar | : 5
with air-entraining admixture. When
concentration of sulphates in soil is quite
appreciable, sulphate-resisting cement
should be used. Use of air entraining
admixture in cement mortar | :5, improves
its resistance to sulphate attack.

e) Strength of Masonry — To obtain desired
strength of masonry, it is necessary that
strength of mortar should match the
strength of unit in use. No useful purpose is
served in using strong mortar with units of
low or moderate strength. It is not
economical or sound to use mortar which is
stronger than that which gives the optimum
strength in masonry. Optimum mortar
mixes from consideration of strength of
brick masonry for bricks of various
strengths are given in Table 2 of IS
1905 : 1987 for general guidance. Masonry
should be designed in accordance with the
provisions of IS 1905 : 1987.

1.4.6.2 Recommended mortar mixes for masonry

Table 3 for recommended mortar mixes, for
different purposes is given below. One may
choose a suitable mortar mix for any specific
location/situation with the help of this table,
keeping in view the structural requirements of
masonry as per Table 10 of IS 1905 : 1987.

14.7 Miscellaneous

1.4.7.1 Retempering of mortar

If mortar gets stiffened due to evaporation of
moisture before use it could be retempered for
immediate use by adding water and bringing it to
desired consistency within two hours of mixing in
case of cement and cement-lime mortars; 4 hours
in case of hydraulic lime mortar, 8 hours in case
of semi-hydraulic and 12 hours in case of non-
hydraulic lime mortars. As regards mud mortar,
there is no time limit because it has no setting
action. A mortar, other than mud mortar, which
has been retempered once, should not be
retempered for the second time and should be
discarded.
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Table 3 Recommended Mortar Mixes for Masonry

Sl Situation/Location Type of Masonry Units

Environmental/Exposure Recommended Mortar Mix®

No. Condition ,_____N___\
Heavy Moder-  Light
Loads ate Loads
Loads
(H 03] 3) 4) (5) (6) V)
1. Foundation and plinth Brick, stone, concrete blocks Dry subgrade with water 3, 4 Stol2 13 to I8
of normal density, etc table 1.5 m or more below
subgrade
Moist subgrade with water 3, 4 56,7 9,12, 13
table within 1.5 m of
subgrade, little or no
soluble salts in soils
Moist subgraded with I, 2 3, 40
moderate soluble sulphate
content in soil
Moist subgraded with I® 2R 4®
high sulphate content
in soil
Masonry is subject to 2, 3, 4°
early frost hazard
2. External walls Brick, stone Moderate 103 4to6 7 tol8
Severe as in parapets, — — 4 to 7
free standing walls, coping,
sills
Concrete block of normal  Moderate 3 5, 6, 14 to 18
density sand-lime 8 to 12
brick, etc
Severe as in parapets, — — 5to 12
free standing walls,
coping, sills, etc
3. Internal walls Brick, stone Normal 2,3 4 to 12 13 to 26
Concrete block of normal  Normal 3 Stol2 14 to I8
density sand-lime brick, etc
Light weight/cellular Normal — 8to 12 14 to 18
concrete
4. External or Brick, stone concrete Subject to early frost 2 3 4
Internal walls blocks, normal density, hazard
ete
5. Brickwork with Brick Sheltered portion 1, 2 2 2
reinforcement exposed to weather/
moisture 1, 1 1

’_Recommended mortar mixes refer to corresponding mortar-mixes given in Sl. Nos of Table 2. From consideration
strength, mortar should be selected in accordance with IS 1905 : 1987.

@_Use air entraining plasticizer as admixtures in the mortar.
R__Use sulphate resisting cement for the mortar.

1.4.7.2 Eftimating mortar requirement

As a general rule volume of mortar is taken as
equivalent to volume of fine aggregates namely
sand, surkhi, cinder, pozzolana, etc, used in the
mortar mix. Quantity of mortar required for
masonry depends on size of units, trueness of
shape of units, thickness of joints and workability
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of mortar. For brick masonry using bricks of size
23 X 11.5 X 7.7 cm mortar requirement is about
25 percent for class A bricks and 30 percent for
class B bricks. In case of bricks of size 20 X 10 X
10 cm it is about 22 percent and 26 percent (for
classes A and B) respectively. In case of stone
masonry, it varies from 8 percent for fine ashlar
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masonry to about 25 percent for coarsed rubble
masonry and about 30 percent for random rubble
masonry. For concrete block masonry, mortar
requirement varies between 12 to 20 percent.

1.4.7.3 Mortar additives

Properties of cement mortar can be modified by
admixing certain chemicals. The admixtures
commonly used in mortars are termed as:

i) Waterproofing compounds

1) Water reducing compounds or plasticizers
iit) Air-entraining agents

iv) Accelerators

The substances/chemicals generally used are
proprietory articles and manufacturer’s
instructions for their use are to be followed.

1) Waterproofing Compounds — These
compounds are used when it is intended to
improve water proofing quality of masonry
as in thin external walls or linings of water
tanks and water channels. Apart from
proprietory materials use of crude oil to the
extent of 5 percent by volume of cement
makes the mortar water proof and is
sometimes used for filling joints of
bricks/tile pavement of roof terraces.

) Water Reducing Compounds or
Plasticizers — By addition of such a
compound plasticity or workability of

mortar gets improved. Its use is advocated
in case of plain cement-sand mortars 1 : 3,
1:4, 1:5 1:6, 1:7 and 1:8, which
otherwise would be harsh, particularly when
sand used is coarse and ungraded. Use of
plasticizer reduces water requirement of
mortar and thys, because of reduction in
water cement ratio, increases strength of
mortar.

i) Air-entraining Agents— By use of an air-
entraining agent in mortar, its durability,
that is, resistance to freezing and thawing
and sulphate attack is improved. Use of this
admixture in cement mortar also gives
protection to masonry against frost damage,
in very cold weather.

iv) Accelerator — By adding an accelerator in
mortar, rate of hydration of cement is
increased and consequently. setting time is
reduced. This helps in combating early frost
hazard. Accelerator commonly employed for
this purpose is calcium chloride to the extent
of 1.5 to 2 percent of ctement content of
mortar (by weight).

1.5 Scaffolding

1.5.1 Scaffolding is a temporary structure erected
during construction for supporting labour and
materials in order to execute masonry and some
other items of work. It is very essential that
scaffolding should be strong enough and safe so
that accidents do not occur due to its failure.

1.5.2 A scaffold (see Fig. 1) consists of upright
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members called standards, longitudinal horizontal
memibers parallel to the wall called stringers and

cross horizontal members at right angle to the
wall called pnﬂnac Qver the nntlnac nlanks are

WLIVES vil g wLly PIRALIRS

provided to form a platform Wthh Serves. as
working space for workers and stacking space for
materials. In order to distribuie concentrated
loads from standards on the ground, these are
supported on base plates of suitable size. On the
other side of platform, plank on edge called ‘too

board’ is provided to prevcnt falling down of
materials, and also a guard rail is provided for
safety of workers.

121 Thaen o tyrn quotasmag Af graffald:
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namely ‘single scaffolding® and ‘double
scaffolding’. In case of the former, there is only

one row of standards at some distance from the
wall and putlogs are supported stringers on one
end, and on wall masonry at the other. For this
purpose, holes at suitable intervals are left in a
header course of the masonry. In case of ‘double
scaffolding’ two rows of standards are provided
and the two ends of putlogs rest on stringers only.
The scaffolding is thus more or less independent
of the wall except for some ties of the scaffolding

with wall or other structural members at suitable
intervals, which are prnvu‘lpr‘l to gnm additional

stability ,to the scaffolding, especially in case of
tall buildings. It is necessary to go in for double
scaffolding when wall has exposed brick/tile or
some other decorative finish and it is obligatory
to avoid holes in masonry. When using ‘single
scaffolding’, not more than one header for each
putlog should be left out, and no holes should be
permitted in pillars or streiches of masonry
narrower than | m in width, or immediately
below or close to a concentrated load on masonry
or near skew backs of arches. Holes left in
masonry for scaffolding should be made good on
removal of the scaffolding in such a way as to
match the surrounding surface.

1.5.4 Sometimes, it is necessary for workmen to
execute ‘certain items of work-—such as
appllcatlon of finish coats to external walls at a
ut:xg,m Wﬂlbll cannot UC lCdLllCU [)y lc‘dUC[b dllu ll
is not economical to go in for norma; scaffolding
for that purpose. In such situations, a craddle
with working platform called ‘jhoola’, suspended
by ropes from the roof terrace, is provided. The
craddle is held in position or moved sideways or
up and down by a few workers stationed on the
terrace.

1.5.5 Depending on the nature of material used,

there are two main types of scaffold, namely
‘hthrlhamhnn scaffold’ and ‘steel cr-affnhﬂl’

Main features of the former type which is
commonly used are given below. For details of
latter type, IS 2250 : 1981 may be referred
to.

1.5.6 Timber/ Bamboo Scaffolding

1.5.6.1 Timber/Bamboo
either single or double.

scaffolding could be

SP 20(S&T) : 1991
a) Single Scaffolding — For single scaffolding
the row of standards should be at a distance
of 1.2 to 1.5 m from the wall. Standards

should be 1.8 to 2.4 m apnart and connected

SaaULi 1 apaii ai LonLLw G

horizontally by stringers, spaced vertically at
1.5 to 1.8 m centres. Putlogs with one end
resting on stringers and tied to themr and the
other end resting in holes in masonry,
should be spaced horizontally 1.2 or less
apart (usually half the spacing of standards).
Nominal diameter of standards should not
DC leb lIldl'l 0 cim buD_]ect foa mlmmum 01 J
cm at the thin end. When it is necessary to
extent a standard, overlap between two

standards should be at least 60 cm.

b) Double Scaffolding — In double scaffolding,
one row of standards should be close to the

wall and the other 1.2 to 1.5 m away from
the wall

i Walii.

Nominal diameter of standards

Oilidiar GIaiiiciel Stanuaiuy

should not be less than 10 cm. subject to a
minimum of 5 cm at the Jhin end. For
extension of standards over-lapping shouid
be done as for single scaffolding. Inside and
outside scaffolding should be interconnected
by cross-ledgers passing through openings in
masonry with a view to obtaining better
stability.

1.5.6.2 The scaffolding should be provided with
diagonal bracings for stiffening it in the
longitudinal direction so as to prevent its
distortion. It should also be tied to the structure
at suitable intervals to prevent it from leaning
away from the structure. In case of a tall

structure with a view to increasing stahility of
Sruciure, wiil a view 0 Neréasing stachnly oi

scaffolding, it is desirable to embed the standards
in ground to the extent of 60 cm, supported over
base piates and if that is not feasible, standards
may be supported in steel barrels of about 60 cm
height, filled with soil which should be well
rammed after filling it into the barrels.

15,63 Standards stringers and nnt]ngc are

generally of round poles and planks for the
platform are of section 20 cm X 3.5 to 4.0 cm.
Ends of planks may be hooped to prevent their
splitting, thus prolonging their life. Standards,
stringers and putlongs could also be of sawn
timber in which case their minimum sections
should be 7 X7 em, 7><5 cm, and 5X5 cm
i‘c‘:SpeCLiVny Lablllllg of various members of
scaffolding should be done with strong fibre
ropes, applying non-slip knots. When bamboo
poles are used as standards, hoerizontal members

should be tied to the verticals just above a knot of
the vertical bamboo, Toe boards and euard rails

CiIVal Dallilvo O DORIBS allue guall Ia

are fixed to platform/standards by nallmg Planks
of the platform at their heading joints are butted,
two putlogs being placed at this part about 10 cm
apart to support the ends.

1.5.6.4 Scaffolding for stone masonry structures
has to be stronger than that for brick masonry
structures, in view of heavier weight of masonry
units. This could be done by reducing the spacing
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of standards and putlogs and using thicker planks
for the platform.

1.6 Curing

1.6.1 Masonry mortars based on cement,
hydraulic and semi-hydraulic lime, and non-
hydraulic limes containing pozzolanas, depend for
their setting/hardening action of hydration for
which it is necessary that water used in mixing
should not dry out during the process of
hydration. In order to prevent early drying of
moisture, all exposed faces of masonry are wetted
periodically by sprinkling water over the same.
The process of sprinkling water over masonry to
prevent drying out is commonly known as
“curing”.

1.6.2 Curing of masonry should begin as soon as
partial set of mortar has taken place. This would
depend on type of binder used (that is whether
cement, hydraulic semi-hydraulic, or non-
hydraulic lime) and the ambient temperature. In
hot weather, setting action is rapid, while in cold
weather, it is slow. Another factor which governs
the time of commencement of curing is the water
retentivity of mortar. Curing of masonry using
cement mortar, which has low water retentivity
should be commenced early while curing of
masonry using lime mortars which have high
water retentivity should be commenced a little
later. Broadly speaking, in hot weather, curing of
masonry should be commenced within 12 hours in
case of cement mortar, 24 hours in case of lime
mortars made from hydraulic and semi-hydraulic
limes and 36 hours in case mortars made from
non-hydraulic lime. In cold weather, curing
should be deferred for about 12 hours in each
case.

1.6.3 Curing should be continued up to a
minimum period of 7 days from date of laying of
masonry. However, in case of masonry using rich
cement mortar (1 : 4 or richer) when strength of
masonry is a special consideration, period of
curing should be extended to 10 days in dry
weather (humidity less than 50 percent).

1.6.4 Frequency of curing during a day depends
on ambient temperature and relative humidity. In
hot and dry weather water should be sprinkled 3
times a day that is early morning, mid day and
evening, in hot and humid weather or temprate
and dry weather, watering should be done twice
(morning and evening) and in cold weather, once
a day. In case of masonry units having high
shrinkage co-efficient, as for example, concrete
blocks, sprinkling of water should be done
sparingly so that water affects only the surface of
the masonry. Excessive watering in this case is
likely to cause too much of shrinkage cracking on
drying.

1.6.5 Quality of water used for curing could be
same as for mixing water. 1t should be free from
organic impurities and excess of soluble salts.
Chloride not exceeding 0.1 percent and sulphate

not exceeding 0.05 percent as otherwise strength
of masonry may be affected or it may cause
efflorescence in masonry.

1.6.6 In mud masonry, apart from drying of mud
mortar and consequent hardening of mortar on
this account, there is no other setting action
requiring the presence of moisture. Thus, no
curing is required in case of this masonry.

SECTION 2

2 BRICK MASONRY
2.1 General

Of all the masonry units, the one most commonly
used in masonry 1s ordinary burnt clay brick. In
order that brick masonry serves its purpose
effectively, it is necessary that quality of materials
used (brick and mortar), construction technique
and workmanship should be sound. Materials
used in brick masonry, namely brick and mortar
have been dealt with earlier in Section 1. In the
section, construction techniques and
workmanship of brick masonry are discussed.

2.2 Bonds

Since masonry consists of a large number of
individual units jointed together with mortar so as
to form one mass, it is necessary to lay the units
in such a way that, under load, the units act
jointly. The most important rule to be observed in
this connection is that vertical cross-joints in any
course should be staggered and these should not
be nearer than a quarter of brick length from
those in the course below or above that course.
There are a number of brick laying arrangements
in vogue-called ‘bonds’, of which those commonly
used are: ‘English bond’, ‘Flemish bond’,
‘Stretcher bond’, ‘Header bond’ and ‘Quetta
bond’. These are briefly described below.

2.2.1 English Bond

In this bond (Fig. 2), bricks in the facing are laid
as alternate header and stretcher courses. The

FiG. 2 ENGLISH BOND
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header course is commenced with a quoin header
followed by a queen closer and continued with
successive headers. The stretcher course is formed
of structures, having a minimum |an of one

quarter brick length. This bond is considered to
give the best strength in masonry and is mostly
adopted in ail load bearing masonry, that is to be
plastered over. In this bond, when the wall is only
one brick thick, one face is fair and even, while
the other face may be uneven due to slight
variations in length and breadth of units.

2.2.2 Flemish Bond

In this bond, in each course, headers and
stretchers are used alternatively. When a course is
started with a quoin header, it is followed by a
queen closer to obtain desired lappage of one
quarter brick length. In case of a wall which is
more than one brick thick, this bond has 2

variatiang namely cinole Flamich hand (Fioe )
variations, nameiy simgi® rifmisn oona (r'ig. 5j

and double Flemish bond (Fig. 4). In the former,
use of Flemish bond is provided only on one face
while backing consists of English bond. In the
latter, Flemish bond is used both in front and at
* the back.
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Flemish bond is employed mainly in exposed
brick masonry because of its better appearance.
When only one face of brick masonry has exposed
brick finish as is generally the case, the single
Flemish bond possesses the ‘advantage of both
Flemish bond (better appearance) and English

bond (better strength).

In brick masonry, with special facing bricks on
the external face, adoption of single Flemish bond
leads to economy in the use of number of facing

hricke Cameatimeg far ane hrialk walle that ara
OTICKS. S0omeumes, ior onc oriCk waus, that are

not heavily loaded and strength of masonry is not
a major consideration, Flemish bond is adopted
in preference to English bond, since with this
bond both faces of the wall are more or less fair
and even, and therefore, plastering of those faces

is less expensive.

223 Stretcher Bond

In this bond (Fig 5) stretchers are used in all
courses, with a lappage of half brick. This bond is

avi(vi(w)but-evd in half-brick masonry such as in

partitions and cavity walls.
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NOTE—Use of stretcher bond in cavity wall
construction is illustrated here.

Fi1G. 5 STRETCHER BoOND

2.2.4 Header Bond

In this bond (Fig. 6) only headers are used in all
courses with a lappage of half-brick width. This
bond is adopted in walls curved in plan for. better
alignment, in foundation footings of a wall for

better transverse load dlstrlbutlon and in corbels
for better anchorage.

2.2.5 Quetta Bond

This bond (Fig. 7) is adopted when it is necessary
to provide vertical reinforcement in walls for
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Fi1G. 6 HEADER BOND FOR A WALL
CURVED IN PLAN

F16. 7 QUETTA BOND

areas subjected to earth tremors. Minimum
thickness of wall in this case is 1! bricks and
both front and back elevations of the wall are
similar to that of Flemish bond. With the
adoption of this bond, quarter brick by half brick
pockets, which are continuous through full height
of the wall, are formed along the length of the
wall. In these pockets steel rods are placed, and
pockets are filled up with cement concrete or
mortar as the work proceeds.

23 Laying of Brick Masonry
2.3.1 Soaking of Bricks

Bricks being porous, absorb meisture from the
mortar on coming in contact with it, if these are
in a dry state. This would weaken a mortar which

sets by hydration. It is, therefore, necessary that
for brick masonry in mortar other than mud
mortar, bricks should be soaked in water by
immersion or sprinkling, before use, so that water
penetrates to the entire depth of bricks. Period of
soaking would vary depending on porosity of
bricks and it could be determined by soaking a
few bricks for different periods and then breaking
them to find out depth of penetration of moisture.
When bricks are soaked by immersion, these
should be taken out from the tank a little while
before their actual use, so that these are surface
dry at the time of use.

23.2 All loose materials, dirt and set lumps of
mortar which may be lying over the surface, on
which brick masonry is to be freshly started
should be removed with a wire brush and surface
should be wetted slightly. Bricks should be laid
with frog up, on full and even bed of mortar.
While laying, bricks should be slightly pressed to
ensure good adhesion. All cross joints and wall
joints should be properly flushed and filled with
mortar so that no hollow spaces are left. Eveness
of bed joint and proper filling of wall joints
ensures maximum strength and proper filling of
cross joints ensures better resistance to
penetration of moisture which takes place mainly
through cross joints. In case of walls thicker than
one and a half-brick, vertical joints should be
grouted at every course in addition to flushing of
vertical faces of bricks with mortar.

The course at the top of plinth, sills and
parapets and just below floor/roof slab, should,
where feasible be brick-on-edge (applicable only
in case of traditional bricks), using cut bricks at
corners to form what is known as ‘panja’ or
‘marukona’ (Fig. 8).

MORTAR JOINTS

FiG. 8 TyricAL ARRANGEMENT OF Cut BRICKS
IN A CORNER

2.3.3 Thickness of courses should be kept
uniform and for this purpose a wooden straight
edge (known as storey rod) with graduations
giving thickness of each course including joint
thickness should be used. Height of window sills,
soffits of lintels, beams and slabs and such other
important levels/planes, in the height of the wall
should also be marked on it. Thickness of mortar
joints should not exceed 10 mm unless otherwise
stipulated. It should be borne in mind that
strength of masonry decreases with increase in
thickness of joints and vice versa.
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2.3.4 All brick masonry should be built in
uniform layers racking back where necessary at
corners, and for long lengths. Provision for
subsequent construction of cross-walls should be
made by leaving indents of 4 brick in depth and
width equal to thickness of wall, in alternate
courses. Similarly, provision for future extension
should be made by toothing at the end of a wall.
No part of a wall during its construction should
be raised more than 1. metre in one day in case of
one brick or thicker walls and 0.6 metre in one
day in case of a half-brick wall. This is to obviate
possibility of squeezing out of gree mortar from
joints of masonry under self-load and also to

avoid unequal settlement of foundation of a
building.

2.3.5 Striking/ Finishing of Joints

If a wall is to be plastered over, face joints should
be raked to a depth of 10 mm while the mortar is
green, in order to provide key for plaster. In case
a wall is to be finished by pointing, face joints
should be raked to a depth of 15 mm and face of
masonry should be wire brushed to remove loose
‘mortar and blemishes from the surface. If, as an
g¢conomic measure, joints are to be finished flush
without any plastering or pointing, this should be
done while the mortar is green.

2.3.6 From structural and other considerations,
horizontality of courses and verticality of walls
and columns are very important. For ensuring
horizontality of courses a straight edge and spirit
level are used by the mason to check every course
as the work proceeds. For checking verticality a
straight edge and plumb-bob are employed.
Deviation in verticality should not exceed 6 mm
for.a height of 3 m or one storey, and a total of
12.5 mm for the entire height when the building is
more than one storeyed.

2.3.7 Improved Method of Brick Laying

An improved method of brick laying has been
evolvéd by CBRI (Refer CBRI Building Digest
No. 89) so as to increase productivity of masons.
In this method of brick laying, special gadgets
called ‘end frame’, ‘string holder’ and ‘mortar
board’ are made use of. For success in the
adoption of this method of laying bricks, masons
should be given a brief training in the use of the
special gadgets and practice in following a
particular sequence of operations for laying
bricks.

2.4 Fixing Door and Window Frames

24.1 Door and window frames can be fixed in
masonry either at the time when masonry work is
in progress or subsequently in openings left in
masonry for the purpose. Former method has the
advantage that there are no gaps between the
frames and masonry and thus fixing of frames is
firm and sound. Disadvantage in this method is
that frames made of wood are liable to get
damaged due to the work in progress and special
care has therefore to be taken to protect them
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from damage. The second method has the
advantage that work is not heid up if there is
delay in the supply of frames, and there is no
likelihood of wooden frames getting damaged due
to dropping of brick bats, mortar and curing
water, movements of workmen, etc. Disadvantage
of the second method is that in order to facilitate
subsequent fixing of frames, width of openings in
case of doors and width as well as height of
openings in case of windows has to be kept more
than the width/height of frames to the extent of
about 10 mm. The gap thus left between frame
and the masonry/lintel has to be made good by
increase in the thickness of plaster in jambs and
soffits of openings.

2.4.2 Frames of doors and windows are fixed in
position with the help of holdfasts of adequate
size and strength embedded in brick masonry by
leaving recesses in masonry of suitable length, two
courses in height and of width equal to full
thickness of wall and subsequently filling the
recesses with cement concrete of 1:2:4 mix,
using coarse aggregate of size 10 mm and below.
When door and window frames are to be
provided later in openings left in masonry,
recesses should be left in masonry at levels
corresponding to the pesition of holdfasts. These
recesses Should be temporarily filled in with
unjointed brick-bats which are removed at the
time of fixing of frames, recesses are filled with
cement concrete at the time of fixing of frames,
for embedding the holdfasts.

2.5 Honey-Combed Brick Masonry

2.5.1 For laying honey-combed brick masonry,
pattern as shown in drawings should be followed.
Bricks should have a minimum bearing of 4 ¢cm
on either side in case of half-brick wall and 2 ¢m
in case of one-brick wall. Bricks should be laid
with frog down.

246 Brick Masonry Curved on Plan.

2.6.1 When radius of curvature of brick masonry
curved in plan exceeds 6 metres, it can be laid just
like ordinary brickwork, by providing some taper
in cross joints. When radius of curvature is 6
metres or less, either specially moulded bricks
should be used or bricks cut to required radius
should be laid in header bond. Use of specially
moulded bricks is however feasible only in large
works. In case of unimportant works such as
lining of soakage pits and cesspools of circular
shape, curved brickwork may be provided by
using uncut bricks, and thick tapered cross joints,
thus obviating labour on cutting of bricks,

2.7 Extension of Old Brick Masonry

2.7.1 Normally provisions for future extension of
brick masonry should be made at the time of
initial construction as mentioned in 2.3.4. When
no such provision has been made, proper bonding
of new work with old should be carefully made.

2.7.2 For making addition of a new cross-wall,
recesses in old brickwork should be cut out, at
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regular intervals, equal in width to the width of
new wall three courses in height and half-brick in
depth, spacing of the recesses also being three
courses. New brickwork should then be built into
the recesses formed in old brickwork using some
strong mortar. For making longitudinal extension
of a wall, the new wall should be toothed for its
full width with the old wall up to a depth of one
quarter brick length in alternate courses. New
brickwork should be laid in such a way that
height of each course is the same as that of
. corresponding old course. It should be ensure that
there is no hump or projection at the junction of
old and new brickwork.

2.7.3 In case bricks used in old brick masonry are
of size as per foot-pound system, while in new
brick masonry, bricks of size as per metric system
are to be used, height of recesses in old brickwork
as well as their spacings should be 4 courses of old
brick masonry and height of 3 courses of new
brick masonry should correspond to that of 4
eourses in old brick masonry, making; suitable
adjustment, if necessary by varying thickness of
joints of new brickwork.

2.7.4 Old brickwork should be thoroughly
cleaned of old mortar and wetted before jointing
it with new brickwork.

2.8 Corbelling

2.8.1 Where corbelling is required in brick
masonry for supporting some other structural
member, maximum projection of individual
bricks should not exceed one-half the height of
brick nor one-half of its built-in part and overall
horizontal projection of the corbel should not
exceed one third of the thickness of wall. It is
preferable to adopt header courses in the
corbelled portion of brick masonry from
consideration of structural stability and economy.

2.8.2 Structural stability of the corbel should be
éensured as per provision of clause 6.4.2 of IS
1905 : 1987. Corbelled masonry should not be
loaded till it has fully set and sufficient masonry
above corbel has been laid so that counter-
balancing weight is not less then twice the over
turning weight,

2.9 Efflorescence

2.9.1 Phenomenon of appearance of white
deposits on the external as well as internal surface
of walls (mostly external) is called efflorescence. 1t
is due to the movement of soluble salts—mainly
sulphates of sodium, magnesium, potassium and
calcium in solution to the surface, evaporation of
moisture and crystallization of salts at the surface.
Efflorescence may appear on exposed brickwork
or plastered surface or may appear through
painted surface.

2.9.2 Efflorescence can occur only if there is some
source of soluble salts as well as moisture. Soluble
salts may be present in bricks used for masonry or
in sand used in masonry and plaster work or in

ground water in contact with foundation. Where
source of salts is brick or sand, efflorescence
appears soon after construction in the first dry
spell when water used in construction dries up.
This efflorescence could be easily removed by wire
brushing the surface. If masonry does not get wet
again, as in case of internal and protected walls,
there may be no further recurrence of
efflorescence. In case of external walls, however
efflorescence may appear again during subsequent
cycles of wetting and drying, but to a gradually
lessening extent and may stop altogether in course
of time as the salts get depleted.

Efflorescence appearing on exposed brickwork
may cause no damage to masonry if bricks are
strong and well burnt. Weak and under-fired

.bricks however are liable to get crumbled at the

surface due to strong force exerted by the process
of crystallization of salts. 1f the brickwork had
been plastered over, before drying out of
construction water used in masonry, plaster is
likely to get damaged and flaked due to the salts.
Surface finish on plaster is also likely to get
spoiled if it had been applied before drying out of
masonry and plaster.

2.9.3 Where source of soluble salts is ground
water, efflorescence will affect super-structure
only if there i1s no DPC at plinth level or DPC
used is not very effective; otherwise efflorescence
will appear only on external masonry below DPC
level. Since ground water would provide an
inexhuaustable source of salts, efflorescence due
to this source will appear whenever there is a dry
spell and it would thus, in course of time, weaken
the masonry and affect the life of the structure.
This brings out the necessity and importance of
using well burnt bricks in good mortar in
foundation and plinth and providing a good DPC
at plinth level, particularly when the water table
in the area is high and soil contains appreciable
quantity of soluble sulphates.

2.9.4 Incidence of efflorescence in buildings could
be reduced if following measures are adopted at
the stage of construction of a building and
subsequent maintenance.

2.9.4.1 Bricks should be tested for their
effloresence rating and use of bricks liable to
excessive efflorescence should be avoided if
possible.

A simple test for determining ‘efflorescence’
rating of bricks consists in standing a brick
vertically in a flat bottom dish containing distilled
water up to a depth of 2.5 cm, till the entire water
is absorbed and the brick appears to be dry.
Water is again added to the dish to the samé level
i.e. 2.5 cm depth and allowed to get absorbed and
evaporated. The brick is examined after second
evaporation. If there is deposit of salts covering
50 percent or more of the brick surface, the brick
is rated as liable to excessive efflorescence. This
test should be carried out on at least 5 bricks
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plaster should not contain more
of soluble salts (chlorides and sulphates).

2943 When water table is within 1.5 m of
subgrade and soil contains appreciable percentage
of soluble sulphates, mortar used for masonry in
foundation and plinth should be as in 1.4.6.1(d)
and at plinth level a good DPC should be
provided.

2.9.4.4 Before application of decorative coats of
distemper or paint to the plaster, it should be
ensured that plaster has fully dried.

2.9.4.5 At plinth level, an effective course of DPC
such as a4 to 5 cm thick layer of cement concrete
1:1:3 containing some integral water
proofing compound, should be provided.

29.4.6 Since efflorescence can take piace only
when there is some source of moisture, dampness
in any part of a building due to rain water, water
leaking from storage tanks or leakages in
plumbing system should be guarded against by
ensuring soundness of construction and good
maintenance. :

2947 Apart from efflorescenc
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when presem in brncks, sand and ground water
are likely to cause cracks in masonry and plaster
and weaken a structure due to what is termed as
‘sulphate attack’. Soluble sulphates in the
presence of moisture undergo a chemical action
with portland cement used in mortar, thus
forming a compound which exerts expensive force
on masonry and plasier and causes damage. This

e, sulnhate saltg

phenomenon has been dealt with in detail in -

“SP : 25 Causes and Prevention of Cracks in
Buildings™.

SECTION 3
3 STONE MASONRY

General
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seen from some old monuments and historical
buildings. Stone suitable for building construction
is available in many parts of the country. Main
reason for popularity of stone masonry in the past
was its durability, strength and case of

construction.

3.1.2 Types of stone commonly used in building
construction are granite, trap, basalt, quartzite,
limestone, and sandstone. Another type of stone
whinh ic a samiwoatharad ranl  normely betariio
WILILLL 1D a JLHITwoatllivivld 1 UL llalllbl_y atvliie,
though not very durable and strong, is available
in some regions of this country, and is used for
small and low cost structures.

I
.1.1 Use of stone in masonry for buildings in this

()b-) b-i

3.1.3 As a general rule, stone for use in masonry
should Pe hard, sound and free from wea nermg,
decay, cavities, cracks, sand-holes, injurious veins,
patches of loose or soft materials, etc. lts water
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should not contain cryptic crystalline silica or
chert, mica, or other deleterious materials like
iron oxide and organic impurities. Selection of
stone is usually based on past experience, and in
order to ensure desired nnnlnv it is mmtnmarv to

stipulate source of stone that is partlculars of
quarries from which stone should be procured for
use in a particular job.

3.1.4 All stones should be wetted before use.
Masonry should be laid truly in piumb or to
required batter where so specified. Height of
construction in a day should not exceed 1 metre
so as to avoid excessive load on fresh mortar.
Cennected masonry should be raised umformly
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all over. TOWCeVver, lf onec part uf masonry is to be
left behind, the wall should be racked at an angle
not steeper than 45 degrees. Toothing in stone
masonry should not be allowed.

3.1.5 There are three main varicties of stone
masonry in common use namely random rubble,
coursed rubble and ashlar, with some further sub-
varieties depending upon quality of . stone,
standard of dressing and laying of stones,
standard of finish and workmanship and
architectural style. For the sake of brevity only
the main varieties of stone masonry are described
in this Handbook.

3.2 Random Rubble Masonry
3.2.1 General

In this variety of masonry (see Fig. 9) as the name
suggests, stones are laid at random, that is
without any regular courses and for that reason, it

1 cometimec alcn
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rubble masonry”. For this masonry, labour spent
on dressing of stone is minimal and thus it is least
expensive. This masonry has a rough finish and
also is not very strong. It is, therefore, adopted

for low-cost and
10 1OW-CO51 and
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low-height structures where
gconomy in cost is a primary consideration, much
strength is not needed and appearance does not
matter.

3.2.2 Size of Stone

Selection and grading of stones for rubble
masonry is mainly done at site using selected and
larger stones at the faces and smaller stones in the
hearting. Ordinarily stones for use in this masonry
should be small enough so that these could be

lifted by hand. Minimum size of stone however
should be such that it does not pass through a
ring of 15 c¢cm internal diameter and a rectangular
slit of 10 cm width. Height of stones may be up to
30 ¢cm. Length of a face stone at its base should
not be less than its height nor greater than three

times the height. Breadth of a stone at base

should not be greater than three-fourth of the
SAoWG not réaicr nan nréc-iourin o1 tnc

thickness of wall nor less than its height, and at
least one-fourth of the face stones which are not
less than 200 cm? in section, should tail into the
work to the extent of 2/3rd the thickness of wall
for walls thicker than 30 cm and for full thickness
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of wall for walls 30 cm or less in thickness. Size
and number of bond stones should be as given in
3244.

3.2.3 Dressing of Stone

Stone should be hammer dressed on the face,
sides and bed to enable them to come in
proximity with the neighbouring stones. Bushing
on the face should not be more than 4 cm from
the general wall surface. However, for the face to
be plastered, bushing should not exceed 1 cm.

3.2.4 Laying of Stones

3.2.4.1 Stones should be wetted before use, laid
on their natural quarry bed and solidly bedded in
mortar by hammering them down to position with
a wooden mallet. No pinning should be done in
the face. Stone chips, not exceeding 20 percent of
volume of masonry may be used in hearting where
necessary to avoid thick mortar joints, taking care
that no hollow spaces are left in masonry. Chips
should be used only for filling interstices between
adjacent stones and no chips should be used
below bed of hearting stones to bring the latter in
level with face stones. Hearting should be laid
nearly level with the face stones except for the
vertical bond stones or ‘plumbs’. Projecting
upwards to the extent of 15 to 20 cm at about one
metre intervals.

3.2.4.2 Though stones are laid without adhering
to any courses, masonry is required to be brought
to level at plinth, window sill, lintel and roof
levels. This should be done firstly by selecting
stones of appropriate height and secondly, if
necessary, by providing a levelling course of
concrete made by mixing 1 part of mortar used
for masonry and 2 parts of stone aggregate of 20
mm nominal gauge.

3.2.4.3 Bonding in masonry is obtained by closely
fitting adjacent stones, by using specified
proportion of headers and bond stones, and by
laying face stones so as to break vertical joints as
much as possible, avoiding long vertical joints.

3.2.4.4 Bond stones

There should be at least one bond stone (also
called ‘through stone’) for every 0.5 m? of wall
surface. These stones should be marked with
white paint at the face for subsequent check and
verification during construction. In case of a wall
up to 60 cm thick, length of bond stones should
be equal to thickness of wall, while for walls
thicker than 60 cm, two or more stones with an
overlap of at least 15 cm should be used to serve
as a bond stone. Bond stones should have a
minimum section of 400 cm2. Where bond stones
of suitable length are not avilable these could be
made of precast cement concrete 1:3:6 (1
cement : 3 sand : 6 stone aggregate of 20 mm
nominal gauge). In case of highly absorbent
stones (porous limestone and sandstone) the bond
stone should extend to about two-third into the
wall for all walls whatever the thickness and a set
of two or more bond stone with an overlap of 15
cm should be provided. Use of a single bond stone
for full thickness in this case is likely to result in
movement of moisture to the inside face of the
wall, through the bond stone, if continuous from
face to face.

3.2.4.5 Quoin stones

Quoins that is corner stones should be selected
stones dressed with hammer and/ or chisel to form
the required angle. Length of these stones should
be 45 ¢cm or more and at least 25 percent of the
stone should be 50 ¢m or more in length. These
should be laid as headers and stretchers
alternately. The quoins should have a uniform
chisel draft of at least 2.5 ¢cm width at four edges
of each exposed face, all the edges of a face being
in one plane. No quoin should be smaller than
0.025 m? in volume.

3.2.4.6 Jambs

Stones used in jambs should be similar to those in
quoin, excepting the length of the stem which
should be 45 c¢cm or thickness of wall whichever is
less.
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All joints should be completely filled with mortar

and face joints should not be thicker than 20 mm.
When surface of masonry is not to be pointed or
plastered, joints should be struck flush and
finished at the time of laying. In case plastering or

pointing is required, joints should be raked to a
depth 20 mm while the mortar is still green, It is

desirable to do pointing, where required, within a
few days of paying masonry to ensure good bond.

3.3 Coursed Rubble Masonry
33.1 General

In this variety of masonrv
in this variety nr

cop Fio 10) ctoneg
Ol masonry (see rig. iv) sior

: s g. 10) stones a
laid in courses, height of each course being not
less than 15 cm nor more than 30 cm. All face
stones in one course should be of same height.

This type of masonry has two sub-types known as

_—

sort, height of all courses should be same while in
masonry of second sort, height of courses may
greater than that of a course below it and
difference in height of 2 adjacent courses should
not exceed 2.5 cm. In the latter variety of
masonry, at places 2 stones could be used in the
face to make up height of a course.

33.2 Size of Stone

This should be same as for random rubble
masonry except that for this masonry at least one
third of the stones (by volume) should tail into the
work for a depth not less than twice their height.
3.3.3 Dressing

Face stones should be hammer dressed on all beds
and joinis so as io give them approximaiely
rectangular shape. These should be square on aﬁ
beds and joints. The bed joints. should be chisel
drafted for at least 8 cm from the face and side
joints for at least 4 cm. No portion of a dressed
Joint should show a depth of gap of more than 6
mm in case of masonry of first sort and 1¢ mm in
case of masonry of second sort from a straight
edge placed on it and no portion of the stone
should project beyond the surface of bed and side
joints. Standard of bushing on the exposed face
should be same as for random rubble masonry.

>

1 courses should be laid truly horizontal, and

inte shonld he trulyv vertical All ctan
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bedded solidly into the mortar. Stones
should be laid as headers and stretchers
alternatively. Volume of chips used for filling
interstices in the hearting should not exceed 10
percent in case of this masonry of first sort and 15
percent in case of masonry of second sort. While
using chips it should be ensured that no hollow
spaces are left anywhere in masonry. No pinning
should be done at face.
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3.3.5 Bond Stones

These should be same as for random rubble
masonry (clause 3.2.4.4) except that these should be
provided in every course, at not more than 1.8 m
intervals,

3.3.6 Quoin Stones

No quoin should be smaller than .025 m3 in
volume. Quoin stones should be of same height as
that of the course in which they occur. These
should not be smaller than 40 cm in length,
should be rough chisel dressed to a depth of 10
c¢m at the beds and should have a uniform chisel
draft of 2.5 cm at all four edges of each exposed
face. These should be laid square on beds as
headers and stretchers aiternatively.

3.3.7 Jambs

Stones used in jambs of doors, windows and other
openings should be similar to those in quoins
except that minimum length shouid be 40 cm or
thickness of wall whichever is less.
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3.3.8 Joints

All bed joints should be horizontal and side joints
vertical. These should be made and treated as in
case of random rubble masonry except that
thickness of joints should not exceed 10 mm in
case of masonry of first sort and 15 to 20 mm in
case of masonry of second sort.

34 Ashlar Masonry
34.1 General

Ashlar masonry is the superior most of all
varieties of stone masonry and is provided
generally in important and prestigeous buildings
were strength, architectural appearance and
durability of the structure are some of the major
considerations. Stones of appropriate quality are
carefully selected and dressed to suitable size and
shape. This wvariety has some sub-varieties,
depending on standard of dressing and
workmanship; the main sub-varieties being called
‘plain ashlar—fine tooled’ and ‘plain ashlar—rough
tooled”. Plain ashlar-fine tooled masonry is
illustrated in Fig. 11.

UV A7/,
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F1G. 11 PLAIN ASHLAR FINE TOOLED MASONRY

SECTION

3.4.2 Plain Ashlar—Fine Tooled Masonry
34.2.1 Size of stone

Height of stones after dressing should not be less
than 15 cm nor greater than 30 cm inclusive of
thickness of joints, and for high class work, all
courses should be of uniform height. In less
important works variation in height of courses
may be permitted such that height of any course is
not greater than the height of all courses below
that course. Length of a stone should not be less
than twice nor greater than thrice the height and
breadth should not be less than. height.

3.4.2.2 Dressing of stones

The stones should be cut to regular and required
size and shape so that all sides are rectangular and
joints could be truly horizontal and vertical. All
sides of stones should be chisel dressed such that a
fairly smooth surface is obtained and no point on
the dressed surface is deeper than 1, 3, 6 and 10
mm from a 60 cm long straight edge placed on the
surface of exposed face, beds, sides, and rear
surface respectively. All angles and edges that
remain exposed in the final position should be
true square and free from chippings.

34.23 Laying

Stones should be laid on full and uniform bed of
mortar and bedded in position with wooden
mallet without use of chips or pinning of any sort.
Stones should be laid as headers and stretchers
alternately. Headers should be placed, as far as
possible, over middle of the stretchers below and
stones should break joints on the face for at least
half the height of the course and the bond should
be carefully maintained throughout. For walls up
to 80 cm thick, all headers should have length
equal to full thickness of wall. If necessary, jib
cranes and other mechanical appliances should be
used to handle heavy pieces of stones and to place
them into correct position. When racking is
unavoidable, its slope to the horizontal should not
exceed 30°.

3.4.2.4 Joints

All joints should be uniform and not more than 5
mm in thickness. A uniform recess of 15 mm
depth from the face should be left in all joints
with the help of a steel plate during construction.
All exposed joints should be pointed with mortar
as per architectural requirements. Normally joints
are finished with pointing which is sunk to a
depth of 5 mm from the face, depth of mortar in
pointing being not less than 10 mm. Colour of
mortar for pointing should match with the colour
of stone and for this purpose fine aggregate
should be obtained by crushing chips of stone
used in masonry.

3.4.3 Plain Ashlar

Rough Tooled Masonry—This type of masonry is
similar to plain ashiar fine tooled masonry
described above, eXcept that exposed face should
have a fine chisel draft, 2.5 cm wide round the
edges and should be rough tooled between the
draft such that the dressed surface should not
deviate more than 3 mm from the straight edge
placed over it.

3.4.4 Ashlar Stone Masonry with a Backing of
Coursed Rubble Masonry

In.many cases inner faces of ashlar masonry walls
are finished in plaster. In such cases backing of
ashlar masonry consists of coursed rubble stone
masonry and two varieties of masonry are laid
together in uniform courses of same height with
proper bonding of the two types. Back faces of
stones used in ashlar masonry need not be dressed
to the standard required for ashlar masonry and
may simply tail into coursed rubble masonry.

34.5 Ashlar Stone Masonry with a Backing of
Brickwork

In regions where normal mode of walling is
brickwork, ashlar faced walls generally have
backing of brickwork. It is essential that the
facing is effectively bonded with backing. This is
achieved and wastage of bricks and labour in
cutting of bricks avoided by: (a) making the
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ashlar courses alternately half-brick and one brick
in breadth; (b) providing breadth of brick backing
as a muitiple of half-brick; and (c) keeping height
of each course of ashlar same as the height of a
few brick courses inclusive of thickness of bed
joints. It is desirable that high strength bricks of
flrst _grade with very thin joints are used in

Al ahla ahility
Uabl\lus SO as LU CsSure réasonaocic UUlllPataUlllLJ

between stone masonry and brickwork.

3.4.6 Mortar

Mortar for ashlar m masonry should y

strong and durable. Mortar mix s u]d therefo re

be either cement—sand mortar 1 : 5,1 : 4or 1 :

or composite cement——iime—sana mortar
1:6/1:14:4%, depending on strength

requirement, loads and other considerations.
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3.5.1 General

Laterite stone should be compact in texture. It
may be mottled with streaks of brown red and
yellow colours. 1t should not contain white clay or
lithomarge or an appreciable number of deep
sinuosities.. Blocks should be obtained from a
good ferrugenous variety of laterite which hardens
on exposure after it is quarried. Density of laterite
stone should not be less than 2.5 gm/cm? and
moisture absorption should not exceed 12
percent.

3.5.2 Size of Stone Blocks

Minimum height of blocks should be 19 cm actual
that is 20 cm nominal with normal joint thickness
of 10 mm. Breadth of blocks should be equal to
height and length should be equal to twice the
height. Standard sizes of laterite blocks as per IS

3620 : 1966 are given in Table I.
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3.5.3 Dressing of Stones

Stones should be dressed soon after quarrying
into regular rectangular blocks so that all faces
are free from waviness and edges are straight and
square. Blocks may be cut to size either manually
or by machine, but for good quality work it is
desirable to use machine cut blocks. Stone blocks
after dressmg should be exposed to atmosphere
for a pei‘u’)u of 3 months before use in masonry.
This stone, on exposure changes its nature and
improves in compressive strength.

354 Laying

Bliocks are laid in masonry in reguiar horizontai
courses, breaking bond of vertical joints in every
course to the extent of at least half the height of
blocks. when a masonry element is thicker than
breadth of blocks, these should be laid as headers
and stretchers similar to EﬁgliSll bond of
brickwork. All joints should be completely filled
with mortar. Normally all courses should be of
same height,

HANDROOK ON MASONRY DESIGN AND CONSTRUCTION—PART 2
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not exceed 10 mm. Faces may be plastered,
pointed or finished flush depending on
architectural effect to be achieved. When surface
is to be plastered or pointed, joints should be
raked while the mortar is green to a depth of 10
mm and 15 mm respectively. Pointing should be
done as early as possible after raking of joints to
ensure good bond.

ty u/nrl{ ehr\n]r]
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3.6 Stone Veneering

3.6.1 Wall faces are sometimes, veneered with
thin slabs of stone or marble with the object of
providing a decorative and durable finish. Mostly
veneermg is provxded on the external face for
architectural cucu, but it is also provided on the
internal face in special areas such as entrance halls

and toilets.

3.6.2 For veneering stones generally used are
sandstone, limestone and marble, the walling
being Cgenerally brickwork, rubble stone masonr
or R.C.C. Veneering stone should be hard, soun

and free from cracks flaws, decay and weathermg
and it should be of uniform or specificd texture.
Colour and texture of stone or marble are
SpﬁCilieu Of COi‘lSiueraLiOi‘lS Ul arcmtecture,
durability, cost and availability. Detailed
specifications of limestone and marble slabs are
given in 1S 1128:1974 and IS 1130: 1969
respectively.

3.6.3 Thickness of stone veneer generally varies
between 2 to 8 cm depending on type of stone,
architontiiral and tuma ~f hanldiag Ao

al\-llll‘v\rlulﬂl Dlylb alg LJ}JL Ui uuuuuls o) a
general rule, when using expensive variety of
stone for facing, comparatively a thin veneer

stone is specified, for economy in cost.
3.6.4 Dressing
3.6.4.1 Sandstone and limestone

Sandstone and limestone slabs should be cut to
the required size and shape so as to be free from
any waviness and to give truly vertical and
horizontal joints with the adjoining slabs. The
faces that are to remain exposed in the final
position as well as the adjoining faces to a depth
of 6 mm should be fine chisel dressed so that
when checked with a 60 cm straight edge, no
point in the finished surface varies from it by

more than 1 mm. The faces top bottom and

vertical sides which are to form ioints should be

1O JUILLS

chisel dressed so that variation from straight edge
at no point exceeds 5 mm. Dressing at the back
should not be done so as to ensure good grip with
the backing. All angles and edges that are to
remain exposed in the final position should be
true square free from chippings.

3.6.4.2 Marble slabs

Marble slabs should be cut to required size and
shape and chisel dressed on all beds and joints so
as to be free from any waviness and to give truly
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vertical and horizontal, radial or circular joints as
required. The exposed faces and joints 12 mm
from the face should be fine tooled such that
straight edge laid along the face of the slab is in
contact with every point on it. The surfaces
should then be rubbed smooth. All visible edges
and angles should be true square and free from

any chippings. Beyond the depth of 12 mm from

the face, the joints should be dressed with a slight
splay so that joints are V shaped, being thin at the
face and wide at the back. Surface of the stone
coming in contact with backing should not be
dressed so as to ensure a good grip with the
backing.

3.6.5 Laying and Fixing

3.6.5.1 Stone slabs should be thoroughly wetted
before laying. All joints should be truly horizontal
and vertical and face should be in plumb. For

grou..d...s in case of stone and marble and

Jointing in case of stone slabs, mortar generally
used is cement mortar | : 4 or cement-lime mortar
1:1:4. In case of marbie, mortar for jointing
should be same as specified for pointing, and care
should be taken that mortar used in the
grounding does not spill over to the joints or
exposed face It should be ensured that no
hollows are left in the slUulldlus and that all
joints are completely filled.

chaild anch tn
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by means of cramps (of bronze, gunmetal or some
other non-corrodible metal). In case of thin
veneers (less than 16 cm in thickness) and by
means of stone dowels in case of thick veneers (6
cm or more in thickness). In addition slabs should
be interconnected to each other in the horizontal
direction b} means of copper pins in case of thin
veneers and by means of cramps in case of thick

Youcclis e ls O LIglllps 111 Lot LIiC
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veneers. Cramps generally used are of size 3
mm X 2.5 cm X 20-30 cm and normal size of pins
is 6 mm dia X 7.5 cm long. Spacing of cramps,
stone dowels and pins would depend on size of
slabs but it is necessary to ensure that each slab is
properly secured to the backing as well adjoining

slabs. Cramps dowels and pins are generally fixed

in cement martar 1+ 2 mncino fine and Some

i VLOILTHIL 1Urwal 1 . &y uoing b &, SULLS

typical details for fixing veneering slabs are shown
in Fig. 12, 13, 14 and 15.

3.6.5.3 The facing should be provided with a
continuous support at the ground level as well as
at every storey level that is, at about 3.5 m vertical
intervals, the supports being in the form of
projections in concrete floor slab or beams
between columns or angle iron attached to
backmg Such supports should also be prowded
the top of all opemﬁgs and soffits of cantue'vereu
portlons Alternatively specially designed cramps
in accordance with IS 4101 (Part 1) ;: 1967 may be
used 50 as to hold the facing in position as well as
to transfer full weight of facing to the backing. In
huildinog

uuuuunso, fixing
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arrangements for veneering work should be made
for movements in facing due to creep,. elastic
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deformation and thermal variations.
3.6.54 Pointing

All exposed joints in facing should be pointed
with mortar, as may be specified for the purpose
to match the colour of the facing. Pomtmg in case
of stones other than the marble should be sunk
from the face by 5 mm and depth of pointing
should not be less than 15 mm. In case of marble
veneering, mortar joints should be finished neat
and fair in jointing mortar as the work proceeds,
since Jomts being very thin, no subsequent

pointing is' possible.

3.6.5.5 Jointing

Thickness of joints shouid not exceea 5 mm in
case of sandstone and limestone veneering and 1.5
mm in case of marble veneering. In the former
case, a uniform recess of 20 mm depth from face
should be left with the help of a steel plate. In the

latter case |n|nt|ng should be done with mortar

jragtw SV JuULLL QUi oC GLIle

specified for pointing.
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After the marble veneering has been cured, it
should be rubbed with carborundum stone of

SlU g uuvoUva CardOoiunglin Jone

grades 60, 80 and 100 in succession, so as to give a
plane, true and smooth surface. It should then be
cleaned with oxalic acid soiution, washed and
finished clean.

3.7 Miscellaneous Items
3.7.1 Stone Pillars

Masonry in stone pillars is as a general rule
similar to that of masonry used for walls in a job
in regard to quality and size of stones, dressmg of
stones, height of courses, quoin stones, bond
stones, jointing, finish, etc, with the following
exceptions:

a) Random rubble masonry — Bushing of
exposed faces should not exceed 20 mm.
Quoins should have length not less than 25
cm for pillars up to 40 cm side, and 30 cm
for plllars having side greater than 40 cm.

Bond stones should not.be less than 15 cm

in height and should be hammer dressed on
beds, faces and sides into squared blocks.

b) Coursed rubble masonry — Beds of stones
should be rough tooled true and square for a
distance of at least 10 cm from the face and
the sides of stones for at least 5 cm from the
face. Beds and sides of quoins should be
rough tooled for a distance of at least 10 cm
from the face. 'Length of the stone should

e Lat~la
he height.

— Minimum height of

tGGled masoenry s chr\n]d be 30

having a cross sectional area of

0\2JS m? or less, bond stone should be a
single full stone and for pillars exceeding
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F1G. 15 Types oF CRAMPS FOR STONE FACINGS

0.25 m? in area, it should be made up of four
stones provided in two courses at right
angle. Three bond stones should be provided
in each pillar of storey height at bottom,
middle and top. In case of plastered
masonry, bond stones could be of precast
cement concrete of M-15 grade laid on the
full section of pillar in one piece.

e) Height of masonry laid in pillars in one day
should not exceed 60 cm.

3.1.2 Corbels

3.7.2.1 Corbeiling in brick masonry has been
dealt with earlier in 2.8. Corbelling in stone
masonry is generally similar to that in brick
masonry. In view, however, of greater strength of
units in case of stone masonry and difference in
jointing, there are some minor variations.

3.7.2.2 For stone corbelling, breadth of
embedded portion of stone should not be smaller
than 1.5 times the breadth of projected portion.
Vertical joints of corbel and its junction with
adjoining masonry should break joints with those
in the courses below and above.

3.7.3 Window Sills

Thickness of sills should not be less than 5§ cm.
Entire width of sill should be in one stone and
length of any sill stone should not be less than

twice its breadth. Standard of dressing of stone
should be as for ashlar masonry. Joints of the sill
should break joints with those of masonry below.
Thickness of wvertical joints of sill should not
exceed 1.5 mm in case it is fine tooled and 3 mm
in case it is rough tooled. Embedment of sills into
masonry on any side should not be less than 5 cm.

SECTION 4

4 CONCRETE BLOCK MASONRY
4.1 General

4.1.1 Concrete blocks for use in masonry may be
solid hollow, lightweight or autoclaved cellular as
per standard specifications IS 2185 (Part
1) : 1979, IS 2185 (Part 2) : 1983, IS 2185 (Part
3): 1984 and IS 3115: 1978. These are used for
load bearing walls as well as non-load bearing
panels and partitions. Choice of units should be
made carefully, taking into consideration type of
structure, loads,.climatic conditions, economy in
cost, ready availability of units, etc.

4.1.2 Concrete block masonry is very much prone
to shrinkage cracks and, therefore, masonry units
must strictly conform to standard specifications
and suggestions for handling, storage, moistening
before use, selection of mortar for laying
masonry, curing and finishing as given below
should be carefully followed so as to avoid or to
minimise cracks. Moreover, it should be ensured
that concrete blocks are dried for a period of at
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least 28 days after curing so that the blocks
undergo initial shrinkage before use in masonry
work.

4.2 Handling and Storage of Blocks -

4.2.1 The blocks should be handled with care in
transport as these are liable to get broken and
damaged due to jolts and mishandling. These are
to be stored at site in such a way that these may
not be able to absorb moisture from any source.
These shall, therefore, be stacked on planks, or
such other supports and in inclement weather
protected from rain.

4.3 Laying of Blocks
4.3.1 Werting Before Use

In humid weather, blocks should not be wetted-

before laying. If weather is dry (humidity below
50 percent), bottom, top and sides of blocks may
be slightly moistened. Excessive wetting of blocks
before use in masonry is likely to result in
extensive shrinkage cracks.

4.3.2 Mortar

As a general rule, mortar for concrete block
masonry should be relatively weak and slow
setting, so as to minimise possibility of shrinkage
cracks. Generally speaking, composite cement —
lime mortar is best suited for the purpose, using
1:2:9 mortar for normal work and 1:1:6
mortar when intensity of loading is high or
masonry is exposed to weather. Mortar for
masonry in foundation and plinth should be
somewhat richer than that for super-structure
masonry.

4.3.3 Masonry in Foundation and Plinth

For two or more storeyed buildings, it is desirable
to avoid use of hollow blocks in foundations and
plinth. If for some reasons hollow blocks are to be
used for this purpose, hollows of the blocks
should be filled with cement concrete 1 cement : 3
sand : 6 coarse aggregate of 20 mm nominal size.
In single storeyed buildings, when using hollow
blocks, the hollows should be filled with sand up
to one course below plinth and the top course
below plinth should be filled with cement concrete
1:3:6.

4.3.4 Masonry in Super-structure

43.4.1 First course of concrete block masonry
should be laid with special care, making sure that
it is properly aligned, levelled and plumbed, as
this would greatly facilitate laying subsequent
courses correctly. Before laying the first course,

alignment of the wall should be marked on the
DPC. On this, blocks should be first laid dry, that
is without using mortar, aligning them correctly
with the help of mason’s line, in order to
determine correct position of blocks including
those of the cross-walls and to adjust their
spacing. When blocks have been placed correctly,
two corner blocks (one at each corner) are
removed without disturbing adjoining blocks,
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mortar is spread on the bed, and these blocks are
placed back truly. level and plumb. The string is
then stretched tightly along the outer edge of
these two corner blocks. Thereafter, each block is
removed one by one and relaid over bed of
mortar with mortar on sides, to correct level,
alignment and plumb.

4.3.4.2 Having completed first course of blocks,
other courses are laid on it, breaking joint and
checking alignment, horizontality, verticality and
trueness of plane with the help of mason’s line,
straight edge, mason’s level and plumb bob. Use
of a storey-rod should also be made to ensure that
each course is laid at its proper level. As far as
possible, work should proceed uniformly all over,
but when that is not feasible portion of masonry
to be left behind should be racked back, to the
extent of half the length of block at every course.
It should be ensured that all perpends are truly
vertical.

4.3.4.3 To ensure good bond between blocks and
mortar, the latter should not be spread too far
ahead of laying of blocks, as otherwise mortar
may stiffen and may not bond well with the
blocks. As each block is laid, excess mortar from
the joints should be scraped off with trowel and
either thrown back to the mortar board (or pan)
and reworked with fresh mortar or applied to the
vertical side of the block just laid. Care should be
taken to prevent mortar falling into the cavities of
hollow blocks while laying.

4.3.5 Jointing of Hollow Blocks
4.3.5.1 Horizontal joints

Normally in load bearing walls, mortar is spread
over the entire top surface of the block, that is
front and rear shells and webs as a uniform layer
of 10 mm thickness so as to achieve full load
carrying capacity of the blocks. However, in case
of non-load bearing masonry as in panels of
framed structures, where load on masonry is very
light, mortar may be applied only on the top of
front and rear shells, and not on the webs. This
results in economy in cost and also minimises
possibility of moisture penetrating to the interior
face of the wall

4.3.5.2 Vertical joints

For vertical joints, mortar should be applied on
vertical sides of the front and rear shells. This
could be done either by applying mortar on the
block already laid or on the one which is to be
laid next. Latter method is more convenient as
mortar could be applied with greater éase, by
keeping the block in such a way that side to be
mortared is upward and horizontal. In case of
two-cell blocks, there is a slight depression on the
vertical sides, which may be filled up with mortar
when it considered necessary to secure greater
lateral rigidity.
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4.3.6 Closure Block

When laying the closure block, all edges of the
opening and all four edges of the block should be
buttered with mortar and carefully lowered into
place, without letting the mortar fall down. If any

martar Arame AFF tha hinal, chanild ha Bfead laoals
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fresh mortar apphed and block reset into position.

4.4.1 External Rendertngs

Concrete blocks of various varieties are mostly
pervious and are liable to get damp when exposed

ta rain In areas of heavy and maoderate rainfall
O Tan, 3N areas 01 ntavy anl moGflrail rainiai,

exterior surface of block' masonry walls should
therefore be made water-proof by plastering
which should be applied only after the wall has
thoroughly dried. To. provide key for plastering,

mmte should be raked to a demh of 10 mm, while

the mortar is green. Masonry surface should be
lightly moistened just before application of
plastering. Excessive wetting of block masonry is
likely to result in shrinkage cracks in masonry on
drying. Curing of plaster should also be done
sparingly so that masonry does not absorb much
moisture.

In areas of heavy rainfall, plastering should be
done in two coats, first coat being 12 to 15 mm

thick and second coat 8 ta 10 mm Mix of mortar
ICK andg sECoNG CGat & 10 v Nim. MiiX Of morar

" for plaster should be 1 cement ;: 1 lime : 6 sand,
using coarse sand (3 mm and down) and surface
should be finished coarse with a wooden float. In
areas of moderate rainfall, one coat of plaster 12

to 15 mm thick in cement-lime mortar 1 : 1 : 6 1is
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adequate. In areas of scanty rainfall, it is not
necessary to provide plaster, but joints should be
flush pointed with cement mortar 1: 3. For this
purpose, mortar joints should be raked to a depth
of 15 mm at the time of laying masonry while the

mortar is green.
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As concrete blocks gen
uniform surface, it is no
rendering coat on the inside surface. Joints
should, therefore, be flush pointed and surface
finished in cement pamt However, when a very
smooth and high class finish is desired, walls may
be given one coat of plaster 8 to 10 mm thick in
cement lime mortar 1:2:9, and desired finish
give to the surface.
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4.5 Treatment at Openings and Fixing of Door
and Window Frames

4.5.1 When using hollow blocks as masonry
units, either one course of _masonry under window
Opt“:i‘lii‘lgs should be built with solid blocks or
hollows of blocks in one course should be filled

with cement concrete 1:3: 6.

4.5.2 Jambs of large door and windows should be
ejther- built with solid blocks or hollow blocks
should be filled with cement concrete 1:3: 6.

4.5.3 Door and window frames should be fixed to

ﬁﬁﬁﬁﬁﬁﬁﬁﬁ holdfasts embedded in in-
situ cement concrete blocks (of mix 1:2:4)
locations of which should correspond to locations
of mmasonry units so that in-situ biocks for
embedding holdfasts replace precast blocks and
cutting of blocks is avoided.

masonry by means of holdfasts

4.6 Provision of Lintels

”»
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single reinforced precast unit or a number of
precast units of U-shape provided with required
reinforcement bars in the hollows and filled in-
situ with 1: 215 : 314 cement concrete.

4.7 Intersecting Walls

All walls, whenever they meet or intersect, should
be bonded together by laying the courses of the
two walls at the same time, providing true
masonry bond between at least 50 percent of the
units at the intersection. When it is not feasible to
construct the two walls sxmultaneously, pockets in
alternaie courses should be left in the wall laid
first and corresponding courses of second wall

built into those pockets.
4.8 Provision of Floor/Roof

If hollow blocks are used in masonry, hollows of

the blocks in the last course, just below the
floor/roof should be filled with cemem concrete
1:3:6. The top course in case of all varieties of
blocks should be finished smooth with a thin coat
of |:3 cement mortar. After this has set and
partly dried, the bearing surface should be either

given a coat of crude oil or covered with

oraft/tarred naner to cerve ag a slina
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bearing of the slab.

5 MASONRY ELEMENTS
5.1 General

M asonry elements

Vaasial CICINCINs 11 COIIINION alt, Wil

pillar, cavity wall, retaining wall, arch and dome.
Construction of wall and pillar has been covered
earlier in Sections 2, 3 and 4. Construction of
other elements is given below.

5.2 Cavity Wall

§2.1 A cavity wall is a double wall consisting of
two separaie leaves of masonry bonded to each
other, and having a thin cavity in-between which
intercepts movement of moisture from outer leaf
to the inner leaf and also improves the thermal
insulation of the wall. A cavity wall can be either
load bearing or non-load bearing. Generally
speaking, both the leaves of masonry are half
brick thick, built in stretcher bond. If for
architectural effect, the outer leaf has to be in
“Flemish bond™ it is ‘necessary to make use of

nitrnAcoe enan ada nea Aare ma
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cutting normal full length bricks do not prove to
be satisfactory.

in common use are: wall

5.2.2 The outer and inner leaves of masonry are
tied together by means of metallic ties, which are
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embedded in the mortar joints with a slight fall
towards the outer leaf so that ties may not act as a
path for travel of rain water from outer leaf to the
mner leaf. Wall ties miay be made of galvanised
mild steel bar or galvanised flat iron pieces with
fish-tailed ends. Galvanising is necessary to make
the mild steel rustproof. A less expensive
alternative, which is not so satisfactory is to use
M.S. ties which are coated, with bitumen and
sand. To prolong the life of galvanised M.S. ties,
sometimes, these are also coated with bitumen
and sand before use. Spacing of ties should be,
generally, not less than | m horizontally and
5 m vertically, with additional ties on the sides of
openings. As far as possibie, ties should be evenly
distributed over the entire wall.

5§2.3 Foundation of the cavity wall should be
solidly constructed like ordinary wall foundation
up to 15 ¢cm below DPC. Two leaves of masonry
should be raised simultaneously and uniformly.
Measures should be adopted to ensure that cavity
is kept free from mortar droppings. Door and
window jambs should be built solid by headers
suitably bonded with the main leaves of the cavity
wall. Window sills should consist of either precast
concrete slabs or a header course of bricks.
Lintels should be of full thickness of wall. Below
the floof or roof slab there should be two courses
of solid masonry. In case of non-load bearing
panel walls, however, cavity may extend up to
soffit of the beam. Cavity should be ventilated by
use of air bricks or weep holes both at bottom
and top. In areas of heavy rainfull, where it is
necessary to ensure full protection from rain
penetration, vertical DPC should be provided at
jambs of doors,and window, which are solid built.
Width of cavity should be 4 cm minimum and
10 cm maximum. In case of walls having door
and window openings it facilitates construction of
solid portion of masonry in foundation, plinth,
jambs, sills of windows and bearings of R.C.C.
slabs of overall thickness of cavity wall is kept as
a multiple of half-brick.

5.3 Retaining Wall

5.3.1 Function of a masonry retaining wall is to
resist lateral pressure due to earth, water or some
other non-cohesive material. Masonry units
commonly used for retaining walls are stone and
brick. Since a masonry retaining wall is designed
as a gravity structure, it is preferable, on grounds
of economy, to use a masonry unit of high density
for a retaining wall. From this consideration, in
regions where stone is available, retaining wall js
normally constructed in stone.

5.3.2 From structural consideration, a retaining
wall is built generally with one face vertical (the
face on which lateral thrust is acting) and the
other face battered. Courses of masanry instead
of being horizontal are laid at a slope normal to
the battered face. Foundation for retaining wall
should be taken deep enough so as to be safe from
the effect of scour, frost and surface water.
Projections of any footing course, should not
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5.3.3 In case of a retaining wall, intended to resist
earth pressure, it is necessary to prevent
accumulation of water on the back side of the
retaining wall by making suitable arrangements
for quick drainage of rain water. For this
purpose, a back fill of minimum width 45 cm
consisting of quarry spoil, stone spalls,- gravel,
disintegrated rock, brick-bats or some granular
material should be provided together with weep
holes of size 5 to 7.5 cm square in masonry. Weep
holes should be spaced at intervals of 2 m
horizontally and | m vertically, lowest row of
weep holes being 30 cm above the ground level,
and their inlets should be surrounded by loose
stones or some other course material. It may be-
mentioned that weep holes are not needed in case
of dry random rubble stone masonry because
water can easily drain out through the
unmortared joints of such masonry. Remaining
fill behind a retaining wall should be compacted
in 15 cm layers, sloping way from the wall

5.3.4 Stone Retaining Wall

53.4.0 Mostly stone retaining walls are built
either in dry random rubble masonry or dry
coursed rubble facing masonry with a backing of
random rubble masonry the former in case of
roads in unpopulated areas, where appearance is
not of much consideration and the latter in
populated areas, where appearance is an
important consideration. Mortar bound stone
retaining walls are generally not provided on
economic considerations.

53.4.1 Retaining walls of dry random rubble
stone masonry

Stones in the facing for this masonry should have
a minimum height of 15 cm, their average breadth
should not be less than height and averge length
not less than 1% times the height for stones up to
20 cm height and 1'/, times the height for stones
larger than 20 cm in height. Bond stones; which
should be at least 300 square centimetres in
section and 80 centimetres in length should be
provided at a rate of 2 per square metre of face
area.

Stone in foundation should be as large as
possible, and should be placed with their bed at
right angles to the face better. Stones in the front
and back face. should be laid .as headers and
stretchers alternately, all stones breaking bond
with stones below, as much as possible,

When it is desired to construct a retaining
wall of height exceeding 3 m, it should be
provided with bands of rubble masonry laid in
mortar, both in the vertical as well as in the
horizontal directions. In the vertical direction,
bands should be of 0.5 m height at about 3 m
intervals and in the horizontal direction these
should be of I to 2 m width at about 10 m centres.
Top few courses of wall should be strengthened
either by laying them in mortar or by providing a

HANDBOOK ON MASONRY DESIGN AND CONSTRUCTION—PART 2 141



SP 20(S&T) : 1991

concrete coping of 15 cm depth in cement
concrete 1 :3:6, with control joints at 3 metre
intervals and expansion joints at 10 metre
intervals.

5.3.4.2 Retaining wall in dry coursed rubber
facing masonry '

Specification for facing is same as for coursed
rubble masonry (3.3) but without any mortar in
joints and backing, as laid down in 5.34.1.

5.3.5 Brick Retaining Wall

Brick retaining wall should be laid in cement
mortar of mix 1 : 6 using coarse sand. It could be
finished either by plaster or pointing, depending
on architectural considerations. It is desirable that
bricks should be well burnt from consideration of
durability of the wall —in fact somewhat over-
burnt bricks would do better. Since compressive
stress in a retaining wall is generally not much,
broken bricks can be used in the hearting of the
wall, provided all joints are properly filled with
mortar. This would, however, increase the
consumption of mortar for this masonry and
therefore one should carefully weigh the economy
in use of broken bricks against the increase in cost
of mortar.

Top of a brick retaining wall should generally
be protected by a cement concrete coping of 7.5 to
10 cm thick, concrete being of 1 : 3 : 6 mix. This
coping should be laid with control joints at about
3 metre intervals and expansion joints at about
10 metre intervals in order to obviate possibility
of shrinkage and thermal cracks in coping.

5.4 Masonry- Arches
54.1 General

A masonry arch is employed for horizontal
spanning, that is bridging and transmitting loads
from above to the sides of an opening. In building
construction, arches are provided over door and
window or verandah openings, mainly for
architectural effect but sometimes for economy in
cost in case of small spans—say up to | metre.
Arches are of various shapes and forms; those in
common use being circular {segment or semi-
circle) and flat. A segmental arch generally
employed is that subtending an angle of 60° at the
centre. Such an arch has a rise to span ratio of
1 :7.464. For simplicity a circular arch of rise to
span ratio of 1/8 is often adopted. A semi-circular
arch is a half circle so that rise in the middle is
half the span. This arch has an advantage over
segmental arch that side thrust at the support is
much less and thus side supports need not be very
wide. A flat arch, which is suitable only for smmll
spans (say up to | metre) and light loads, has a
horizontal extrados and slightly cambered
intrados (to nullify the small amount of sag of the
arch under load) is employed mainly for spanning
door and window openings in ordinary buildings.
Usual allowance for camber in the intrados in the
flat arch is 1/100 of the span. When wooden

bressummers are used for spanning horizontal
openings, in buildings, circular arches are
sometimes provided over bressummers to serve as
relieving arches for reducing masonry loads on
bressummers which otherwise would sag under
excessive load. Before advent of RCC, brick arch
roofing used to be a popular and economical
mode of roofing for buildings.

5.4.2 Centering

Centering for an arch should be true in shape and
should be sufficiently rigid so as not to yield
under load. Also there should be some
arrangement (for example folding wedges) for
slightly easing the centering without any
vibration, soon after construction of the arch, so
that masonry units of the arch may bed down
firmly before the mortar has finally set.
Slackening of the centering, however, should not
be done too soon after laying of masonry in arch,
as that may squeeze out the mortar from part of
the masonry laid last. For arches up to 2 m span,
centering may consist of honey-combed
brickwork supported on planks or battens of
sufficient strengzth, suitably held in position. For
spans between 2 to 4 m, timber centering should
be used with hard wood wedges for slackening the
centering. For spans exceeding 4 metres, it is
desirable to use steel centering, particularly when
a large number of arches of same span have to be
constructed, so that repeated use of steel
centerings could be made. For spans exceeding 6
metre, slackening device should consist of sand
boxes.

When there are 4 spans or less, all the spans
should be completely centered at one time and
construction of all the arches should be
commenced simultaneously. In case of a structure
with more than 4 spans, there should be at least 4
sets of centerings so that a minimum of 4 spans
could be centered at one time and arched over.
Centering should not be struck before one week
after the completion of an arch. Care should be
taken to ensure that walls on the sides of an arch
are built up to at least two-thirds of the height of
the arch and haunches are filled up to that height,
before striking of centering.

5.4.3 Construction

5.4.3.1 Masonry work in arch should be carried
up from both ends uniformly and keyed in the
centre. Masonry units forming skew backs should
be cut or dressed so as to give proper radial
bearings to the end voussoirs. Defects in dressing
should not be made good by mortar or chips. The
arch work should be kept thoroughly wet, so that
no portion of the arch hardens and fully sets
before the whole arch is completed. From this
consideration, it is desirable to employ a mortar
which is slow setting. In multiple arches, the key
units (brick or stone) should not be inserted in
any one arch till the adjacent arch or arches have
been constructed to the extent of at least 25

142 HANDBOOK ON MASONRY DESIGN AND CONSTRUCTION—PART 2



percent for counter-acting the side thrust of the
arch.

5.4.3.2 Brick arch

Brick arch may be either gauged or plain. In
gauged arch, cut or moulded bricks are used and
in plain arch uncut bricks are used. Joints in brick
work should consist of through radial joints and
voussoirs should break joints with each other. For
a gauged arch thickness of radial joint should not
exceed 5 mm. In case of plain arch, minimum
thickness of joint should be S mm and maximum
15 mm. When arch face is to be pointed, face
bricks should be moulded or cut to proper shape
so as to have uniform face joints not more than
5 mm in thickness.

5.4.3.3 Stone arch

Stones should not be smaller than 25 cm in any -

direction for fine tooled ashlar arch and smaller
than 20 cm in case of rough tooled ashlar arch.
Stones, for arches up to 60 cm in depth, should be
of full thickness of wall. For arches exceeding 60
cm but not exceeding 90 cm in depth, stones
should be laid in alternate courses of headers and
stretchers, all the headers being of full thickness
of ring and not more than two stretchers being
used to make up full thickness of a ring. For
arches over 90 cm in depth, quoins and key stones
only need be of full thickness of the ring. Break of
joints across the depth should be not less than 20
cm. During the progress of work, care should be
taken to distribute the load on centering evenly in
order to obtain true curvature on completion of
the arch. For ashlar masonry arch, joints should
not be more than 5 mm thick and face joints
should be all uniformly recessed to a depth of
20 mm.

5.4.4 Loading of Arches

Loading of arches should be gradual and so
regulated that at least 7 days should elapse before
50 percent of design load and at least 14 days
should elapse before 75 percent of design load
comes on the arch, allowing full design load only
after 28 days of completion of arch.

5.4.5 Supports

End supports that is abutments of arches should
be strong enough to withstand the horizontal
thrust of end arches as well as vertical loads.
When constructing arched roofs, horizontal
thrusts at ends on walls should be resisted with
the help of mild steel tie rods. In case of multiple
arches of uniform span and loadings, as there is
no horizontal thrust at intermediate supports
(walls or piers), normally no ties are needed, in
intermediate spans.

5.5 Masonry Domes

5.5.1 Masonry domes were provided in the past
to serve as roof cover for large structures, when
no other structural means of bridging large spans
were available. With the advent of steel,
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reinforced ¢oncrete and prestressed concrete, use
of domes is not made now, except on special
architectural considerations in case of
monumental, religious and institutional buildings.

5.5.2 Construction technique of a dome is more
or less similar to that of an arch. In view of the
fact that use of dome is very uncommon now, it
has not been considered necessary to go into
details of this technique.

SECTION 6

6 SOME MISCELLANEOUS
RELATING TO MASONRY

6.1 General

In this section, some miscellaneous matters
relating to masonry not covered in earlier sections
are dealt with briefly.

MATTERS

6.2 Chases, Recesses and Holes

Requirements of chases, recesses and holes have
been covered in detail in IS 1905 : 1987.

6.2.1 Chases and recesses are provided in
masonry to run services like electric supply, water
supply, telephone lines, etc, and to provide space
for meters and shelves. As far as possible, services
should be planned with the help of vertical chases
in walls, in conjunction with horizontal runs in
floors and roofs and horizontal chases in walls
should be avoided.

6.2.2 Vertical chases should not be closer than
2 m in any stretch of a wall. These should be kept
away from bearings of beams and lintels, but if
unavoidable, stress in the affected portion should
be checked and kept within limits. Vertical chases
should be avoided in narrow stretches of masonry
such as between door and window openings.
When unavoidable, such narrow stretches of wall
should be built with stronger units and richer
mortar or built in plain cement concrete.

6.2.3 Horizontal chases when unavoidable,
should be locdted in the upper or lower one third
of height of a storey, and no continuous
horizontal chase should exceed ! m in length.

6.2.4 For load bearing brick walls depth of
vertical and horizontal chases should not exceed
one-third and one-sixth of the thickness of wall
respectively. No chase should be provided in a
load bearing half-brick wall and chases in a one-
brick load bearing wall should be provided with
care so as to avoid excessive cutting and
structural damage to masonry. Chases in masonry
should always be cut with a sharp chisel since a

blunt chisel disturbs the masonry units and
weakens the masonry.

6.2.5 In brickwork, chases are normally cut, after
the masonry has adequately set. However, in case
of stone masonry, because of hardness of stone,
this is not possible and therefore chases have to be
formed by using selected and specially shaped
stones while laying stones in masonry. In case of
masonry with hollow concrete blocks, hollows of
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blocks can be made use of for running the
services.

6.2.6 Recesses in masonry of size up to 30 cm X
30 cm could be provided without a -lintel,
provided there is no concentrated load directly
over the recess. Masonry over a recess wider than
30 cm (horizontal dimension) should be supported
on a lintel. In case of circular recesses, no lintels
arehneeded if upper half of the recess is built as an
arch.

WIRE NAILS
FOR BONDING

T

A,

V‘\—Ansua

A

6.3 Brick Nogging and Dhajji Walling

6.3.1 In regions where timber is comparatively
cheap and available in abundance, load and non-
load bearing walls are sometimes built by
providing a timber framework infilled with half-
brick or stone masonry. This type of walling is
known as brick nogging when infilling is done
with bricks and dhajji walling when infilling is
done with stones. Thickness of wall is generally 12
to' 13 cm. Brick nogging walling is illustrated in
Fig. 16.

900 mm

Lt——MORTICE AND
TENON JOINT

~—HORIZONTAL
RIBS

BRICK WORK IN LIME OR CEMENT
MORTAR, PLASTERED BOTH SIDES

F1G. 16 TypricaL DETAILS OF BRICKNOGGED WALLING
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6.3.2 Timber framing consists of vertical posts of
storey height 1 to 1.5 m apart and horizontal
battens at about 1| m intervals. The battens are
notched into the posts and fastened by iron spikes
of about 8 mm dia. In case of dhajji walling the
frame is braced by diagonals which are halved at
their intersections and are fastened to the posts by
means of 10 ¢cm long wire nails. In case of brick
nogging diagonals for bracing are not provided
because, firstly brickwork which is laid tightly
with well-filled thin joints and good quality
bricks, itself serves as bracing for the frame and
secondly, use of diagonals if. provided, would
interfere with brick laying and would considerably
weaken the brickwork. In this type of walling
position of doors and windows is so planned that
frames for doors and windows form a part of the
wall frame. Sections of various members of the
frame and their spacings are determined after
taking into consideration the lpads on the wall,
finish of the wall faces, sill level of window, lintel
level of doors and windows, storey height, length
of wall, size of bricks, etc. Sections commonl
used are 12.5 X 12.5 cm for verticals, 12.5 X 7.
cm for horizontals and 10 X 5 cm for diagonal
braces.

6.3.3 Before laying of masonry, surface of timber
which- is to come in contact with masonry is given
one or two ceats of hot bitumen or some wood
preservative such as sollignum.

6.3.4 Brickwork and stone masonry are anchored
to the vertical posts by means of 10 cm long wire
nails half driven into the posts at intervals of 3 to
4 courses or about 30 cm so that projected
portions of nails get embedded in bed mortar of
masonry.

6.3.5 Both faces of internal walls and inner face
of external walls are generally finished in cement
or lime plaster all over except at the door and
window frames. In order to bond plaster to the
wood surface strips of wire netting of about
[.5 em mesh are nailed over the wood surface to
be plastered. Outer face of external walls can be
finished by (a) plastering over the entire surface
(except frames of doors and windows); or (b)
plastering over the infilling and stopping it against
the frame; or (¢) pointing over the infilling. In
case of alternatives (b) and (c), the filling should
be so laid that the frame face projects by about
3 mm beyond the plastered or pointed surface.

6.3.6 In dhajji walling, thickness of stone
masonry is generally 10 to 12 ¢m and all stones
must be through stones with flat beds laid to fit
closely against the vertical posts and diagonal
bracing. In hilly regions, where bricks are difficult
to procure and stone is easily available, dhajji
walling is adopted in preference to brick nogging.

6.3.7 Since thickness of brick nogging or dhajji
walling is generally 12 to 13 cm, it does not have
much thermal insulation and resistance to rain
penetration. It is, therefore, not suitable for use as
external wall in regions of extreme climate or
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heavy rainfall. This type of walling, because of its
light weight and good ductility, is well suited for
earthquake prone regions.

6.4 Window Sills

It is a good practice to provide for extra strength
and durability in window sills so that these do not
get damaged, loosened or worn out in use. This is
done by (a) laying a course of brick on edge at the
sills in case of brick masonry or laying a course of
headers in case of rubble stone masonry; or (b)
providing a 4 to 5 cm thick layer of cement
concrete, with or without terranzzo finish; or (c)
laying a 4 to 5 cm thick course of stone or marble
slabs. Choice of a specification for this purpose in
any case would depend upon considerations of
cost, type of masonry units used for walls and
architectural requirements of the building.

6.5 Copings on Compound Walls and Parapets

Copings on compound walls and parapets are
provided to afford protection to the top courses
of masonry from weathering action due to
repeated cycles of heating and cooling and
rainfall, which would otherwise tend to dislodge
the top courses of masonry. The coping generally
consists of precast cement concrete slabs or stone
slabs about 5 cm in thickness laid in suitable
mortar. The coping should project about 2.5 ¢cm
on both sides of the wall faces with drips and
should be provided with expansion joints about
5 mm in width at 2 to 4 m intervals. Parapet
copings should slope to the rear to prevent rain
washing down dust on the face of wall and
spoiling it.

6.6 Use of Fire Bricks

When masonry is in immediate contact with fire
as in fire places, hearths, incinerators, bakeries,
ovens, etc, it will not be able to stand the intense
heat and would disintegrate and get burnt out
very soon. It is, therefore, necessary in such
situations to provide a lining of fire bricks (see 1S
1526 : 1960) laid in fire proof mortar (see IS
195 : 1963). for laying, fire bricks are simply
dipped in a thin paste of well puddled fire-clay in
water- and laid so that joints are very thin. No
lime or cement mortar should be used in masonry
which is to be in contact with some source of
heat. In case of ordinary residential buildings,
CHULLAHS or cooking places could be built
with common bricks laid in mud mortar and
finished with mud plaster.

6.7 Flues and Chimneys in Residential Buildings

6.7.1 In residential building a flue is generally
provided in kitchen (in conjunction with a hood)
so as to take out smoke, hot gases, fumes, etc,
from CHULLAHS or cooking stoves. Flue may
consist of either an asbestos cement pipe of 15 cm
dia encased in masonry wall or a duct formed in
masonry itself. In the latter case, thickness of wall
has to be at least 114 brick, which would give a
flue of about 10 X 20 cm section. Masonry flue
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should be laid in weak cement mortar or mud
mortar and pargetted with a mix 1 cement : !
GOBAR : 3 mud. Pargetting has to be done in
small stretches as the work proceeds, since it is
not possible to provide any finish to the interior
of the flue, after it has been constructed to full
height. During construction of a flue it is
necessary to prevent mortar. dropings falling into
the flue and blocking it. This could be done by
plugging the completed part of flue with a roll of
gunny bag and shifting the plug up as the work
proceeds. As a further precaution, after the
completion of a flue, a core of gunny bag or old
cloth tied to a long rope should %e pulled through
the flue to make sure that the flue is not blocked.

6.7.2 In case of multi-storeyed buildings, when
there are a number of kitchens one above the
other, every kitchen should have an independent
flue going up to the top and flues of different
kitchens should not be combined or inter-
connected as otherwise smoke from one kitchen is
likely to be blown into another.

6.7.3 In order to ensure good draught a flue
should be more or less vertical with minimum of
bends. When bends are unavoidable, as in multi-
storeyed buildings having a number of kitchens
one over the other, angle of bend in any flue
should not be flatter than 60° to the horizontal.

6.7.4 Flues are more efficient, when provided in
an internal wall. If placed in an external walls,
thickness of wall on the external face of the flue
should preferably be one brick but not less than
half-brick so that outside low temperature in
winter may not have much damping effect on the
draught.

6.7.5 Flues in the form of a chimney should be
carried to a height of at least 1 metre above the
roof and ended into a chimney top, having side
outlets and a stone or concrete slab over to
prevent rain water getting into the chimney.

6.8 Protection of Masonry During Construction

6.8.1 It is necessary to protect masonry during
construction when the mortar is green or when
masonry has not been laterally supported, against
damage due to rain, frost, storm, etc. It is also
necessary to protect some vulnerable parts of
masonrc?/ such as jambs, corners and sills and
exposed masnory, during construction from
damage due to construction activities.

6.8.2 Protection Against Rain

A heavy down-pour of rain falling on freshly laid
masonry can leach out cement and lime from the
mortar used for laying masonry if mortar has not
sufficiently set. In the first instance, masonry
work should be suspended if heavy rainfall is
expected. When some masonry work has been
freshly laid and rain is imminent, masonry should
be covered with tarpaulins or water-proof canvas
and if these are not readily available, with old
gunny bags. It is only the top few courses which

need protection. This protection is needed more in
case of slow setting lime or cement-lime mortars
and less in case of fast setting cement mortars.

6.8.3 Protection Against Frost

As a general rule no masonry work in exposed
situation should be carried out when ambient.
temperature is below 5°C, unless special means
are adopted to heat masonry materials and to
protect completed work. When there is likelihood
of occurrence of frost at night, in the first
instance, mortar which is quick setting, that is,
mortar containing fair proportion of portland
cement should be used for laying masonry (see
1.4.3.3). Where considered necessary, use can be
made of accelerators in cement mortar so that
mortar sets quickly and develops sufficient
strength before occurrence of frost [see 1.4.7.3
(d)]. As a further precaution, day’s work should
be protected by covering the freshly laid masonry
with tarpaulins, canvas or gunny bags. Use of air-
entraining admixtures in cement mortars results
in increased resistance to repeated cycles of
freezing and thawing.

6.8.4 Protection Against Storm

A masonry wall is able to resist lateral forces due
to wind pressure only when cross walls have been
built or R.C.C. floor/roof bearing on the wall has
been laid. A high wall, therefore, is liable to
overturn due to wind pressure if a storm happens
to occur, before the wall has been braced either by
cross walls or by floor/roof slab. It is, therefore,
necessary to protect an unbraced wall during
construction if there is a likelihood of occurrence
of a storm, with the help of adequate number of
bully stays, fixed on both sides of the wall

6.8.5 Care of Exposed Masonry

In case of masonry which is not to be plastered
over and is to have exposed finish, care should be
taken that mortar droppings and surface
blemishes are removed soon after laying of
masonry, that is, before mortar has set. It is very
difficult and laborious to clean the surface of
exposed masonry once mortar droppings have set
and surface has been blemished.

6.8.6 Protection from Damage Due to Normal
Construction Activities

Care should be taken that corners/edges and
jambs and sills of openings, etc, are not damaged
due to falling of materials, movement of workers,
fixing and removal of scaffolding, centring and
shuttering, etc. For preventing damage of this
nature, it is necessary to issue suitable instructions
to workers and to impress upon them the
necessity of exercising due care.

6.9 Use of Reinforcement in Masonry
6.9.1 Provision of Horizontal Reinforcement

Sometimes horizontal reinforcement is provided
in long half-brick partition walls in order to
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increase their lateral resistance. Reinforcement for
this purpose could be in the form of M.S. flat of
section 3 X 25 mm, or M.S. round bars of 6 to
8 mm dia. Bricks for such walls should have a
minimum crushing strength of 10 N/mm’ and
mortar should not be leaner than 1 cement: 4
sand. Reinforcement is generally provided in
every third or fourth course. Reinforcement
should have a minimum mortar cover of 15 mm
in the lateral direction and 5 mm in the vertical
direction. It should be securely anchored at the
ends into load bearing walls. A brick wall which is
exposed to rain or is likely to get wet frequently,
should not be reinforced, as mild steel is likely to
rust and damage the masonry in course of time,
Lateral resistance of brick walls in exposed
situations should, therefore, be increased where
necessary by other means such as increase in
thickness of wall or by providing piers or
buttresses.

6.9.2 Provision of Vertical Reinforcement

Vertical reinforcement is provided in masonry at
junctions and corners of walls when it is necessary
to strengthen a building against seismic forces.
This matter has been dealt with at some length in
IS 4326 : 1976 which may be referred to for
further details.

6.10 Prevention of Cracks in Masonry

Quite often, non-structural cracks occur in
masonry due to causes such as drying shrinkage,
thermal movement, differential strain, chemical
action, settlement of soil/foundation, etc. This
matter has been dealt with in details in SP
25 : 1984 which may be referred to.

6.11 Walling with Materials Other than Masonry

6.11.1 It will not be out of place to make a brief
mention here of some types of wallings with
materials other than masonry. These are ‘Reed
Walling” and ‘Walls with soil cement’.

6.11.2 Reed Walling

6.11.2.1 This type of walling, which is classed as
semi-permanent is provided for low cost buildings
in areas, where reed for the purpose is locally
available. The variety of reeds used for this
construction are ‘ekra’ (also spelled as accra) in
Assam and Arunachal Pradesh, and Sarkanda in
Northern India. Reed walling, being light and
ductile has a special advantage in zones of high
seismicity such as Assam and Arunachal Pradesh.

6.11.2.2 For construction of reed walling a timber
frame consisting of wvertical and horizontal
members is provided. This frame should be
structurally capable of taking vertical and
horizontal loads. Reeds in between the frame
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members function as panels. Reeds could be used
either in the form of machine made ‘reed boards’
nailed to the frame or as individual reeds
horizontally slipped into grooves provided in the
vertical timben parts. Reeds are strengthened on
both sides by bamboo slips of not less than 6 mm
thickness and 25 mm width at about 40 cm
intervals. Reed panels are plastered (two
coat — |5 mm thick) on both sides with cement
mortar 1 : 6 or lime mortar so as to stiffen and
protect the reed wall. For further details of this
construction a reference is invited in IS
4407 : 1967 on this subject.

6.113 Soil Cement in-situ Construction

6.11.3.1 This type of construction is considered
suitable for low cost and low height single
storeyed buildings which may be permanent or
semi-permanent, in areas where soil suitable for
soil cement construction is locally available. Soil
for this type of construction should have a
minimum sand content of 35 percent. Black
cotton soil and soils containing large proportion
of plastic clay are not suitable for this type of
construction. Maximum dry density of soil should
not be less than 1.8 g/cm3. Walls made with soil
cement could be either load bearing or non-load
bearing. In the former case, minimum thickness
should be 30 cm and in the latter case 20 cm.

6.11.3.2 Cement content of soil generally for this
type of construction is 25 to 3.5 percent.
Proportion of cement for any particular soil is
decided after carrying out laboratory tests so that
compressive strength of soil cement is not less
than 1.4 N/mm? in dry condition and 0.7 N/ mm?
in saturated condition. Total quantity of water in
the soil cement mix is kept at optimum moisture
level as determined by Proctor Test so as to
achieve maximum dry density.

6.11.3.3 Selected soil is thoroughly pulverized
and stacked to a height of 30 c¢m. Requisite
quantity of cement is uniformly spread over the
stack and soil and cement are mixed by spading
and again stacked to original height. Requisite
quantity of water is then added and wet mixing
done to such portion of the stack as can be laid in
wal and compacted within !5 an hour of addition
of water. Soil cement mix is laid in 75 mm layers
and well compacted in position with the help of
proper shuttering for a lift of 60 cm at a time. The
walls should be cured for 15 days after removal of
shuttering and after drying for at least 4 weeks,
finished with plaster 12 mm thick on both sides
with cement mortar (I : 5).

6.11.3.4 For fuller details in regard to in-situ
construction of soil-cement walls a reference is
invited to IS 2110 : 1960.
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