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Abstract

Masonry buildings are the most common type of construction used for all housing
around the world.There are innumerable advantages of masonry construction such as
thermal comfort,sound control,possibility of addition and alteration after construc-
tion,less formwork,easy and inexpensive repair,use of locally available materials,need
of less skilled labours. Because of the merits mentioned above this type of construc-
tion is employed in the rural, urban and hilly regions up to its optimum, since it
is flexible enough to accommodate itself according to the prevailing environmental

conditions.

Although this type of construction is most oftenly preferred and most frequently
employed yet it is not completely perfect regard to seismic efficiency. The past earth-
quake survey has proved that the masonry buildings are most vulnerable to and have
suffered maximum damages in the past earthquakes.Moreover the plight is that even
after gaining knowledge of earthquake engineering since last three decades,no proper
method have been developed for seismic analysis and design of masonry buildings in
the Indian curriculum in spite of the fact that 90 percent of the population lives in

masonry buildings.

The present work is a step towards with regard to illustrate a procedure for seismic
analysis and design of a masonry building. It gives detail procedure of the seismic
analysis and design of a four storeyed masonry Residential building. The procedure is
divided into several distinctive steps in order to create a solid feeling and confidence
that masonry buildings may also be designed as engineered construction. It also
include the study of different codes from a number of countries on the design of
masonry structures with respect to the design philosophy.It also provides an overview

of masonry as a sustainable construction material.
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chapter 1

Introduction

1.1 General

Masonry is structures of individual units laid in and bound together by mortar.The
common materials of masonry construction are bricks, stones i.e. marble, granite,
limestone, concrete block, glass block, and tile. Even today, residential and other
low-rise buildings are of masonry. Masonry is generally a highly durable form of con-
struction. However, the materials used, the quality of the mortar and workmanship,
and the pattern of units can strongly affect the durability of the overall masonry
construction.

Masonry buildings of brick and stone are superior with respect to durability, fire
resistance, heat resistance and formative effects. because of the easy availability of
materials for masonry construction.Masonry can carry loads that can cause compres-
sion, but can hardly take loads that cause tension. Thus masonry buildings are brittle
structures and one of the most vulnerable of the entire building stock under strong
earthquake shaking. Masonry buildings have large mass and hence attract large hor-
izontal forces during earthquake shaking. They develop numerous cracks under both
compressive and tensile forces subjected during earthquake.With increase in the axial

stresses due to overturning,the load may cause failure of the structure.



Introduction 2

1.2 Need of Study

The traditional buildings were designed based on the ”Rule of Thumb” and the tables
given in building codes and regulation. Due to this very large thickness of wall above
3 to 4 stories is necessary and hence buildings were uneconomical compared with

buildings constructed with RCC or Steel.

Masonry can carry loads that can cause compression, but can hardly take loads
that cause tension. Thus masonry buildings are brittle structures and one of the most
vulnerable of the entire building stock under strong earthquake shaking. Masonry
buildings have large mass and hence attract large horizontal forces during earthquake
shaking. They develop numerous cracks under both compressive and tensile forces

subjected during earthquake..

In India, there has not been much progress in the construction of tall load bear-
ing masonry structures, mainly because of poor quality of masonry workmanship
and materials such as clay bricks that are manufactured even today having nominal
strength of only 7 to 10MPa. However, recently mechanized brick plants are produc-
ing brick units of strength 17.5 to 25N/mm2 and therefore it is possible to construct 5

to 6 storeyed load bearing structures at costs less than those of RC framed structures.

1.3 Objective of Study

The main objective is to study the analysis and design procedure for masonry struc-

tures.
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1.4 Scope of Work

To achieve above objectives the scope of work is decided as follows:

e To review design procedure for masonry structure and issues related to the
masonry building including earthquake resistant design,sustainability, thermal

comfort.etc.

e To analyze and design of G+4 storey reinforced and unreinforced masonry build-
ing
e To prepare worksheet for manual calculation for analysis and design of masonry

building

e To study about the application of prestressed masonry in building components

like slab, lintel.

1.5 Organization of Report

The Major Project is divided into five chapters. They are as follows:
Chapter 1 provides brief introduction, need of study, objective of study etc.

Chapter 2 covers general information on bricks, masonry construction, advantages
and disadvantages of masonry construction, behaviour of masonry structures under
earthquake forces, failure types in masonry walls and the earthquake improvement

features in masonry structures

Chapter 3 covers in detail the basic concepts of analysis and design, the load trans-
fer mechanism, failure modes for building, integration requirements for the building,

bearing and shear wall concept, calculation of rigidity for shear walls building, anal-
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ysis and design method

Chapter 4 covers the analysis and design of G+4 story masonry building.

Chapter 5 includes the summary of the study, conclusions and future scope of

work.



chapter 2

A review of Literature on Masonry

Structures

2.1 Introduction

Traditional masonry buildings were designed utilizing the weight of the floor and the
massive walls to offset tensile stresses due to moments from eccentricity of vertical
loads and from lateral loads. Achieving lateral stability by gravity limits the size of
load bearing structures. This has lead to find out ways by which load bearing walls

could be decreased in thickness while maintaining the stability.

The significant improvement in masonry materials and advancement in manufac-
turing have contributed to the growth of masonry construction as a competitive and
cost-efficient contemporary building system. High strength units are available with
different shapes, colour and textures with good moisture, sound and thermal char-
acteristics. Various masonry materials are stone, clay units, calcium silicate units,
concrete masonry units etc. Brick is one of the most commonly and widely used

material due to its following advantages:

a. Economy
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b. Durable

c. Structural strength

d. Fire resistance

e. Sound insulation

f. Low thermal conductivity

g. Resistance to adverse climatic conditions
h. Flexibility in application

i. Minimum maintenance.

2.2 History of Masonry construction

The history of masonry construction can be considered as the beginning of the history
of civil Engineering. Stone is the oldest and most abundant raw building material of
prehistoric times which resulted in wide use as a construction material. Then brick en-
tered to human life as the man-made building material .It is the oldest manufactured
building material, invented almost 10,000 years ago which has been used extensively
as a result of its high strength and durability. Masonry bearing - wall structures have
been used for centuries for all types of buildings from the small simple shelter to
some of our magnificent monuments and public buildings.Some examples are: Tem-
ple at Gatewara in Mesopotamia (4500 B.C.), Palaces and Pyramids of Egypt (3500
B.C.),Remains of Indus Valley Civilisation (2500 B.C.)

In the year 1891, the 16-storey high Monadnock Building made up of traditional
masonry construction fig.1 was designed by John Root in Chicago with 1.82m thick
walls at the base.When it was completed, the Monadnock Building was the world’s
largest office building. It is generally cited as the last great building in the ancient
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Figure 2.1: Monadnock building

masonry architecture. The tallest 18-storey load-bearing building Fig. 2.2(a) sup-
ported on relatively thin walls (127 to 254mm) was built in 1957 in Switzerland. In
1965, a 16-storey building supported on 355-mm thick walls was built in Denmark
Fig.2.2(b)
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(a) 18-storev load bearing building in Switzerland (b) 16-storev masonry building in Denmark

Figure 2.2: Multistory load bearing masonry building
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In India under the Experimental Projects Scheme of the National Buildings Or-
ganization, 50 residential units in 5 storeyed blocks, having one brick, that is 25.4 cm
thick load bearing brick masonry walls in all the storeys were constructed at Manick-
tola, Calcutta in 1975 and construction of 20 residential units in 5 storeyed blocks,

having one brick, that is, 22.9 ¢m thick walls, have been constructed in New Delhi.

:ot"‘""‘

;m i

Figure 2.3: 28-story Excalibur Hotel in Las Vegas, Nevada

Since 1924, numerous field and laboratory tests have been made on reinforced
brick beams, slabs, columns, and on full-size structures. In the early 1900’s concrete
block masonry units were introduced to the construction industries. Use of steel
reinforcement for concrete masonry began between 1930 and 1940. In the ensuing
years, reinforced concrete masonry became a viable construction practice for single
and multi-storey buildings such as schools, hospitals, hotels, apartment complexes,
commercial. One of the tallest modern reinforced concrete masonry structures is the
28-story Excalibur Hotel in Las Vegas, Nevada fig 1.377. The load-bearing walls of
this four-building complex are built from concrete masonry of 4000 psi compressive

strength.
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2.3 Type of Masonry construction

2.3.1 Un reinforced masonry

Plain masonry refers to construction from natural or manufactured building units of
burned clay, concrete, stone, glass, gypsum, or other similar building units. Unre-
inforced masonry has been commonly used in low and high rise areas of low seismic
zone. Unreinforced masonry is simplest to construct because they do not contain any
vertical reinforcement. The strength of plain masonry depends primarily on the high
compressive strength of masonry units. The poor tensile strength of plain masonry
makes it unsuitable for horizontal spanning structural elements such as beams and

slabs, which resist loads in flexure and, thereby, are subjected to tensile stresses.

In unreinforced masonry structures, the lateral stability is provided by gravity.
Because masonry is weak in tension, no tension can be allowed to develop at the base
of the structure. This requires unreinforced masonry structures to be sufficiently mas-
sive (meaning large base width) that the resultant of all forces acting on the structure
does not fall outside the middle third of the base. This requirement imposes an eco-

nomic limit on the height of the masonry structures that can be built.

2.3.2 Reinforced masonry

Reinforced masonry is a construction system where steel reinforcement in the form
of reinforcing bars or mesh is embedded in the mortar or placed in the holes and
filled with concrete or grout. By reinforcing the masonry with steel reinforcement,
the resistance to seismic loads and energy dissipation capacity can be improved sig-

nificantly.
a. Reinforcement surrounded by mortar

e In bed joints or collar joints
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e In pockets formed by the bond pattern of units

e In pockets formed by special units

(i) (ii) (i}

Figure 2.4: Reinforcement surrounded by mortar

b. Reinforcement surrounded by concrete:

e In cavity between masonry leaves
e In pockets formed in the masonry
e In the cores of hollow blocks

e In U shaped lintel units

Figure 2.5: Reinforcement surrounded by concrete
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2.3.3 Prestressed Masonry

Masonry is very strong in compression, but relatively very weak in tension. This
limitation can be overcome by reinforcing or prestressing.Prestressing of masonry is
achieved by applying pre compression to counteract, to a desired degree, the tension
that would develop under service loading. As a result, prestressing offers several

advantages over reinforced masonry, such as the following:

a. Effective Utilization of materials: In reinforced masonry elements, only the area
above the neutral axis in compression will be effective in resisting the applied
moment, whereas in a prestressed masonry element the whole section will be
effective. Further in reinforced masonry, the steel strain has to be kept low to
keep cracks within acceptable limit; hence high tensile steel cannot be used to

its optimum.

b. Increased Shear Strength : The shear strength of a fully prestressed brickwork

beam with bonded tendons is much higher than one of reinforced brickwork.

c. Improved service and overload behavior: By choosing an appropriate degree
of prestressing, cracking and deflection can be controlled. It may, however, be
possible to eliminate both cracking and deflection entirely, under service loading

in case of a fully prestressed section

d. High fatigue resistance: In prestressed masonry, the amplitude of the change
in steel strain is very low under alternating loads; hence it has high fatigue

strength.

Methods of Prestressing: The technique and methods of prestressing of masonry

are similar to those of concrete.

1 Pre tensioning:In this method, the tendons are tensioned to a desired limit
between external anchorages and released slowly when both the masonry and
its concrete infill have attained sufficient strength. During this operation, the

forces in the tendons are transferred to the infill then to the masonry by bond
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2 Post tensioning : In this method, the tendons are tensioned by jacking against
the masonry element after it has attained adequate strength. The tendons forces
are then transmitted into the masonry through anchorages provided by external

bearing plates are set in concrete anchorage blocks.

|  Protective coating
on steel bar

1
Prestress bar anchored in Prestress bar anchored
concrete by bond using anchor plate

Figure 2.6: prestressed brickwork

2.3.4 Confined Masonry

Confined masonry construction consists of masonry walls (made either of clay brick or
concrete block units) and horizontal and vertical RC confining members built on all
four sides of a masonry wall panel. Vertical members, called tie-columns or practical
columns, resemble columns in RC frame construction except that they tend to be of
far smaller cross-section. Horizontal elements, called tie-beams, resemble beams in

RC frame construction.

Confined masonry walls can be constructed using different types of masonry units.
Figure 2(a) shows construction from Slovenia built using hollow clay tiles and con-
fined masonry construction from El Salvador built using burnt clay bricks, while
Figure 2(b) shows a confined masonry building from Indonesia built using concrete
blocks.In confined masonry, the reinforcement is concentrated in vertical and horizon-

tal confining elements whereas the masonry walls are usually free of reinforcement.
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Figure 2.7: confined masonry construction

2.4 Advantages and disadvantages of Masonry build-
ing

The durability of masonry, when used correctly, is excellent. However, the advantages
of masonry when used with other materials, depends on its proper usage, requires an
understanding of its physical characteristics, its strengths and weakness, the method
of construction and availability of various shapes and textures together with relative
costs. It is notoriously difficult to determine comprehensive cost of building, as it is
a combination of short-term cost of erecting the building and long-term cost incurred
for building life. Following are the areas of concern, which lifts masonry over the

conventional systems.

2.4.1 Advantages

e Cost :

a. In steel and concrete structures, partition, staircase and corridor walls

if made from masonry can be used to carry loads and hence beams and
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columns can be dispensed.

b. Steel and other structures require more skilled workers as compared to that

required for masonry structures.
c. Faster erection of masonry buildings results in lower site overhead costs

d. Maintenance cost is minimum.

e Speed of Erection : Because of Prefabricated frames masonry structure building
can be erected to higher level in a short time. Moreover masonry structure also
permits other construction work during the erection period. Time taken to fix
reinforcement, erect shuttering, cast concrete, cure, prop and shutter striking

in concrete columns is saved in masonry structures.

e Aesthetics : Masonry provides the human scale, is available in vast range of
colours and textures and due to small module size bricks and blocks is extremely
flexible in application in that it can be used to form a great variety of shapes
and sizes of walls, piers, arches, domes, chimneys etc. Masonry structures tend

to wear well and mellow with time.

e Durability : Excellent durability of masonry is obviously a great advantage of
properly designed masonry structures are designed and build with competence

and care; they should last much longer than the required life.

e Sound insulation : Majority of noise intrusion is by air born sound and the best
defense against this is masonry structures, as they reduce the additional cost

for sound insulation that is required to be done separately.

e Thermal insulation : The good thermal properties of brick and cavity walls have
long been recognized and more recently have become critical in the attempts to

conserve energy.

e Fire resistance and accidental damage : Masonry structures are more resistant

to fire compared to all other structures.
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e Repair and Maintenance : Properly designed masonry requires little or no main-
tenance and therefore it is extremely economical in terms of maintenance. With
reference to its use in areas of possible high deformation, such as mining areas,
a well-designed building will contain majority of damage within mortar and

movement joints, and repointing of the masonry will repair most of the defects.

e Availability of material and labour : The normal module size of bricks and
blocks and the readily availability of their raw materials means that they can
be mass produced in many locations and stocked in standard sizes. Modern
transportation and packing enables speedy delivery of bricks and blocks, and
reduce the damages. Moreover being widely used material skill labour are easily

available.

2.4.2 Disadvantages

a. Lack of education : Masonry was mainly designed based on the experience and
rule of thumb. The many uses to which masonry can be put, the wide range of
materials and material behaviour, and the great strides forward in the structural
use of masonry, require the backing of good sound education to prevent misuse
and to ensure the maximum economy and efficiency in design and construction.
Unfortunately, education has been lagging behind the developments, and this
has been left the construction industry in a situation where it cannot fully
exploit masonrys capabilities until it is geared up to the new techniques and

applications.

b. Increase in obstruction area over steel and reinforced concrete : Although ma-
sonry units can be obtained with extremely high crushing strengths, the design
compressive strengths of masonry walls are generally lower than for steel or re-
inforced concrete. Thus for a particular loading conditions masonry will require

greater cross sectional area.
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c. Problems with some isolated details : Like many other materials, masonry can
give rise to problems in the achievement of satisfactory isolated details. For
example tolerance on manufacture of bricks makes acceptable fair face each

side very difficult.

d. Foundations : One of the major advantage of masonry is that it does not require
expensive shuttering like concrete but in situations like foundations where the
soffit and sides of the excavations form, in effect, the majority of the shuttered

faces. Thus in these type of situations concrete foundations are better.

e. Large openings : In situations where large openings are to be formed and a level
soffit is required, reinforced concrete or steel beams are generally found to be
the most economical means of support. But in cases where the soffit can be in
the form of arch, and where the horizontal reactions from such a form can be

accommodated, masonry may prove more economical.

2.5 Improving the earthquake resistance of ma-
sonry structures

Nearly 55 to 60 percent of the area of the country is prone to natural hazards of
different types thereby leading to damage and destruction of a large number of houses
every year by one or the other type of hazard.Recognising the high vulnerability of the
existing housing stock and the related infrastructure and risk due to natural hazard
like earthquakes, following recommendations on several aspects of masonry structures

is given below:

2.5.1 Building type

The details of earthquake resistant design and construction given below are applicable

to those buildings using fired bricks and other rectangular masonry units such as solid
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blocks of mortar, concrete or stabilized soil or hollow blocks of mortar or concrete,
having adequate compressive strength. The compressive strength of the masonry units
on the gross area should be a minimum of 3.5N/mm2 for ordinary 1 to 1 storeyed
buildings and 5N/mm2 or more for important and/or taller buildings. The required

strength will depend on number of storeys and wall thickness adopted.

2.5.2 Building categories for earthquake resisting features in

masonry and earthen buildings

2.5.3 Size And Position of Openings In Bearing Walls

Door and window openings in walls reduce their lateral load resistance and hence,
should preferably be small and more carefully located. The guidelines on the size
and position of opening are given in table 2.2 and figure.Openings in any storey shall
preferably have their top level same so that a continuous band can be provided over

them, including the lintel throughout the building.

2.5.4 Vertical Reinforcement

Vertical steel for corners and junctions of walls, which are up to 340mm thick, shall
be provided as specified in the table 2.4. For walls thicker than 340mm the area of
the bars shall be proportionally increased. No vertical steel need to be provided in
category A buildings. The figure shows the details of the brick work for the vertical
bars by creating 115 x 115mm pockets and filling them with M15 cement concrete for

good bond with brick work and corrosion resistance of the bars.

The vertical reinforcement shall be properly embedded, with minimum length
equal to 55 diameters, in the plinth masonry of foundation and roof slab or roof band
so as to develop its tensile strength in bond. It shall be passing through the lintel

band and floor slabs or floor level bands in all storeys. Bars in different storeys may
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be welded or suitably lapped to develop full tensile strength, preferably above the
lintel band.

M .Bhasker Matey|[?] studied the slenderness ratio parameters for hollow block
wall panels under uniformly distributed compressive load , ratio of wall strength to
block strength relation between the stress reduction factor and slenderness ratio with
the value in IS.The block dimensions were 39x20x20 cm with double hollow core.The
thickness of the wall was one brick thick 200 mm with cement mortar of 1:6. The
wall panels height vary from 1.25 m to 2.5 m having slenderness ratio from 4.70 to
9.53.The test results shows that the ratio of wall strength to block strenght varies
from 0.93 to 0.55. The ratio of experimental ultimate compressive laod to theoretical
permissible load (IS Code)varies from 6 to 9.47. From the test results it was found
that the relation between the slenderness ratio and stress reduction factor in IS code

were higher than the experiment.
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Renge of gy Buding Category
Loss than 0,09 A
0,050 0.06{both incusive) B
Mora than .06 and ess han 0.06 ¢
00810 essthan .12 D
Equal o ormore than (.12 E

Figure 2.8: Building Categories for Earthquake Resisting Features in Masonry and
Earthen Buildings
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Sr. Details of Opening for Building
No Position of Opening Category
A&B cC D&E
1. Distance b5 from the inside corner of outside wall omm 230mm | 450mm
minimum
2. For total length of openings, the ratio
(b1+b2+b3)/11 or (b6 + b7 V12 shall not exceed
a. one-storeyed building 0.60 0.55 0.50
b. two-storeyed building 0.50 0.46 0.42
¢. 3 or 4 storeyed building 0.42 0.37 0.33
3. Pier width between consecutive openings b4, | 340mm 450mm 560mm
minimum
4. Vertical distance between two openings one above | 600mm 600mm | 600mm
the other h3, minimum.
5. Width of Ventilator b8, maximum 900mm 200mm 900mm

Figure 2.9: Size and Position of Openings in Bearing Walls

20
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Figure 2.10: Size and Position of Openings in Bearing Walls
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chapter 3

Design consideration of Masonry

Structures

3.1 Introduction

Load bearing masonry residential buildings in the range of four to five storeys is found
to be highly economical when compared to reinforced concrete frame and masonry
infill construction and, therefore such constructions are preferred in urban areas. IS:
4326 1993 recommends reinforced construction in earthquake zones III, IV and V if
the masonry bearing walls are of height greater than 15m, subject to maximum of
four storeys. However there is great need for five storeyed load-bearing buildings in

metropolitan cities.

Thus it becomes very much necessary that one understands the behaviour of masonry
and designs the masonry building accordingly in order to have economic designs and
alternative. This chapter deals with the basic concepts of masonry and its behaviour,
the other factors affecting the stability of masonry structures and the method used

for analysis and design of the load bearing brick masonry building.

22
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3.2 Basic concept-Analysis and design

3.2.1 Vertical Load Transfer

The most effective way to transfer the vertical load to the foundation is to align the
load bearing walls vertically below each other as shown in the figure 3.1. The load
from the top floor gets transferred to the lower walls and so on. If there is opening
in the walls than the load is distributed to the two piers or columns that are formed

due to opening and then to foundation.
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Figure 3.1: Deformation Response Spectrum for El Centro ground motion (¢ = 0.02)

3.2.2 Lateral Load Transfer

Design of lateral loads in multi storey buildings involve use of rigid floor and roof
diaphragms to transfer the loads to the shear walls, which in turn carry these forces
to the foundation as shown in fig.??. It is essential to provide shear walls in two
orthogonal directions of the building to resist the lateral load from any direction. It
is also very necessary to provide proper connection between the floor and the walls

to transfer the shear forces to the walls.
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Figure 3.2: Pseudo-velocity Response Spectrum

3.3 Analysis and design procedure

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 size;heavy concentration of the load should
be avoided by judicious planning and sections of load bearing masonry should be
varied where feasible with the loadings so as to obtain more or less uniform stress
in adjoining parts of members. One of the commonly occurring causes of cracks in

masonry is wide variation in stress in masonry in adjoining parts.

3.3.1 Compressive Stress Due To Dead Load And Live Load

Determination of Effective height, length, thickness and slenderness ratio:

e Effective Height : The actual height of the wall for the purpose of working out
the effective height should be taken as the center-to-center distance between

the supports. The effective height of the wall shall be found out by multiplying
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the appropriate coefficient that is given in table 4 of IS: 1905 depending on the

support conditions.

In case of columns the effective height shall be taken as the actual height for
the direction in which it is laterally supported and twice the actual height for

the direction it is not laterally support. Refer Cl 4.3 of IS: 1905[21]

e Effective Length : The effective length of the wall shall be taken as the actual
length multiplied by the coefficient that is given in the table 5 of IS: 1987[21].

e Effective Thickness : For solid walls, faced walls and columns the effective thick-
ness shall be equal to the actual thickness. Where as for solid walls adequately
bonded in the piers/buttress, effective thickness shall be 49 multiplied with the
stiffening coefficient given in table 6 of IS: 1905[21] (where SR is based on ef-
fective height) and also in case where the wall is supported by the cross walls.

Refer CI 4.5 of IS: 1905.

e Slenderness ratio : Load carrying capacity of a masonry member depends upon
its slenderness ratio. As these 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. For
slenderness ratio less than 30, the load carrying capacity of a member at ulti-
mate load is limited by stress and for slenderness ratio higher than 30, failure

is initiated by buckling.

In case of walls the slenderness ratio shall be effective height divided by the
effective thickness or effective length divided by the effective thickness, which
ever is less. In case of load bearing wall, slenderness ratio shall not exceed the

value given in table 7 of IS: 1905.
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e Design Loads : Following are the loads that are to be taken into consideration

for determining the stresses.

— Dead load of walls, columns, floors and roof :

x Dead Load due to walls, columns, floors and roof is calculated in
KN/m.The slab load is calculated in KN/m as per following formulas

for triangular and trapezoidal portions of the two-way slab.
— Live load on floors and roof :

x Live load on floors is higher than the roof and is to be considered only

in vertical stresses.
— Imposed loads and finishing loads :

* Finishing load due to floor finish and other finishes are to be taken in
kN/m. In addition to finishing load, load due to waterproofing is to
be added for the roofs.

e Stresses : Stresses in walls due to the summation of the above mentioned loads
are worked out by dividing the load by the wall thickness, taking into consider-
ation the openings in the walls as percentage opening (ratio of area of opening
to the area of the wall) and the various factors viz. Stress reduction factor,

shape modification factor and area reduction factor.

— Stress Reduction Factor ks: This factor takes into consideration the slen-
derness ratio of the element and also the eccentricity of the loading as given

in table 9 of IS: 1905 .

— Area Reduction Factor ka: This factor takes into consideration small-
ness of the sectional area of the element and is applicable when the sec-
tional area of the element is less than 0.2 m2. The factor ka = 0.7 +

1.5A. A being the area of section in m?2.Shapemodi ficationFactorkp :
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This factortakesintoconsiderationtheshapeo ftheunit, thatis, heighttowidthratioasgi

1905.

— Permissible Stresses :

Permissible compressive stress in masonry shall be based on the value of basic com-
pressive stress fb given in table 8 of IS: 1905 and multiplying this value by factors
known as stress reduction factor k, area reduction factor ka and shape modification

factor kp.

The permissible compressive stress can be increased for eccentric vertical loads and
lateral loads for certain conditions.Also the permissible compressive stress can be
increased for a concentrated load as given in Cl 5.4.1.4 and 5.4.1.5 of IS: 1905 . The
compressive stresses due to dead load, live load and other loads should be less than

the permissible stress.

3.4 Review of the design codes

In India, there has not been much progress in the construction of tall load bearing
masonry structures, mainly because of poor quality of masonry workmanship and ma-
terials such as clay bricks that are manufactured even today having nominal strength
of only 7 to 10MPa. However, recently mechanized brick plants are producing brick
units of strength 17.5 to 25 N/mm2 and therefore it is possible to construct 5 to 6

storeyed load bearing structures at costs less than those of RC framed structures.

Use of reinforcement in masonry can further improve its load carrying capacity and
most importantly its flexure and shear behavior under earthquake loads. Masonry
units are being manufactured in shapes and sizes that make reinforcement embed-
ding in masonry less cumbersome. With these developments, structural design of

load bearing masonry buildings has been undergoing considerable modification as ev-
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idenced by changes that are taking place in the masonry design codes throughout the

world.

A brief description and major highlights of the various codes that have been reviewed

is presented below.

¢ Building Code Requirements For Masonry Structures (ACI 530-02/ASCE
5-02/TMS 402-02) :

a. The code provides minimum requirements for the structural design and
construction of masonry units bedded in mortar using both allowable stress
design as well as limit state design (strength design) for unreinforced as
well as reinforced masonry.In strength design, more emphasis is laid on

reinforced masonry than unreinforced masonry.
e International Building Code 2000 :

— The International Building Code 2000 (ICC 2000) is designed to meet
the need for a modern, up-to-date building code addressing the design
of building systems through requirements emphasizing performance.The

provisions of this code for the design of masonry members have been heavily

borrowed from ACI 530-02/ASCE 5-02/TMS 402-02.

e New Zealand Standard Code of Practice for the Design of Concrete
Masonry Structures (NZS 4230: Part 1:1990) :

— The content of this Code is largely dictated by seismic considerations
and is intended to provide a satisfactory structural performance for ma-
sonry structures during a major earthquake. Minimum reinforcing require-
ments for different structural systems and the reinforcing and separation
of non-structural elements will limit non-structural damage during moder-
ate earthquakes. The design philosophy adopted throughout this code is

strength design using reinforced masonry only.
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e Eurocode 6: Design of Masonry Structures (DD ENV 1996-1-1: 1996)

— This code specifies a general basis for the design of buildings and civil
engineering works in unreinforced and reinforced masonry made with clay
and concrete masonry units laid in mortar.Limit state design method has
been adopted throughout this code. However, Eurocode 6 does not cover

the special requirements of seismic design.

e Indian Standard Code of Practice for Structural Use of Unreinforced

Masonry (IS: 1905-1987) :

— The Indian Standard on masonry design was first published in 1960 and
later on revised in 1969, 1980 and 1987. The current third version, pub-
lished in Review of Design Codes for Masonry Buildings I[ITK-GSDMA-
EQ10-V1:1987, was reaffirmed in 1998. The provisions of this code are
very similar to those of BS 5628: Part 1:1978. A separate handbook to
this code, SP 20(ST): 1991, is also available. This Indian Standard pro-
vides recommendations for structural design aspect of load bearing and
non-load bearing walls using unreinforced masonry only. Design proce-
dure adopted throughout the code is allowable stress design, along with

several empirical formulae.
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No of Storeys | Storey Diameter of HSD Single Bar in mm at Each Critical s
Category B Category C Category D Cate
One Nil Nil 10
Two Top Mil Nil 10
Bottom Nil Nil 12
Three Top Mil 10 10
Middle Nil 10 12
Bottom Nil 12 12
Four Top 10 10 10 Four :
Middle 10 10 12 Builc
Second 10 12 16 Per
Bottom 12 12 20




chapter 4

Design of G+4 Residential building

4.1 General

This part contains the anlaysis and design of G+4 Reinforced Masonry building.
Following are the details of the problems :

Type of the building : Reinforced masonry building

e No of storey : 4

Storey Height: 3 m

Slab Thickness: 0.115 m

Wall Thickness: 200 mm

Parapet height: 1.05 m

Plinth Level: 0.6 m

Thickness of raking on both sides: 0.01 m
e Sunk Depth in W.C.: 0.4 m

Material Properties :

31
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e Density of Brick: 20 kN/m3
e Density of Concrete: 25 kN/m3
e Modulus of Elasticity of Masonry: 200 MPa

Design Loads :

Floor Finish: 0.75 kN/m2

Water Proofing on terrace: 0.5 kN/m2

Live Load: 2 kN/m2

Live Load on Terrace: 1.5 kN/m2

32
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Figure 4.1: G+4 reinforced masonry building
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Figure 4.2: G+4 reinforced masonry building




Literature review

DESIGN OF G+4 REINFORCED MASOMRY BUILDIMNG :

35

Assumed data :

Mo of storeys

clear height of each storey

Slab Thickness of F4

Slab Thickness of F3

Slab Thickness of F2

Slab Thickness of F1

Slab Thickness of FO

ht of parapet

plinth height

wall thickness at F4 11 to x

wrall thicknessat F4 11 to w

wall thickness at F3 11 to x

wrall thickness at F2 11 to vy

wall thickness at F2 11 to x

wall thickness at F2 11 to vy

wall thickness at F1 11 to x

wall thickness at FL I toy

wall thickness at FO 11 to x

wrall thickness at FO Il to y

ht of top of footing below gl for 200 mm wall
ht of top of footing below gl for 150 mm wall
thickness of racking on both side
Density of brick

Density of concrete
Characteristic Strength of Steeal
Live Load

LL on terrace

Floor Finish

Water Proofing on terrace
Thickness of plaster on both sides
Sunk depth in W.C.
Compressive Stress of brick unit
modulas of elasticity of brick
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Figure 4.3: G+4 reinforced masonry building
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Floor Wall | Actual | Cond. |Effective| Actual | Cond. |Effective | Actual |Effective | splwp | tpitw kn SR
Height No. Height | Length No. Length (ThicknessThickness
fourth A 3 1 225 19 3 28 0.19 0.17[ 15.26316 3 1179] 11.13145
B 3 1 225 215 2 1535 0.19 0.17[ 11.31579 3 1347) 11.38235
C 3 1 225 18 1 2.24 0.19 0.17| 14.73684 3 121] 13.17647
D 3 1 225 29 2 261 0.19 0.17 1{ 13.23529
E 3 1 225 215 2 1835 0.14 0.12 1f 16125
F 34 1 255 1275 3 1275 0.19 0.17 1 15
G 3 1 225 17 5 34 0.14 0.12 1 18.75
H 34 1 255 17 2 153 0.19 0.17| B.947368 1 9
I 3 1 225 5 5 10 0.19 0.17 1{ 13.23529
] 3 1 225 12 3 12 0.19 0.17| 6.315789 1{ 7.058824
K 3 1 225 11 3 11 0.19 0.17| 5.785474 1{ 6.470588
L 3 1 225 089 3 08 0.19 0.17| 4.736842 1{ 5.294118
M 3 1 225 14 3 14 0.19 0.17| 7.368421 1{ B.235294
N 3 1 225 16 3 16 0.19 0.17| B.421053 1{ 9.411765
0] 3 1 225 24 3 24 0.19 0.17| 12.63158 1{ 13.23529
1 34 1 255 1175 2 1.0575 0.19 0.17| 6.184211 3| 19724 6.220588
2 3 1 225 31 2 288 0.19 0.17| 16.84211 3 1326] 9.981368
3 34 1 255 13 3 13 0.19 0.17 1{ 7.647053
- 3 1 225 1175 3 1175 0.14 0.12 1{ 9.791667
5 3 1 225 15 5 3 0.19 0.17 1{ 13.23529
B 3 1 225 112 3 22 0.19 0.17 1{ 12.94118
7 3 1 225 11 3 11 0.19 0.17 1{ 6.470588
8 3 1 285 11 3 12 0.19 0.17 1{ 12.94118
9 3 1 225 11 5 22 0.19 0.17 1{ 12.94118
10 3 1 225 445 5 89 0.19 0.17 1{ 13.23529

Figure 4.4: G+4 reinforced masonry building
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third A 3 1 225 285 3 2% 0.19 0.17| 15.52632 3 1.189| 11.13145
B 3 1 225 212 2 198 0.19 0.17| 1157895 3 1.347) 1164706
C 3 1 225 28 1 24 0.19 0.17] 14.73684 3 1.21 13.17647,
D 3 1 225 29 2 261 0.19 0.17 1 13.23529
E 3 1 225 215 2 1.935 0.14 0.12 1 16125
F 34 1 255 1775 3 1.275 0.19 0.17 1 1.5
G 3 1 225 17 5 34 0.14 0.12 1 1875
H 34 1 255 17 2 15 0.19 0.17( 8.947368 3 1 g
I 3 1 225 & 5 10 0.19 0.17 1| 13.23529
] 3 1 225 12 3 1.2 0.19 0.17| 6.315739 1| 7.058824
K 3 1 225 11 3 11 0.19 0.17| 5.789474 1| 6.470588)
L 3 1 225 09 3 0.9 0.19 0.17| 4.736842 1] 5204118
M 3 1 225 14 3 14 0.19 0.17( 7.3684211 1| 8.235294
N 3 1 225 16 3 16 0.19 0.17| 8.421053 1| 9.411765
4] 3 1 225 24 3 2.4 0.19 0.17] 12.63158 1| 13.23529
1 34 1 255 1.175 2 L0575 0.19 0.17| 6184211 i 19724 6.220538
2 3 1 225 32 2 288 0.19 0.17| 16.84211 3 1.326| 9.931368
3 34 1 255 13 3 13 0.19 0.17 1| 7.647069
4 3 1 225 1.175 3 1.175 0.14 0.12 1 9.791667,
5 3 1 225 15 5 3 0.19 0.17 1| 13.23529
] 3 1 225 212 3 2.2 0.19 0.17 1) 12.94118)
7 3 1 225 11 3 11 0.19 0.17 1| 6470588
E) 3 1 225 22 3 2.2 0.19 0.17 1 1294118
g 3 1 225 11 5 2.2 0.19 0.17 1) 1294118
10 3 1 225 445 5 8.9 0.19 0.17 1| 13.23529

Figure 4.5: G+4 reinforced masonry building
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second A 3 1 225 295 3 295 019 017 1552632 1.189( 11.13145
B 3 1 225 12 2 143 019 0.17) 11.57395 1.347( 1164706
C 3 1 22 18 1 2.4 0.15 0.17| 1473684 121 13.17647
D 3 1 225 29 2 2.61 019 017 1| 13.23529
E 3 1 225 215 2 1935 0.14 012 1 16125
F 34 1 255 1.275 3 1275 0.15 017 1 75
G 3 1 225 17 5 34 014 012 1 1875
H 34 1 25 L7 2 153 015 0.17| 8947368 1 8
| 3 1 225 5 5 10 0.15 017 1] 13.23529
] 3 1 225 12 3 12 019 0.17) 6315789 1| 7.058524
K 3 1 235 11 3 11 015 0.17| 5.789474 1| 6.470588
L 3 1 225 0O 3 09 019 0.17) 4.736842 1| 5294118
M 3 1 225 14 3 14 019 0.17) 7.368421 1| 8235294
N 3 1 235 16 3 16 015 0.17| 8.421053 1] 9.411765
0 3 1 225 14 3 24 019 0.17) 12.63158 1| 13.23529
1 34 1 2551 1175 2 1.0575 019 0.17) 6184211 19724) 6.2205838
2 3 1 21 32 2 288 015 0.17| 1684211 1.326) 09813638
3 34 1 255 13 3 13 019 017 1| 7.647059
4 3 1 225 1175 3 1175 0.14 012 1] 9.791667
5 3 1 23 15 5 3 015 017 1] 13.23529
b 3 1 225 12 3 2.2 019 017 1] 12.94118
7 3 1 235 11 3 11 015 017 1| 6.470588
8 3 1 225 12 3 2.2 019 017 1] 12.94118
9 3 1 225 11 5 2.2 019 017 1] 12.94118
10 3 1 225 445 5 89 015 017 1] 13.23528

Figure 4.6: G+4 reinforced masonry building




Literature review 39
first A 3 1 225 285 3 295 019 0.17| 1552632 3 1.189| 11.13145
] 3 1 25 22 2 198 0.19 0.17| 11578595 3 1.347) 11.64706
C 3 1 225 18 1 2.24 0.19 0.17( 1473684 3 121) 13.17647
¥} 3 1 225 249 2 261 019 017 1| 13.23529
E 3 1 225 215 2 1835 0.14 012 1| 16135
F 34 1 255 1275 3 1275 0.19 0.17 1 15
G 3 1 25 L7 5 34 0.14 012 1 1875
H 34 1 255 17 2 153 0.19 0.17| 8947368 3 1 9
| 3 1 2.25 5 5 10 019 017 1| 13.23529
] 3 1 225 L2 3 12 0.19 0.17| 6.315783 1| 7.058824
K 3 1 235 11 3 11 0.19 0.17| 5789474 1| 6.470588
L 3 1 225 0 3 09 0.19 0.17| 4736842 1| 5.294118
M 3 1 225 14 3 14 0.19 0.17| 7.368421 1| B.235254
M 3 1 225 16 3 16 0.19 0.17( 8421053 1| 9.411765
0 3 1 25 24 3 24 019 0.17| 1263158 1| 13.23529
1 34 1 255 1175 2 10575 0.19 0.17( 6184211 3 19724| 6.220583
2 3 1 2235 312 2 2.88 0.19 0.17 1684211 3 1326 9.981368
3 34 1 255 L3 3 13 0.19 017 1| 7.647059
) 3 1 225 L175 3 1175 0.14 012 1| 9.791667
5 3 1 225 15 5 3 0.19 0.17 1| 13.23529
& 3 1 25 22 3 2.2 019 017 1| 12.94118
7 3 1 235 11 3 11 0.19 0.17 1| 6.470588
8 3 1 235 112 3 22 0.19 0.17 1| 12.94118
8 3 1 2250 L1 5 2.2 0.19 017 1| 12.94118
10 3 1 225 445 5 89 0.19 0.17 1| 13.23529

Figure 4.7: G+4 reinforced masonry building
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ground A 44 1 33 285 3 295 0.19 0.17| 1552632 3 1.189) 1735204
] 44 1 33 22 2 198 0.19 0.17| 1157895 3 1.347) 11.64706
C 4.4 1 33 18 1 2.24 0.19 0.17| 1473654 3 1.21) 13.17647
)] 45 1 3375 149 2 261 0.19 017 1| 15.35204
E 45 1 3375 215 2 1935 0.14 012 1} 16135
F 4.4 1 33 L1275 3 1275 0.19 017 1 15
G 45 1 337s 17 5 34 0.14 012 1} 28135
H 44 1 33 17 2 153 0.19 0.17| 8.947365 3 1 g9
| 44 1 3.3 5 5 10 0.19 017 1| 19.41176
] 44 1 33 12 3 12 0.19 0.17| 6315789 1| 7.058824
K 44 1 33 L1 3 11 0.19 0.17| 5.789474 1| 6.470588
L 4.4 1 33 0 3 09 0.19 0.17| 4.736842 1f 5.294118
M 44 1 33 14 3 14 0.19 0.17| 7368421 1| B.235204
N 44 1 33 1e 3 16 0.19 0.17| B.421053 1| 9.411765
0 4.4 1 33 24 3 24 0.19 0.17| 12.63155 1| 14.11765
1 44 1 33 L1175 2 1.0575 0.19 0.17| 6184211 3 19724( 6.220588
2 44 1 33 31 2 2.88 0.19 0.17| 1684211 3 1.326 16.04118
3 44 1 33 L3 3 13 0.19 017 1| 7.647058
4 45 1 3375 L17S 3 1175 014 012 1| 9.791667
5 44 1 33 15 5 3 0.19 017 1| 17.64706
6 4.4 1 33 21 3 2.2 0.19 017 1f 1294118
7 44 1 33 L1 3 11 0.19 017 1| 6.470588
8 44 1 33 11 3 2.2 0.19 017 1f 12.94118
9 4.4 1 33 L1 5 2.2 0.19 017 1f 12.94118
10 44 1 3.3 445 5 80 0.19 017 1| 19.41176

Figure 4.8: G+4 reinforced masonry building
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LOAD CALCULATIONS DUE TO DEAD LOAD :

Floor Wall  [Room Dimensions Slabload | condition | Slab load [Room Dimensions Slab load | condition | Slab load| Total | Parapet |Totalload | Selfwt
onthe left/ bottom +LL | 1-trinag on the right / top +LL | 1-trinag slab load load of wall
of the wall +F 2-frapz of the wall +HF 2- frapz

m m | Kim® Kim | m m | Kim' Kim | Kim | Kim | Kim | KW
Ix ly Ix ly
fourth A 29 12 5.125 1 4954 0 0 5.135 2 0 495 441 8.36 33.06
B 11 215 5.125 2 2573 215 22 5.135 1 3.673 6.25 441 10.66 2451
C 28 445 5125 1 4783 0 0 515 2 0 478 441 9.19 3192
D 28 12 5125 1 4554 515 1 0 495 495 3306
E 215 22 5125 1 3673 2.2 23 515 1 3.758 743 743 18.06
F 1175 1.275 5125 2 2158 0 0 515 1 0 216 441 6.57 16.47
] 1.15 1.7 5.125 2 2497 13 17 5.135 2 2.682 5.18 5.18 1428
H 13 1.7 5125 2 2682 0 0 5115 1 0 268 441 7.08 2156
| 22 23 5125 1 3798 28 4.45 515 1 4.783 8.54 441 1295 57.00
] 12 0 5125 1 2050 0 0 515 1 0 205 205 1368
K 0.7 1.2 5125 1 1196 0 0 515 1 0 120 120 1254
L 039 2 5.125 1 1538 0 0 5.135 1 0 154 154 10.26
1 1475 1.275 5.125 1 2007 0 0 5.135 1 0 201 44 6.42 1518
2 A 3.2 5125 2 5397 0 0 515 1 0 5.40 441 9.81 36.48
3 13 17 5125 1 2221 0 0 515 1 0 222 441 £.63 16.80)
4 1175 1275 5125 1 2007 115 17 515 1 1965 397 397 987
5 13 17 5125 1 2221 22 23 515 2 3.918 6.14 6.14 17.10)
3 28 1.2 5.125 2 5.397 215 22 5.135 2 3.795 8.15 8.15 2508
7 11 215 5125 1 1879 0 0 5115 1 0 188 188 1254
8 215 22 5125 2 3795 515 1 0 3.76 3.76 25.08
9 11 215 5125 1 1879 0 0 515 1 0 133 133 1254
10 28 445 5125 2 £.228 2.8 4.45 5.125 2 £.228 12458 12.45 50.73

Figure 4.9: G+4 reinforced masonry building
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third | A 20| 32 | oAb 1 | ua® |0 0 | 5] 2 0 | 4 | 38
B 10| 215 | 565 | 2 | 284 | 295 | 22 | 565 | 1 | 4Bl | 6% 686 | 2508
( 20 | 445 | 8BS 1 |5\ 0 0 | 565 2 0 | 35 525 392
D 20 | 32 | aES | 1 | 54 585 | 1 0 | 4 54 | 3304
E 205 | 22 | M| 1 [ 4ml) 22| 23 | eS| 1 | 45| B 816 | 180g
oy 1e | 1275 | 565 | 2 | 238 | 0 0 | 565 | 1 0 | ¥ 237 | 1647
G LT T U 7 T A Y I A Y T AN VA O N 568 | 1428
H 13 ] 17 |65 2 |29 0 0 | 565 | 1 0 | 4 29 | 2.9
| 22| 23 | aBS | 1 | 41B | 2B | 445 | SBS | 1 | B0 | 4B 938 | 5700
| 12 0 [ S65 ] 1 |19 | 0 0 | 565 | 1 0 | L5 205 13.68
K 1A T A X7 I O O 1 0 | 65| 1 0 | 13 131 1294
L 09 | 12 | S5 1 |16 | 0 0 | 565 | 1 0 | 1§ 169 1026
O 1 T B L Y B O/ I | 0 | 65| 1 0 | 0 20 | 1513
2 29 | 32 | S| 2 |58’ 0 0 | 565 | 1 0 | 5% 592 3643
3 13 L7 | 5625 1 2438 0 0 5025 1 0 4 pal | 1680
4 | LT s | T [ 228 | L3 | L7 | %A 1T | L1 | 4% 436 5.87
5 13| 17 [ .68 | 1 | 48| 22 | 23 | 65| 2 | 430 | &M 674 | 1710
i 20 | 32 | SES | 2 | S8R | 215 | 22 | SAS| 2 | 412 | 1005 1005 | 2508
7 11 21 | 565 1 2068 0 0 5025 1 0 L6 206 1254
§ 28 | 22 | M| 2 |4z L1 0 | 4D 412 255,08
j 0] 2% | .65 | 1 | 208 0 0 | 65| 1 0 | 6 06 | 114
i 28 | 445 | 5B | 2 | 6836 | 28 | 445 | SRS | 2 | 6836 | BT Be7 | 5073

Figure 4.10: G+4 reinforced masonry building
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Figure 4.11: G+4 reinforced masonry building
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fist | A 29 | 32 |55 | 1 |54 0 (| 565 | ¢Z 0 | 54 544 363
B 1] 215 | 565 | 2 | 284 | 216 | 22 | 365 | 1 | 4031 | o686 6.8 508
¢ 28 | 445 ses | 1 | sn0 | 0 (| 565 | 2 0 | 55 5.05 1.9
D 29 | 32 | ses |1 | 54 505 | 1 0 | 54 544 306
Eo| 28 | 22 |50 | 1 |40ty 22 | 23 |65 1 | 415 Ble 816 18.06
oy M 12 ses | 20 | 235 | 0 (| 565 | 1 0 | 2% 237 lod7
G (5| A7 | 5625 | 2 | 271 | 13 | 17 | 365 | 2 | 294 | 568 5,08 128
H 130 17 | 565 2 | 284 0D (| 565 1 0 | 24 1% 215
I 20 23 | 365 | 1 | A1 | 28 | 445 | 565 | 1 | 510 | 938 938 57.00
J 12 0 (565 1 | 280 (| 565 1 0 | 15 15 B8
K (| 12 |56 | 1 | 133 0 (| 565 1 0 | 1 131 1254
L (9 | 12 | 565 1 | 168 | 0 (|55 1 0 | Le8 163 10.26
o | 12 | ses | 1 203 | D (| 565 1 0 | 20 100 B8
1 29 | 32 | 565 2 |83 0 0 | 565 | 1 0 | 5% 5.9 ]
3 W s 1 %) 0 0 | 565 | 1 0 | 24 L4 16.80
& | s | L2s ) %6 |1 | 2208 ) LIS | L7 | 56| 1 | 2136 | 436 43 9.87
5 W 17 | sens | 1 | 248 22 | 23 |56 2 | 430 | enM 6.4 17.10
b 29 | 32 | sens | 2 | 58| 210 | 22 | 565 | 2 | 412 | 1005 06| B
7 Wy 215 | 565 | 1 | 2008 | (| 565 | 1 0 | 206 206 1254
§ | 28 | 22 |65 | 2 | 412 56005 | 1 0 | 412 41 Pl
9 Wy 215 | ses | 1 | 2008 | (| 565 | 1 0 | 206 206 1254
0 | 28 | 445 | 565 | 2 | 683 | 28 | 445 | 5605 | 2 | 6B% | 1367 Be | 2073

Figure 4.12: G+4 reinforced masonry building
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gound | A 29 | 32 56 1 |54 o 0 | 565 | 2 0 | 54 4 43
B (1] 20 |56 | 2| 284 | 2% | 22 | ses | 1 | 4031 | od i | 3078
C | 286 | 445 565 1 | 5580 O 0 | 565 | 2 0 |55 55 | &R
D | 29 | 32 [565 ] 1 | 3438 565 | 1 0 | 54 4 8%
E | 2% 22 | 5e | 1 | 40| 22 | 23 | sels | 1 | 415 | Bl 816 | 08
Foo| i 12 ) ses | 20| 239 | (0 0 | 565 | 1 0 | 2% 23 | U3
G | 1B | A7 [5e5 ] 2 | 2| 13 | 1T | %65 | 2 | 24| 588 568 | 14
H 13 ] 17 |56 2 |28 O 0 | 565 | 1 0 | 2% 29 | R4
I 2200 23 SR | 1 | AlS | 28 | 445 | Se | 1 | 50| 938 938 | 830
| 12 0 |56 1 2580 0 0 | 565 | 1 0 | 25 25 | 2008
K (7 | 12 (565 1 | 133] 0 | 565 | 1 0 | 13 13| 183
L 09 | 12 (565 1 | Le& | 0 | 565 | 1 0 | 169 168 | 150
o 12am pses | 1 208 | 0 0 | 565 | 1 0 | 20 20 | 1863
2 29 | 32 [s65 ) 2 |58 0 0 | 565 | f 0 | 5% 58 | 3%
3 3] 17 (565 1 | 248 0 0 | 565 | 1 0 | 24 24 | U
4 | ums | 125 (56| 1 2203 L | L7 | 565 | 1 | 215 | 43 4% | 148
5 03] 17 | ses | 1 | 248 22 | 23 | ses | 1 | 4300 oM 04 | 2508
b 29 | 32 | sels | 1 | a8 2B ) 22 | e | 2 |41 10 1005 | 378
7 1 ] 295 | 565 | 1 | 2083 | ¢ 0 | 565 | 1 0 | 208 200 | 183
§ | 2% ) 22 | ses | 2| 412 565 | 1 0 | 412 42 | %7
9 f1 ] 29 |56 | 1 | 2008 (O 0 | 565 | 1 0 | 208 200 | 183
10 ] 26 | 445 | 565 | 2 | 686 | 28 | 445 | 565 | 2 | 6836 | 13&7 Be7 | 740

Figure 4.13: G+4 reinforced masonry building
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Stress calculations dueto dead load -
Floor wall load |compressive|%: openingjompressiv] Stress fompressiv) Shape |compressivdg SR permissible .
siress siress |Reduction| stress |modificaion stress compr.siress check
without with Factor with factor with
opening opening SRF SMF
KN/m KNim2 KN im2 KNim2 Mpa Mpa

fourth A 19.80 116.46 1.08 117.73 | 0861 136.73 1.00 014 1113 1183875 Safe
B 2210 130.02 168 13224 | 0.856 | 154.58 1.00 015 1133 11763125 Safe
C 2251 132.41 13 13416 | 0805 | 16674 1.00 017 1318 1106325 Safe
o 16.65 97497 189 99.85 0802 | 12450 1.00 012 13.24 110275 Safe
E 1531 127.62 189 130.08 0.86 15196 1.00 0.15 16.13 1177 Safe
F 19.07 11216 0.36 11257 0.96 116.95 1.00 012 7.50 1.3234375 Safe
G 8.37 69.74 168 70.93 0.80 83.44 1.00 0.09 1875 110275 Safe
H 2092 12308 0 123.08 092 13379 1.00 013 9.00 1265 Safe
| 16.99 99491 21 102.05 0.80 127.25 1.00 013 13.24 110275 Safe
] 13.05 76.76 0 76.76 0.95 81.23 1.00 0.08 7.06 1200375 Safe
K 12.36 71272 0 7272 0.99 73.68 1.00 0.07 6.47 1357125 Safe
L 1264 74.34 0 74.34 1.00 7434 1.00 0.07 5.29 1375 Safe
1 20.33 119.89 0 11989 | 0995 | 12048 1.00 012 6.22 1347603125 Safe
2 2142 126.00 0 126.00 0.89 14158 1.00 014 9.93 122375 Safe
3 19.12 112 46 0.45 11296 | 0958 | 117.92 1.00 012 7.65 131725 Safe
4 1160 96.64 1575 93.19 0977 | 10050 1.00 0.10 9.79 1343375 Safe
5 1064 62.60 0 62.60 0.80 78.24 1.00 0.08 13.24 11 Safe
B 1877 110.39 0 110.39 0.81 135.98 1.00 0.14 1204 1116225 Safe
7 1291 75.96 0 75.96 0.99 76.33 1.00 0.08 6.47 1.3585 Safe
8 14.42 84.84 0 84.84 0.81 10474 1.00 0.10 12.94 111375 Safe
9 7.21 4243 0 42.43 0.81 52.38 1.00 0.05 12.94 111375 Safe
10 15.73 92.50 0 92.50 0.80 115.63 1.00 0.12 13.24 11 Safe

Figure 4.14: G+4 reinforced masonry building
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third A M0 | 18264 108 | 18463 | 0861 | 21444 | 1.00 0.1 11.13 1183875 Safe
B 115 | 20625 168 | 20978 | 0856 | 24521 1.00 0.2 116 11763125 Safe
C 04| ALA 13 | 2406 | 0805 | 26605 | 1.00 0.27 13.18 1106325 Safe
D 28| L% 189 | 17609 | 0802 | 21957 | 1.00 0.2 132 1.10275 Safe
E B50 | 2360 | 189 | 20772 | 0386 | 25434 | 100 0.25 16.13 Lin Safe
F 3Rl | 1763 036 | 17703 | 0096 | 18392 | 1.00 0.13 1.3 13234375 Safe
G 1623 | 1154 168 | 11792 | 080 | 14704 | 1.0 0.15 18.75 1.10275 Safe
H 318 | 19567 0 19567 | 092 | 21268 | 1.00 0.1 5.00 1265 Safe
| B3 | 1511 21 15444 | 080 | 19256 | 1.0 0.13 1A 110275 Safe
J 550 | 13632 0 13632 | 095 | 14425 1.00 0.14 1.06 1.293375 Safe
K u6l | 12932 0 12952 | 089 | 13122 1.00 0.13 6.47 135715 Safe
L 513 | 1324 0 13224 | 100 | 13224 | 1.00 0.13 5.8 1375 Safe
1 316 | 19030 0 19030 | 0595 | 19025 1.00 0.19 6.22 [ 1347603125 Safe
2 3790 | 19930 0 19350 | 089 | 22415 | 100 0.22 5.58 122375 Safe
3 36l | /6.8 045 | 177.69 | 0958 | 18548 | 1.00 0.19 1.5 13175 Safe
4 281 | 1629 | 1575 | 16551 | 0577 | 16940 | 1.00 0.17 5.79 L3335 Safe
5 068 | 108.8 0 10386 | 0480 | 13607 | 1.00 0.14 132 11 Safe
] o4 | 1928 0 19284 | 081 | 23755 1.00 0.24 1294 1116225 Safe
7 L6 | 134% 0 13496 | 099 | 13660 | 1.00 0.14 6.47 13585 Safe
8 B4 | 149.83 0 14989 | 081 | 18505 1.00 0.19 1294 L137% Safe
3 Ly 7456 0 74% | 081 52.54 1.00 0.0 129 L137% Safe
10 024 | 15914 0 15904 | 080 | 19892 1.00 0.20 13.4 11 Safe

Figure 4.15: G+4 reinforced masonry building
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second A 4961 | 26108 | 106 | 26393 | 0861 | 30654 [ 100 031 1113 1183875 Safe
B 5627 | 2617 | 168 | 30123 | 0856 | 35211 | 100 035 | 1165 11763125 Safe
C 5778 | 30409 | 13 | 30809 | 0805 | 38251 | 100 038 | 1318 1106325 Safe
D 4900 | 25787 | 189 | 26284 | 0802 | 32773 [ 100 033 | 134 110275 Safe
E 4449 | 31781 | 189 | 3393 | 086 | 37843 [ 100 038 | 1,613 1177 Safe
F 479 | 5243 | 036 | 5334 | 0% | 26321 [ 100 026 750 13234375 Safe
G 2400 | 17241 | 168 | 17505 | 080 | 21827 | 100 022 | 1875 110275 Safe
H 5343 | 2812 0 | 28120 092 | 30566 | 100 031 9.00 1.265 Safe
I 4047 | 21299 | 21 | 756 | 080 | 27227 [ 100 027 | 134 110275 Safe
J 85| 2395 0 | 20395 | 095 | 2158 100 022 7.06 1299375 Safe
K 3685 | 19397 0 | 19397 | 099 | 19652 | 1.00 020 6.47 1357125 Safe
L 3761 | 197.9 0 | 19796 | 100 | 19796 | 1.0 020 5.29 1373 Safe
1 519 | 7333 0 | 27333 | 099 | 27470 [ 100 027 62 | LUTGAS | Sofe
2 3439 | 286.25 0 | 28625 | 085 | 32163 [ 100 032 9.58 122375 Safe
3 4310 | 2315 | 045 | 5430 | 0958 | 26545 [ 100 027 165 131725 Safe
4 3402 | 2287 | 1575 | 686 | 0577 | 5267 | 100 025 9.79 13433715 Safe
5 3073 | 16171 0 | 160710 | 080 | 20214 | 100 020 | 134 11 Safe
b 3451 | 28691 0 | 28691 | 081 | 35343 1.00 035 | 1294 1116225 Safe
1 837 | W19 0 | 20095 | 099 | 20440 | 1.00 020 6.47 1.3585 Safe
§ 4254 | 2387 0 | 2387 | 081 | 27638 | 1.00 028 | 1294 L1137 Safe
9 007 | 1119 0 | 11195 | 061 | 13821 100 014 | 1294 L1137 Safe
10 475 | 213551 0 | 2551 | 080 | 20439 ] 1.0 029 | 134 11 Safe

Figure 4.16: G+4 reinforced masonry building
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first A 451 | 33053 | 106 | 34323 | 0661 | 30864 [ 100 040 | 1113 1183875 Safe
B 7076 | 37242 | 168 | 37878 | 0856 | 44276 [ 100 044 | 1165 11763155 Safe
C 7541 | 9689 | 13 | 40212 | 0605 | 49978 [ 100 050 | 1318 1106325 Safe
D 65.17 | 34298 | 189 | 34959 | 0802 | 43590 | 1.00 044 | 13U 110275 Safe
E 5643 | 403.04 | 189 | 41080 | 086 | 47991 [ 1.00 048 | 1613 1177 Safe
F 6241 | 3846 | 036 | 3965 | 096 | 34249 | 1.00 0.34 750 13234375 Safe
G 3006 | 2473 | 168 | 21840 | 080 | 23| 100 027 | 1875 110275 Safe
H B9.68 | 366.75 0 w675 | 092 | 30864 | 100 0.40 9.00 1265 Safe
I 4883 | #5698 | 21 | 26249 | 080 | 32730 | 1.00 033 | Bu 110275 Safe
| 5160 | 27158 0 58 | 0% | 2739 100 0.29 1.06 1.298375 Safe
K 4910 | 2842 0 B84 | 099 | 26182 100 0.26 6.47 1357125 Safe
L 5010 | 203.68 0 26368 | 100 | 26368 | 1.00 0.26 5.8 1315 Safe
1 67.71 | 356.35 0 | 3635 | 0995 | 35824 | 100 0.36 62 | 165 | Sofe
2 7087 | 33.01 0 | 37301 | 08 |41811 ) 100 042 9.98 12375 Safe
] 6259 | 32042 | 045 | 33091 | 0958 | Ms542 [ 100 0.35 1.65 13175 Safe
4 4384 | 31311 | 1575 | 31812 | 0977 | 32561 | 100 033 9.79 1343375 Safe
5 3800 | 199.98 0 19998 | 060 | 299 | 100 025 | 1Bu 11 Safe
b 0973 | 367.00 0 %700 | 081 | 45209 | 100 045 | 1294 1116225 Safe
1 5110 | 268.95 0 1895 | 099 | 22| 100 0.27 6.47 1.3585 Safe
§ 56.59 | 297.85 0 2785 | 081 | 36772 100 037 | 12 111375 Safe
9 2830 | 1489 0 14895 | 0681 | 18389 100 018 | 1294 111375 Safe
10 5045 | 285.51 0 2551 | 0680 | 33189 100 033 | 13U 11 Safe

Figure 4.17: G+4 reinforced masonry building
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ground A 8473 | Ms97 | 108 | 4s084 | 0861 | sa3e2 | 100 052 | 1735 1183875 Safe
B 9116 | 41977 | 168 | 48797 | 08%6 | 57039 | 100 057 | 1165 11763125 Safe
¢ 9969 | 52470 | 13 | s3Lel | 0805 | ee072 | 100 066 | 1318 1.106325 Safe
D 8767 | 4pl43 | 189 | 47031 | 0802 | 5643 [ 100 059 | 1335 110275 Safe
E 7302 | 52159 | 18% | s3Led | 086 | 62108 | 100 062 | 1613 1177 Safe
F 8065 | 42450 | 036 | 42603 | 0% | 44263 [ 100 0.44 730 1.3234375 Safe
G 3813 | w13 | 168 | 27700 | 080 | 34538 [ 100 035 | 2813 110275 Safe
K 90.16 | 474.51 0 | 451 09 | 51577 100 0.52 8.00 1.265 Safe
I 5945 | 3497 | 21 | 173 080 | doile [ 100 040 | 1941 110275 Safe
J 69.77 | 367.21 0 | 3721 0% | 38858 | 100 0.38 7.06 1.295375 Safe
K 66.67 | 330.87 0 | 35087 | 09 | 35549 | 100 0.36 047 1357125 Safe
L 67.91 | 357.41 0 | 35741 100 | 35741 100 0.36 5.29 1375 Safe
1 §7.70 | 46160 0 | 46160 | 0555 | 46382 [ 100 0.46 6.2 1.368125 Safe
2 9327 | 490.88 0 | 49088 | 085 | 55055 [ 100 055 | 1654 122375 Safe
i 8088 | 42569 | 045 | 42761 | 0958 | 4636 [ 100 0.45 7.65 131755 Safe
4 5786 | 4135 | 1575 | 41986 | 0977 | 42975 | 100 0.43 9.79 1343375 Safe
5 479 | BLS 0 | 5225 | 080 | 31531 100 032 | 1765 11 Safe
b 50.27 | 415.10 0 | 4510 | 081 | 58524 | 100 059 | 1254 1.116225 Safe
1 69.15 | 363.94 0 | 3394 | 099 | 36836 100 0.37 6.47 1.3585 Safe
§ 7597 | 399.83 0 | 30083 | 081 | 49362 100 049 | 1254 111375 Safe
9 3793 | 199.94 0 | 19994 | 081 | 468 | 100 025 | 1254 111375 Safe
10 b3 | 33068 0 | 33269 | 080 | 41587 | 100 042 | 1941 1.1 Safe

Figure 4.18: G+4 reinforced masonry building
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Seismic Analysis:

Floor area SF = 62.35 m->
Reference
of 1893 (Part 1) : 2002
Zone 3
Zone Factor (£) 0.16 Tab. 2pgl6e
Importance Factor (1) 1 Tab. opgls
Response Reduction Factor (R) 3 Tab. 7 pg23 ™
Fundamental Natural Period (Ta) Cl 7.6.2 pg 24
(Ta)-=x 0.08
(Ta)-v 0.12
Ave. response acc. Coeff. (Sa/g) Cl 6.4.5 pg 16
(sa/g)-x 2.2
(Salg)-v 2.5

Figure 4.19: G+4 reinforced masonry building

Desing horizontal seismic coeffiecient (Ah) for force Il to Y axis

Ah=({ZI1/2R)*5a/g (Cl 6.4.2 pg 14)
0.07F

Design Seismic Base Shear (WVb)
Wih = Al W
= 999 .21 KN

Desing horizontal seismic coeffiecient (Ah) for force Il to X axis

Ah (Z1 /S 2R) *5a/e (Cl 65.4.2 pg 14)

= 0.DE

Design Seismic Base Shear (WVb)
Wb = AR W
879.30515 KM

Figure 4.20: G+4 reinforced masonry building
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Seismic Weight of floors (according to Cl 7.4.1 pg 17 of 15 1893 (part 1) : 2002

ParapetWallslltoY 192276 KN

ParapetWallsllto X~ 348.33 KN

Loading from Slab :

Floor  |slabload (Slabload (Wall load (YWallload (]  Total

KN/m2  |KN KN(Y) [KN(X)  |Weight(KN)
FO 4175 | 257.188554 | 1768.354 | 2263.108 | 3667.0015%4
F1 4175 | 257.18855%4 | 1226.927 | 1561.242 | 3045.3525%4
F2 4,125 | 257.188594| 1226.522 | 1561.242 | 3045.352594
F3 4,125 | 257188594 | 1226.522 | 1561.242 | 3041.932594
Fd 4125 | 257.188594| 1226.522 | 1554.402 | 2138.516594
Total Weight = 14988.15597 KN

52

Floor | Weight | Height | hi2 wihi2 Qi Vi Qi Vi

(W) KN | (hi) (t) (¥) (v (X) (X)
FO | 3667.002 3 9 33003.01 | 24.98701 | 999.2104 ’21.9885? 879.3052
F1 |3045.353 3 36 | 109632.7 | 83.00434 | 974.2234 ’?3.04382 857.3166
F2  |3045.353 9 81 | 246673.6(186.7598 | 891.219 ’164.3485 7842128
F3 3041933 12 144 | 438038.3 | 331.6445 | 704.4593 ’291.84?2 619.9242
f4 | 2188517 15 225 |452416.2 | 372.8148 3?2.8148’328.0?? 328.017

1319764 999.2104 879.3052

Figure 4.21: G+4 reinforced masonry building
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