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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.

1
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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:

• To review design procedure for masonry structure and issues related to the

masonry building including earthquake resistant design,sustainability, thermal

comfort.etc.

• To analyze and design of G+4 storey reinforced and unreinforced masonry build-

ing

• To prepare worksheet for manual calculation for analysis and design of masonry

building

• 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

5
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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)

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 cm thick walls, have been constructed in New Delhi.

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 1.3??. 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

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

• In pockets formed by special units

Figure 2.4: Reinforcement surrounded by mortar

b. Reinforcement surrounded by concrete:

• In cavity between masonry leaves

• In pockets formed in the masonry

• In the cores of hollow blocks

• 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.

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

• 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.

• 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.

• 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.

• 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.

• 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.

• 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.

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

to fire compared to all other structures.
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• 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.

• 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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Figure 2.8: Building Categories for Earthquake Resisting Features in Masonry and
Earthen Buildings
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Figure 2.9: Size and Position of Openings in Bearing Walls
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Figure 2.10: Size and Position of Openings in Bearing Walls



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.

Figure 3.1: Deformation Response Spectrum for El Centro ground motion (ζ = 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:

• 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]

• 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].

• 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 Cl 4.5 of IS: 1905.

• 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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• 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 :

∗ 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 :

∗ 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.

• 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 m2.ShapemodificationFactorkp :
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Thisfactortakesintoconsiderationtheshapeoftheunit, thatis, heighttowidthratioasgivenintable10ofIS :

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.

• 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.

• 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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• 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.

• 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 IITK-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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Figure 3.3: Pseudo-acceleration Response Spectrum



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

• 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

• Sunk Depth in W.C.: 0.4 m

Material Properties :

31
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• Density of Brick: 20 kN/m3

• Density of Concrete: 25 kN/m3

• 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
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Figure 4.1: G+4 reinforced masonry building
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Figure 4.2: G+4 reinforced masonry building
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Figure 4.3: G+4 reinforced masonry building
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Figure 4.4: G+4 reinforced masonry building
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Figure 4.5: G+4 reinforced masonry building
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Figure 4.6: G+4 reinforced masonry building
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Figure 4.7: G+4 reinforced masonry building
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Figure 4.8: G+4 reinforced masonry building
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Figure 4.9: G+4 reinforced masonry building
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Figure 4.10: G+4 reinforced masonry building
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Figure 4.11: G+4 reinforced masonry building
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Figure 4.12: G+4 reinforced masonry building
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Figure 4.13: G+4 reinforced masonry building
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Figure 4.14: G+4 reinforced masonry building
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Figure 4.15: G+4 reinforced masonry building
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Figure 4.16: G+4 reinforced masonry building
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Figure 4.17: G+4 reinforced masonry building



Literature review 50

Figure 4.18: G+4 reinforced masonry building
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Figure 4.19: G+4 reinforced masonry building

Figure 4.20: G+4 reinforced masonry building
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Figure 4.21: G+4 reinforced masonry building
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