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Abstract- The masonry construction have many advantagesebisy availability in many forms, colors and
textures, comparative cheapness, thermal and sosaothtion, fire resistance, durability, etc. Se timasonry
construction is still adopted as a most common ttoason technique in rural and even in urban areas
Unfortunately, due to its complex material nature behavior of masonry is still not identified clgaunder the
effect of seismic action. Hence, the masonry bogdiwith structural deficiencies seems to be a reessitive
class of structures which have experienced heamyaga or even total collapse in previous seismioast
especially in developing countries like India. Tliemands modern methods for designing safer masonry
structures and judging their performance. Congideaill these facts, this study aims at modeling amalyzing
the performing seismic analysis of unreinforcealorasonry structures and their improvisation ugliffgrent
retrofitting techniques. For this, a macro leveld®ling is preferred. Macro modeling proposed by MEDGEN

is finding appropriate for this project work.

1. INTRODUCTION

Masonry is one of the ancient known buildingconstruction of unreinforced masonry buildings are
materials which is still in use for the construatiof  ~5/ried out without using any scientific methodsl an
modern building systems. Since the beginning of.gineering tools. It is completely on a traditibna
modern civilization, masonry structures have beeganner based on experience. That is why a significa
built not only for homes but also for aestheticpercentage of physical losses in past earthquakes w
churches and arenas. Stone was the primary maso@fye to insufficient performance of non-engineered
unit and was used for basic structures. The Storgehe masonry buildings with low construction quality.
ring on England’s Salisbury Plains is an example ofince masonry construction is a traditional, widely
ancient structures composed of masonry which i940Q,seq, extremely flexible and economical constructio
years old. The Great Wall of China, the Egyptiafnethod, it has considerable potential for future
pyramids in Giza, the pyramids of Yucatan anQevelopments. However, possibly due to the
Teotihuacan in Mexico, the stone walls at Machypstantial empirical knowledge collected over save
Pichu, The Taj Mahal are another well-knowncentyries of utilization of masonry as a structural
examples for masonry over the centuries. In thgterial, the need for establishing a more modern
United States, masonry has been used as one of (s for the design of masonry structures habeet
primary building materials for construction sindest developed in the same manner as for concrete
18th century. It is a well proven building materialgiyctures. Most of those older masonry buildings a
possessing excellent properties not only in terrns Qesigned primarily to resist gravity loads onlycsn
appearance, durability, thermal and acoustic insula he provision for earthquake loading codes were not
as well as fire and weather protection but alsﬁeveloped at that time
provision of subdivision of space and cost inconsiderable attention to the means of evaluatiah a
comparison with alternatives. In spite of all thes%trengthening of the all older masonry buildingatth
advantages, masonry is a complex composite materilists in seismic prone area is necessary. Reséarch
and its mechanical behavior, which is influencedaby e field is essential to understand masonry beavi
large number of factors, is not generally welky gevelop innovative products, to define reliable
understood. In addition to these, the design and approaches to measure the safety level and to rdesig
possible retrofitting measures.
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Foti.D (2015) proposes the pushover analysis dlteration of existing structures to make them more
masonry structures using the experimental valuesgismic resistant. From the past experience ofmseis
combined with an analogy of rock masses foaction on structures, the importance of retrofitis
mechanical characteristics of masonry and comparedry much acknowledged. Retrofitting reduces the
the results obtained with Italian codes. In thighod, severity of damage of an existing structure durng
the mortar joints are considered to be similarhe t future earthquake

discontinuities found in a rock mass. The strengtA large number of masonry constructions, mostly
criterion used is the Mohr-Coulomb failure criterik  concentrated in the core of important cities. Hogvev
establishes a linear relationship between sheemgitn the researches performed for the behavior of
obtained on a sliding plane and normal stress@atiin constructions against the effect of earthquakes are
the plane according to characteristics of théocused on reinforced and steel constructions. As a
material.[1] result the project engineer has inadequate infoomat
D.N. Shinde, Nair Veena V and Pudale Yojana Mabout the behavior of masonry construction against
(2014) study a building frame is designed as perarthquake. It is very difficult to define the maaital
Indian standard i.e. IS 456:2000 and IS 1893:20@R acharacteristics in order to assure the reliabittyd
check the kind of performance a building can givetability of the masonry building due to the
when designed as per Indian Standard. For thigeterogeneity of various components in the strectur
pushover analysis of the building frame is cardetl  This work will make a contribution to the seismic
Building designed with 1S 1893:2002 found to have &ulnerability assessment of masonry buildings by
better performance under given earthquake. Afteassessing the existing models and checks how the
performing the analysis the base shear at perfarenarretrofitting improves seismic resistance of buitghn

point is found to be greater than design base §Bgar

Park.J et al. (2011) presents a macro element fgr EARTHQUAKE AND STRUCTURAL

unreinforced masonry shear walls developed to allow BEHAVIOR OF BUILDING

for the seismic design of masonry structures under

consideration of the wall-slab -interaction.effe'ﬁhe 21. Earthquake

proposed macro element basically consists of three

rigid beams. One vertical beam is placed between twround motion, which is generated by sudden
horizontal ones. The beams are jointed rigidly & m displacements within the earth’s crust is called an
span of the horizontal beams. The length of vdrticgarthquake. Earthquakes are caused by natural
beam corresponds to the wall height, the length ¢thenomena, such as tectonic processes, volcanic
horizontal beams to the wall length. The horizontagruptions etc. The seismic waves generated in the
beams at top and bottom of the element are corhect@cus, propagate through different layers of rookl a

to the support though non-linear springs.[3] soil. Therefore the seismic waves reach the surface
Milani,G et al.(2009) conducted a pushover analysignd induce vibration according to the charactessf

by a equivalent frame model. He discover the sttengbedrock and soil on their way of propagation also.

of spandrel beam more precisely. This was done Hsarthquake ground motion is a tridimensional
two stages. The first step is done at meso lewel; t phenomenon. For simplification of design, these
spandrels are extracted from the whole structucke aleismic movements are subdivided into horizontdl an
their strength in terms of ultimate bending momeny¥ertical vibrations. The horizontal vibrations aneich

and shear forces are determined by means of ar upgevere than vertical vibrations, so they are ceme
bond finite element heterogeneous approach. TH$ main factor in designing earthquake resistant
obtained strength characteristics are stored #fructures. Due to these ground vibrations inertial
database. In the second stage, considering at eomatorces will be generated at areas of mass in the
level, a frame model of the masonry wall is buift. building. The path of these force will be througte t
this model, spandrels and piers are modeled aticelagoof and walls to the foundation. Proper care sthoel
Timoshenko beam elements. The strength of tHéken to ensure that the force is reaching foundati
spandrels is defined by the strength domains storedsafely. The absence of structural integrity is majo
the database.[3] sources of weakness responsible for severe damage
Retrofitting denotes the addition of new technology leading to collapse. Out of the three constituafta
features to existing systems. Seismic retrofittmthe masonry building (roof, wall and foundation) thellwa
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are most susceptible to damage caused by horizongisting on the seismic area, zone Il and soiketgp
forces due to earthquake. It is however not knowmhey are located in the Trissur district. Trisssithe
which will be the main direction of ground motionmostly affected seismic district in Kerala. Mainly
during an expected seismic event. Therefore thdiagonal type failures are identified in these diniys.
resisting elements of each structure in a seismiez So retrofitting of masonry buildings in these arésas
should be designed to resist the seismic excitdtion necessary. Study on the performance point of three
both principle direction of the building. Symmetricbuilding plans from the above mentioned area using
distribution of resisting elements in the plan bét pushover analysis and their improvement when
building will prevent possible torsional vibration, retrofitted using steel strips is discussed in faiper.
which often causes unexpected behavior of the

structure when subjected to strong seismic grouridl Retrofitting using steel plates

motion. For the same reason the dimensions e retrofit method suggested here consists ofnaddi
setbacks and recesses should be limited. diagonal strips of steel on masonry walls. The
diagonal steel strips that extend between the coiwofe

the wall to strengthen it, while preventing diagona
Masonry building, when subjected to earthquakéension failure and compression crushing underrshea
ground motion, inertia forces proportional to thass forces. The minimal increase in wall thickness tiue

of building develops, and produce accelerationctvhi the steel plates makes this an interesting subsstitu
cause the vibration of structural system. As altefu existing walls. Retrofit was accomplished by adding
vibration, additional bending and shear stresseé¥)0 mm wide diagonal steel strips of 4mm thickness
develop, which often exceed the strength of mdteriaon wall face.

and cause damage to structural systems. Althoudihe steel strips can be fasten on the wall using on
masonry is strong in compression, the bending arddyer of bolts at certain interval. But the conmatt
shear stresses caused will result in severe damrageusing bolts will lead to a local failure at the ¢tion of
even collapse of building connections. So the number of connections has to be
Buildings suffered from earthquake ajenerally obserimiitedack¢hencdmekaest aatisatttinsothseehrstiee to insuffici
are subjected to diagonal cracks. Structural walisicrease, its dead weight on walls increases awilit
which are perpendicular to seismic action arbe difficult to fix the plate on walls using minimu
subjected to out of plane bending. This will causeumber of bolts and single layer of bolts

vertical cracks at the corners and middle of thswa

In the inplane walls, bending and shear causek2. Material properties

horizontal and diagonal cracks respectively. Gdnergs 1077:1992. IS 1905:2002. IS 2212:2005 specifies
earthquake damage observed can be summarized@§uirements of common burnt clay building bricks

2.2. Structural behaviour

follows used in buildings. The standard modular size of
a. Cracks between wall and floors. common building bricks considered is 190mm x
b. Cracks at the corners and at the wall intersesti  gomm x 90mm. IS 2250:1990 specifies mortars
c. Out of plane collapse of walls. specifications using for masonry construction. 8inc
d. Cracks in spandrel beams. the project work is based on locations of Keraf, t
e. Diagonal cracks in structural walls. properties of brick and mortar tested at Kollarnssd
f. Partial disintegration or collapse of structunallls for this project.
3. Modelling and analysis of the unreinfor ced Table 1. Material properties.

masonry building properties
From the past experiences it is necessary that, |the Brick Mortar (1:6)

masonry building which are constructed in theyoung's

traditional manner without formal design by [@Modulus(MPa)
qualified engineer or architect has to be analysedompressive 35 o5
properly and strengthened using a suitable refirajit | Strength (MPa)
technique. For this study, some existing masonryensile

buildings are selected. These structures are @ailustrength(MPa)
obtained buildings on seismic action. They are

166.7 2000

0.32(Bed joint)
0.75 1.15(Head
joint)
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Poisson’s ratio 0.21 0.12
Mass
density(kg/m3) | 160 2049

The pushover curve obtained is

3.3. Seismic quantities

For the seismic analysis, response spectrum method

analysis is adopted here. Various input requiremen =

for the analysis is as per IS 1893:2002. Seismiwzo
of Kerala is under Zone lll, and a medium type il
selected. Other input data’s are as follows.
Importance factor: 1.0

Textouut | [ orom.

Percentage damping: 5
Response reduction factor: 1.5
3.4. Model 1

The plan of the building is shown below
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Fig. 1. Model-1 Plan

The modelled view is

Fig. 2. Model-1 Model view

Fig. 3. Model-1 Pushover result
The maximum base shear capacity obtained after

analysing is 333.2 KN

3.4.1 Retrofitted using shotcrete

Fig. 4. Model-1 view after adding steel strips

The pushover curve obtained after retrofitting is

AddtonalPushover St for Sory Dt

Fig. 5. Model-1 Pushover result after adding steel
strips

The performance point of the building is found as
increasing after analysing the retrofitted struetwith
steel strips and the base shear capacity obtasn@a3
KN. It shows 18.08% increase in base shear capacity
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3.5. Model-2

The plan of the model-2 is shown below
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Fig. 6. Model-2 Plan

The modelled view is
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Fig. 7. Model-2 Model

The pushover curve obtained is
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Fig. 8. Model-2 Pushover result

The base shear capacity obtained after analysing is

325.2 KN.

3.5.1 Retrofitted using steel strips

Fig. 9. Model-2 view after adding steel strips

The pushover curve obtained after retrofitting is

Fig. 10. Model-2 Pushover result after adding steel
strips

The performance point of the building is found as
increasing after analysing the retrofitted struetwith
steel strips and the base shear capacity obtamed i
388.1 KN. It shows 19.31% increase in base shear
capacity.

3.6. Model -3
The plan of the model-3 is shown below
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Fig. 11. Model-3 Plan
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The modelled view is

Fig. 12. Model-3 Model view
The pushover curve obtained is

i Show Ref. Line
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Fig. 13. Model-2 Pushover result

The base shear capacity obtained after analysing is

313.6 KN.

3.6.1 Retrofitted using steel strips

Fig. 14. Model-3 View after adding steel strips

The pushover curve obtained after retrofitting is

‘Additonal Pushover Step for Story Drift Text Output

Fig. 15. Model-3 Pushover result after adding steel
strips

The performance point of the building is found as
increasing after analysing the retrofitted struetwith
steel strips and the base shear capacity obtamed i
377.3 KN. It shows 20.31% increase in base shear
capacity

4. RESULT

The results obtained from the analysis is tabulated
below
Table 2: Results

Model Base Base shear| Percentage
shear capacity increase in
capacity (After Base shear

adding steel capacity
strips) (After adding
steel strips)
Model-1 | 333.2 KN 393 KN 18.08 %
Model-2 | 325.2 KN| 388.1 KN 19.31%
Model-3 | 313.6 KN| 377.3 KN 20.31 %

5. CONCLUSION

The points can be concluded from this work are

e The performance point can be considered as
an effective tool for defining the behaviour
structure.

» Addition of steel strips can be used as a best
retrofitting techniques for existing masonry
buildings.

» Addition of steel strips also increase the base
shear capacity about 18 to 21%.

 When steel is used as a retrofitting method,
there will be chance of local failure at the
junctions of fastening. So at-most care should
be given at the time fastening using nuts and
the number of connections should be
minimum.
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