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Abstract:- In many literatures, studies show that infills modify the behavior of framed structures under lateral
loads; the contribution of panels is generally neglected in common structural analyses. The structural effect of
brick infill is generally not considered in the design of columns as well as other structural components of RC
frame structures. The brick walls have significant in-plane stiffness contributing to the stiffness of the frame
against lateral load. The lateral deflection is reduced significantly in the infilled frame compared to the
deflection of the frame without infill. It is observed that frames with infill produce much smaller deflections as
compared to frames without infill. The results reflect the significance of infill in increasing the strength, stiffness
and frequency, of the entire system depending on the position and amount of infilling. Lower infilling is noted to
provide more stiffness for the system as compared with upper locations.

A number of non-linear static (pushover) analyses were performed on proper structural models of the
building, considering both bare framed structure and the infilled one, in order to appraise the influence of infill
walls on the failure mechanisms. In particular, a sensitivity analysis was performed by assigning different
Partial Safety Factors (PSF) to the mechanical parameters of infill walls, in order to investigate their effect on
the overall structural response of the building.
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l. INTRODUCTION

Masonry is the building of structures from which individual uldtd in and bound together by mortar;
the term masonry can also refer to the units themselves. The common matemalsoafy construction are
brick, stone, marble, granite, travertine, limestone, cast stone, concrete diak,block, stucco, and tile.
Masonry is generally a highly durable form of construction. Variadgantages have been acquired on
analyzing the structures with infill, they are,

. The use of materials such as bricks and stones can increase the thermélanhasisliog.

. Most types of masonry typically will not require painting and so cawmige a structure with reduced
life-cycle costs.

. Masonry is very heat resistant and thus provides good fire protection.

. Masonry walls are more resistant to projectiles, such as debris from husraraieenados.
Here also arise some of the disadvantages like,

. Extreme weather causes degradation of masonry wall surfaces duesttadmage. This type of
damage is common with certain types of brick, though rare with coriostes.

. Masonry tends to be heavy and must be built upon a strongdtiamdsuch as reinforced concrete, to
avoid setting and cracking.

o Save for concrete, masonry construction does not lend itself well to niestiem and requires more

skilled labour than stick-framing.

In Euro code 6, six types of masonry units are defined: clay waitsium silicate units, aggregate
concrete units, autoclaved aerated concrete units, manufactured stone uditaeargioned natural stone units
complied with the relevant European standards EN 771-1 to 6. Howsigkwork can be combined from
many of the following components: adobe, ashlars, blocks, bricksndaituchalk, cement, lime and mortar.
Depending on which materials are used, and how they are located, reinfoasedry (RM) walls can be
divided into the following classes: confined masonry, reinforced cavitgonry, reinforced solid masonry
reinforced hollow unit masonry, reinforced grouted masonry and readqrocket type walls.

Current Methods of Modeling Masonry
Two main types of masonry models can be distinguished into: the micréhenthcro-modeling.

In case of macro-models, the brick, the mortar and the joint is anedemeous material that represents the
behavior of the masonry.
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Micro-models should be used when local actions need to be analyzed. deegalge of macro-modeling, the
global behavior of the structure is analyzed by a homogeneous maeiiaé behavior can be described by the
global properties; thus, it is not attempted to make the calculations with libgadga

11 Effect of Infill

. The stresses, in the infill wall, however, were found to increase with the increase in Young’s Modulus
of elasticity due to the increase in stiffness of the system, attractirggfaroes to the infill.

. The infill wall enhances the lateral stiffness of the framed structures; hqwieéempresence of
openings within the infill wall would reduce the lateral stiffness.

o The fundamental period only slightly increases as the infill wall thickimeseases, since the increase
in thickness only increases the mass of the structure rather than riessstiff

. The infill was assumed to crack once the stress in the infill exceeded thatelltompressive stress of
the infill material.

o The strength if infill in terms of its Young’s modulus (Ei) has a significant influence on the global
performance of the structure. The structural responses such asismlateiments, inter-storey drift
ratios and the stresses in the infill wall decrease with increa&t)imalues due to increase in stiffness
of the model.

. The opening size of the infill has a significant influence on thedorental period, inter-storey drift
ratios, infill stresses and the structural member forces. Generallyjritiease as the opening size
increases, indicating that the decrease in stiffness is more significatii¢hdecrease in mass.

. The specific weight of reinforced masonry is smaller, the thermal@ndiferous conductivity of the
masonry is worse and it also has better resistance against fire and chemicals.

. The wall can be loaded right after finishing the construction.

-—— — -

- »

Fig 2. Masonry infill panelsin framed structures
12 Role of Infill
Existence of infilling is noted to increase the ultimate lateral resistance ofstieensyhile resulting in

less ultimate lateral deflection for lower infilling. The effect on both patara is more pronounced for higher

percentages of infilling. Two phenomena arise through the stageadingp and result in the response

nonlinearity. First is to find the stiffness degradation of the oedefd concrete with load-induced orthotrophy
depending on both the applied dynamic load and the inherent deformatiaradteristics of the frame. Second

is to find the progressive strength reduction of either of the dagiruts, which is supposed to be sequential
according to level of loading.

Conventional half-brick wall infilling is noted to affect nearly all oftldynamic parameters of
reinforced concrete frames. Infill influence on the kinetic and kinemagifficients related to lateral excitation
is found to depend on frame features such as number of storiesrabdrraf bays as well as infill amount and
position. Lower location yields the higher strength, stiffness, segléncy of the system. Nonlinearity of the
behavior is basically due to stiffness degradation, which consequenilyg iesfrequency attenuation during the
loading regime.
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Fig 3. Load-Deflection characteri'stics for the original and equivalent systems
The sway characteristics of building are different for frames considerifigatiier than frames without infill.
Table 1. Sway characteristics of different columns
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13 Effect of Opening Size:
The infill wall enhances the lateral stiffness of the frameadttates; however, the presence of

openings within the infill wall would reduce the lateral stiffness. The fundampet@d increases as the
opening size increases, as expected, due to reduction in stiffness of #le Soot variation of periods cannot
be considered using the Code values. The fundamental period oflyhinfillied model was 54.87% higher
than that of the bare frame model. There is no clear relationship betweeepething size and the fundamental
period, but the opening size does have an influence on the fundamentalgiehie structure.

The seismic response of in-filled frame structures is,

a. The strength of infill in terms of its Young’s Modulus (Ei) has a significant influence on the global
performance of the structure. The structural responses such asigplatcements, inter-storey drift
ratios and the stresses in the infill wall decrease with increa&g)imglues due to increase in stiffness
of the model. It is therefore important to choose the right material for infilykits properties and
consider these in the analysis and design.

b. The minimum compressive strength of infill material required to mairttaénstructure in an un-
cracked condition under a credible earthquake (with 0.2g PGA) varies witteidht of the building. It
has been shown that under exposure to similar seismic hazards, misgilmildings require higher
strength infill material (compared to low rise building).

C. The opening size of the infill has a significant influence on thedorental period, inter-storey drift
ratios, infill stresses and the structural member forces. Generallyinbk®ase as the opening size
increases, indicating that the decrease in stiffness is more significathéhdecrease in mass.

d. Under a particular level of PGA (0.2g), the increase in infill stress is notsigmificant beyond infill
strength ofEi=7500 MPa. This value could be considered to be the maximum limit of the Young’s
Modulus of the infill material if the infill walls are used for retrofitting blgildings.

e. The performances of buildings constructed with and without seismigsfmes are almost similar if
the infill has a minimum value of 5000 MPa for its Young’s Modulus (Ei). This is because the
structural capacity is greatly influenced by the type of infillls and the values of their Young’s
Modulus.

[. LITERATURE REVIEW
Hossain M ohammad M uyeed-Ul-Azam and Khan Mahmud Amanat (1) carried out a work on

‘Effect of Infill as a Structural Component on the column Design of Multi-storied Building’ in which various
observations had been made on the infill characteristics. The lateral defisctemtuced significantly in the
infilled frame compared to the deflection of the frame without infill. This leadifterent steel requirements
for frame structures considering infill. In order to understand#tevior of frames and steel requirements of
column having brick masonry infill and without infill a finite elemémtestigation is performed by modeling a
10-storied three dimensional building frame. The investigation is donashng the equivalent strut model
method. A detailed investigation is performed using various loadslaatt combinations of the building
considering infill and without infill to find out steel requirementsl da see the effect of infill in the sway
characteristics of the building. It is observed that frames with infddpce much smaller deflections as
compared to frames without infill. It is also observed that there is ndisagidifference in steel requirements
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of interior column but there is moderate difference in steel requirememtstérior column and significant
difference in steel requirements in corner column.
J.Dorji and D.P.Thambiratnam (2) carried out the workn ‘Modeling and Analysis of In-filled

Frame Structures under seismic loads’ in which the seismic response of in-filled frame structures had been
studied. In-filled frame structures are commonly used in buildings, ievéhose located in seismically active
regions. Present codes unfortunately, do not have adequate guidam@atiog the modeling, analysis and
design of in-filled frame structures. Finite Element time history asalysmder different seismic records have
been carried out and the influence of infill strength, openingssaftdstorey phenomenon are investigated.
Results in terms of tip deflection, fundamental period, inter-storetrdtib and stresses are presented and they
will be useful in the seismic design of in-filled frame structures.

Kashif Mahumad, Md. Rashadul Isam and Md. AL-Amin (3) carried out the work on ‘Sudy of the
Reinforced Concrete Frame with Brick Masonry Infill due to Lateral Loads’ in which the behavior of reinforced
concrete (R.C.) frames with brick masonry infill for various parametianges have been studied to observe
their influences in deformation patterns of the frame. Masonry fdiflels have been widely used as interior
and exterior partition walls for aesthetic reasons and functional needs Wilkwalls are omitted in a
particular storey, a soft storey is formed compared to much stiffer sthrégs. The present study is also aimed
at finding out the effect of soft storey on frame structures dimtiaontal loading. In both cases of wind and
earthquake loads, if number of bay increases, then the deflection evedeaiases. As the storey level of
building frame increases, deflection due to lateral loads naturally increasew dadditional lateral loads.
Deflection increases linearly if the span of bay increases linearly beddissady increased loads.

Kodur, V.R.; Erki, M.A.; Quenneville, J.H.P. (4) carried out the worlon ‘Seismic design and
analysis of masonry-infilled frames’ in which a simple analytical procedure, which can be used by practicing
engineers, for the seismic design of masonry-infilled frames is pres&hidnalytical procedure, based on the
experimental and analytical studies reported in the literature, accounts féfiettteoginfills in all three stages,
namely, in computing seismic loading, in predicting response of tileednframe, and in determining the
strength of the infilled frame. Seismic loading is computed using yhandic properties of the structure.
Recommendations regarding the choice of infilled frame idealization, s&lictamping ratio, earthquake
design spectrum, structural irregularity, and computational aids are mgulizatipn of the proposed analytical
procedure in a design situation is demonstrated through a numeringdlexand it is shown that infills can be
accounted in the seismic design of frames during the normal cdudesign.

[1. METHODOLOGY
In most of the analytical works the infill in frame is not considereditisdtreated as bare frame. By
various literature studies, it is found that the infill has various characterike&snicreasing the strength,
reducing the deflection, and increasing the stiffness, etc. Hence the werkibod is,
a. By using ETABS software, the framed structures are analyzed inclti#rigfill material,
b. Computing the structures characteristics for both structures with armlrvittill.

V. ANALYSISMETHOD
a. Equivalent static analysis
Equivalent static analysis is the indirect method of considering the effgmwid motion and there is

incorporation of dynamic properties of the structure in terms ofdfioneshtal period, response reduction factor,
soil type, seismic zone and importance factor. Equivalent static enalgge carried out for all the models
under the action of Dead load (DL), Live load (LL) and earthquake B@&J for different load combination as
per IS 1893-2002. This method is limited to regular type of streictithose response is governed by first mode
of vibration. As per IS 1893-2002 regular structure up to 40neightiin zone 1V and V and up to 90m in zone
Il and 11l can be analyzed by Time History and Response Spectralysin

b. Response Spectrum method
The objective of response spectrum analysis is to obtain the likeiynunaxresponse of the systems.

The response spectrum is a plot of the maximum response (maxdisplacement, velocity, acceleration or
any other quantity of interest) to a specified load function for all possitgke slegreesf-freedom systems. The

abscissa of the spectrum is the natural period (or frequency) of steensgnd the ordinate is the maximum
response. It is also a function of damping. The design responsectaugp given in IS 1893:2002 for a 5%
damped system.

4.3 TimeHistory analysis

In order to examine the exact non-linear behavior of building stegtaonlinear time history analysis
has to be carried out. In this method, the structure is subjected to real gnotion records. This makes this
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analysis method quite different from all of the other approximate anahetisods as the inertial forces are
directly determined from these ground motions and the responghe btiilding either in deformations or in
forces are calculated as a function of time, considering the dynamic tgemdithe building structure.

44 Pushover analysis
Pushover analysis is a static, nonlinear procedure in which the odgoit the lateral forces is

incrementally increased, maintaining the predefined distribution pattern @lerftgight of the building. With
the increase in magnitude of the loads, weak links and failuresrar@ found. Pushover analysis can determine
the behavior of a building, including the ultimate load and marinioelastic deflection. Local nonlinear
effects are modeled and the structure is pushed until a collapsed mecisatéeloped. At each step, the base
shear and roof displacement can be plotted to generate the pushover curve.

V. CONCLUSION

. In all the analyses, the infill in the framed members is not considenethe infill helps in the increase
of ductility, stiffness and the flexural strength of the members.

. The behavior of an infilled frame is dependent on the propertiesméfamd infill; hence, the response
of such frames should be based on overall frame to infill composite aather than on isolated bare
frame behavior.

. Effect of dynamic loading on the behavior of masonry infiled Rr@mé may be investigated to
determine the characteristics with ease.

. The contribution of partial infill walls must be well identified so that while anatyzhodels for real
structures, the composite action of the frame and infill would be realized

. By considering the infill wall the roof displacement of the structeuces and the stiffness of the
structure increases. The masonry infill wall is more significant in sstralttures as the height of the
structure increases the effect of masonry infill wall reduces.

o The inter-storey drift of all the structural members are within the costeibed limit of 0.004. Since
the structure becomes stiffer with the decrease in height of seudy increasing the opening
percentage the inter-storey drift also increases.

. Effect of dynamic loading on the behavior of masonry infilled RGné&amay be investigated to
determine the infill characteristics with ease.

o The contribution of partial infill walls must be well identified so that while aziaty models for real
structures, the composite action of the frame and infill would be realized.

. In the case of infilled frame with a soft ground storey, the rsfi@@es acting on columns are
considerably higher than those obtained from analysis of the laane.f
o It has been found that calculation of earthquake forces by treatinfaR@s as ordinary frames

without regards to infill leads to underestimation of base shear.
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