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Abstract: Construction of multistoried buildings with operognd floor is a common trend of urbanization of
cities of many parts of many countries. Social &mttional need to provide parking space at grolavel
outweighs the seismic vulnerability of such builghn Generally these buildings are designed as B@ef
structures without regards to structural actiomasonry infill walls present in the upper floons.the present
paper an investigation has been made to studyéhavior of RC frames with various arrangement €flin
when subjected to dynamic earthquake loading. Resfubare and infill frame are compared and some
conclusions are made in view I&-1893(2002) code.
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1. Introduction

Reinforced concrete frames with masonry in-fille arpopular form of construction in high-
rise buildings. Social and functional needs forigkehparking, shops, reception, etc. are compekling
provide an open first storey in high rise buildigarking floor has become an unavoidable feature fo
the most of urban multistoried buildings. Thoughltistoried buildings with a parking floor (soft
storey) are vulnerable to collapse due to earthejl@kds, their construction is still widespreadeJé
buildings are generally designed as framed strastwithout regard to structural action of the
masonry infill walls. They are considered as nondtiral elements. Due to this, in a seismic action
RC frames purely acts as moment resisting franaatinlg to variation in expected structural response.
The effect of infill panels on the response of Rf@mes subjected to seismic action is widely
recognized and has been a subject of numerousimgreal and analytical investigations. In the
current practice of structural design in India, omay infill panels are treated as nonstructural
elements and their strength and stiffness contdbstare neglected. In reality, the presence ol inf
wall changes the behavior of frame action into drastion thus changing the lateral load transfer
mechanism.

In the present study, seismic performance of variconfigurations of infill panels in RC
frames are compared with bare frame model usindimear analysis. The main objectives of this
study were to investigate the behavior of multigtanulti-bay soft storey infilled frames and to
evaluate their performance levels when subjecteitthquake loading.

2. Description of Structural Model

Significant experimental and analytical researafeprted in the literature, which attempts to
understand the behavior of infilled frames. Diffaréypes of analytical models based on the physical
understanding of the overall behavior of an infilinel were developed over the years to mimic the
behavior of infilled frames. The single strut modelthe most widely used as it is simple and
evidently the most suitable for large structuresagCand Murthy, 2004). Thus RC frames with
unreinforced masonry walls can be modeled as elpunvaraced frames with infill walls replaced by
equivalent diagonal strut which can be used inrags nonlinear pushover analysis. Using the theory
of beams on elastic foundations (Smith and Catt@$9) suggested a non dimensional parameter to
determine the width and relative stiffness of drgjostrut. Mainstone suggested another model
representing the brick infill panel by equivalenagbnal strut. The strut area,Avas given by
following expression:
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Ac =Wt )
where,
We=0.175 L h)%*w (2)
= . . rmA-
a [Ejtsin(28)
M= eEFLR (3)
where,

E; -the modulus of elasticity of the infill material

E= the modulus of elasticity of the frame material

I. = the moment of inertia of column

t = the thickness of infill

h = the centre line height of frame

h’'= the height of infill

w’= the diagonal length of infill panel

0= the slope of infill diagonal to the horizontal.

In this study, five different models of an eighorgy building, symmetrical in the plan are
considered. Usually in a building 40% to 60% of aray in-fills (MI) are effective as the remaining
portion of the Masonry Infills (MI) are meant fouarfctional purpose such as doors and windows
openings (Pauley and Priestley, 1992). In thisysthé buildings are modeled using Masonry Infills
(MI) but arranging them in different manner as shawthe Figure 1. The building has four bays in
North-South and East-West directions with the pdamension 20 r= 16 m and a storey height of

3.0m each in all the floors. Further inputs inclushét weight of the concrete is 25 kNfnunit weight
of masonry is 20 kN/f Elastic modulus of steel isx®0® kN/m? Elastic Modulus of concrete is

22.36%10°kN/m?, Strength of concrete is 20 N/rifM20), Yield strength of steel is 415 N/rfigire-

415) and Live-load is 3.5 kN/mThe modulus of brick masonry and strut width ligained using
FEMA (306, 1998) recommendations i, = 55Cxf,=2035 N/mm. Window openings are assumed

tiny relative to the overall wall area thus notlired in the as they have no appreciable bearing on
the general behavior of the structure (Jatral.,1997).

Following five different models are investigatediie study.

Model | : Bare frame

Model Il : Masonry infill are arranged in outer fvery

Model 1ll: Masonry infill are arranged in outer gErery with soft storey

Model IV: Masonry infill are arranged as inner carigh soft storey

Model V : Masonry infill are arranged as (+) craslan with soft storey

arwpdE

3. Nonlinear Analysis

Nonlinear analysis is the method used for detemginihe earthquake response of the
structural systems. This method varies in methagolas nonlinear static pushover analysis and
nonlinear dynamic time history analysis. In thigdst, nonlinear static pushover analysis is used to
determine earthquake response of the structureg USIRABS 9.5 (Computers and Structures)
software.

Typical pushover analysis was achieved using digphent control strategy, where in the
whole structure was pushed to evaluate the seipmiformance of the buildings using preselected
lateral load pattern until the roof displacemersctees the target value. The lateral load pattes wa
distributed along the height of the structure irctsua way that each floor is subjected to a
concentrated force. Two invariant load patternsewdilized to represent the likely distribution of
inertia forces imposed on the building during thetlequakes. The invariant load patterns used are th
following:
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Figure 1:Plan and Elevation of Eight Storeys Reinforced CetecBuilding

» Elastic First mode Lateral Load Pattern:
The first mode load pattern is related to the fitisplacement mode shapg)(of vibration.
The lateral force of any storey is proportionattie product of the amplitude of the elastic firgida
and mass (fhat that storey i.e.
F = ma, /Z m; (4)
where,
®; = Amplitude of the elastic first mode of the starey

* Codal Lateral Load Pattern:

This method uses the equivalent lateral forcestduendamental period of vibrations. The
code lateral load shape represents the forcesnelot&iiom the predominant mode of the vibration and
uses the parabolic distribution of lateral forcdsng the height of the building. The following
expression has been used to calculate the loagrpais per IS 1893 (Part-1): 2002.
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(6)
Where,

Vg = Design Base Shear as per IS 1893(Part-1): 2002

Q = Lateral Force at Floar,

W, = Seismic weight of floor,

h; = Height of floori measured from base and

n = Number of storey in the building.

In addition to these lateral loadings, the strugsuasire subjected to dead loads and live loads.
The displacement control method of pushover arahysis utilized with the target displacement 4%
of total height of the building (ATC 40, 1996). Thesults were presented in the form of base shear
vs. top displacement (Pushover Curves). The res@it@rious models were discussed separately to
have proper comparison between various load pattnd with that of the bare frame model. FEMA
and ATC provide the frame work for performance blaseismic design (FEMA 356, 2000, ATC 40,
1996). Prescribed performance levels in the FEMA-3Be the discrete damage states that the
buildings can experience during the earthquakéitnstudy, inter storey drift capacity correspamgli
to the desired performance levels and two interatedstructural performance ranges were used. The
discrete structural performance levels are ImmedixtcupancylO), Life Safety {S) and Collapse
PreventionCP).

3.1 Interstorey Drift
The inter storey drift is one of the commonly uskednage parameter. The inter storey drift is
defined as

8. —8._,
Spi=——1
i

()
Where, &, — &._, is the relative displacement between successiveystmdh, is the storey height.

Acceptable limits of storey drift for various sttural systems, associated with different perfornsanc
levels were mentioned in section 3.2.

3.2 Results and discussions

As per FEMA-356, drift criteria for RC moment frasnarel%, 2% and 4% for Immediate
Occupancy (10), Life Safety (LS) and Collapse Priaa (CP) performance levels, respectively. The
drift criteria for unreinforced masonry infilledaimes ar€.1%, 0.2% and 0.6%for 10, LS and CP
performance levels, respectively. Capacity curdeagawith Performance levels of building models
for various load patterns are shown in Figure 8)(@&undamental natural time period as per IS 1893-
2002 and as per analysis using ETABS software abwa models are tabulated in Table 1. Base
shear and top displacement at performance level&hulated in the Table 2 and Table 3 respectively
for the First mode load pattern and Codal loadepatt

Table 1:Fundamental Natural Time period (sec.) of Variotrsi@ural systems

Systems Model | Model Il Model IlI Model IV Model V
As per
IS 18932002 |  0-8130 0.4830 0.4830 0.4830 0.4830

As per Etabs

. 1.0941 0.8673 0.8958 0.8954 0.9006
analysis
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Table 2:Base shear (kN) and Top displacement (m) at Pedoo® levels for the First Mode Load

Pattern
10 LS CP
Systems Base Top Base Top Base Top
Shear Displacement | Shear Displacement | Shear Displacement
Molde' 1868.34 0.0448 2367.21 0.1414 2352/12 0.2557
Model
I 2551.74 0.0325 2970.63 0.0616 3474)98 0.1301
Model Il | 2494.09 0.0327 3153.58 0.0844 326943 341
Model IV | 2504.95 0.0331 3164.1p 0.0860 327520 8313
Mc\)/del 2487.11 0.0327 3160.29 0.0863 327221 0.1342

Table 3:Base shear (kN) and Top displacement (m) at pedoom levels for the Codal Load Pattern

10 LS CP
Systems Base Top Base Top Base Top
Shear Displacement | Shear Displacement | Shear Displacement
Moldel 1615.48 0.0393 2146.94 0.1708 217474 0.2718
Model »
I 2380.11 0.0366 2796.46 0.0664 3209,57 0.1463
Model
" 2307.82 0.0364 2704.41 0.0760 303115 0.1499
Model
Y, 2319.93 0.0371 2721.0P 0.0728 3028,85 0.1479
Model
Vv 2329.79 0.0376 2730.02 0.0773 303299 0.1511
~ e LS Model I
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Figure 2:Pushover Curves Representing Performance Levels

3.3 Fundamental Natural time period:

The codal (I1S: 1893-2002) and analytical (ETABShunal period of the various models are
shown in Table 1. It ipbserved from Table 1 that the analytical natuealqal do not tally with the
natural periods obtained from the empirical expogssf the code. Introduction of infill panels inet
RC frame reduces the time period of bare framesatswlenhances the stiffness of the structure. Bare
frame idealization leads to overestimation of ratperiods and under estimation of the designdater
forces. It has been found that in the outer icfilhfiguration (Model 1) there was 25% reductiam
time period compared to the bare frame (Moddhlgll other soft storey models (Model Il to V) 20
% reduction in natural period was observed compardxre frame model (Model I).

3.4 Storey Displacement:

The top storey displacement profiles of models undersiteration in Figure 2 show that
introduction of infill panels in the RC frame redscthe lateral displacement considerably. From the
study it was observed that First mode Lateral Ipatfern dominates the structures response. From
Figure 2 and Table 2 it was observed that for Rinst Mode lateral load pattern the decrease in the
top displacement in the Model Il compared to theeBisaame Model (Model 1) was nearly 50% and
nearly 48% in Model Ill, IV and V respectively @te collapse prevention performance level. It was
also observed that for the Codal load pattern therahse in the top displacement in Model |
compared to the Bare frame Model was nearly 46%hfeiModel 1l and nearly 44% in Model Ill, IV
and V respectively at the collapse prevention perémce level .On the similar line response of
structure was seen at Life safety and immediateimanacy performance level for both lateral load
patterns. It has been observed from above resaltt ititroduction of infill controls the lateral
displacement and storey drift. However, in casesoft storey Models (Model Ill, IV and V) there
was an increase in the top storey displacemgardund 5 % compared to outer infill panel frame
(Model 1) at the Collapse prevention performatmeel. On the similar line lateral displacements of
models were seen at the life safety and the imneediecupancy performance levels.

3.5 Base Shear:

Performance evaluation using the First Mode latecd pattern resulted in higher base shear
than the Codal load pattern. From the results inléfa and Table 3 it was observed that for thet Firs
mode load pattern the increase in the base shedodel 1l was nearly 48% compared to the Bare
frame model and was nearly 40% in soft storey nwo¢dodel 11l to V) compared to the Bare frame
(Model I) at collapse prevention performance le@&milar to Elastic First mode pattern, the Codal
load pattern also governed the structural respddeehe similar line response of structure was seen
at Life safety and immediate occupancy performdecel for both lateral load patterns.
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4.0 Conclusions

In this research, the effects of various configoret of masonry infills in the seismic
response of gravity load designed RC frame buildlingve been discussed. It has been found that the
IS code provisions do not provide any guidelinastii@ analysis and design of RC frames with infill
panels. It has been found that calculation of gaidke forces by treating RC frames as ordinary
frames without regards to infill results in undeireation of base shear. Therefore it is essential f
the structural systems selected to be thoroughgstigated and well understood for catering to soft
ground floor, as the presence of masonry infillglann the frame substantially reduce the overall
damage. The performance of fully masonry infill elsnwas significantly superior to that of bare
frame and soft storey frames. The present study @ésnonstrates use of nonlinear displacement
based analysis methods for predicting performaased seismic evaluation.
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