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Abstract

Interaction between masonry infill wall andreounding RC frame alters the lateral load patbuildings subjected to
ground motionIn the existing literature, few studies addressed torsional response of plan symmetric RC buildings with
asymmetric distribution of infill wallsWith the help of adanced modeling techniques, this study investigates the
inelastic torsional response of multistory RC infill wall buildings with vertical and plan irregulaiM@slinear
modding of plan asymmetribuildings was carried out in Seisntagt 2016 softwareising forcebased filbe beam

column elementsRushover analysis is performed on the buildingsch involvesa double strut macrmodel for infill

walls. The pbrdonal response of the buildingdbtained fromExtendedN2 method and Extended Gagity Spectum
Method i FEMA 440is presentedThe response parameters considered are Story Drift Ratio (SDR) and demand to
capacityratio (D/C) of column curvaturet stiff, flexible side of the buildingsgCompared to bare frame building, the
SDR and D/C ratio obottom storycolumnsis higher atthe flexible sideand moderately higher near stiff sithe
building with infill walls. Infill wall interaction has led tothe modification of torsional response by increasing the
vulnerability of flexible side column to damagn vertically regular and irregular buildings

Keywords: Plan asymmetric buildingestical stiffness irregularity; masonry infills; pushover analysis; torsional
response
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1. Introdu ction

Eccentricity inthe floor plan of a building will cause uneven digbution of lateral forces to the peripheral
frames. Thidistributioninduces anexcessive edge deformation laagito failure of brittle and nowluctile
elements situated at the edges. The failure of these elements may ressdidoten loss of the bdili n g 6 s
strength and stiffnes§’he ®ismic torsional response of plan asymmeinigltistory buildingsis widely
studied In the majority of those studies, the infill wall interaction with frame is grossly igndgedn in plan
symmetric buildings, stiffneseccentricity can be observed when infill walls are distributed asymmetrically
in plan. In the case of building with three adjacent sides infilled, the global seismic performaribe of
building wassignificantlyaffected due to localized deformationgtlie beams and columns near flexible side
under higher levels of excitation [1The effect ofasymmetricinfill wall distribution onthe torsional
response of plan symmetric RC buildings viagher investigatedexperimentally [2 and numerically [3]

The seismic damageeported forbuilding with infill walls on twoadjacent sidess found to be higher
compared tahe case ofymmetrc distribution of infill walls inthe plan. This damage also depends the
magnitude of eccentricity arising from irregutstribution infill walls.

Limited studies addressed tlseismic response of asymmetric buildings with infill walls and vertical
stiffnessirregularity [4,5]. These studies conclad thatbuildings withbare frames are momaisceptibléo
damage compared to infill walluildings However, these studies do not highlight the modification in the
torsional response due to infill walls in asymmei&n buildings.

Typically, the seismicdesign of a symmetrior asymmetric building involves analysis flateral loadso
attain stiffness and strength characteristiecsthis process,nffill wall stiffnessis generallynot considered
However,the interaction betweethe infill wall and surrounding RC frame alters the lateral load pzith
buildings subjected to ground motiofherefore,a study onthe collapsebehavior of buildings with infill
walls is necessary tsuggestsuitable measurefr designes to preventsignificant loss ofstrengthand
stiffnessof lateral load resisting elementdence this studyprimarily investigates the torsional response of
plan asymmetric buildings with infill walls distributed uniformly time plan. This study also xamined the
influence of vertical stiffness irregularity on the torsional response of plan asymmetric infill wall buildings.

2. Modeling and Design

A total of seven fan asymmetric multistory RC buildings are considefed the study. Asymmetric
distributon of shear walls in plagivesrise tostiffness eccentricitgn all floors. The buildings areresting on
medium type soil (10 Standard Penetration Test (M)30) andlocated in Zone IIIRPGA = 0.164g of Indian
seismicity, excepthebuilding shown irFig. 1(d) located in Zone IVRGA = 0.249. The increasef bottom
story heightcomparedo the above story lead to vertical stiffness irregularity (V®hereador buildings
without (w/0) VSI the story height is similafhe thickness of RC slab is g¢et115mm, which is supposed
to withstand Live Load of 2.0 kN/frand Floor finishl.5 kN/nf. The response reduction fac{®) is taken
as 5 for all the caseswhich represents buildings with special moment resisting frames. The importance
factorconsiderd is 1.Q sincethebuildings aredwelling units. Analysis of buildinggsnder combined gravity
and lateral load is carried out usingTAAD.Provd (SELECTseries¥) confirming to IS 1893standard
[6]. The lateral forcesequired for desigrare arrived usig linear dynamic analysis under design basis
earthquakeConcrete of grade M30 is adopted for T & U shape buildingsand M25 grade fothe
remaining buildingsGrade of steetonsidereds Fe500for all buildings The design of beams, columiasd
shea walls confirm to IS 13920:2016, IS 456:2000 codal provisidhe. gan of theasymmetridouildings is
depicted in Fidl, which includesthe center of mass(CM) and center of rigidity(CR) locationtheffirst
floor. The rectangular building shown Kig.1(d) is of G+3 Upper Floorsandthe typical elevation ofthe
buildings is shown ifrig.1().
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Fig. 11 Plan anddevation ofmultistory plan asymmetric RCulddings
2.1 Nonlinear modding and analysis

Plan agmmetric RC buildings are modal andanalyzedusing SeismoStruct 2016a fibre based finite
elementsoftware[7]. Thenonlinear behavior ofoncrete compressiaand reinforcement baere modekd
using Mander et al[8], Monti-Nuti [9] modek, respectively With these material models, the ultimate strain
in confined concretéor beam and columis evaluateditilizing a computer program CONSECL0]. The
crushing strain of unconfined concrete is set to 0.0035 followed by @ngpstitain of 0.005 for all beasn
and columns.

2.1.1Fibre Element

Beams and columns are méetk using forcebased concentrated plastic hinge frame elesnditte plastic
hinge length () is taken as half the section deftfi]. For shear walla forcebased distributed inelasticity
frame element is adopteBy default, two integration sections will lsensideredor plastic hingeslemens,
whereas for distributed inelasticity elemgrfive integration sections are defined. For columns and shear
wall axid load bending moment interaction is inherently accounted.

2.1.2 Rigid diaphragm

Rigid diaphragm effect is modedi for the slabof RC buildingsthroughpenalty functions nodal constraints
approachThe penalty function exponent suitable to the maslefrived on an iteration bagj$2]. Penalty
function exponenis taken as 10for rectangular building anti0’ for remaining buildings.

2.1.3 Infill Wall

Unreinforced masonf{WRM) infill walls are mod&d usinga macremodelapproactproposed by Crisafli
and Carr[13]. This macro modelis shown in Fig.2accounts compressioshear behavior of infill panels
with the help of two parallel struts and a shear sprimgpectively The geometrical properties of
compression and shear strut are calculatedbrdory to the stipulations rpvided in IS 1893 and
SdsmoStruct2016 softwareuser manual. Infill walls are composed of burnt clay red bricks with two
different mortar compostios i.e.,, cement, limeand sand (1:0.5:4.5) for Rectangular,T, and U shape
buildings and1:0:6 for the remaining building3.he densityof clay brickis 18 KN/m®, with a compressive
strength of 3.9MPa (IS: 10772007). For mortar, the compressive strength values are taken@dvia
(1:0.5:4.5) 3 MPa (1:0:6) as perlS: 19052002. The stresstrain curve formasonry prisnwith selected
mortar compositioris obtained from analytical expressideveloped based osxperimental studiefl4].
The stresstrain curve for masonry prisms Witlifferent grades of mortar $hown in Fig3.
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2.2 Pushover Analysis

Pushover analysis was performed on the modeled buildings for all the cases consitler&atsional
responseof buildings is obtained fronktxtended N2 method (Ex NZnd Extended Capacity Spectrum
Method FEMA 440 (Ex CSM)15,16]. The ismic performance of the buildings is verified unhes levels
of ground motio intensity i.e.0.24g, 0.36gThe ground motion demand is defined in the forna emooth
spectrumResidual strength is set to 20% of the strength sparding to ultimate curvatur&ravity loads
(1.0DL+0.29.L) are appliedbeforethe application of pshover loadsThe kteral load profile chosen for
pushover analysis reflectin inverted trangular loading pattern, witthe magnitude of loads increasing
progessively from bottom to toplhe slabbeam interaction is accountéat by modding the beams ith
flanges of appropriate widtithe gecometric nonlinedty effect isneglected

3. Results and Discussion

Pushover analysis of buildingsith andwithout VSI is carried out under a fixed loading patteand the
capacity curve for each building in daprincipal direction is thus obtaineBushovercurvesfor a few
selected buildings are shown in HigFrom Fig.4 the following observationgan be madevhich apply to
theremaining buildingsn both plan directions

Firstly, in the absence ofnfill wall, the lateral stiffness and strength characteristics of building with and
without VSl arefound to be similarBut a sharp distinction in stiffness and strength of these buildings is
seen when the infill wall interaction is consider®ith anincreasdn lateral stiffness, the lateral strength of
building without VSI is found to be higher compared to building with VSI. Overall lateral displacement
capacity of the buildings with infill walls is less compared to without infill wall buildings. This regtuist
lateral displacement capacity is associated witignificant drop in the lateral strength and stiffness of the
buildings with infill walls. These observations indicate thihe energy dissipation capacity of infill wall
building is significantly dferent from bare frame building.

The capacity curve dbuilding in each principal direction is chosemd target displacement corresponding
to therequired level of ground motion intensity is calculated. The response of buildings under 0.36g ground
motion intensity is presented and discussed below.
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3.1 Story Drift Ratio (SDR)

The story drift ratio athe stiff, flexible side of the buildings shown in Fig.5The SDR between with and
without VSI buildings is compared at the level of the first story where combined irregularities are present.
Also, theinfluence of infill wall interaction otthetorsional responsef the buildings is discussed.
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