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SEISMIC VULNERABILITY OF RC FRAME BUILDINGS
WITH VARIOUS PLAN SHAPE WITH ACCOUNT
FOR NONBEARING INFILL WALLS

O.B. Mypawrxo, b. Inbxam. CeiicmiuyHa Bpa3IMBicTh 3a/1i300eTOHHUX KapKAacHUX OyIMHKIB 3 pi3HOI0 (OpPMOIO IIIaHY 3 ypaxy-
BaHHAM HEHeCY4oro cTiHOBOro 3amoBHeHHsI. CTAaTTIO NPUCBIYCHO YHCEIBHOMY MOCIIIKECHHIO BOX BXJIMBUX (haKTOPIB, IO BIUIMBAIOTH
Ha ceficMOCTIHKICTh 3a1i300€TOHHUX KOHCTPYKLiil. Mema: MeToio DOCHiKEHHs € BUBYCHHS ITOBEIIHKH Pi3HUX MMOPYLICHD IUIaHy OyaiBeib
IPH 3eMJICTPYCi 3 YpaxyBaHHSAM HEHeCy4ix cTiH. Mamepiaau i memoou: TIpyu NpoBEACHHI HOCIIKEHHSI BAKOPHCTOBYBAJIM METO/ KiHIEBUX
eNIEeMEHTIB 1 HenmiHifHuN cTaTnuHuil MeToa. HeobXinHi po3paxyHKH BHKOHYBaiM y mporpamMHoMy makeri Etabs. Pesynsmamu: Otpumano
CHIBBIJHOLICHHS MDXK CEHCMOCTIHKICTIO PeryssipHOl Ta HeperyJsipHoi GpopM B IUIaHi, OepydH OO yBard HEHeCyde CTIHOBE 3aIllOBHCHHS, IO
CHIpysi€ PO3BUTKY YKpalHCHKOI CHCTEMH OINEpPaTHBHOI Bi3yasbHOI OLIHKM (DaKTHYHOI celicMOCTIiHKOCTI OyaiBenb. 3rigHO 3 pe3ysbTaTaMu
HOPIBHSHHS CEMH BapiaHTiB ()OPM IIaHY OBEACHO, 110 CEHCMOCTIMKICTh MOJIENEH i3 CTIHOBMM 3allOBHCHHSIM 3HAYHO 301JIbLICHO B MOPIB-
HSIHHI 3 KapKacoM 0e3 3aIl0BHEHHs (10 ABOX 1 Oiible pasiB), TAKOXK PEryJIPHICTh PO3IIISTHYTHX CXeM 3MIHIOEThCs 10 35 %.

Knmiouogi cnoea: ceiicMiuyHa ypa3iuBiCTb, HENIHIHMM CTATUYHMI aHawi3, HEPEryJLIPHICTh y IUIaHi, CTIHOBE 3allOBHEHH,
3aJ1i300€ TOHHHIA KapKac.

O.V. Murashko, B. Ilham. Seismic vulnerability of RC frame buildings with various plan shape with account for nonbearing
infill walls. Paper devoted to numerical investigation of two important factors that influence on seismic resistance of reinforced concrete
structures. Aim: The aim of the research is to study the behavior of different plan irregularities of buildings under earthquake influences with
taking into account nonbearing infill walls. Materials and Methods: Next analytic methods were used in this research: finite element method
and static pushover analysis. Calculations were performed using pushover analysis with Etabs Software. Results: We obtained seismic
resistance ratio of regular and irregular shapes with taking into consideration non bearing infill, which helps to develop Ukrainian system of
rapid visual assessment of actual seismic resistance of buildings. According to the results of comparison of seven variants of plan shape, it is
seen that seismic resistance of models with infill wall have considerably increased compared with bare RC framed (up to two times and
more); and also regularity for the considered schemes varies up to 35 %.

Keywords: seismic vulnerability, pushover analysis, plan irregularity, infill walls, reinforced concrete frame.

Introduction. Earthquakes are one of the greatest challenges to designers of buildings and civil
engineering structures. Modern international experience in investigations and codes shows the
importance of two factors that significantly influence on actual seismic resistance of structures: plan
form shape and nonbearing walls [1...6].

The aim of the research is an analytical study of the behavior of different plan irregularities of
buildings with nonbearing wall infill under earthquake influences.

Materials and Methods. The finite element method and static pushover analysis were used in
this research: The ATC-40 [1] and FEMA-356 [2] documents contain simplified non linear static
analysis (pushover) utilized to estimate the seismic responses of structures with taking into considera-
tion their nonlinear behavior. Pushover analysis helps to decrease calculation time period with
comparison to more accurate time-history analysis. That caused application of pushover analysis in
this work. Calculations were performed using pushover analysis with Etabs Software.

The effect of irregularities was analyzed using the most geometric building plan-shapes applied
in Ukraine and abroad (Table 1).

Spectral displacement, spectral acceleration and base shear were the key parameters to ascertain
the effect of structural configuration on the behavior of buildings under earthquakes. The second
parameter that was also analyzed is influence of nonbearing infill walls.

The Layout of plan having 6x6 bays of equal length of 6 m.
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Table 1
Plan shapes of analyzed buildings

F-1: L Shape

F-3 : L Shape F-4 : T Shape F-5 : Plus (+) Shape F-6 : Number (4) Shape

Following parameters were used in the analysis of the RC framed buildings models:

— Size of column: 400x400;

— Height of story: 3 m;

— Number of stories: 4 stories;

— Material properties of Concrete: C16/20;

— Material properties of infill: Aerated Concrete D 600.

Number of stories that was picked for investigation because of limitations in building codes for
such structural scheme [4].

Main results of performed calculations are given in Fig. 1. Fig. 2 shows deformed shape for the
same shape F-0 with and without nonbearing infill.

\ | Baee Sheati | RC FRAME
| Base Shear;
Base Shear; |

_____=/Base Shear; |
= sase shear; |
_______=/Base shear; |
& Base Shear, |

RC FRAME TAKING ACCOUNT OF CONCRETE INFILL
WALLS

______mBase shear,
Fig. 1. Base Shear(KN) comparison Fig. 2. Deformed shape for F-0 scheme without
for the seven models nonbearing infill (left) and with nonbearing infill (right)

Obtained results for both types of schemes: with and without non-bearing infill corresponds with
field tests [7] that were performed by authors of this paper on eight multistory buildings in Odessa.

Conclusions. Based on the results of our research, we can draw the following conclusions:

— The performed investigations show that taking into account both: nonbearing infill walls and
shape of building in plan leads to more accurate assessment of actual seismic resistance;

—The rectangular and T-shapes with infill walls has higher degree of seismic resistance
compared with other shapes (17...35 %).
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