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Abstract: It is impossible to avoid irregularities in building when better aesthetics and functional aspects are
predominant.Building becomes extremely irregular if it possesses irregularity in vertical and horizontal
direction with stiffness irregularity. In this paper, plan irregular open ground storey setback buildings resting
on plain and 45 degree sloping ground have been analyzed using nonlinear time history analysis with and
without replacing open ground storey columns by reinforced concrete filled steel tube columns.Mainly two
models are considered resting on plain as well as on sloping ground i.e. RCCOL model and RCFSTC model.
Performance of both the models has been evaluated in terms of storey displacement, storey drift, base shear
and torsional response. It is observed that storey displacement, storey drift and torsional response are
decreased by greater extent. Thus, RCFST columns provided in open ground storey alleviate the devastating
effects due to presence of irregularities in the building during strong earthquake ground motion.
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I. Introduction
Construction of irregular buildings are common due to land unavailability, functional as well as architectural
aspects. Mahmoud et al. (2017) analyzed 12 storey Reinforced concrete moment resisting frame with and without
fully infill walls as well as frame building with open soft storey at different levels in ETABS. It is noted that
existence of a soft storey at a specified level highly magnifies storey drift at that level[1]. Choudhury and Kaushik
(2018) assessed the seismic vulnerability of low to medium-rise masonry infill RC frames with different infill
configurations. Nonlinear static pushover analysis was carried out in SAP2000 software for performance
assessment of three types of building models such as bare frame, OGS and Fully infill model. It was observed that
opening in masonry infills do not influence on lateral load behaviour of OGS frames and Seismic fragility of OGS
frames found higher than the fully infilled and bare frames because OGS columns have lack adequate ductility,
stiffness, and strength required to resist high storey shear[2].Halkude et al. (2013) analyzed two different types of
building frames which are common in hilly region namely step back and set back with step back using Response
spectrum analysis. It was concluded that step back frames shows higher base shear, top storey displacement, time
period and torsional response compared to Setback and Step back frame. As Hill slope increases top storey
displacement and time period decreases[3].Prakashvel et al. (2012) carried out experiment on RC frame building
with open ground storey using Shake table test. The test was conducted for earthquake time history compatible to
Response spectrum given in 151893 taking Zone V and Soft soil. Shake table test results shows that strain values
are higher in open ground storey columns and predominant hinges are formed in the same. Stiffness ratio after
testing was reduced by 31.68% leading to exaggeration of soft storey effect[4]. Nagarjuna and Patil (2015) analyzed
G+10 storey building resting on slope with varying angle from 10 to 40 degree having two different type of
structural configuration namely step back and setback with step back building for earthquake loading as per linear
static method and response spectrum method of IS 1893(Part-1). It was concluded that setback step back building
configuration with shear wall placed at corners is suitable for the construction of building on sloping
ground[5].Mevawala and Desai (2016) analysed the G+5 and G+10 buildingresting on varying degree of slope
using nonlinear time history analysis in SAP2000 software. Itwas observed that Bending moment and displacement
increases as slope and height of the building increases[6]. Khan and Rawat (2016) studied the RC framed building
with eccentric bracing at soft storey level and masonry infill at other upper storeys. The seismic performance of
eccentric bracings for a G+6 building located in Indian seismic zone — V as per IS 1893-2002 were investigated
using nonlinear static pushover analysis. The results of pushover analysis shows that buildings with eccentric
bracings have lower drift demand and probability of collapse[7]. Ghosh and Debbarma (2017) studied on G+4

AIJRSTEM 19-219; © 2019, ANRSTEM All Rights Reserved Page 107


http://www.iasir.net/

Parikh et al., American International Journal of Research in Science, Technology, Engineering & Mathematics,26(1), March-May 2019, pp.
107-111

setback building resting on plain and sloping ground in which he compared three different mitigation measures
such as provision of shear wall in OGS, designing the ground storey columns by 2.5 times moment and shear forces
as per code and replacing ground storey columns by RCFSTC. RCFSTC found advantageous for setback building
with OGS because RCFSTC do not block any access in OGS moreover stiffhess is uniformly distributed over the
whole base of the structure and RC column section is also not changing at the junction.[8]Structural irregularities
are undesirable due seismic vulnerability. Urge of extracting natural beauty of the mountains and valleys, setback
buildings become popular. But this kind of building hold various irregularity and if they rest on sloping ground, it
becomes more severe condition during earthquake. Due to these undesirable factors present in the building, it is
very important to investigate the response of such irregular building take suitable mitigation measures to save the
life and property of inhabitants. In this study, plan irregular setback building is analysed with and without provision
of reinforced concrete filled steel tube columns as a preventive measure and investigated the performance of the
building using nonlinear dynamic analysis.

Il. Research Methodology
The prime objective of study to evaluate the performance of the plan irregular setback building with and without
replacing OGS columns by RCFST columns.To investigate the suitability ofRCFST columns as a mitigation
measure for plan irregular building resting on plain and sloping ground. Parameters under study are Storey
Displacement, Base shear, Storey Drift and Torsional Response etc.
A. Details of Building model
In this paper, Plan irregular T and L shaped G+4 Setback building with open ground storey located on plain and
sloping ground is analysed in ETABS v17. Slope angle is kept as 45 degreewith horizontal. Setback is provided on
fourth and fifth storey. Infill walls are provided in the building in all the storeys except ground storey. Infill walls
are modelled as equivalent diagonal strut using macro modelling approach.Equivalent strut length is same as
diagonal length of wall.Width of strut is kept as one fourth of the diagonal length and thickness of strut is taken
same as the thickness of wall Ghosh and Debbarma (2017). Diagonal Struts are modelled as two nodded pinned
line element. Columns are modelled as two nodded vertical line elements and beam is modelled as horizontal line
elements. Square shaped columns are used to avoid the effects of orientation of columns in this study. Slabs are
modelled as four nodded rectangular shell elements. Size of beams and columns are kept such that strong column-
weak beam theory is justified. Base of each column is restrained all degrees of freedom, i.e. fixed support condition.
Rigid diaphragm is applied to make all the structural elements act as a single unit. In this study, plan irregular T
and L shaped G+4 setback building with plan dimension 9m x9m building is taken resting on plain and sloping
ground. Plan & 3D views of T and L shaped building are shown in Fig. 1 and in Fig. 2.

Figure 1 Plan of T and L shaped setback building

Each bay length is taken 3m and Slope angle is taken 45° with horizontal. Equivalent diagonal struts are designed
as compression members. Here, tension limit, OkN is assigned to struts. In this analysis takeda hysteresis model is
employed. This model is considered as one of the best models that follow hysteresis rules for describing the
nonlinear relation between the applied force and the corresponding deformation of the structural members
Mahmoud et al. (2017) .Two different models are used in analysis namely Open ground storey model and model
with RCFSTC (Reinforced concrete filled steel tube column in ground storey for each shape of building on plain
& sloping ground. Total 8 number of models are prepared. Notations of all these models are described in theTable
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Figure 2 3D view of building models in ETABS v17

B. Analysis methods

In this paper, all eight models have been analysed using nonlinear dynamic analysis method i.e. nonlinear time
history analysis. Nonlinear time history analysis has been performed by employing Takeda hysteretic model. This
model is considered as one of the best hysteretic models which follows hysteresis rules for describing the nonlinear
relation between the applied force andthe corresponding deformation of the structural elements. Itis widely used by
many researchers for nonlinear time history analysis and CSI also recommended to use it for reinforced concrete
members. Nonlinear hinges such as Fibre P-M2-M3 hinges were assigned in RCFST columns and Defaults hinges
M3 and P-M2-M3 were assigned to beams and columns respectively. As per ASCE 7 (2010), Minimum three
earthquake ground motion data are required. In this study, Northridge (1994), imperial valley (1979) and San
Fernando (1971) earthquake ground motions data have been used in time history analysis and scaling has been done
by matching it with IS response spectrum using time domain approach of spectral matching in ETABS v17.
Unscaled ground motion data is available at PEER ground motion database https://ngawest2.berkeley.edu/.

Table I Notations of 8 different set back building models

Models on Plain ground Models on Sloping ground
L Shape OGS LP1 L Shape OGS LS1
L Shape RCFSTC LP2 L Shape RCFSTC LS2
T Shape OGS TP1 T Shape OGS TS1
T Shape RCFSTC TP2 T Shape RCFSTC TS2

I11. Results and Discussion
After analysing eight different models such as T & L shaped setback building resting on plain and sloping ground
with various configuration two namely open ground storey (OGS) model andOGS model with RCFSTC at OGS.
Both components of ground motion acceleration time history were applied in both orthogonal directions. Maximum
response of the all building models in terms of various seismic parameters were recorded for each earthquake.

A. Storey displacement
Storey displacement is recorded for all the setback building models and results are shown in Fig.3

Figure 3Maximum storey displacement (mm)

Northridge Imperial Valley San Fernando
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It has been found that provision

of RCFST column enhances the performance by minimizing storey displacement by 85% to 88% in T & L shape
setback building model on plain ground. For models on slope, storey displacement has been decreased by 88% to
92% after replacing OGS columns by reinforced concrete filled steel tube columns.
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B. Storey drift
Storey drift is the relative displacement of two adjacent floors per unit storey height. Results of storey drift are
shown in Fig.4 for all three earthquakes.

Figure 4 Maximum storey drift

Northridge Imperial Valley San Fernando
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It has been observed from the results of all three earthquakes that storey drift has been decreased by 96% in T & L
shape setback building model located on plain ground. Whereas models on sloping shows decrease in storey drift
by 97% with provision of RCFST columns in place of normal RC columns in open ground storey.

C. Base shear
Base shear depends upon mass and stiffness of the structure. Base shear of T & L shaped setback building models

resting on plain and sloping ground is shown in Fig.5.

Figure 5 Base shear (kN)

From graphs of all three earthquakes, it can be observed that variation of base shear in different earthquake has
found different after replacing open ground storey columns by reinforced concrete filled steel tube columns. The
percentage variation of base shear has been described in Table 2.

Notthridgs DEenia) vaeley 3n herrango

Table Il1Percentage variation in base shear for different earthquakes

Northridge -12.4 6.2 -12.1 13.8
Imperial valley -8.6 12.4 -13.8 7.6
San Fernando 13.7 28.0 194 23.2

D. Torsional response

Plan irregular setback building models resting on plain and sloping ground possess irregularity in vertical as well
as horizontal direction in terms of mass, stiffness and geometry. Due to this irregularities center of mass does not
coincide with center of rigidity. Due to eccentricity, torsion arises. The building will rotate about its vertical axis.
In this study, results are recorded in terms of rotation about vertical Z-axis in radian unit as shown in Fig.6.

It has been observed from the torsional response results of all three ground motions that torsional response has
been decreased by 97% to 99% in models on plain ground and 75% to 87% in models on sloping ground after
replacing open ground storey columns by RCFST columns.

- ____________________________________________________________
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Figure 6 Torsional response (rad)

Northridge Imperial Valley San Fernando
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IV. Conclusion
In this paper, attempt has made to alleviate seismic hazard in extremely irregular building by replacing open
ground storey columns with reinforced concrete filled steel tube columns. From the results discussed, following
conclusions can be drawn.

e The provision of reinforced concrete filled steel tube column in open ground storey decreases the storey
displacements by 85% to 90%. Moreover, storey drift is decreased by around 97%.

e Torsion generated due to irregularities can be effectively minimized by around 98% if building rests on
plain ground. It is reduced by 75% in plan irregular setback building resting on slope.

o Base shear decreases for building on plain ground and increases for building on sloping ground. Effects
of various irregularities in the building during earthquake cause great damage to the building and for
some strong ground motion it may also lead to collapse.

e Itisconcluded that RCFST columns provided in open ground storey enhance the performance of the plan
irregular setback building and minimize the seismic hazard.
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