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ABSTRACT : This paper deals with the effects of staircase during the seismic performance of Multistoried RC Frame
Building in zone 111 & zone 1V at various location with or without staircase in plans have been studied. During earthquake as
we construct the structure with staircase monolithically, staircase also contributes its performance of the building, due to this
structural discontinuity, performance of buildings may result in non-linear behavior. Because of this non-linear behavior,
modification in various seismic parameters such as a reduction in the time period, displacement, time period and story drift of
the building is essential. Due to the rigidity of inclined slab and of short columns around staircase, beams and columns are
often characterized by a high seismic demand. It can be concluded that the effect of a staircase in the analysis and design of
RC frame buildings cannot be ignored. In the present study, the effect of staircase position on RC frame structures has been
carried out by adopting various location of building models with and without staircase along with or without shear wall in
longitudinal and transverse direction. Shear wall is used for lift duct in RC multistoried model. The Linear Response Spectrum
analysis of the models has been carried out as per 1S: 1893 (Part 1) - 2002 and 1S: 456 — 2000 with the help of Etab 15.1
software. The Seismic characteristics in terms of Story Drift, Story Displacement and Time period, have been compared with
the seismic characteristics of models with and without a staircase along with or without shear wall. Further, the effect of
change in location of the staircase on the behavior of the building has also been observed. The identification of the weakest
elements of the structure, the failure type considering the presence of the stairs, and their contribution in the nonlinear
performance of RC frame buildings are some of the areas on which the present paper has presented. In addition to these, short
column effect, variation in moments of beams and columns that are attached to staircase slab, failure and deformation in
staircase models have also been studied.

Keywords: Doglegged Staircase, Response spectrum analysis, Shear wall Effect, Short column effect, long column effect. .

1. INTRODUCTION

An earthquake is a spontaneous event and behaves
quite differently. The force generated by the seismic
action of an earthquake is different than other types of
loads, such as gravity and wind loads. It strikes the
weakest spot in the whole three dimensional building.
Ignorance in design and poor quality of construction
result, many weaknesses in the structure, thus cause
serious damage to life and property. The staircase is the
part of secondary system of the structures and it is one of
the essential parts of a building because of its functional
importance. Due to the complex modeling of the staircase,
it is designed separately for non-seismic and seismic
forces. From a geometrical point of view, a stair is
composed of inclined element (beam and slabs) and by
short column. These elements contribute to increase
stiffness of the building. The effect of the staircase on the
RC frame structure found in literature may be summarized
as imparting discontinuity in the modeling, variation in
failure of allied structural elements, contributing in non-
linear performance of buildings, modification of various
seismic parameters such as reduction in the time period,
story drift, and story displacement of the building have
been considered in this study. Hence it can be suggested
that the

effect of a staircase in the analysis and design of RC frame
buildings cannot be ignored.

2. BUILDING MODELING & ANALYSIS

The structural system of the Residential building
consists of RC beams, columns and slabs, stair etc. Length
and thickness of the walls are adjusted in such a way that
equal wall area is provided along both directions. The
buildings located in Zone 111 & IV with dog-legged stair of
G+7 Storey are referred with stair model as
AX1,AX2,AX3,AX4 and the building without stair model
as BX1,BX2,BX3,BX4 in longitudinal direction (X-Dirt.)
and with stair model as AY1,AY2AY3,AY4 and the
building without stair model as BY1,BY2,BY3,BY4 in
the transverse direction (Y-Dirt.). The lift ducts are not
considered in models AX1, BX1, AY1 and model BY1. In
this paper two case studies are considered for analysis,
case -1 with stair model AX1, AX2 are compared with,
without stair model BX1, BX2 considering parameters
such as drift, displacement, time period. Shear wall is used
for lift duct in model AX2 and BX2 . Similarly, in case 2
with stair model AX1, AX2, AX3, AX4, AY1, AY2, AY3,
AY4 are compared with, without stair model BX1, BX2,
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BX3, BX4, BY1, BY2, BY3, BY4 considering parameters such as drift, displacement and time period.

3. THE DETAILS OF THE MODELED BUILDING ARE LISTED BELOW

Plan dimensions 25 X 21.8 m(X*Y) Grade of concrete & Steel M30&Fe 415
Length in X- direction 25m Seismic zone H &Iv
Length in Y- direction 21.8m Soil Type I
Floor to floor height 3.2m Importance factor 1
No. of Stories 8 Building frame type SMRF
Edge Beam 0.3X0.45m Density of concrete 25 KN/m?
Total height of Building 25.6 m Density of masonry wall 20 KN/m?
Slab thickness (S1) 0.155m Loading considered
Inclined slab thickness (S2) 0.130m Live load on floor 5 KN/m?
Edge Beam 0.3X0.45m Live load on roof 4 KN/m?2
Column size 0.45X0.45m Floor Finish 2 KN/m?
External and internal wall 0.30 m Floor finish on roof 4 KN/m?2
thickness
Wall Load 16.5 KN/m2
Parapet Wall Load 6 KN/m?

The structural plans of ground storey in zone 11l & zone 1V for different locations of stair case with or without shear wall are
as follows.

Figure 1: Structural plan for model AX1 Figure 3: Structural plan for model AY1
Figure 2: Structural plan for model BX1 Figure 4: Structural plan for model BY1
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Figure 5: Structural plan for model AX2 Figure 8: Structural plan for model BY?2
Figure 6: Structural plan for model BX2 Figure 9: Structural plan for model AX3
Figure 7: Structural plan for model AY2 Figure 10: Structural plan for model BX3
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Figure 11: Structural plan for model AY3 Figure 14: Structural plan for model BX4

Figure 13: Structural plan for model AX4 Figure 16: Structural plan for model BY4
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4. RESULTS & DISCUSSION

This paper deals with the multistoried building case 1
and case 2. In Case Study 1, with stair model AX1, AX2
are compared with, without stair model BX1, BX2
considering parameters such as drift, displacement, time
period. Shear wall is used for lift duct in model AX2 and
BX2. Similarly, in Case Study 2S, with stair model AX1,
AX2, AX3, AX4, AY1, AY2, AY3, AY4 are compared
with, without stair model BX1, BX2, BX3, BX4, BY1,
e  Comparison of Storey Drift (X & Y Direction)

BY2, BY3, BY4 considering parameters such as drift,
displacement, time period Comparison of all models
prepared in Etab 15.1 carried out with the help of

following graphs.

5. RESULTS FOR MODELS AX1, BX1, AY1,
BY1l, AX2, BX2, AY2, BY2 TYPE OF
BUILDING IN ZONE 11l & ZONE IV (CASE

-1):
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Figure 17: Comparison of Storey Drift. (X-Direction)
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Figure 18: Comparison of Storey Drift. (Y-Direction)

Figure.19: Comparison of Storey Drift. (X-Direction)
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Figure 20: Comparison of Storey Drift. (Y-Direction)
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e  Comparison of Storey Displacement (X & Y direction):
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Figure 21: Comparison of Storey Displacement. (X-
Direction)
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Figure 22: Comparison of Storey Displacement. (Y-
Direction)
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Figure.23: Comparison of Storey Displacement. (X-
Direction)
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Figure 24: Comparison of Storey Displacement. (Y-
Direction)
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e Comparison of Time Period (X & Y direction):
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Figure 49: Comparison of Time Period. (X-Direction) Figure 50: Comparison of Time Period. (Y-Direction)

6. RESULTS FOR MODELS AX1, BX1, AY1, BY1, AX2, BX2, AY2, BY2, AX3, BX3, AY3, BY3, AX4, BX4, AY4,
BY4 TYPE OF BUILDING FOR ZONE 111 & IV (CASE-2):

e  Comparison of Storey Drift (X & Y Direction)
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Figure 17: Comparison of Storey Drift. (X-Direction)
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Figure.19: Comparison of Storey Drift. (X-Direction)

e  Comparison of Storey Displacement (X & Y direction):
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Figure 21: Comparison of Storey Displacement. (X-
Direction)
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Figure 20: Comparison of Storey Drift. (Y-Direction)
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Figure.23: Comparison of Storey Displacement.
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response spectrum method for columns around
staircase.

In comparison of all frames for zone Il & zone
IV without lift  duct models ie
(AX1,BX1,AY1,BY1) and all frames with lift
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duct models i.e (AX2,BX2,AY2,BY?2), the value
of drift, displacement and time period is found to
be less for model AY2 & AX2. Hence, we can
say that it is better to provide stair case in shorter
direction (Y-dirt.) & longer direction (X-dirt) for
the building plan under consideration.

e It has been observed that when we compared all
structural model under consideration, in case of
model AX3, as staircase is along longer direction
the longer span will divide in two parts. Hence
the values for drift, displacement, and time period
is observed to be lesser as compared to other
models .Hence it is better to provide stair case in
longer direction for the model in Zone 111 & IV.

e In Without stair model it is observed that,
columns supporting landing beam have been
found to be equal axial force. The lateral moment
in such columns get increased due to absence of
inclined slab and hence short column and
torsional moment in landing beam increases
enormously, due to this observation of the failure
of member will redesign for better results and
stiffness.

e The staircase should not be provided at the
corners as well as at the center location in plan
for any type of building under consideration as it
affects the stability of the building.

e Because of the mid landing the column under the
staircase will be act like a short column, as the
short column gone through tremendous stresses
and forces the beam connecting the short column
is failed in the results obtained from ETAB 15.
Hence the redesigning of the section is required.

e If building and there components are not design
properly by considering diagonal effect of
staircases, it may get fail under major
earthquakes.

8. FUTURE SCOPE

»  The various building models which are analysed
in the dissertation work can be further studied by
introducing various types of staircase by
changing plan and height of the building.

«  Stair case +Lift+ Maven technology construction

should be studied.

*  Use the different software like SAP, STAAD, and
EVACENET 50.

*  When floors of building are more than 10 than
one should use software to analysed the location
of stair case or lift.

+ Traffic on each floor should be calculated and
accordingly the location of staircase or lift should
be studied
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