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ABSTRACT :In RC frame buildings, there are mainly two structural systems, Primary structural system and
secondary structural system. The primary structural system to resist lateral load are beams and columns.
Besides, primary structural system, some elements also contribute to lateral load resistance. These elements fall
in the category of secondary systems. Secondary system can be structural secondary like staircase, structural
partition etc and non-structural secondary like storage tanks, machinery etc A special case of structural
secondary members which are normally designed for non seismic force are concrete staircase. There exist a
large number of reinforced concrete buildings that are gravity load designed and constructed in actual seismic
areas. Many of these structures were constructed in areas that are not considered seismic at the construction
time or although they were located in seismic areas at that time, the earlier codes did not include seismic
provisions or may have specified lower levels of seismic loads. Due to the high cost of replacement, many old
structures are still in service far beyond their design life. Besides, gravity load designed structures may perform
in a no-ductile manner with dangerous modes of failure. Before the 1980°s the design of the structure, both in
seismic and in non seismic area, did not consider the presence of the stair, although the stair offers a higher
strength and stiffness influencing considerably the distribution of seismic forces. It is well known that the stair
could be a vulnerable part of the structure attracting the seismic action; in the meanwhile its stiffness could
preserve the structure from collapse if it was adequately designed and built. If the stair is not well designed it
can lead the structure to collapse, in particular if only gravity loads are considered into the design or the
reinforcement detailing is not adequate. In this paper present the comparative analysis of G+10 RC building
staircase model with and without at different location.

KEYWORDS - staircase, structural partition, reinforced concrete, seismic loads.

. 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 paper present the comparative analysis of G+10 RC building staircase model with and
without at different location.

Il. RELATED WORK

C Bellidoa et. al. [2] presents an assessment of the performance of pressurized staircases in six high
rise buildings. All systems have been designed using a similar methodology but implemented in different ways.
In all cases the control mechanism for the fan is a direct feedback loop from a single pressure sensor. The results
have been evaluated showing the limitations of the control system in the event of Multiple doors being opened
and the limitations of the pressure release dampers (as a response mechanism) if the pressure becomes unstable.

Christoph Ho et. al. [3] create a link between human spatial cognition research and architectural design.
To conducted an empirical study with human subjects in a complex multi-level building and compared thinking
aloud protocols and performance measures of experienced and inexperienced participants in different way
finding tasks. Three specific strategies for navigation in multilevel buildings were compared. The central point
strategy relies on well-known parts of the building; the direction strategy relies on routes that first head towards
the horizontal position of the goal, while the floor strategy relies on routes that first head towards the vertical
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position of the goal. Result show that the floor strategy was preferred by experienced participants over the other
strategies and was overall tied to better way finding performance. Route knowledge showed a greater impact on
way finding performance compared to survey knowledge. A cognitive-architectural analysis of the building
revealed seven possible causes for navigation problems. Especially the staircase design was identified as a major
way finding obstacle.

Edoardo Cosenza et. al. [4] deals with the seismic performance of existing buildings and in particular
on the moment resisting frame structures that could have their critical and weak points in the stair members:
columns and beams or slabs. The stair increases structural strength and stiffness of a structure but attracting
seismic forces it could fail into its short columns or into the slabs due to high shear forces, into inclined beams
supporting the steps a cause of high axial forces. The structural solutions and design practice of stairs in gravity
load designed structures are investigated to define their real geometric definition and to understand their
performance. Some numerical modal linear and non linear push-over analyses are herein presented. A typical
reinforced concrete building respecting the materials and design criteria of the time is considered for the
analyses. In particular two types of stairs are considered: the one with cantilever steps constrained in inclined
beams, and the stair composed of simply supported slabs. The modal analysis emphasizes the different modal
behavior considering the stairs. A non linear lumped plasticity models allow to perform non linear pushover
analysis that allow to identify the main failure mechanisms. Some numerical simulations give some interesting
results and offer some good features on the problems related to the mechanical and geometrical modeling of the
structural elements of the stair, and to the principle types of failure due to flexure, or shear.

Pratik Deshmukh et. al. [5] presents the effects of staircase on the seismic performance of the RCC
frame buildings of different heights and different plans have been studied. Generally, the stair model is not
included in the analysis of RC frame buildings. Due to the rigidity of inclined slab and of short columns around
staircase, beams and columns are often characterized by a high seismic demand. The identification of the
weakest elements of the structure, the failure type considering the presence of the stairs, and their contribution in
the non linear performance of RC frame buildings are some of the areas on which the present paper has
presented. For analysis and design, Etab v.9 has been used. Performances of both categories of the buildings
have been evaluated through Response Spectrum Method.

Ankit R. Shelotkar et. al. [6] presents the effect of staircase position on RC frame structures has been
carried out by adopting various building models with and without staircase in longitudinal and transverse
direction. The Linear Response Spectrum analysis of the models has been carried out as per IS: 1893 (Part 1) -
2002 and IS: 456 — 2000 with the help of Etab 2015 software. The Seismic characteristics in terms of Time
period, Story Drift and Story Displacement have been compared with the seismic characteristics of models with
and without a staircase. Further, the effect of change in location of the staircase on the behavior of the building
has also been observed. 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.

I1l. PROPOSED DESIGN OF MODEL
3.1 General Introduction
The multi storeys buildings of G+5 are modelled in six different configurations are as follows-
* Model A4 - Building with staircase at centre location.
» Model A5 - Building with staircase at mid end location.
» Model A6 - Building with staircase at corner location.
» Model B4 - Building without staircase at centre location.
» Model B5 - Building without staircase at mid end location.
« Model B6 - Building without staircase at corner location.
Part A - Structural Plan, Elevation & 3-D Figures For Different Location of With And Without Staircase

Fig. 1: Structural plan with (A4) and without (B4) staircase at centre location.
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Fig. 2: Elevation of shorter direction at centre location (A4)
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Fig. 3 Elevation of longer direction at centre location (A4)

Fig. 4:3-D model of staircase at centre location (A4)
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Fig. 6: Elevation of shorter direction at mid end location (A5).
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Fig. 7: Elevation of longer direction at mid end location (A5).
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Fig. 10: Elevation of shorter direction at corner location (A6).
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Fig. 11: Elevation of longer direction at corner location (A6).

Fig. 12: 3-D model of staircase at corner location (A6).
1.2 Part B - Analysis Results for Different Location of With and Without Staircase

Tablel: Results for Storey Drift in Model A4 and B4 at Centre Location.

G+10 Model
Load Case EQX Load Case EQY Permissible

Sr.No Storey A4 Frame B4 Frame A4 Frame B4 Frame Value
1 11 0.0012 0.0010 0.0018 0.0015 0.0120
2 10 0.0019 0.0018 0.0025 0.0026 0.0120
3 9 0.0026 0.0027 0.0031 0.0037 0.0120
4 8 0.0032 0.0035 0.0035 0.0046 0.0120
5 7 0.0037 0.0042 0.0039 0.0054 0.0120
6 6 0.0040 0.0047 0.0040 0.0059 0.0120
7 5 0.0042 0.0050 0.0041 0.0062 0.0120
8 4 0.0042 0.0051 0.0040 0.0063 0.0120
9 3 0.0040 0.0049 0.0038 0.0063 0.0120
10 2 0.0034 0.0041 0.0035 0.0058 0.0120
11 1 0.0017 0.0020 0.0023 0.0036 0.0120
12 0 0.0000 0.0000 0.0000 0.0000 0.0000
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Fig. 13: Comparison of storey drift with stair and without stair model

Table 2: Results for Storey Drift in Model A5 And B5 at Mid End Location.

Storey Drift
G+10 Model
Load Case EQX Load Case EQY Permissible

sr.No Storey A5 Frame B5 Frame A5 Frame B5 Frame Value
1 11 0.0002 0.0001 0.0003 0.0001 0.0120
2 10 0.0002 0.0001 0.0003 0.0001 0.0120
3 9 0.0003 0.0001 0.0003 0.0002 0.0120
4 8 0.0003 0.0002 0.0003 0.0002 0.0120
5 7 0.0004 0.0005 0.0004 0.0005 0.0120
6 6 0.0008 0.0010 0.0007 0.0012 0.0120
7 5 0.0012 0.0017 0.0011 0.0022 0.0120
8 4 0.0015 0.0022 0.0013 0.0029 0.0120
9 3 0.0016 0.0025 0.0014 0.0033 0.0120
10 2 0.0014 0.0022 0.0014 0.0032 0.0120
11 1 0.0008 0.0011 0.0010 0.0020 0.0120
12 0 0.0000 0.0000 0.0000 0.0000 0.0000
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Fig. 14: Comparison of storey drift with stair and without stair model.
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Table 3: Results for Storey Drift in Model A6 and B6 at Corner Location.

Storey Drift
G+10 Model
Load Case EQX Load Case EQY Permissible
Sr.No Storey A6 Frame B6 Frame A6 Frame B6 Frame Value
1 11 0.0003 0.0001 0.0003 0.0002 0.0120
2 10 0.0003 0.0001 0.0003 0.0003 0.0120
3 9 0.0003 0.0002 0.0003 0.0003 0.0120
4 8 0.0004 0.0003 0.0004 0.0005 0.0120
5 7 0.0005 0.0006 0.0004 0.0008 0.0120
6 6 0.0008 0.0012 0.0007 0.0016 0.0120
7 5 0.0011 0.0019 0.0009 0.0024 0.0120
8 4 0.0012 0.0024 0.0010 0.0029 0.0120
9 3 0.0013 0.0026 0.0010 0.0031 0.0120
10 2 0.0012 0.0023 0.0010 0.0028 0.0120
11 1 0.0007 0.0012 0.0007 0.0017 0.0120
12 0 0.0000 0.0000 0.0000 0.0000 0.0000
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Fig. 14: Comparison of storey drift with stair and without stair model.

Table 4: Results for Storey Displacement in Model A4 and B4 At Centre Location.

Storey Displacement
G+10 Model

Load Case EQX Load Case EQY Permisible
Sr.No Storey A4 Frame B4 Frame A4 Frame B4 Frame Value
1 11 54.3 64.30 51 61.00 66.00
2 10 51.6 60.00 47 60.00 66.00
3 9 49.9 57.00 46 57.00 66.00
4 8 45.1 55.10 43 53.00 66.00
5 7 41.6 51.60 39 49.00 66.00
6 6 38.7 48.70 35 66.00

45.00

7 5 33.9 43.90 30 40.00 66.00
8 4 31.6 41.60 27 37.00 66.00
9 3 28.4 38.40 25 35.00 66.00
10 2 25 35.00 21 31.00 66.00
11 1 18 28.00 15 25.00 66.00
12 0 0 10.00 0 10.00 0.00
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Storey Displacement (G+10)
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Fig. 15: Comparison of storey displacement with stair and without stair model.

Table 5: Results for Storey Displacement in Model A5 and B5 at Mid End Location.

Storey Displacement
G+10 Model
Load Case EQX Load Case EQY Permissible
Sr.No Storey A5 Frame B5 Frame A5 Frame B5 Frame Value
1 11 25.40 34.50 25.20 47.50 66.00
2 10 24.80 34.20 24.50 47.20 66.00
3 9 24.10 34.00 23.60 46.90 66.00
4 8 23.30 33.60 22.80 46.40 66.00
5 7 22.40 33.00 21.80 45.70 66.00
44.30
6 6 21.20 31.60 20.70 66.00
7 5 19.00 28.70 18.70 40.70 66.00
8 4 15.60 23.80 15.50 34.10 66.00
9 3 11.30 17.20 11.50 25.40 66.00
10 2 6.60 9.90 7.10 15.60 66.00
11 1 2.30 3.30 2.90 6.00 66.00
12 0 0.00 0.00 0.00 0.00 0.00
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Fig. 16: Comparison of storey displacement with stair and without stair model.
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Table 6: Results for Storey Displacement in Model A6 and B6 at Corner Location.

Storey Displacement
G+10 Model
Load Case EQX Load Case EQY Permissible

Sr.No Storey A6 Frame B6 Frame A6 Frame B6 Frame Value
1 11 23.70 38.30 21.20 49,50 66.00
2 10 22.80 37.90 20.20 48.80 66.00
3 9 21.90 37.60 19.20 48.00 66.00
4 8 20.90 37.10 18.10 47.00 66.00
5 7 19.80 36.30 17.00 45.60 66.00

6 34.60 43.30
6 18.40 15.80 66.00
7 5 16.10 30.90 13.80 38.50 66.00
8 4 13.00 25.20 11.10 31.30 66.00
9 3 9.30 18.10 8.00 22.70 66.00
10 2 5.50 10.40 4.90 13.50 66.00
11 1 2.00 3.50 2.00 5.00 66.00
12 0 0.00 0.00 0.00 0.00 0.00
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Storey Displacement (G+10)
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Fig. 17: Comparison of storey displacement with stair and without stair model.

Table 7: Results For Storey Time Period In Model A4 And B4 At Centre Location.

Time Period

G+10 Model

Case Mode A4 B4
Modal 1 2.363 2.668
Modal 2 2.159 2.383
Modal 3 1.994 2.187

Pewiod (Sec)

(=]

-

—

A

Time Period v/s No. of Modes
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Mo, of Modes

B Time Period Ad

Tumne Period B4

Fig. 18: Comparison of time period with stair and without stair model.
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Table 8: Results for Storey Time Period in Model A5 and B5 at Mid End Location.

Time Period

G+10 Model

Case Mode A5 B5
Modal 1 1.392 1.909
Modal 2 1.381 1.638
Modal 3 1.194 1.62

Time Period v/s No. of Modes

L]

Peviod (Sec)

—

' Fig. 19: Comparison of time period with stair and without stair model.

Table 9: Results for Storey Time Period in Model A6 and B6 at Corner Location.
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Fig. 20: Comparison of time period with stair and without stair model.
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Table 10: Results For Axial Load in Model A4 and B4at Centre Location.

Max Axial Load (Pu)
G+10 Model
Load Case EQX Load Case EQY
Column No Model Ground Storey Ground Storey
c6 A4 725.58 408.64
B4 837.26 573.35
ca A4 728.84 182.32
B4 836.11 268.44
A4 251.71 404.16
€26 B4 304.81 572.48
E Max Axial Load
= 900.00
& 80000
T 70000
S 600.00
-~ |
3 S00.00
a 40000
£ 30000
Lo
< 200.00

10000
000

GS
REQX-C6-A4 WEQX-C6-B4 ®mEQY-C6-A4 ®mEQY-C6-B4 sEQN-C4-A4 wEQX-C4-B4

sEQY-C4-A4 mEQY-C4-B4 wEQX-C26-A4 mEQX-C26-B4 » EQY-C26-A4 mEQY-C26-B4

‘ Fig. 21: Comparison of max design load with stair and without stair model in column

Table 11: Results for Axial Load in Model A5 and B5 at Mid End Location.

Max Axial Load (Pu)
G+10 Model
Load Case EQX Load Case EQY
Column No Model Ground Storey Ground Storey
c6 A5 187.60 91.52
B5 254.62 171.71
ca A5 524.23 1003.05
B5 388.88 1264.03
A5 70.64 91.92
€26 B5 95.64 172.34
Max Axial Load
?_2 1400.00
2 120000
= 1000.00
3 80000
=
= 600.00
ol
Z 400,00
3 20000
=
= 000 -
GS
B EON-C6-A% B EQN-Ca-BS 8 EQY-(6-AS 8 EQY-Co-BS
B EQX-C4-AS 8 EQX-C4-BS #EQY-C4-AS REQY-C4.R3
® EQX-C26-A% s EQX-C26-BS # EQY-('26-A% 2 EQY-C26-B3

Fi‘g. 22: Comparison of max design load with stair and without stair model in column
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Table 12: Results for Axial Load in Model A6 and B6 at Corner Location.

Max Axial Load (Pu)
G+10 Model
Load Case EQX Load Case EQY
Column No Model Ground Storey Ground Storey
c6 A6 480.47 105.52
B6 417.72 1380.84
ca A6 201.65 839.11
B6 283.10 95.29
A6 63.59 38.00
€26 B6 106.41 91.15
Max Axial Load
5 1600.00
= 1400.00
& 1200.00
= 12
g 1000.00
fos |
g 800 .00
T 60000
=
E 40000 -~
= 20000
0.00 4
GS
BEQX-C6-A6 mEQN-C6-B6 =EQY-C6-A6 wEQY-C6-B6 wEQXN-C4-A6 wEQX-C4-Bé
BEQY-C4-A6 ®EQY-C4-B6 = EQN-26-A6 mEQXN-C'26-B6 » EQY-C26-A6 sEQY-("26-B6

N Fig. 23: Comparison of max design load with stair and without stair model in column

Table 13: Results for Shear Force in Model A4 and B4 at Centre Location.

Shear Force (V)
Max G+10 Model
Load Case EQX Load Case EQY

Column No Model Ground Storey Ground Storey
c6 A4 84.82 39.96

B4 95.07 60.70
ca A4 83.94 53.89

B4 95.32 83.44

Ad 97.32 39.80
€26 B4 114.29 60.74

Max Shear Force
150,00

100 00

500

000 -

Max Shear Force (V) KN

GS

WEQX-C6-Ad  WEQX-C6-B4  ®EQY-C6-Ad  ®EQY-C6-Bd
WEQX-C4-A4  ®EQX-C4-B4  ®EQY-C4-Ad  mEQY-C4-Bd
WEQN-C26-A4  WEQX-C26-B4  WEQY-C26-A4  ™EQY-C26-Bd

F'ig. 24: Comparison of max shear force with stair and without stair model in column.
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Table 14: Results for Shear Force in Model A5 and B5 at Mid End Location.

Max Shear Force (V)
G+10 Model
Load Case EQX Load Case EQY
Column No Model Ground Storey Ground Storey
cé A5 43.00 17.92
B5 56.07 33.53
ca A5 68.25 22.08
B5 70.36 82.94
A5 49.91 17.93
€26 B5 66.12 33.59
5 Max Shear Force
—~ 100,00
: J8
P S0 00
9 » -
= 6000
= ¥
= 4000
-g 2000
7 - i
£ 000
—
-

GS

® EQX-C6-A3 # EQX-C'6-B3 BEQY-C6-A5 ® EQY-C6-B3
8 EQX-C4-AS # FQX-C4-B5 mEQY-C4-AS mEQY-C4-B5
WEQX-C26-A5  ®WEQX-C26-BS  ®EQY-C26-A5  ™EQY-C26-BS

A Fig. 25: Comparison of max shear force with stair and without stair model in column

Table 15: Results for Shear Force in Model A6 and B6 at Corner Location.

Max Shear Force (V)
G+10 Model
Load Case EQX Load Case EQY
Column No Model Ground Storey Ground Storey
c6 A6 62.36 16.54
B6 74.27 67.51
ca A6 40.42 60.74
B6 59.14 38.21
Ab 46.28 15.93
€26 B6 69.73 38.32
-é Max Shear Force
- 8000
&
60 00
:
= 4000 ¢
-
o
2 2000 ¢
2
2 000 -
—
o Gs
B EQN-C6-A6 B EQN-C6-Bo BEQY-C6-A6 BEQY-C6-B6
®m EQX-C4-A6 ®m EQX-C4-B6 ®EQY-C4-A6 mEQY-C4-B6
®EQX-C26-A6 mEQN-C26-Bo ® EQY-C26-A6 mEQY-C26-B6

'Fig. 26: Comparison of max shear force with stair and without stair model in column
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Table 16: Results For Max Bending Moment In Model A4 And B4at Centre Location.

Max Bending Moment (M)
G+10 Model
Load Case EQX Load Case EQY

Col. No Model Ground Storey Ground Storey
c6 A4 305.26 88.32

B4 355.43 137.57
ca A4 300.59 102.11

B4 356.72 160.08

A4 307.08 88.09
€26 B4 376.15 137.62

Max Bending Moment

40000
30000 -
20000 —
100 00

000 -

Max Bending Moment (M) KN-in

®m EQXN-C6-Ad
®EQN-C4-A4
® EQX-C26-Ad

Fig. 27: Comparison of max bending moment with stair and without stair model in column

Table 17: Results for Max Bending Moment in Model A5 and B5 at Mid End Location.

®EQX-C6-B4
® EQX-C4-B4
w EQX-C26-B4

GS

mEQY-C6-Ad ®EQY-C6-B4
®EQY-C4-A4 ®EQY-C'4-B4
® EQY-C26-Ad ®EQY-C26-B4

Max Bending Moment (M)
G+10 Model
Load Case EQX Load Case EQY

Col. No Model Ground Storey Ground Storey
cé A5 143.90 38.83

B5 200.92 76.04
ca A5 157.52 33.56
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Fig. 28: Comparison of max bending moment with stair and without stair model in column
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Table 18: Results for Max Bending Moment in Model A6 and B6 at Corner Location.

Max Bending Moment (M)
G+10 Model
Load Case EQX Load Case EQY

Col. No Model Ground Storey Ground Storey
c6 A6 138.74 30.52

B6 214.44 80.37
ca A6 126.48 30.52

B6 211.73 74.09

A6 131.98 290.97
€26 B6 221.64 74.16
= .
5 Max Bending Moment (M)

25000

200 00
150 00
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Fig. 29: Comparison of max bending moment with stair and without stair model in column

IV. CONCLUSION
This paper found that the presence of staircase tremendously influence the design of beam & column in

the periphery of staircase. It is observed that the Columns supporting landing beam have been found to be
subjected to an increase in moment & beam supporting staircase flight has been found to be subjected to a
decrease in area of steel at top. The presence of staircase yields in the transversal direction to an increase of
strength. It is also observed that damage in main structures was due to interactions with stairways and in
stairways due to high stiffness and corresponding high force demand, with insufficient strength due to
inadequate design. Also, if buildings and their components are not design properly by considering diagonal
effect of staircases, it may get fail under major earthquakes. In this paper present the comparative analysis of
G+10 RC building staircase model with and without at different location.
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