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ABSTRACT

Sometimes, one is forced to create large openings in the slab of an existing multistory building for
various purposes for examples to construct additional stairs, lighting purpose, elevator and other
architectural features. This study examined the seismic performance of multistory building with created
large openings in the slabs .The main parameters, taken into considerations are: area, position of openings
and number of stories. The effect of these variables on top displacement, story drift and story shear force
was considered through a numerical study. Finite element analysis using ETABS 2015 program to
predict the structural behavior where statically lateral loads were applied using traditional code method.
The analysis was performed according to Egyptian building code. The grade of concrete was C300 and
reinforcement 36/52 in all cases. The analysis was performed and the obtained results were evaluated and
discussed to evaluate the effect of openings in the slabs of multistory building under seismic loads.
Finally, some important conclusions declaring the effect of the created were given.
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1. Introduction

An opening in the slabs is usually required for various purposes. For Slabs newly
constructed, locations and sizes of the openings required are usually pre-defined in the
early stages of design. For example, the international business centres in Asyut Fig (1).
However, when a large opening is created in the slabs of an existing building, it surely has
a harmful effect on its structural behavior.

S. monish et al [2], studied the effect of the presence of various opening shapes in the slab of
high rise buildings with different height on their seismic performance. Opening area greater than 15
percent of its plan dimension was assumed in different shapes like (+, T, H, and C). It was observed
that displacement increased with increase in building height and H shaped is the most vulnerable.

Siddhartha Y Vekariya et al [3] studied the effect of beam and column cross section size, stated
that openings in the floors reduce the rigidity of the horizontal diaphragm and affect the distribution
of lateral load to the lateral load resisting element. The model with an opening required higher
section (Beam, Column) size model compared to that without openings in diaphragm.
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Fig. 1. Large Opening in Flat Slab Floor [1].

Mahdi Hosseini et al [4] showed that, the size and location of openings should be
symmetrically located, when the building increases in height and the stiffness of the structure
becomes more important. Tall structures have continued to climb higher and higher facing
strange loading effects and very high loading values due to dominating lateral loads.

Osama Maniar et al [5] remembered that, the maximum torsion values occur for the
buildings in which the slab openings are not symmetrical and the continuity of the beams is
not enabled; lateral displacements also do increase in such buildings. The increase in the
number of stories, the largeness of the earthquake zone, and the poor nature of the soil do
increase the negative effects of the slab openings on the structural system behavior.

Babita Elizabath et al [6] stated that, the effect of diaphragm openings located at center
are more than those located at the periphery and around 4% variation has been shown for
linear static analysis and response spectrum analysis.

P.P. Vinod Kumar et al [7] mentioned that, the provision of diaphragm opening alters
the seismic behavior of the buildings. Models with symmetrical opening in both directions
expressed similar response for all the parameters while models with change in the
symmetry behaved different and when the length of opening is more, story drifts have
reduced and base shear has increased in Y direction.

K. Suresh Chowdary [8] found that, the opening in the floors makes the building
flexible. Fundamental period of building with diaphragm discontinuity is found to be
higher than a similar building with continuous diaphragm and the empirical equation given
in design codes (such as 1S 1893:2002) are good for building with continuous diaphragm.
The use of this equation for a building with diaphragm can be very conservative.

Wai-Fah Chen [9], said that, the creating of a large opening in the slab decreases its in-
plane stiffness. Additionally, when the structure stiffness increases it can absorb greater
lateral forces induced by the earthquake motion.

Although these studies proved to be contributing to understanding the dynamics of such
style of structures, they didn't address the effects of diaphragm openings. This paper
describes the structural behavior of multi-story buildings when an opening is created in
their slabs through a purely numerical study. In this research different factors affecting the
structural response have been taken into consideration such as: (a) area of openings; (b)
horizontal and vertical position of openings; (c) number of stories.
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2. Methodology

Symmetric multi-story buildings have been studied under an earthquake loading. The
investigated models have been analyzed using ETABS 2015 “Structural Analysis
Program”. The method was used in this research, is the traditional code equivalent
statically load method, the effect of opening slab on drift story and top displacement of the
building was discussed. The seismic zone considered in this study is Asyut city which
presents zone 1 in ECLF2012 and a shape of spectrum of typel [12]. The RC buildings
considered as a residential building with importance factor y = 1. The soil considered to be
stiff soil, which presents soil class “C”. The reduction factor, R, is taken considering the
vertical loads and the total base shear are totally resisted by the frame structure without
using shear walls or bracings. It should be noted that, ECLF2012 recommends that in the
application of the ESL method, the building should meet the criteria for regularity in both
plan and elevation, and with calculated structural period, T, not greater than 2 sec or 4T, (1
sec for the selected soillglass (class “C™)).
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Fig. 2. Design Response Spectrum Used in the Analysis.
2.1. Ultimate base shear equation

Egyptian code states the below equation to calculate the ultimate base shear force [12],

Traditional code equation:
Fr=Sa(T1e AW IS oot raanaans en)

Where:

F&. Ultimate base shear force

Sa (T1): Design spectrum for elastic analysis at T = T;, it depends mainly on
Earthquake zone, the importance of the building, the structural system and building

material as shown by the below equations
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T1: Fundamental period of the building in the direction of the analysis, it depends on
building total height starting above the foundation level, the structural system and material.

T,-CH®* (6)

Where:

C:: Constant depends on the structural system and material (C, = 0.05, in the present study)
H: Total height of the building measured from the foundation level

ag. Design ground acceleration

v1: Importance factor (for ordinary buildings y; = 1, as it was taken in the present study)

R: Response modification (force reduction) factor (In case of resisting moment frames
without shear walls R = 5, as it was taken in the present study)

n: Design damping factor for elastic response spectrum (In case of reinforced concrete
n =1, as it was taken in the present study).

3. Modeling

To study the effects of openings size and position on seismic responses of high
buildings, three dimensional (3D) geometric models of the buildings were developed in
ETABS. Beams and columns were modeled as frame elements. Floor slabs were modeled
as rigid horizontal plane, table (1) and figures (2) show the type and details of the studied
models. The building is residential and length and width of building’s = 35and 20 m
respectively, the plan having 4X5 bays, thickness of slab = 15 cm, beam cross section =
25*70 cm, column cross section = 40*160 cm.

Tablel.
Show different cases of opening.

Arsa Vartical Number of Horizontal Story Shear
Model U'p=1;i.u;" m) Position - g -~ Position & /6 all Dyift Story Forcs
B Opening Storv tories Opening {m} {tom)
D1 without - 13 - 572 0048 433.986
opening
D2 2%5 12 15 at comer 576 00482 43491
D3 4*5 1.2 13 at comer 602 00503 436.12
D4 4*10 12 13 at comer 616 005014 44173
D3 4*5 12 13 at edges 612 00512 44251
D10 4*5 12 10 at edges 36 004224 42099
D10 without ; 10 - 48 00303 41141
opening
D20 4%5 12 20 at edges 086 007335 5871
Wi
D20" Without ; 20 - 22 00679 550.79
opening
D6 4*3 12 13 at intemnal 616 00515 445.78
D7 1*5 34 13 at comer 603 00508 136.12
DS 4%5 56 13 at comer 608 00508 43612
Do 4%5 14.15 13 at comer 544 00499 436.12
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4. Results and discussions

Analysis of the obtained results for various models using linear static method, were
given in the following items.

4.1. Effect of opening size

Three models D2,D3,D4 with variable opening size at the first and second stories were
analyzed and the results were given in table (1). Model (D1) was provided with the main opening
along the height of the building ,without additional openings and was considered as a reference
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model. The obtained results for story drift,diplacement of the building and the story shear force at
the first and second stories were potted for the different opening size, and given in figures (4-8). It
can be seen that, as the opening area increased the story drift, displacement and the story shear
force increased. The maximum increase in story drift occurred at the level where the additional
opening was provided, the precentage of maximum increase in maximum story drift for models

D2, D3, D4 compared with the reference model D1 were 2.58,7.33, 13% respectively.
D4
22.80%

D3
Used opening as % of the floor area

11.40%
Fig. 4. Story Dirift for Difference Area of Openings.  Fig. 5. Maximum Story Drift for Difference Area Openings.
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Fig. 8. Story Shear Force for Difference Area of Openings

4.2. Effect of horizontal position

Three models D3, D5, D6 with the same opening area (11.4%) but with variable horizontal
postion at the first and second stories were analyzed .The obtained results for story drift,
diplacement of the building and the story shear at the first and second stories were given in
table (1) and potted for the different horizontal position, in figures (9-11). It can be seen that,
the effect of openings was larger when they were located at internal and edges than at corner.
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4.3. Effect of vertical position

Four models D3, D7, D8, D9 with equal opening area located at variable vertical position
at different stories were analyzed and the results were included in table (1). Model (D1) with
the main openings along the height of the building and without additional openings was
considered as a reference model. The obtained results for story drift and displacement of the
building at different stories were potted for the different models, and given in figures (12-
18). It can be seen that, the effect of the opening is more when it was located at middle
stories. The precentage difference between without and with openings to Story drift at any
level was maximum when the created openings were located at the same level.
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lnﬂmnt pl2 p3d P56 plI5 Wpi;:lnmn_; pl2  p34  p56 pl4.ls
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Fig. 12. Maximum Story Drift for Difference Fig. 13. Top Displacement for Difference

Vertical Position of openings. Vertical Position for openings.
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4.4. Effect of openings in building with variable height

The models D5, D10, D20 were analyzed to declare the effect of the created edge
openings (11.4%) in the first and second stories in building with variable number of
stories. D1, D10", D20" were for 15", 10th, 20" story building without additional openings
as reference models. The obtained results for story drift, displacement, story shear forces
were included in table no. (1), (2), (3), (4) at openings level and plotted in figures (19-24).
In general, the story drift, displacement, story shear forces increase at all stories as the
number of stories increased.
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Table 2.
Maximum Story Drift Values at Openings Level.
o Building of | Building of | Building of
typ 20 stories 15 stories 10 stories
story 2 0.00529 0.00387 0.00349
storyl 0.0035 0.00258 0.00238
Table 3.
Story Displacement Values at Openings Level.
tvpe Building of | Building of | Building of
yp 20 stories 15 stories 10 stories
story 2 0.008791 0.006441 0.005863
storyl 0.003501 0.002578 0.002373
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Table 4.
Story Maximum Shear Force at first (Ground) level.

Model | Building Of 20 Stories Building Of 15 Stories | Building Of 10 Stories
Story 1 | 587.1 442.37 420.99

5. Conclusions

From the analysis concerning the effect of created slab opening at some levels on
structural behavior under seismic loads, several important conclusions have been drawn
out and can be summarized as follows:

Story drift, displacement, story shear forces decreased with decrease in opening area due to
increasing of stiffness of building and they increase at all stories as the number of stories increased.

The precentage of maximum increase in maximum story drift for models D2, D3, D4
compared with the reference model D1 were 2.58,7.33, 13 % respectively.

The effect of openings was larger when they were located at internal and edges than at
corner, or it was located at the middle stories of the building.

The precentage difference between without and with openings to Story drift at any
level was maximum when the created openings were located at the same level.

Further research is needed to study the structural behavior of RC slabs with different percentage of reinforcement.
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