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Oz

Dosemelerde, asma kat gibi cesitli nedenlerden dolayn siireksizlik olusabilir. Ulkemizde asma kat yaygin
olarak kullanilmaktadir. Bu ¢alismada, tek ve iki yonde olusturulan asma kat i¢in 6z deger ve statik itme
analizleri yapilmistir. Toplam alti farkli bina modeli hem X hem de Y yonil i¢in ayr1 ayr analizler
yapilmigtir. Tiim yapisal modellerde farkli performans seviyeleri igin; periyotlar, etkili kiitle katilim
oranlari, taban kesme kuvveti, elastik ve etkili rijitlik ve hedef yer degistirme elde edilmistir. Tim
degerlerin karsilastirilmas:t ve sonuglarin yorumlanmasindan sonra Oneriler yapilmistir. Yapida
kullanilacak asma kat nedeniyle doseme siireksizlikleri ve yapi igerisinde kat yiiksekliklerinin
farklilagsmasi, bina savunma mekanizmasini zayiflatan riskler olarak ortaya ¢ikmaktadir. Calisma, iki farkls
olumsuzluk degiskeninin etkilesimini ortaya koymak ve yaygin olarak kullanilan asma kat seviyelerinin
yapisal deprem davranisi tizerindeki etkisini ortaya koymak adina 6nemlidir.
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ABSTRACT

Slabs may contain discontinuity due to various reasons such as mezzanine. Mezzanine are widely used in
our country. In this study, eigen value and static pushover analyses were made for mezzanine formed by
one and two direction. Totally six different structural models were analysed separately for both X and Y
direction. The periods, effective mass participation ratios, base shear force, elastic and effective rigidity
and target displacement for different performance level were obtained for all structural models. Suggestions
were made after comparison of all values and the interpretation of the results. The slab discontinuities and
the differentiation of story heights in the building due to the mezzanine appear as risks that weaken the
building defence mechanism. The study is important on behalf of asserting the interaction of two different
negativity variables and revealing the effect of commonly used mezzanine levels on the structural
earthquake behaviour.
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1 Introduction

Earthquake performance can be defined as “building
safety status determined according to the level and
distribution of potential damages in a building under
the influence of a certain earthquake” [1-3]. There are
many parameters that may affect the earthquake
performance of buildings negatively. These parameters
are also found in the seismic design codes. The damage
caused by the past earthquakes reveals the importance
of the unfavourable parameters of the buildings.
Parameters such as vertical/horizontal discontinuity,
irregularity in plan, material quality, short column,
stiffness/strength  difference between stories and
hill/slope effects weaken the earthquake defence
mechanisms and decrease the earthquake performance
of the structures [4-13]. These parameters in the
structure should be avoided as much as possible. For
this reason, if these parameters are required, special
measures should be taken to improve the performance
of the structure. Knowing the parameters that reduce
the earthquake performances in the structural analysis
will gain meaning in the operations that will be carried
out at the design stage. Buildings that have been
inattentive during the design and construction will
naturally increase the amount of damage if combined
with negativity parameters. Sufficient stiffness,
strength, continuity, and ductility are the leading
principles considered in the design of buildings under
earthquake impact. The continuity of the structural
system elements in the buildings is one of the general
principles of earthquake-resistant building design. The
continuity of the structural system elements provides
the loads affecting the structures to transfer easily and
without entanglement within the structure. In the case
of discontinuity, the loads enter a difficult transfer
process up to the ground by finding their way through
the labyrinth shape. Nevertheless, because of several
reasons, there may be interruptions in the structural
elements. In such cases, it is not possible to refer to
continuity. The discontinuity of the structural elements
is one of the factors that will negatively affect the
earthquake performance of the structure. This
discontinuity is observed in the horizontal and/or
vertical elements. One of these discontinuities is slab
discontinuity. Slabs can be interrupted in any floor for
different reasons. One of the factors causing the
discontinuity of the slab is the mezzanine.

In the studies on slab discontinuity, different structural
models and different gaps were taken into account and
the results were compared. Khurram (2018), examined
the effect of beam and slab discontinuity on structural
behavior in reinforced-concrete (RC) buildings on ten
different structural models for a 5-storey RC structure
[14]. Tekdal (2008), investigated the effects of slab
discontinuities on RC framed structures with different

types of discontinuities under earthquake loads. The
models have changed according to the void ratio in the
slabs and whether the voids are symmetrical in the plan
or not [15]. Ayranci (2004), carried out earthquake
structural analyzes of 2 types of building samples with
3 different computer modelling approaches for the case
of large slab irregularities [16]. Yedikardes (2010),
investigated the case of A2 irregularity (slab
discontinuity) with sheared structures and the effect of
shear placement to correct this situation [17]. Ozdemir
(2005), made structural analyzes by changing the gap
rate and their location in RC buildings with A2-slab
discontinuity [18]. Oztiirk (2013), compared the
behavior of RC buildings with slab gaps at certain rates
under earthquake loads, taking into account the
earthquake codes of Turkey and different countries
[19]. Terzi and El¢i (2006), compared the effect of slab
discontinuity on section effects in RC structures under
different slab assumptions [20]. Saglhiyan and Yon
(2018), examined the effect of multi-story RC
structures with slab discontinuity in plan on earthquake
behavior for six different structural models using
incremental dynamic analysis method [21].

In this study, the discontinuity of the slab due to the
mezzanine was examined. A reference RC building was
selected to determine the effects of slab discontinuity.
Earthquake performances of all models were obtained
by considering six different structural models. The
existing structures with mezzanine were examined on-
site and models were created. The mezzanine models
which cause discontinuity of single or double sides are
considered principally. The heights of the stories can be
different or have same values in buildings with
mezzanines. As part of this study, the first group
models were selected by taking the story height equal
in buildings model. In the second group models, we
selected the ground and mezzanine story height was
different and the other story heights were equal. Since
the mezzanine are generally used in commercial
buildings, the height of the ground story can be
different from the mezzanine height. For this reason,
the analyses for the second group of models were
carried out separately for both directions in order to
reflect the results more accurately. All calculated
values related to earthquake performance were
compared. The obtained results were compared with
the building values chosen as reference without any
mezzanine and the suggestions were made. In addition,
information about the concept of mezzanine is also
given in the study. The fact that the models considered
in the study were made in practice increases the value
of the study. In addition, the differentiation of the story
heights and the presence of the mezzanine together
develop as a difference from the other studies.
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2 Mezzanine and Slab Discontinuities

The two main components of the studies conducted to
estimate the impact of earthquake disaster are the
determination of earthquake hazard and determination
of the wvulnerability of the building systems.
Vulnerability of structural systems is generally possible
by examining the existing building stock and other
construction structures, classifying them and obtaining
the damage potential curves [22-28]. In some regions,
mezzanine has an extensive usage and is one of the
building stock properties for the region. Mezzanines are
commonly used in the ground stories that are used
especially for commercial purposes. Mezzanine is
formed as a result of the differences of the story
dimensions in the plan for two adjacent stories. It is
generally used between the ground story and an upper

story. In some cases, it may take smaller values than
other story heights. A connection is made between two
stories with the usage of a stair. It can be used in
different models, areas and for purposes. Mezzanine,
half story or penthouse is used for different purposes.
In general, it is thought to obtain efficiency by using the
available space in the most optimum way. The area of
use is highly increased in commercial enterprises
especially. The use of mezzanine causes discontinuity
of the slab in the structure. The discontinuity of the slab
on any story for various reasons within the structural
system is caused by the discontinuity of the slab. Slab
discontinuities are expressed as A2 irregularity
situation in Turkey Building Earthquake Code (TBEC-
2018) [29]. In this case three different situations are
taken into consideration. Slab discontinuity patterns of
these three cases are shown in Figure 1.

o
q
q
g
o
o
a
o

A2-ll A2-lland llI

Figure 1. Slab discontinuity patterns [29]

In this study, a mezzanine was formed between the
ground story and an upper story of the building. Some
of the slabs in the story were removed from the
structural system. Two different types of mezzanine
were selected, and story height irregularity was
revealed. Single and double-sided slab discontinuities
due to the mezzanine are considered separately.
Eigenvalue analysis and pushover analysis were
performed separately for all structural models
considered in this study.

Eigen Value Analysis

Mode shapes and natural frequency for any kind of
structure can be obtained by eigenvalue analysis.
Material properties remain constant throughout the
calculation. Briefly, it can be evaluated as pure elastic
structure analysis. It can be expressed by material
cross-sectional properties such as cross-section, torsion
constant, and moment of inertia, module of elasticity
and module of stiffness. Structure-related modal
period, frequency, modal participation factors,
effective modal masses and their percentage values can
be achieved by eigenvalue analysis [30-35].

Static Pushover Analysis

Pushover analysis is a common approach for
determining seismic demand in building designs and
evaluations. The pushover curve is evaluated from the
static multiplier obtained by the application of the
theorem of virtual works while considering kinematic
varied configurations of the mechanism under study in

large displacements. The contribution of links is taken
into account along this incremental kinematic analysis
until the ultimate equilibrium condition. The
displacement capacity for each contribution is a
threshold considered as a performance level of the
system. Pushover analysis is frequently utilized to
predict nonlinear behavior of structural systems. In
addition to this it is a static-nonlinear analysis method
where a structure is subjected to gravity loading and a
monotonic  displacement-controlled lateral load
pattern that continuously increases through elastic and
inelastic behavior so that an ultimate condition is
reached. Lateral load may represent the range of base
shear induced by earthquake loading and its
configuration may be proportional to the distribution
of mass along building height, mode shapes or other
practical effects. A capacity curve obtained from
pushover analysis represents the relationship between
the base shear force and the displacement of the roof.
The base shear is normalized by building seismic
weight while the roof level displacement is normalized
by building height to represent the shear strength
coefficient and roof displacement drift respectively
[36-43].

Properties of the Sample Building Models

As part of this study, a 5-story RC building was
selected. Seismostruct software was used for the
numerical analysis in this study for all models [32]. The
importance class of building was selected as Il and
damping ratio of 5% value was taken into consideration
in all building models. C25 was used for concrete grade
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and for rebars S420 grade was used as material for all
structural models. All columns were selected as
300*400 mm and all beams were selected as 250*500
mm. The transverse reinforcements were used in both
elements as ®10/100. The cross secitons of columns
and beams used in the sample RC building are shown
in Figure 2. These values are taken as constant in the
analyses of all structural models.

-] ot

Figure 2. The cross-sections of columns and beams

Force-based plastic hinge frame elements (infrmFBPH)
were selected for columns and beams in all structural

e | EEH |

models. These frame elements model the spread
inelasticity based on force and only limit the plasticity
to a finite length. The ideal number of fibers in the cross
section should be sufficient to model the stress—strain
distribution in the cross section [30, 32]. In total, 100
fiber elements are defined for the selected sections.
This value is sufficient for such sections. Plastic-hinge
length (Lp/L) was selected as 16.67%. Permanent and
incremental loads were applied to the building model.
The target displacement was selected as 0.50 m. All
these values were taken as the same in all models. The
target displacement was selected as 0.50 m. All these
values were taken as the same in all structural models.

The first variable was the presence of the mezzanine.
Separate models were created for slab discontinuity due
to the single or double direction mezzanine. In order to
practice necessary controls a building which shows
discontinuity was chosen. Slab discontinuities
considered for single or double directions are shown in
Figure 3.

Figure 3. Slab discontinuities; a) No discontinuities, b) unidirectional discontinuity, c) bidirectional discontinuity

The 3D models obtained by the software within the
study are given in Figure 4.
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Figure 4. 3D structural models a) reference, b) unidirectional discontinuity, ¢) bidirectional discontinuity

The blueprint of the reference building model that
does not include any slab discontinuity is shown
in Figure 5.
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Figure 5. The blueprint of the reference building without slab discontinuity

The blueprint of the model used in case of a gorund story due to the mezzanine is shown in Figure
discontinuity of slab on one side of the building on the 6.
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Figure 6. The blueprint of model for single-sided slab discontinuity in case of mezzanine

There is a discontinuity of slab in double-sided due to  The blueprint of the model for this situation is given in
the mezzanine level in the third case of the study. Figure 7.
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Figure 7 The blueprint of the model which discontinuity of double-sided slab

One of the variable parameters within the scope of the
study in order to assert this difference is the height of

the ground story. 2D models of the buildings in which

Model 1

[

Bg—H

Model 2

Figure 8. 2D models where all story heights are equal

The 2D models obtained in case the ground story
height is 3.5m and the mezzanine height is 2.5m

are given in Figure 9.
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Figure 9. 2D models for different ground and mezzanine heights

Totally six structural models were considered in this  Information on all models considered in this study is
study. Single and double-sided slab discontinuity due  shown in the Table 1. Apart from that all other
to the mezzanine, and ground story and mezzanine  parameters are kept constant for all structural models.
heights were taken into account for the variables.

Table 1 The variables in structure models considered in the study

_ ) o Story Height (m)
3o Discontinuity
§ z Ground Story Mezzanine Other Stories
1 None 3 3 3
2 Unidirectional 3 3 3
3 Bidirectional 3 3 3
4 None 35 25 3
5 Unidirectional 35 2.5 3
6 Bidirectional 35 2.5 3

Analysis Results

The natural fundamental periods of structural models
were obtained from the eigenvalue analysis and
comparisons of these are shown in the Table 2.

Table 2 Comparison of natural fundamental periods of structural models

Period (sec)

Model 2 Model 3 Model 4 Model 5 Model 6

Model
1
0.441 0.4415 0.4411 0.4536 0.4528 0.4521
0.355 0.3568 0.3582 0.3605 0.3620 0.3635
0.319 0.3274 0.3372 0.3215 0.3300 0.3401
0.148 0.1479 0.1471 0.1587 0.1573 0.1559
0.118 0.1177 0.1175 0.1248 0.1242 0.1235
0.104 0.1051 0.1063 0.1095 0.1101 0.1108
0.091 0.0901 0.0892 0.0920 0.0914 0.0908
0.068 0.0707 0.0698 0.0653 0.0717 0.0712
0.060 0.0679 0.0680 0.0618 0.0651 0.0650
0.058 0.0598 0.0594 0.0534 0.0614 0.0609

B ow~woor~wn | Model
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As the amount of gap in the story increased, the natural
fundamental period of the structure increased and this
reduces the rigidity of the structure. At the same time,
when the story height is different in the building, the
rigidity of the building decreases and the period of the
building is obtained higher according to this. These two
main factors are an indicator that these irregularities in

the structure will negatively affect the earthquake
performance of the structure. The comparison of the
cumulative effective mass participation ratios obtained
for the first ten modes for the structural models where
all the heights are the same in the building is given in
Table 3.

Table 3 Cumulative effective mass participation ratios (%)

3 UX Uy RX RY
S Model Model Model Model Model Model Model Model Model Model Model Model
1 2 3 1 2 3 1 2 3 1 2 3

1 0.00 0.00 000 86.14 86.54 86.95 9.35 9.09 8.83 0.00 0.00 0.00

2 0.00 0.00 000 86.14 86.54 86.95 9.35 9.09 8.83 0.00 0.00 0.00

3 84.09 8546 86.85 86.14 8654 86.95 9.35 9.09 8.83 8.10 7.46 6.80

4 8409 8546 86.85 95.84 9587 95.90 48.05 47.41 46.71 8.10 7.46 6.80

5 84.09 8546 86.85 9584 9587 9590 48.05 4741 46.71 8.10 7.46 6.80

6 9438 9465 9494 9584 9587 9590 48.05 4741 46.71 36.28 36.16 36.04
7 9438 9465 9494 98.73 9864 9854 50.93 50.20 49.40 36.28 36.16 36.04
8 9438 9465 9494 99.76 98.76 9854 5432 50.63 49.40 36.28 36.16 36.04
9 9799 09465 9494 99.76 99.67 9956 54.32 53.63 52.86 3839 36.16 36.04
10 9799 9783 97.68 100.0 99.67 99.56 54.58 53.63 52.86 38.39 38.04 37.67

The comparison of cumulative effective mass
participation ratios obtained where the height of the

Table 4. Cumulative effective mass participation ratios where stories heights are different

ground story and mezzanine is different from the other
stories in the building is given in Table 4.

ux Uy RX RY
Mod “Model Model Model Model Model Model Model Model Model Model Model Model
4 5 6 4 5 6 4 5 6 4 5 6
1 000 0.00 000 9060 90.78 9096 7.03 692 681 000 000 0.00
2 000 0.00 000 9060 90.78 9096 7.03 693 681 000 000 0.00
3 87.72 88.81 89.90 90.60 90.78 9096 703 693 681 668 6.19 568
4 87.72 88.81 89.90 98.78 98.76 98.73 50.32 49.75 49.17 668 6.19 5.68
5 87.72 88.81 89.90 98.78 98.76 98.73 50.32 49.77 49.17 668 6.19 5.68
6 97.74 97.72 97.71 9878 98.76 98.73 50.32 49.77 49.17 38.06 37.86 37.64
7 97.74 9772 97.71 99.66 99.64 99.62 51.03 50.50 49.93 38.06 37.86 37.64
8 97.74 9772 97.71 99.81 99.64 99.62 5252 50.51 49.93 38.06 37.86 37.64
9 99.33 97.72 97.71 99.81 99.80 99.78 52,52 5199 5143 38.78 37.86 37.64
10 99.33 99.22 99.12 100.00 99.80 99.78 5343 5199 5143 38.78 3857 38.32

Base shear forces for each structural model were
obtained separately for both directions. Values were
obtained for three different points on the idealized
curve as displacement values. Eurocode-8 [44] was

used to obtain these values. The first value refers to
displacement at the moment of yield (dy), the second
value refers to intermediate (din) and the third value
refers to the target displacement. Elastic stiffness
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(K eias) and effective stiffness (K err) values were also
calculated separately for all models directly using the
in the

stiffness reduction coefficients predicted
software according to Eurocode-8. In the structural

[44, 45] were taken into consideration for damage
estimation used worldwide. The limit states for damage
estimation are presented in Figure 10, according to
Eurocode-8.

analysis, the limit states given in Eurocode-8 (Part 3)

Yield : Intermediate : Target
e :
NC . T —
— D ' T
= | .SD _
S
@ DL
2
n T ;‘f’f )
a |/
m [
o |/
-HJ H -
/ — Idealized Curve
: — Pushover Curve
0 i A i

Displacement (m)

Figure 10. Limit

Three different cases are stated for the damage cases in
the software. These are considered as near collapse
(NC), significant damage (SD) and damage limitation
(DL). These values are calculated for all the structural

Table 5 Comparison of v

states in Eurocode 8.

models. The comparison of all values obtained in X
direction as a result of structural analyses is given in the
Table 5. The comparison of the values obtained for Y
direction is given in the Table 6.

alues obtained in X direction

Base Displacement
Model  Shear (m) K elas K-eff DL SD NC
(kN)

0.0865

1 5785.73 0.1500 115972.02 66898.56 0.0274 0.0352 0.0609
0.4908
0.0898

2 5574.43 0.2001 109779.06 62078.1  0.0283 0.0364 0.0631
0.4983
0.0900

3 5198.32 0.1901 101700.05 57772.62 0.0293 0.0376 0.0652
0.0500
0.0732

4 4938.45 0.1400 113070.61 67491.03 0.0279 0.0358 0.062
0.5005
0.0779

5 4905.19 0.1500 106654.05 60942.61 0.0287363 0.0368638 0.0639089
0.5007
0.0843

6 4778.16 0.1900 99158.61 56671.62 0.0300913 0.0386021 0.0669224
0.5001
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Table 6 Comparison of values obtained in Y direction

Base .

Model ~ Shear ~DisPlacement . ..o keff DL sD NC

1 205602 00838 6996364 3528314 0038l 00483 0.0847
0.1300
0.5000

2 294956 00841 697892 350729 0038 0.0488  0.0846
0.1397
0.5007

3 294364 00844  69482.88 3485826 00378 0.0486  0.0842
0.1400
0.5008

4 248651 00717 6406481 34660.94 00393 0.0504 0.0875
0.12
0.5

5 24819 00721  63952.97 3444571 00393 0.0504 0.0873
0.1198
0.5007

6 247723 00724  63466.31 3423276 0039  0.05  0.0867
0.12
0.5000

In addition, load factors for X and Y directions were  the load vector corresponding to the controlled joint
obtained for each model in the study. The load factor A reaching the target displacement in that increment. The
cannot be controlled by the user directly. Instead it is  comparison of the load factors obtained is given in the
automatically calculated by the program. P; = AiPg is  Table 7.

applied in a certain “i” increment and at the same time

Table 7 Comparison of maximum load factors

Load Factor

Model
X Y
1 578.573 295.601
2 557.577 294.956
3 519.832 294.364
4 493.847 248.652
5 490.520 248.190
6 474.820 247.724

The comparison of the pushover curves obtained in X
direction is shown in Figure 11 and in Y direction is
shown in Figure 12.
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Figure 11 Comparison of pushover curves in X direction
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Figure 12 Comparison of pushover curves in Y direction

The comparison of the results where the heights of the
story’s in the building are the same and different is also
obtained. In this comparison, the models created for
none-discontinuity, unidirectional and bidirectional
discontinuity were compared among themselves.
Model 1 and Model 4 that were selected as reference;
Model 2 with single-sided slab discontinuity due to
mezzanine, and Model 3 with double-sided slab

discontinuity cases due to mezzanine were compared
between each other. X and Y directions were taken into
consideration  separately while making these
comparisons. The comparison of the pushover curves
obtained for X direction is shown in Figure 13. The
comparison of the pushover curves obtained for the
models between each other in the Y direction is shown
in Figure 14.

XDirection

=
g

g

5

g
g
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g
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Figure 13. The comparison of models between each other in X-direction
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Figure 14. The comparison of models between each other in Y -direction

The comparison of the first damage occurring obtained  between each other in the Y direction is shown in
for X direction is shown in Figure 15. The comparison  Figure 16.
of the firs damage occurring obtained for the models

= =il =

mm n
mm nl

,,l C -llll

m mmm nill

Figure 16. Plastic hinges at load factors 25.13-24.96-24.91 in Y-direction for Model 1-2-3

Comparisons were made for the first 3 models in order  rotation in this study. The selected column in the
to reveal the effect of the mezzanine on the chord  ground story is shown in Figure 17.
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Wyl

Figure 17. Demonstration of selected column

The comparison of the chord rotation values obtained
for the selected column for the first 3 models is made
in the Table 8.

Table 8. Chord rotation values of selected column (Col123)

Demand (X Direction)

Demand (Y Direction)

Element
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
col123 - End(A) - axis(2) 0.13588013 0.0808491 0.07929223 3.04E-08 5.32E-06  3.22E-07
col123 - End(A) - axis(3) 5.46E-06 3.47E-05 5.05E-05  0.1488093 0.1487721 0.1484661
col123 - End(B) - axis(2) 0.1300697 0.013335 0.0080529  3.08E-05 0.000102 0.000104
col123 - End(B) - axis(3) 7.84E-06 1.39E-04  4.94E-05  0.14732  0.147281  0.14697

In the first group (Model 1, Model 2 and Model 3)
where all story heights are equal, period values are
decreased with the increase of slab gap amount. The
second group (Model 4, Model 5 and Model 6) where
the story and mezzanine heights were different; period
values were also decreased. The decrease in the mass
of the building due to the absence of slab reduces the
period values. While translational freedom mass
participation rates increased in both X and Y directions
in both group structure models; rotation translational
freedom mass participation rates are decreased. In both
groups, base shear forces are decreased for both
directions. Three different displacement values
calculated due to the idealized curve are increased with
the amount of slab discontinuity. Both the elastic and
the effective stiffness values have taken lower readings
with the slab discontinuity. As the slab discontinuity
increases, target displacement values are also increased
for damage cases in both groups of building models.
Comparisons have been made between similar building
models (Model 1-Model 4; Model 2-Model 5; Model 3
- Model 6) in case of a change in the heights of the
ground and mezzanine levels are also taken into
consideration. In the case of building models where
ground and mezzanine height values are different from
other stories, increase in translational freedom mass
participation rates and decrease in rotation freedom
mass participation rates have been observed. The base
shear force values obtained in the construction models

123

where the story heights were the same have been higher
than the structural models where the story heights were
different. The three different displacement values
calculated in the idealized curve have given lower
values in the building models where the story heights
are different. Both elastic and effective stiffness values
were decreased in the groups where the story heights
are different. An increase was observed in the target
displacement values calculation done for the building
models in which story height is changed. The period
values in the building model groups in which the
mezzanine and ground story heights are different were
obtained as higher values. The increase in the period
value shows that the stiffness value is low. Variation of
the story heights within the structure is one of the
factors decreasing the stiffness of the structure. The
load factor values calculated within the scope of the
study also took lower values with the increase of
negativity parameter. The amount of first plastic hinge
increased as the amount of gap in the slab increased.
The amount of first plastic hinge increased as the
amount of gap in the slab increased. The pushover
curves on Y direction are almost same. This shows that
the importance of the lack of beam elements in Y
direction. This result shows that if designer wants to
remove slab, shouldn’t remove the beam elements.
Chord rotation values differed according to the section
position taken from the column.
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3 Results

Factors in structures that reduce the defence
mechanism of the structure can refer to the negativity
parameter. The negativity parameters in the structures
can be formed differently. Within the scope of this
study, structural analyses were made for the structures
such as a RC building where the continuity of the slab
in the structure changes and expressed as mezzanine,
penthouse and half storey. In general, a mezzanine is
commonly used in order to maximize the usage of the
construction area in the buildings that carry out
commercial activities on the ground stories. These can
be built in different shapes and models. This study aims
to reveal the effects of the presence of mezzanine on the
structures under earthquake impact.

As part of the study, a 5-storey RC building was
selected as reference building model. The mezzanine
was formed without making any change in the
structural size and properties of the reference structure.
A mezzanine is formed between the ground and an
upper story. The analyses were made to make the
ground and mezzanine heights different from other
heights in this study. The presence of the mezzanine
and the fact that the story height values differ within the
structure are some of the parameters that weaken the
defence mechanism of the structures against earthquake
effects.

In this study, it was observed that the discontinuity of
the slab caused by partial mezzanine caused negativity
in the transfer of earthquake forces to vertical structural
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