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Article Info Abstract

Structural dimensions and number of floors are some of the factors affecting the

Article history: building behaviour under the earthquake effects. In this study, the structural
Received 10 Mar 2020 footprint and the number of floors were selected as a variable. For this purpose,
Revised 04 Jun 2020 a steel structure model with fixed dimensions and properties of load-bearing
Accepted 16 Jul 2020 system elements was selected. The structural footprint was selected as the first

variable and then five different structure models were created. The structural
footprint was changed by setting each axial clearance in both directions. Each

Keywords: ; ) . ;
axial clearance was increased by 0.5m in each structure model. Three different
. number of floors as to be 5, 6 and 7 floors were selected as the second variable.
Steel, .
Footprint; Eigenvalue and pushover analyses were performed for each model and each
. number of floors. As a result of the analyses, the target displacement values for
Number of floor; . ; RN R
Cost: period, frequency, cumulative participation mass ratio, base shear force,
Posf; ) settlement, stiffness and degree of damage were acquired separately. As the
us o‘_/er’ structural footprint and number of the floors increase, while the period,
Material model.

settlement and the target displacement values increased, on the contrary, there
was a decrease in participation mass ratio, base shear forces and stiffness values.
In the study, cost comparisons of building construction were also made
considering the change in the total structural area and the number of floors. The
criterion of safety and economy was ignored due to increase both in the number
of floors and the footprint. This study emphasizes the importance of avoiding the
unnecessary structural dimensions via optimum design principles. As structural
footprint area and number of floors increase, period values increase, stiffness
and seismic capacity values decrease. As the number of floors and footprint area
increases, the total building area increases, so the approximate building cost has
also increased.

© 2021 MIM Research Group. All rights reserved.

1. Introduction

There are several parameters that can adversely affect the building behaviour under the
vertical and horizontal loads. It is possible to gather most of these parameters under the
structural characteristics. Structural characteristics are provided by the application of
engineering principles in the design and evaluation of structures. Structural characteristics
may positively/adversely affect the building behaviour and particularly earthquake
response [1, 5]. The total number of stories is one of the important factors determining the
degree of damage caused by an earthquake. There is a direct relationship between the
number of floors and earthquake damages. The increase in the amount of damage is
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unavoidable for the structures having negligent structural characteristics in the design and
period [6,7].

There are three main elements in the design and evaluation of structural systems as to be
load, material and dimensional conditions. The concept of dimension figures the load-
bearing systems, non-load bearing systems and other structural characteristics in three
dimensions. The two-way length values forming the total structural area take an important
place in the concept of dimension. Dimensions, stated as width and length, can be calculated
as the sum of the axial clearances forming the load-bearing system and consoles outside
the axle. The total structural area was effective in all the stages of structural calculation, as
well as in terms of cost. The structural area may be determined larger than adequate due
to some reasons. This determination has some effects both in structural calculations and in
economic terms.

There are different studies with the effect of the number of floors on the building
performance, and different types of analysis have been taken into account for different
parameters [8-10]. The results obtained from these studies do not overlap exactly [10]. A
great number of design variables were affect to the construction costs. The most important
design variables that affect the total cost of the structure; shape and complexity of buildings
plan, number and height of floors and service requirements of the building [11-13]. Most
of the studies to examine the relationship between them are related to reinforced concrete
structures. In some of these studies, it was determined that the increase in the number of
floors increased the cost of the building [14, 15]. In some studies, they said that with the
increase in the number of floors, the unit cost will decrease and then increase again, that is,
a U-shaped relationship [16, 17].

Within the scope of this study, both the number of floors and the axial clearance that forms
the structural footprint were selected as variables for steel structure model. Three different
values were considered in terms of number of floors as to be 5, 6 and 7 floors. In terms of
structural footprint, on the other hand, five different models were selected where the axial
clearance values were same in both X and Y axis. 4m, 4.5m, 5m, 5.5m and 6m were selected
as the axial clearance values. The structural footprint of the steel structure model was
changed with the changing axial clearance values. Analyses were performed by enabling
the interaction between the changing number of floors and the structural footprints
reciprocatively. Eigenvalue analyses were performed by using the steel structure models
with five different structural footprints for each number of floors. The target displacement
values for base shear force, settlement, stiffness and degree of damage were acquired
separately for each structural model by using pushover analysis. All results were compared
for both structural footprints and number of floors change. Cost accounts were carried out
in order to reveal the relationship of these two variables between the building construction
costs. Proposals were made after evaluating the analysis results.

In the first part of the study, information was given about the types of analysis used in the
selected building constructions. The structural characteristics of the selected steel
structure were presented in the next step. Information was provided about the different
building models considered in the study and the results were compared. In the final part of
the study, the way how the construction costs were calculated was explained, and cost
values were compared for all models used.

Both structural analysis and economic comparisons in reinforced concrete structures are
available in the literature. No such publication was found in steel structures. Two different
parameters selected within the scope of the study are both important in terms of building
cost and earthquake effects. All conceivable values related to the variables considered in
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the study were obtained. Both the behaviour under the effects of earthquake and cost
calculations was obtained in detail for steel structures. This shows that, this study can be
used in both the scientific and construction sectors.

2.Methodology

Firstly, eigenvalue analyses were performed to the structural models for each variable used
in this study. Mode shapes and natural frequency for any structure can be acquired by
eigenvalue analysis. Material properties always remain constant via calculation. Briefly, it
can be considered as a sheer elastic structural analysis. The section can be symbolized with
material sectional properties such as torsional constant, moment of inertia, modulus of
elasticity and modulus of stiffness. Eigenvalue analysis was used to obtain the period,
frequency, participation modal factors, effective modal masses and their percentage values
related to the structure [18-20]. Another analysis used for all steel structure models
selected within the scope of the study was pushover analysis. Pushover analysis is widely
used for the structural performances in a potential earthquake. Pushover analysis captures
the nonlinear structural behaviour effectively and hence can trace the structural behaviour
progressively up to failure. Pushover analysis can provide the most effective measure of
global structural behaviour in terms of base shear capacity and displacement ductility of
the structure. A capacity curve obtained via pushover analysis represents the relationship
between the base shear force and the displacement of the roof. The base shear was
normalized by structure seismic weight, while the roof level displacement was normalized
by building height to represent the shear strength coefficient and roof displacement drift,
respectively [21-23]. A typical example of idealised capacity curve is shown in Figure 1.
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Fig 1. Typical pushover and idealized capacity curves [24]

3. Properties of the Examined Building Models

Within the scope of the study, a steel structure model having different number of floors and
structural footprints was selected. The structure was selected symmetrically in both X and
Y axes. The analyses were performed with the academic licensed Seismostruct software.
ZE selection was made in the software used for the structural basic soil class. It was
considered IV class as the structural important class and 5% as the damping ratio.

Mathematical models are used for describing the stress-strain relationship for any
material. The material model plays a very important role in the seismic structural analyses
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[25]. Calculations were made for steel model selected as Menegetto-Pinto steel model
(stlLmp) [26] in this study. This model, proposed by Menegotto and Pinto, is widely used to
simulate the cyclic response of steel structures and steel bars of reinforced concrete
structures [27]. The stress-strain relationship for this steel model was given in Figure 2.

500
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1L/
AL S

-500

Stress (MPa)
o

-0.008 -0.004 0 0.004 0.008
Strain (-)

Fig 2. Stress-strain relation for Menegetto-Pinto steel model [20]

In the selected steel structure model, 1300 bars were considered. In order to make
comparisons in structural models, these bars were taken into consideration in all columns
and beams in all structural models. The cross-sectional representation and the dimensions
of the selected profile are shown in Figure 3.

Sections dimensions (m)
Bottom flange width 0.100
Bottom flange thickness 0.010
Top flange width 0.200
Top flange thickness 0.015
Web height 0.300
Web thickness 0.015

Fig 3. Size and type of cross section of structural elements

Each axial clearances (a, b) forming the footprint, the first parameter considered within the
scope of the study, took different values. Figure 4 shows the formwork plan of steel
structure considered in the study.
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Fig 4. Floor formwork plan of steel structure model

Number of floors were kept constant and a and b values for footprint were selected as
variables. For the values for a and b, five different cases were considered. Considered

structural dimensions are given in Table 1.

Table 1. Considered structural dimensions for models

Model No a (m) b (m) Footprint area (m?
Model 1 4.0 4.0 400

Model 2 4.5 4.5 506.25
Model 3 5.0 5.0 625

Model 4 5.5 5.5 756.25
Model 5 6.0 6.0 900

Figure 5 shows the 3-D structure models patterned by software in case of considering the
different numbers of floors.

4. The Results of Analysis

Firstly, it was carried out by considering the different floor numbers. The results were
obtained for five different structure models separately which were created by considering
the five different footprints for each number of floors. Table 2 shows the comparison of
values for periods and frequencies acquired via Eigenvalue analysis results for five-storey

steel structure.
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Fig 5. 3-D Models for steel structures with different numbers of floors

Figure 6 shows the 2-D structure models patterned for the selected numbers of floors, and
the loads applied to the structure.

7 Story
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Fig 6. 2-D structure models for different numbers of floors and the applied loads

Table 2. The comparison of periods and frequencies for different footprints for 5-story

Period (sec) Frequency (Hertz)

Mode Model Model Model Model Model Model Model Model Model Model
1 2 3 4 5 1 2 3 4 5

0.5957 0.6263 0.6562 0.6854 0.7141 1.6788 1.5967 1.5239 1.4589 1.4004
0.3149 0.3370 0.3590 0.3807 0.4023 3.1755 2.9669 2.7856 2.6266 2.4860
0.2537 0.2728 0.2919 0.3109 0.3299 3.9423 3.6655 3.4256 3.2160 3.0312
0.2028 0.2130 0.2229 0.2326 0.2420 4.9301 4.6946 4.4860 4.2996 4.1317
0.1273 0.1334 0.1394 0.1451 0.1508 7.8553 7.4945 7.1752 6.8901 6.6333
0.1026 0.1094 0.1160 0.1226 0.1291 9.7479 9.1441 8.6176 8.1545 7.7440
0.0981 0.1026 0.1069 0.1111 0.1151 10.189 9.7465 9.3544 9.0039 8.6881
0.0855 0.0891 0.0934 0.0990 0.1046 11.701 11.217 10.710 10.099 9.5599
0.0819 0.0877 0.0927 0.0961 0.0994 12.209 11.407 10.788 10.404 10.058
0.0470 0.0499 0.0527 0.0555 0.0583 21.296 20.048 18963 18.008 17.161

O© 0 N O U1 A W N

[u=y
o

Cumulative mass percentages acquired via Eigenvalue analyses are given in Table 3.
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Table 3. The acquired cumulative mass ratios for 5-story (%)

Cumulative Mass Ratio (%)

Ux UY
Mode Model Model Model Model Model Model Model Model Model Model
1 2 3 4 5 1 2 3 4 5

1 0.00 0.00 0.00 0.00 0.00 8733 87.25 87.18 87.10 87.03
2 0.00 0.00 0.00 0.00 0.00 8733 87.25 87.18 87.10 87.03
3 83.80 83.58 83.36 83.15 8295 87.33 87.25 87.18 87.10 87.03
4 83.80 83.58 83.36 83.15 8295 96.33 96.27 96.22 96.16 96.11
5 83.80 83.58 83.36 83.15 8295 9895 9893 9890 98.88 98.85
6 83.80 83.58 83.36 83.15 8295 9895 9893 9890 98.88 98.85
7 83.80 83.58 83.36 83.15 8295 99.81 99.81 99.80 99.79 99.79
8 83.80 83.58 93.67 93.51 9337 100.0 100.0 99.80 99.79 99.79
9 94.03 93.84 93.67 93.51 9337 100.0 100.0 100.0 100.0 100.0
10 9782 97.73 97.64 97.56 9748 100.0 100.0 100.0 100.0 100.0

Base shear forces were calculated separately for each number of floors and each structure
model. The settlement on the idealized curve at the moment of flow (dy) was selected as
settlement values. The values for elastic stiffness (K_elas) and effective stiffness (K_eff)
were calculated separately. The target displacements for the damage of structure can also
be calculated. Three different cases were defined for damages in software as follows: non-
collapsing (NC), severe damage (SD) and damage limitation (DL). These values were
calculated for all models by Seismostruct software [20]. Table 4 shows the comparison of
all values on X-axis as result of structural calculations.

Table 4. Acquired result for different 5-storey structural models

Model Bas(ekf\gear Kelas  Keff  dy DL SD NC

10129.84 54439.42 50487.68 0.2006 0.0170082 0.0218187 0.03782
10036.24 51245.38 47776.49 0.2101 0.0195205 0.0250415 0.043413
9915.62  48377.97 45351.85 0.2186 0.0221865 0.0284615 0.049342
977418  45799.5 43185.76 0.2263 0.0249964 0.0320662 0.055591
9617.92  43473.34 41195.64 0.2335 0.027977 0.0358898 0.062220

u s W N

Figure 7 shows the comparison of pushover curves for the structural models having
different footprints in terms of the selected 5-storey.
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Fig 7. The comparison of pushover curves for 5-story for different structural models

The comparison of values for period and frequency obtained via eigenvalue analysis in
terms of six-storey steel structure is given in Table 5.

Table 5. The comparison of period and frequency for different footprints of 6-story

Mode

Period (sec)

Frequency (Hertz)

Model 1

Model 2

Model 3

Model 4

Model 5

Model 1

Model 2

Model 3

Model 4

Model 5

O© 0 N O U1 H» W N =

Juny
o

0.7086
0.3789
0.3058
0.2396
0.1480
0.1112
0.0993
0.0932
0.0844
0.0570

0.7448
0.4055
0.3289
0.2516
0.1553
0.1164
0.1064
0.0973
0.0881
0.0608

0.7802
0.4320
0.3520
0.2634
0.1623
0.1214
0.1135
0.1013
0.0915
0.0645

0.8149
0.4583
0.3751
0.2749
0.1692
0.1263
0.1205
0.1052
0.0949
0.0681

0.8489
0.4843
0.3981
0.2861
0.1758
0.1311
0.1275
0.1089
0.0981
0.0717

1.4113
2.6393
3.2699
4.1736
6.7555
8.9921
10.072
10.734
11.843
17.537

1.3426
2.4659
3.0403
3.9738
6.4402
8.5902
9.3989
10.276
11.357
16.451

1.2817
2.3148
2.8408
3.7966
6.1610
8.2342
8.8125
9.8708
10.925
15.507

1.2271
2.1822
2.6661
3.6380
59115
7.9159
8.2983
9.5077
10.538
14.679

1.1780
2.0648
2.5121
3.4950
5.6867
7.6292
7.8440
9.1803
10.190
13.947

Cumulative mass percentages obtained via eigenvalue
Table 6.
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Table 6. Cumulative mass percentages for 6-story (%)

Cumulative Mass Ratios (%)

Mode Ux Uy

Model1 Model2 Model3 Model4 Model5 Modell Model2 Model3 Model4 Model5
1 0.00 0.00 0.00 0.00 0.00 86.33 86.27 86.21 86.15 86.09
2 0.00 0.00 0.00 0.00 0.00 86.33 86.27 86.21 86.15 86.09
3 83.11 82.94 82.77 82.59 82.42 86.33 86.27 86.21 86.15 86.09
4 83.11 82.94 82.77 82.59 82.42 95.49 95.44 95.38 95.33 95.28
5 83.11 82.94 82.77 82.59 82.42 98.36 98.33 98.30 98.27 98.24
6 83.11 82.94 82.77 82.59 82.42 99.49 99.48 99.46 99.45 99.44
7 93.18 93.01 92.84 92.69 92.54 99.49 99.48 99.46 99.45 99.44
8 93.18 93.01 92.84 92.69 92.54 99.91 99.90 99.90 99.90 99.89
9 93.18 93.01 92.84 92.69 92.54 100.00 100.00 100.00 100.00 100.00
10 96.95 96.84 96.73 96.63 96.54 100.00 100.00 100.00 100.00 100.00

Table 7 shows the comparison of all the values obtained in X direction as a result of
structural calculations for six-story.

Table 7. The results regarding different structural models for 6-story

Base
Model  Shear K_elas K-eff dy DL SD NC
(kN)
1 9973.31 45173.69 42057.11 0.2371 0.0244309 0.0313408 0.0543339
2 9927.44 424959 39590.28 0.2508 0.028191 0.0361643 0.0626961
3 9785.38 40077.23 37677.5 0.2597 0.0319625 0.0410026 0.071084
4 9642.14 37893.41 3583292 0.2691 0.036059 0.0462577 0.0801945
5 9487.23 35917.72 34121.58 0.278 0.0404328 0.0518685 0.0899217

The comparison of pushover curves for structure models with different footprints in terms

of six-story structure is given in Figure 8.
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Fig 8. The comparison of pushover curves for 6-story

The comparison of values for period and frequency obtained via eigenvalue analysis in
terms of seven-story steel structure is given in Table 8.

Table 8. The comparison of period and frequency for different footprints of 7-story

Period (sec) Frequency (Hertz)

Mode
Model1 Model2 Model3 Model4 Model5 Modell Model2 Model3 Model4 Model5

0.8218 0.8636 0.9045 0.9446 0.9840 1.2169 1.1579 1.1055 1.0586 1.0163
0.4431 0.4742 0.5052 0.5359 0.5665 2.2567 2.1086 1.9794 1.8659 1.7653
0.3583 0.3853 0.4124 0.4394 0.4664 2.7907 2.5953 2.4250 2.2757 2.1439
0.2767 0.2907 0.3042 0.3175 0.3306 3.6135 3.4405 3.2869 3.1493 3.0251
0.1694 0.1777 0.1859 0.1938 0.2016 5.9042 5.6259 5.3793 5.1588 4.9601
0.1254 0.1552 0.1371 0.1428 0.1842 7.9773 6.4442 7.2918 7.0037 5.4280
0.1168 0.1313 0.1337 0.1421 0.1505 8.5601 7.6139 7.4776 7.0352 6.6442
0.1027 0.1253 0.1119 0.1163 0.1483 9.7395 7.9815 8.9345 8.5962 6.7441
0.0902 0.1074 0.0980 0.1017 0.1206 11.087 9.3127 10.205 9.8347 8.2913
0.0838 0.0942 0.0908 0.0941 0.1053 11.935 10.620 11.013 10.624 9.5003

O 0O N O U1 A~ W N e

[y
(=]

Cumulative mass percentages obtained via eigenvalue analyses for seven-story is given in
Table 9.
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Table 9. Cumulative mass percentages for 7-story (%)

Cumulative Mass (%)

Mode Ux Uy

Model1 Model2 Model3 Model4 Model5 Modell Model2 Model3 Model4 Model5

0.00 0.00 0.00 0.00 0.00 85.59 85.55 8550 8545 8539
0.00 0.00 0.00 0.00 0.00 8559 85,55 8550 8545 8539
82.62 8249 8235 8221 82.07 8559 8555 8550 8545 8539
82.62 8249 8235 8221 82.07 9484 9479 9473 94.68 94.64
82.62 8249 8235 8221 8207 9785 9781 97.78 97.74 97.71
82.62 8249 8235 8221 82.07 99.14 97.81 99.10 99.08 97.71
92.60 8249 9227 9213 9199 9914 99.12 99.10 99.08 97.71
92.60 9243 9227 9213 9199 9972 9912 9970 99.70 99.06
92.60 9243 9227 9213 9199 9995 99.71 9994 9994 99.69
10 92.60 9243 9227 9213 9199 100.00 99.95 100.00 100.00 99.94

O© 00 N O Ul A~ W N -

Table 10 shows the comparison of all the values obtained in X direction as a result of
structural calculations for seven-storey.

Table 10. The results regarding different models for 7-story

Model Bas(ekSNl;ear Kelas  Keeff dy DL SD NC

9804.68  38497.59 36142.38 0.2713 0.033095 0.042455 0.073602
975297  36215.03 33998.07 0.2869 0.038224 0.049035 0.085009
9650.17 3413844 32132.03 0.3003 0.043647 0.055992 0.09707
9507.19  32254.17 30578.88 0.3109 0.049216 0.063136 0.109455
9350.52  30543.45 29085.36 0.3215 0.055255 0.070883 0.122886

(&2 B O R S

The comparison of pushover curves for structure models with different footprints in terms
of seven-story structure is given in Figure 9.
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Fig 9. The comparison of pushover curves for 7-storey having different footprints

Additional comparisons for each steel structure model with same footprints but different
number of floors were performed separately. The comparison of pushover curves for the
changing numbers of floors in terms of Model 1 is given in Figure 10.

Model 1

12.000
10.000 +
8.000 +
6.000 -

4.000

Total Base Shear (kN)

2000

0 ’ .
0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40 0,45 0,50
Displacement (m)

1

Fig 10. The comparison of pushover curves for Model 1 having different numbers of
floors but same footprints.

The change of obtained values in terms of number of floors is given in Table 11.
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Table 11a. The comparison of result values for structure models having different
footprints in terms of change in number of floors

g Base Shear (kN) K elas

§ 5 Story 6 Story 7 Story 5 Story 6 Story 7 Story
1 10129.8 9973.3 9804.6 54439.4 45173.6 38497.5
2 10036.2 9927.4 9752.9 51245.3 42495.9 36215.0
3 9915.6 9785.3 9650.1 48377.9 40077.2 341384
4 9774.1 9642.1 9507.1 45799.5 37893.4 32254.1
5 9617.9 9487.2 9350.5 43473.3 35917.7 30543.4

Table 11b. The comparison of result values for structure models having different
footprints in terms of change in number of floors

[ K-eff dy

§ 5 Story 6 Story 7 Story 5 Story 6 Story 7 Story
1 50487.6 42057.1 36142.3 0.200 0.237 0.271

2 47776.4 39590.2 33998.0 0.210 0.250 0.286

3 45351.8 37677.5 32132.0 0.218 0.259 0.300

4 43185.7 358329 30578.8 0.226 0.269 0.310

5 41195.6 34121.5 29085.3 0.233 0.278 0.321

The whole comparison of pushover curves for Model 2, Model 3, Model 4 and Model 5
having different numbers of floors but same footprints is given in Figure 11.
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Fig 11. The comparison of pushover curves models having different numbers of
floors but same footprints

The change of target displacement values as performance criteria in terms of footprints and
number of floors obtained via software is given in Table 12.

Table 12. The comparison of target displacement values

DL SD NC
5Story 6 Story 7Story 5Story 6Story 7Story 5Story 6 Story 7 Story
0.017 0.0244 0.0330 0.0218 0.0313 0.0424 0.0378 0.0543 0.0736
0.019 0.0281 0.0382 0.0250 0.0361 0.0490 0.0434 0.0627 0.0850
0.022 0.0319 0.0435 0.0284 0.0410 0.0559 0.0493 0.0710 0.0970
0.025 0.0360 0.0492 0.0320 0.0462 0.0631 0.0555 0.0801 0.1094
0.027  0.0404 0.0552 0.0358 0.05187 0.07088 0.06222 0.08992 0.12289

Model

g s W N

The comparison of period values obtained for all the number of floors and structure models
having different footprints is given in Table 13.
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Table 13. The comparison of period values for all the structure models

Period (sec)

(5]
“28 Model 1 Model 2 Model 3 Model 4 Model 5
s 6 7 S5 6 7 5 6 7 5 6 7 5 6 7

1 0595 0.708 0.821 0.626 0.744 0.863 0.656 0.780 0.904 0.685 0.814 0944 0.714 0.848 0.984
2 0.314 0.378 0.443 0337 0.405 0474 0.359 0432 0.505 0.380 0.458 0.535 0.402 0.484 0.566
3 0.253 0.305 0.358 0.272 0.328 0.385 0.291 0.352 0.412 0.310 0375 0.439 0329 0.398 0.466
4 0202 0.239 0.276 0.213 0.251 0.290 0.222 0.263 0.304 0.232 0.274 0317 0.242 0.286 0.330
5 0.127 0.148 0.169 0.133 0.155 0.177 0.139 0.162 0.185 0.145 0.169 0.193 0.150 0.175 0.201
6 0.102 0.111 0.125 0.109 0.116 0.155 0.116 0.121 0.137 0.122 0.126 0.142 0.129 0.131 0.184
7 0.098 0.099 0.116 0.102 0.106 0.131 0.106 0.113 0.133 0.111 0.120 0.142 0.115 0.127 0.150
8 0.085 0.093 0.102 0.089 0.097 0.125 0.093 0.101 0.111 0.099 0.105 0.116 0.104 0.108 0.148
9 0.081 0.084 0.090 0.087 0.088 0.107 0.092 0.091 0.098 0.096 0.094 0.101 0.099 0.098 0.120
10 0.047 0.057 0.083 0.049 0.060 0.094 0.052 0.064 0.090 0.055 0.068 0.094 0.058 0.071 0.105

The comparison in percentage of cumulative participation mass ratios in X direction
obtained via eigenvalue analyses and values considered within the scope of the study is
given in Table 14. The comparison in percentage of cumulative participation mass ratios in
Y direction is given in Table 15.

Table 14. The comparison of cumulative participation mass ratios in X direction

Mode

Cumulative Mass (%) (Ux)

Model

1

Model

2

Model 3

Model 4

Model 5

6

7

5

6

7

5

6

7

5

6

7

5

6

7

O 0 N O U1 oA W N =

[u=y
(=)

0.00
0.00
83.8
83.8
83.8
83.8
83.8
83.8
94.0
97.8

0.00
0.00
83.1
83.1
83.1
83.1
93.1
93.1
93.1
96.9

0.00
0.00
82.6
82.6
82.6
82.6
92.6
92.6
92.6
92.6

0.00
0.00
83.5
83.5
83.5
83.5
83.5
83.5
93.8
97.7

0.00
0.00
82.9
82.9
82.9
82.9
93.0
93.0
93.0
96.8

0.00
0.00
82.4
82.4
82.4
82.4
82.4
92.4
92.4
92.4

0.00
0.00
83.3
83.3
83.3
83.3
83.3
93.6
93.6
97.6

0.00
0.00
82.7
82.7
82.7
82.7
92.8
92.8
92.8
96.7

0.00
0.00
82.3
82.3
82.3
82.3
92.2
92.2
92.2
92.2

0.00
0.00
83.1
83.1
83.1
83.1
83.1
93.5
93.5
97.5

0.00
0.00
82.5
82.5
82.5
82.5
92.6
92.6
92.6
96.6

0.00
0.00
82.2
82.2
82.2
82.2
92.1
92.1
92.1
92.1

0.00
0.00
82.9
82.9
82.9
82.9
82.9
93.3
93.3
97.4

0.00
0.00
82.4
82.4
82.4
82.4
92.5
92.5
92.5
96.5

0.00
0.00
82.0
82.0
82.0
82.0
91.9
91.9
91.9
91.9
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Table 15. The comparison of cumulative participation mass ratios in Y direction

Cumulative Mass (%) (Uy)

[P}
é Model 1 Model 2 Model 3 Model 4 Model 5
5 6 7 5 6 7 5 6 7 5 6 7 5 6 7

1 873 863 855 872 862 855 871 862 855 87.1 861 854 87.0 86.0 853
2 873 863 855 872 862 855 87.1 862 855 871 861 854 87.0 86.0 853
3 873 863 855 872 862 855 87.1 862 855 871 86.1 854 87.0 86.0 853
4 963 954 948 962 954 947 96.2 953 947 96.1 953 94.6 96.1 952 946
5 989 983 978 989 983 978 989 983 977 988 982 97.7 988 982 977
6 989 994 99.1 989 994 978 989 994 99.1 988 994 99.0 988 994 97.7
7 998 994 99.1 99.8 994 99.1 998 994 99.1 99.7 994 99.0 99.7 994 097.7
8 100 999 99.7 100. 999 99.1 99.8 999 99.7 99.7 999 99.7 99.7 99.8 99.0
9 100 100 999 100 100 99.7 100 100 999 100 100 999 100 100 99.6
10 100 100 100 100 100 999 100 100 100 100 100 100 100 100 99.9

When making comparisons, in the first stage, footprints were kept constant. Table 16
shows the percentages of changes for different parameters resulting from changing of
footprints. When calculating the percentage of changes, Model 1 having the smallest
footprint was selected as a reference. Percentage of changes of each model according to
Model 1 was calculated separately. The maximum period value was considered as the
period value. Since negligible differences among the percentages of changes in terms of the
values for non-collapsing (NC), severe damage (SD) and damage limitation (DL), the
percentages of change in these three conditions were calculated only for DL. Comparison
of all results obtained via pushover analyses is shown in Table 16.
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Table 16. Comparison of all the result values for different footprints (%)

Parameter  Story Number Model1 Model2 Model3 Model4 Model 5

5 0 5.14 10.16 15.07 19.88

Period (sec) 6 0 5.12 10.17 15.01 19.81
7 0 5.09 10.07 14.95 19.74

Total Base 5 0 0.92 2.11 3.51 5.05

Shear (kN) 6 0 0.46 1.88 3.32 4.87

7 0 0.42 1.58 3.03 4.63

5 0 5.87 11.13 15.87 20.14

K_Elas 6 0 5.93 11.28 16.12 20.49

7 0 5.93 11.32 16.22 20.57

5 0 5.37 10.17 14.46 18.40

K_eff 6 0 5.87 10.41 14.80 18.87

7 0 5.93 11.10 15.39 19.53

5 0 4.74 8.97 12.81 16.40

dy (m) 6 0 5.78 9.53 13.50 17.25

7 0 5.85 10.68 14.60 18.50

5 0 14.82 30.47 47.00 64.53

DL-SD-NC 6 0 15.40 30.82 47.61 65.49
7 0 15.50 31.88 48.62 66.97

In the second stage of comparisons, the change in the number of floors was examined.
Percentages of changes obtained as a result of differentiation of the number of floors are
given in Table 17.

In the study, economic differences were also revealed by considering footprints and the
number of floors. For this reason, the unit price determined for finding the approximate
costs of structures in Turkey were used. According to “The Bulletin on the Approximate
Unit Costs of Structures for 2019 to be used in the Account of Architectural and Engineering
Fees” which was published in the Official Gazette by the Ministry of Environment and
Urbanization [28], cost of structures in IV. Class Structures - Group A is 1270 TL/m?2.
According to the currency values provided by the Turkish Central Bank, this value is
approximately 225$/m? today. Structural damage-led financial losses were estimated by
multiplying total damaged constructional area and unit cost. Cost calculations for different
structure models and number of floors are given in Table 18.
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Table 17. Comparison of result values in terms of change in the number of floors (%)

Parameter Model 5 Story 6 Story 7 Story
Model 1 0 18.95 37.96
Model 2 0 18.92 37.89
Period (sec) Model 3 0 18.90 37.84
Model 4 0 18.89 37.82
Model 5 0 18.88 37.80
Model 1 0 1.54 3.21
Model 2 0 1.49 2.83
ST}?;:L]?E;E) Model 3 0 137 2.78
Model 4 0 1.35 2.73
Model 5 0 1.35 2.67
Model 1 0 17.02 29.28
Model 2 0 17.07 29.33
K_Elas Model 3 0 17.16 29.43
Model 4 0 17.26 29.57
Model 5 0 17.38 29.74
Model 1 0 16.69 28.41
Model 2 0 17.13 28.84
K_eff Model 3 0 17.43 29.15
Model 4 0 17.52 29.20
Model 5 0 17.67 29.40
Model 1 0 18.20 35.24
Model 2 0 18.37 36.55
dy (m) Model 3 0 18.80 37.37
Model 4 0 18.91 37.38
Model 5 0 19.May 37.68
Model 1 0 43.62 94.53
Model 2 0 43.92 95.80
DL -SD - NC Model 3 0 44.02 96.71
Model 4 0 44.24 96.88
Model 5 0 44.49 97.46

Table 18. Cost values for the selected steel structure having different footprints and
number of floors
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Total Construction Area (m?) Unit Total Cost ($)
Model Cost

5 Storey 6 Storey 7 Storey ($/m2) 5 Storey 6 Storey 7 Storey
Model1 2000 2400 2800 225 450000 540000 630000
Model 2 2531.25 3037.5 3543.75 225 569531.25 683437.5 797343.75
Model 3 3125 3750 4375 225 703125 843750 984375
Model 4 3781.25 4537.5 5293.75 225 850781.25 1020937.5 1191093.8
Model 5 4500 5400 6300 225 1012500 1215000 1417500

For cost comparisons between the models, the number of floors and total constructional
area were selected as two different variables. When comparing the number of floors, the
five-storey steel structure was chosen as the Model 1 reference structure with the lowest
total construction area for the total construction area. The cost change rates calculated
according to the selected reference structures are given in Table 19.

Table 19. Percentage of change of number of floors and footprints on cost (%)

Model Footprint Area Storey Number
5Story 6Story 7Story 5Story 6Story 7 Story
E‘;Zatl Model 1 0 0 0 0 20 40
Change Model 2 26.55 26.55 26.55 0 20 40
(%) Model 3 56.25 56.25 56.25 0 20 40
Model 4 89.05 89.05 89.05 0 20 40
Model 5 125 125 125 0 20 40

The mutual interaction of two different variables was taken into consideration in the study.
As the structural footprint area decreased, the structure became more rigid. Consequently,
the period value increased as the base area increased and seismic capacity decreased. As
the number of floors increases, the period value increases, the stiffness value and seismic
capacity decrease. The increase in the floor area and number of floors caused the structure
to be less rigid. The total construction area increased since the increase of these two values,
the approximate cost of the building also increased.

Cost comparisons were made only according to the total constructional area. It is obvious
that the difference will be greater with the addition of other costs other than electricity,
machinery and construction.

5. Conclusions

In structural analysis, the structural dimensions and the number of floors ensue as
important factors. The structural dimensions and the total number of floors in the structure
can take different values due to different reasons. Within the scope of this study,
considering the number of floors and changes in structural dimensions, two different
structural analyses were performed. The comparison of the values obtained as a result of
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the analyses is given in the study. In this study, level of change in the structure cost
calculations of these two variables was also calculated.

In the study, it was seen that as the footprints and numbers of floors of structure increased,
period values increased, too. Period values increased approximately equal in terms of
change of footprints for all different numbers of floors. This also applies to the number of
floors. The period value increased by 5% for each footprint change, while the period value
increased by 19% for each increase of the number of floors. As the footprints and number
of floors decreased, the cumulative mass participation percentages obtained in both X and
Y directions increased.

Among the results of the analysis used in the study, the smallest percentages of change
were obtained at the base shear force. As the number of floors and footprints of the
structure increased, the base shear forces decreased. One of the parameters obtained as a
result of the analysis is the stiffness values. Both the elastic and effective stiffness values
decreased naturally with the increase in the number of floors and the footprints. The
percentages of stiffness change in increase of both number of floors and footprints were
equal.

As a result of the analyses, the greatest percentages of change were observed at the target
displacements predicted for the structure. Target displacement values for the settlement
at the moment of flow (dy), non-collapsing (NC), severe damage (SD) and damage
limitation (DL) increased depending on the footprints and number of floors. The increase
in target displacements in terms of performance criteria reveals the direct relationship
between the damage occurring in the earthquake and the number of floors.

Only construction costs were considered in the cost calculations. As the footprints and the
number of floors increased, the building cost also increased. Cost increased by 20% for each
increase in the number of the floors. As the footprints increased, the cost change occurred
as much as the percentage of footprints changes. However, in the study, while the cost
calculations were made, no cost calculations were made for electricity, machinery and
similar works.

The importance of structural dimensions and number of floors were mentioned within the
scope of the study. Unnecessary increase in dimensions and number of floors adversely
affects both cost and structural analysis.

In addition to these parameters used in this study, models in which plan shape, element
size and layout are taken into consideration can be developed. The height of the floors,
several number of floors, the local soil conditions, the importance of the building and the
seismicity conditions of the region where the building will be built will also change the
structural analysis and cost values. The increase in the circumference in the buildings
increases the facade area in the models of the same height, which also affects the facade
insulation and exterior wall costs, which are the secondary construction costs.
Construction cost has been calculated approximately. Using the unit prices for detailed cost
analysis results will make the results more valuable.
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