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1. Introduction

People have built structures to survive and to meet their shelter needs. While
buildings had progressed horizontally at first, the increase in population and
shrinkage of spaces over time led the construction industry to build multi-story
buildings. In the research, the Turkish Building Earthquake Code 2007 (TBEC-
2007) and the Turkish Building Earthquake Code 2018 (TBEC-2018) were
extensively examined and an 8-story steel business center building having high
ductility levels in both directions and consisting of concentrically braced steel
frames was designed according to the two earthquake codes. The Equivalent Static
Method was utilized while designing according to the codes. For structural elements’
dimensioning, the Regulation on Design, Calculation, and Construction Principles
of Steel Structures principles were followed and the Load and Resistance Factor
Design Method was utilized. After performing the analyses of the building according
to both earthquake codes, the effects of the code differences on the system periods,
earthquake loads, lateral displacements, the story drifts, second-order effects, Al
type torsional irregularities, B2 type stiffness irregularities, and dimensioning of the
elements were evaluated in detail. It was observed that in TBEC-2018 compared to
TBEC-2007, the structure’s coordinates are determined more specifically while
identifying the earthquake load, more sensitive soil options are presented, separate
calculations according to building height are performed, and base shear forces are
smaller. Moreover, it was deduced that there was no significant variance between
the codes in terms of calculations of building importance coefficient, natural
vibration period, story drifts, and irregularities.

One of the most important variables in the design of tall buildings is safety. The behavior of the building
under horizontal and vertical loads is extremely important for safety. Approximately 90% of Tiirkiye's land
is in the earthquake zone. After the 1999 Kocaeli earthquake in Tiirkiye, the issue of security, especially in
multi-story buildings, has been discussed and the use of steel structures as an alternative to reinforced
concrete structures has been considered.
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When the whole building is thought, the load transferred to the foundation is also reduced due to the low
ratio of the self-weight of steel to the total load. The most important effect of this situation on the building
is that it provides an advantage against earthquakes. The high strength, easy repair, and high ductility of steel
compared to reinforced concrete are some of the other reasons for preferring steel, especially in earthquake
zones. Besides, being fabricated and being completely recyclable are some prominent features that make
steel stand out [1]. In addition, steel’s tensile strength is equal to its compressive strength and it has a high
modulus of elasticity.

Some prominent studies demonstrating the state of the field on the research topic are summarized below:
The seismic performance of concentrically braced steel frames in multi-story buildings with mass irregularity
was studied by Tremblay and Poncet [2]. The equivalent static method and the response spectrum analysis
method were utilized to design the systems according to the 2005 NBCC bases. The mass irregularity
conditions were observed to have a little negative effect on the performance of systems designed with the
static method. Uriz and Mahin [3] performed research on the seismic behavior of concentric braced frames
and buckling restrained braced frames. A reliability framework was employed and an experimental program
was conducted to help improve the modeling of the systems.

Multi-story steel frames with self-centering braces were investigated by Qiu and Zhu [4] by pushover
and incremental dynamic analyses. They found out that the self-centering capability of the frames was the
main advantage over buckling restrained and conventional steel-braced frames. The seismic behavior of steel
buildings with hybrid braced frames containing buckling restrained braces and conventional braces was
examined by Chao et al. [5]. Nonlinear time-history analyses were realized. It was seen that the usage of
buckling restrained braces at only lower levels of the hybrid system gave similar results as buckling
restrained brace frames.

Shen et al. [6] realized analytical research to examine the seismic performance of concentrically braced
frames with and without brace buckling. It was concluded that the buckling-controlled braces may reduce
story drift response, prevent weak beam yielding, and avoid fracturing in braces. The shaking table test and
numerical modeling of a steel frame system were realized by Avci and Alemdar [7]. It was observed that the
effect of semi-rigid connections on the system was significant. The analytical and test results matched well.

Annan et al. [8] tested a modular steel-braced frame and a regular concentrically-braced frame under
reversed cyclic loading and compared the frames’ behaviors. An analytical model was verified using the test
results. Kirruti and Pekrioglu Balkis [9] studied the seismic performance of concentric steel bracings in high-
rise reinforced concrete frames. A moment-resisting frame, three uniformly braced frames, and a combined
brace frame were analyzed. The X-braced system was found to be the best concentric system having the best
overall performance.

A 35-story steel building of normal ductility level was designed by Serttas [10] according to the
Specification for Structural Steel Buildings (ANSI/AISC 360-10) based on Istanbul Tall Buildings
Earthquake Code (ITBEC) and Istanbul Tall Buildings Wind Code ITBWC). It was seen that the element
load values were higher in the earthquake effect-included combinations. A study to design four ductile steel
moment-resisting frame buildings having 5, 10, 15, and 20 stories according to the National Building Code
of Canada (NBC) was performed by Yousuf ve Bagchi [11]. Real ground motion records were utilized to
investigate the nonlinear dynamic response of the buildings. It was deduced that the presence of infill walls,
the nature of ground motion records, and the methods for scaling them affected the performance.

Yousuf ve Bagchi [12] researched to perform a non-linear static pushover analysis of a 20-story moment-
resisting steel frame building using simulated and real ground motion records. The direct displacement-based
design method was found to be more proper to achieve the performance-based design of a building. Seismic
design procedures of high-rise buildings were described by Nakai et al. [13] Designs of a 100 m high
reinforced concrete building and a 300 m high steel building were compared by realizing nonlinear analyzes
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using. Nateghi and Tabrizi [14] observed that the interaction between adjacent buildings caused changes in
the nonlinear response, damage, and performance level depending on the dynamic properties of such
structures and the input motion’s frequency.

A 9-story steel building with a high ductility level was designed by Dagdeviren [15] according to TBEC-
2007. It was found that the study realized according to the TBEC-2007 was compatible with the FEMA-356
and the ATC-40 approaches. The Nonlinear Push-Over Analysis Method was utilized by Atalay [16] for the
analyses of two models of a steel building having different bracings. Performance analysis was done
according to the TBEC-2018. It was concluded that the eccentrically braced system was preferable.

Kor and Ozcelik [17] designed a set of concentric X-braced steel frames of six different story heights
according to the TBEC-2018 and formed a nonlinear numerical model. Afterward, nonlinear static and
dynamic analyses were performed. Finally, the systems’ behaviors were interpreted and the fragility curves
were drawn. Yildizhan Sager and Temel [18] designed concentrically braced two 5-story and two 10-story
steel buildings according to the TBEC-2018. The Equivalent Static Method was utilized for the 5-story
buildings, and the Mode Combination Method was used for the 10-story structures. Resultingly, it was
observed that the TBEC-2018 boundary condition values were easily achieved in the concentrically braced
systems.

In this research, initially, a comprehensive investigation of the TBEC-2007 [19] and the TBEC-2018 [20]
was performed and the differences between the two earthquake codes and the novelties brought by TBEC-
2018 [20] were examined.

In Tirkiye, there are mostly reinforced concrete structures as multi-story buildings. In this study, steel
structures, which have many advantages against earthquakes, were examined. The studies carried out so far
are mainly on reinforced concrete structures, at the time of the research, there were only a few studies on the
design of multi-story steel structures according to the TBEC-2007 [19]. There was no study on the design of
multi-story steel structures based on comparison and sizing according to the TBEC-2007 [19] and the TBEC-
2018 [20] earthquake codes. For this reason, the study is of high original value.

In the study, an 8-story steel building having high ductility in both directions, comprising concentrically
braced steel frames was designed with respect to the considered earthquake codes. The building’s behavior
under seismic loads was evaluated and the results were compared. The effects of the code differences were
studied in terms of the structural system periods, seismic loads, lateral displacements, story drifts,
irregularities, and dimensioning of all the structure’s elements.

2. Design of the multi-story steel building according to the TBEC-2007 and the TBEC-
2018

2.1. Structural system and design method

A steel business center building with 8 stories having high ductility in both directions and comprising
concentrically braced steel frames were designed with respect to the TBEC-2007 [19] and TBEC-2018 [20]
earthquake codes. To observe the impact of the code variance, the system periods, earthquake loads, lateral
displacements, story drifts, irregularities, and elements’ dimensioning were evaluated. The 8-story steel
building was modeled and analyzed with the SAP2000 [21] structural analysis program.

The floor plan of the 8-story steel building designed in the research is presented in Fig. 1. Views of the
building model from different aspects are shown in Figs. 2-4. While designing the building according to
TBEC-2007 [19], typical elements were dimensioned according to the Regulation on Design, Calculation,
and Construction Principles of Steel Structures (RDCCPSS-2018) [22] and the TBEC-2007 [19] principles.
Likewise, while designing according to TBEC-2018 [20], typical elements were dimensioned based on the
RDCCPSS-2018 [22] and the TBEC-2018 [20] rules. The Load and Resistance Factor Design (LRFD)



Journal of Structural Engineering & Applied Mechanics 198

Method specified in the RDCCPSS-2018 [22] was used in the design of the building for both earthquake
codes. Design with the LRFD Method is based on the principle that for all structural elements the design
strength, @Rn, is equal or greater than the required strength, R., calculated under the load combinations
envisaged for this design method.

The lateral load-bearing system of the building examined in the study in both earthquake directions
consisted of concentrically braced steel frames with high ductility levels given in TBEC-2007 [19] and
TBEC-2018 [20]. The building, designed as a business center, had dimensions of 35x24 m and a living area
of 840 m?. The story height was 3 m for all stories. The building had five bays in the x direction and all bays’
spacings were 7 m. Likewise, the building consisted of 4 bays in the y direction and the spacings of all bays
were 6 m. The columns’ supports to the foundation were considered fixed support. The slabs, on the other
hand, consisted of cast-in-situ reinforced concrete composite slab systems connected to the steel beams. The
secondary intermediate beams connected to the main beams were placed at 2 m spacings.

The structural members were dimensioned using European norm profiles by selecting IPE profiles for
secondary beams, HEA profiles for columns and frame beams, and box profiles for bracings). In the design
of the system, S275 structural steel was utilized. According to the RDCCPSS-2018 [22], the characteristic
yield stress of S275 structural steel is Fy= 275 N/mm?, the characteristic tensile strength is F,=
430 N/mm?2, and the modulus of elasticity is E = 200000 N/mm?.
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Fig. 1. Floor plan
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In the research, the Equivalent Static Method was used while designing according to both earthquake
codes. In the Equivalent Static Method, the load that will affect the building is determined according to
properties such as local soil class, earthquake zone, building usage type, structural system type, natural
dominant period of building, and building weight. There are various limits in the usage of the Equivalent
Static Method in the TBEC-2007 [19] and TBEC-2018 [20] earthquake codes, such as the total height of the
building, earthquake zone, and irregularities of the building in plan and in vertical. In the study, modeling
was performed by using the SAP2000 [21] structural analysis program. The building model was formed in
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the SAP2000 [21] program and the diaphragm was assigned for all stories. The loads acting on the building
were determined and loads for all stories, i.e. dead load, live load, snow load, and wind load, were defined.
In the earthquake loading, first fictitious load was determined and then the loading was applied to all
stories according to story weights and story heights. The natural vibration periods were calculated according
to the story displacement values under the loading. Then, by finding the base shear forces, equivalent
earthquake loads were calculated and earthquake loads were applied to all stories. After the application of
all the loads to the building, the story drifts, second-order effects, Al type torsion, and B2 stiffness
irregularities were checked using the displacement values resulting from the earthquake loads applied to all
stories. Afterward, load combinations were defined according to the TBEC-2007 [19] and TBEC-2018 [20]
earthquake codes’ principles, and these load combinations were applied to the building. Eventually, the shear
force, moment, and axial force values for the most critical elements were obtained. In addition, the
dimensioning was carried out in a way that complies with the bases of the RDCCPSS-2018 [22].

2.2. Structural system and design method

The design steps of the 8-story steel building composed of concentrically braced steel frames by the
Equivalent Static Method according to the TBEC-2007 [19] earthquake code are described in this section.
The system periods, earthquake loads, lateral displacements, story drifts, irregularities, and dimensioning of
the system elements were examined.

Fig. 4. 3D general view
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2.2.1. Vertical loads

Roofing and story slab loads are calculated as follows:

Roofing loads:
Covering:

Trapezoidal Sheet + RC Flooring:
Isolation:

Plaster + Installation:

Steel Construction:

Total Dead Load:

Live Load:

Parapet Load:

Story slab loads:
Covering:

Trapezoidal Sheet + RC Flooring:
Interior Walls:

Plaster + Installation:

Steel Construction:

Total Dead Load:

Live Load:

Parapet Load:

0.5 kN/m?
2.1 kN/m?
0.2 kN/m?
0.4 kN/m>
0.9 kN/m?
G = 4.1 kN/m?
Q = 2.0 kN/m?
Gs = 2.0 kKN/m?

0.5 kN/m?
2.1 kN/m?
0.9 kN/m?
0.4 kN/m?
1.1 KN/m?
G = 5.0 kN/m?
Q = 2.0 kN/m?
Ga = 3.0 KN/m?

Dead and live loads in stairs and elevator areas were assumed to be equal to dead and live loads in other parts

of the slab.

2.2.2. Earthquake characteristics

For a system consisting of concentrically braced steel frames with high ductility levels in both directions:

e Building Usage Purpose:
e Local Soil Class:

e Earthquake Zone:

e  Effective Ground Acceleration Coefficient (Ao):

e Building Importance Factor (I):

e  Soil Group:

e Local Soil Class:

e  Spectrum Characteristic Periods:

e  Structural System Behavior Coefficient (R):

Business Center
ZB

Zone 2

0.3

1

A

Z1

Ta= 0.1s,Tg= 0.3s

5
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2.2.3. Determination of the first natural vibration period of the building
According to the Equivalent Static Method in the TBEC-2007 [19] earthquake code Part 2.7.4.1, the first
natural vibration periods of the building in both earthquake directions are calculated by

2\ 1/2
T, = 2n (LVN T ) ®
i=11fi.%fi
The value of the story mass, m, is determined by
my == 2 (6, + nqy] @
g 49

The story weight and story mass of the first story are calculated by Eq. (3), where n is taken as 30 for the
first story according to Table 2.7 of the TBEC-2007 [19].

w; = Area(G,, + nQ,,) + Perimeter(G,) 3)

By performing the calculations in the same way for other stories, story weights, and story masses of all stories
were found. Fictive forces, Ff;, proportional to the story weights, and the story heights were calculated by

Eq. (4) for all stories.
”liHi 4
Fri = Fo Nlij_ 4)

j= J
In this equation, Fo represents any chosen load and it was taken as 1000 kN. The Fg; forces in Table 1 were

applied to story mass centers in the X and Y directions and story displacements were obtained.
Natural vibration periods T,® and T, were calculated by Eq. (5).

2?21 mi-dfi2>

1/2
T, =21
P < i Fridy;

(®)

2.2.4. Total equivalent static lateral force calculation

The building designed according to Table 2.6 of the TBEC-2007 [19] was in the earthquake zone 2 and there
were no torsion and B2 (soft story) irregularities in the structural system. For that reason, the Equivalent
Static Method was applied. The total equivalent static lateral force was calculated using Eq. (6).

WA(T
WA 0.104,IW

=R = ©)

Base shear force was calculated as below for the X earthquake direction: Since T1x = 0.899 > Tg =
0.30, the spectrum coefficient S(T") was determined by Eq. (7) according to the TBEC-2007 [19] Part 2.4.3.

S(T) = 2.5(%3)0-8 S(Tyy) = 2.5(%)0-8 = 1.039 U]

The spectral acceleration coefficient A(T), to be taken as a basis in the earthquake load calculation, was
obtained by Eq. (8) given in the TBEC-2007 [19] Part 2.4.

A(T) = AyIS(T) 8

Since T1x = 0.899 > Ta = 0.10, the earthquake load reduction coefficient Ra(T') was calculated by Eq.
(9) in the TBEC-2007 [19] Part 2.5.

Ro(T) = R ©9)
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Table 1. Story displacements formed by fictional loads in the X direction

Story Fr; (kN) m;(kNs2/m) dfi» (m) m; dficm? (KNms?2) Fry X dfyxy (kNM)
Roof 179.8018 395.6 0.00910 0.032760 1.636196

7 205.0495 515.6 0.00820 0.034669 1.681406

6 175.7567 515.6 0.00720 0.026729 1.265448

5 146.4640 515.6 0.00600 0.018562 0.878784

4 117.1712 515.6 0.00470 0.011390 0.550705

3 87.8784 515.6 0.00330 0.005615 0.289999

2 58.5856 515.6 0.00200 0.002062 0.117171

1 29.2928 515.6 0.00080 0.000330 0.023434

> 1000.0 4004.8 0.132116 6.443143

Thus, the total equivalent earthquake load is:
_ WA(T,)
Ra (Tl)

Vix = 2449.19 kN

v, > 0.10. AgIW

Similar to the calculations in the X direction, calculations were made for the Y direction, and Vi was
found as 2446.33 kN.

2.2.5. Equivalent earthquake loads acting on stories

According to the TBEC-2007 [19] Part 2.7.2, the total equivalent earthquake load on the top is expressed as
the sum of the equivalent earthquake loads acting on all stories of the building. Accordingly, the equivalent
earthquake load acting on the top N story (8" story) of the building was calculated with the following
equations for the X and Y directions.

AFy;® = 0.075NV,;® = 146.95 kN

AFyp™ = 0.075NV,; ™ = 147.79 kN

AFy:% and AF,; additional equivalent earthquake forces were subtracted from the total equivalent
earthquake forces and the remaining load was distributed to the stories for the X and Y directions with the
help of Eq. (10).

H;

m;
Fig = (Vg — AFyg) SN o o

j=1miH;

(10)

Equivalent earthquake force calculations for X and Y directions are given below and the results of the
calculations for all stories are presented in Table 2.

[9) m;H;
Fip® = (244919 — 146.95) < ——
j=1MH;

) miHi
Figt/ = (246333 —147.79) oy——
j=1miHi
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2.2.6. Wind loads

Wind loads were calculated according to the terms specified in the standard named Effects on Structures -
Part 1-4: General Effects - Wind Effects (TS EN 1991-1-4) [23]. Wind load distribution to the stories by
surface width is presented in Table 3. The loads found were equally distributed to the stories by the SAP2000
[21] program.

2.2.7. Load combinations
Structural system load combinations were applied to the building according to the TBEC-2007 [19] and the
RDCCPSS-2018 [22] as presented in Table 4.

Table 2. Equivalent seismic loads acting on stories

Story Hi(m)  m;xH; (kNs?) (ZmT*HH,) Fie™ (k) Fig™ (kN)

Roof 24 9494.4 0.179802 413.9470 416.3383
7 21 10827.6 0.205050 472.0733 474.8004
6 18 9280.8 0.175757 404.6342 406.9718
5 15 77340 0.146464 337.1952 339.1432
4 12 6187.2 0.117171 269.7561 271.3145
3 9 4640.4 0.087878 202.3171 203.4859
2 6 3093.6 0.058586 134.8781 135.6573
1 3 1546.8 0.029293 67.4390 67.8286
Y 52804.8 2302.2400 2315.5400

Table 3. Distribution of wind load to the stories by surface width

Story  Height(m) Wind Load for b = 24 m (kN) (1.144,.;)  Wind Load for b = 35 m (kN) (1.144,.f)

Roof 3 82.08 119.7
7 3 82.08 119.7
6 3 82.08 119.7
5 3 82.08 119.7
4 3 82.08 119.7
3 3 82.08 119.7
2 3 82.08 119.7
1 3 82.08 119.7
> 24 656.64 957.6

Table 4. Load combinations

0.9G + EXN + 0.3EYN G + Q + EXP + 03EYP

0.9G + 0.3EXN + 1.0EYN G + Q + 0.3EXP + 1.0EYP
G+ Q + EXP G + Q + EXP + 0.3EYN
G+ Q + EXN G + Q + 03EXP + 1.0EYN

G+ Q + EYP G + Q + EXN + 0.3EYP
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Table 4. Continued

G+ Q + EYN G + Q + 0.3EXN + 1.0EYP
G+ Q +Ey G + Q + EXN + 03EYN
G+ Q +E G + Q + 0.3EXN + 1.0EYN
0.9G + Ey 09G + EXP + 0.3EYP
0.9G +Ey 0.9G + 0.3EXP + 1.0EYP
G+ Q +Wy 0.9G + EXP + 0.3EYN

G +Qg + Wy 0.9G + 0.3EXP + 1.0EYN
0.9G + Wy 09G + EXN + 0.3EYP
0.9G + W, 0.9G + 0.3EXN + 1.0EYP
146G + 1.6Q

where G is the dead load, Q is the live load, Qr is the roof live load, Ex is the earthquake load in the X
direction, Ey is the earthquake load in the Y direction, EXPdenotes the X direction earthquake loading with
+ 5% eccentricity, EXNdenotes the X direction earthquake loading with —-5% eccentricity, EYPdenotes the
Y direction earthquake loading with + 5% eccentricity, and EYNdenotes the Y direction earthquake loading
with — 5% eccentricity, Wx is the wind load in the X direction, Wy is the wind load in the Y direction, and
Sis the snow load.

2.2.8. Story drifts control

Control of the story drifts was performed according to the TBEC-2007 [19] earthquake code. Reduced story
drift (AEX)), which expresses the displacement difference between two consecutive stories for any column or
shear wall, is presented in Eq. (11).

X _ 40 x)
A7 =ai” —d) (11)

The values di(X)and = dlo_()1 show the maximum lateral displacements calculated according to the reduced
seismic loads at the ends of any column or shear wall at the it and (i — 1)t stories of the building for the
typical X earthquake direction.

According to the TBEC-2007 [19] Part 2.10.1.2, the effective story drift (61) for the columns or shear
walls at the ith story of the building for the typical X earthquake direction is given in Eq. (12), where R is the

response reduction factor.
5% = Ra™ (12)
According to the TBEC-2007 [19] Part 2.10.1.3, for each earthquake direction, the maximum value of
the effective story drifts (61) calculated by Eqg. (12) in the column or shear walls at any ith story of the building
must meet the following condition given in Eq. (13):
e

-Lmax < 0,02
h; (13)

0.004 < 0.02
As a result of the calculations made, it was seen that the condition given in Eq. (13) was met for the X

earthquake direction. The story drifts calculation values for the X earthquake direction are given in Table 5.
The condition was also satisfied when the same calculations were performed for the Y earthquake direction.
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Table 5. The story drifts calculation for the X earthquake direction

x)

sty H, (m) 4 m) 4% (m) 6% m) e
i

Roof 3 0.0162 0.0019 0.0095 0.003167
7 3 0.0143 0.0022 0.0110 0.003667
6 3 0.0121 0.0024 0.0120 0.004000
5 3 0.0097 0.0024 0.0120 0.004000
4 3 0.0073 0.0024 0.0120 0.004000
3 3 0.0049 0.0021 0.0105 0.003500
2 3 0.0028 0.0019 0.0095 0.003167
1 3 0.0009 0.0009 0.0045 0.001500

2.2.9. Second order effects

In accordance with the TBEC-2007 [19] Part 2.10.2.1, the second order indicator value (Q:) was calculated
by Eq. (14) for each ith story for the earthquake direction considered and the necessary condition was checked
for all stories.

9, = (Ai)ave Zﬂyzi Wi
' Vihi
where w; is the weight of the building's j* story calculated using the live load participation coefficient.

Second-order effects for the X earthquake direction are presented in Table 6. For the earthquake in the X
direction, the maximum value of the Q; parameters occurred at the 4" story.

<0.12 (14)

A% =0.0023m
ave

8
> wj = 445058 +3881.6 = 24113.6 kN

j=4

V,® = 413.947 + 472.0733 + 404.6342 + 337.1952 + 269.7561 = 1897.606 kN

hs= 3m
oo _ (), Ziuw _00023+241136
i VO, 1897.606 +3
0.0097 < 0.12

The condition was satisfied. This condition was met when the same calculations were made for the other
stories. Therefore, it was deduced that the second-order effects did not need to be considered. When the
operations were repeated for the Y earthquake direction, it was concluded that the second-order effects did
not require to be taken into account.
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2.2.10. A1 torsional irregularity condition control

As stated in Table 2.1 of the TBEC-2007 [19] earthquake code, Al torsional irregularity is expressed as the
torsional irregularity coefficient (nui), which is the ratio of the maximum story drift at any story to the average
story drift in the same direction at that story, being greater than 1.2 for each of the two perpendicular
earthquake directions. The related Eq. is given as Eq. 15 below:

B (4;))max
~ (4)ave

The nwi values calculated for the structure are listed in Table 7. Since all the Mbi(x) and the Mbi () values in

Table 7 are less than 1.2, there is no Al torsional irregularity in the building.

2.2.11. B2 stiffness irregularity condition control

B2 stiffness irregularity, as indicated in Table 2.1 of the TBEC-2007 [19], is defined as the stiffness
irregularity coefficient (nx), which is defined by dividing the average story drift ratio at any floor other than
the basement floors by the average story drift ratio in an upper or lower story for either of the two
perpendicular earthquake directions, being more than 2.0. The (nx) values calculated for the structure are
presented in Table 8. Since all the Mki x) and M vy values in Table 8 are less than 2.0, there is no B2 stiffness

irregularity in the building.

Table 6. Second-order effects for the X earthquake direction

Story u® (m) a0 () u® () a0 () a0
Roof 0.0162 0.0019 0.0142 0.0017 0.00180
7 0.0143 0.0022 0.0125 0.0019 0.00205
6 0.0121 0.0024 0.0106 0.0021 0.00225
5 0.0097 0.0024 0.0085 0.0020 0.00220
4 0.0073 0.0024 0.0065 0.0022 0.00230
3 0.0049 0.0021 0.0043 0.0018 0.00195
2 0.0028 0.0019 0.0025 0.0017 0.00180
1 0.0009 0.0009 0.0008 0.0008 0.00085

Table 7. Al torsional irregularity condition control

X Y Y
Story 4P (m) a» Mhi ) 4" (m) 4" i )
Roof 0.0019 0.00180 1.055556 0.0016 0.00155 1.032258
7 0.0022 0.00205 1.073171 0.0019 0.00180 1.055556

6 0.0024 0.00225 1.066667 0.0020 0.00195 1.025641
5 0.0024 0.00220 1.090909 0.0021 0.00195 1.076923
4 0.0024 0.00230 1.043478 0.0021 0.00205 1.024390
3 0.0021 0.00195 1.076923 0.0018 0.00170 1.058824
2 0.0019 0.00180 1.055556 0.0026 0.00215 1.209302
1 0.0009 0.00085 1.058824 0.0010 0.00095 1.052632
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Table 8. B2 stiffness irregularity condition control
@ €9) . m ¢9) .
Story A I P %) A7 e/t A e ki
Roof-7 0.000600 - - 0.000517 - -
7-6 0.000683 0.000683 0.878049 0.000600 0.000600 0.861111
6-5 0.000750 0.000750 0.911111 0.000650 0.000650 0.923077
5-4 0.000733 0.000733 1.022727 0.000650 0.000650 1.0
4-3 0.000767 0.000767 0.956522 0.000683 0.000683 0.951220
3-2 0.000650 0.000650 1.179487 0.000567 0.000567 1.205882

Table 9. Structural elements’ dimensions

Structural System Elements Cross-section profile according to the TBEC-2007 [19]

Columns HES550B
Bracings 160*160*20
Beams HE280B
Secondary Beams IPE360

2.2.12. Dimensioning of the building according to the TBEC-2007 and the RDCCPSS-2018 principles
The sections determined as a result of the calculations made for all the elements of the building by adhering
to the TBEC-2007 [19] and the RDCCPSS-2018 [22] principles are presented in Table 9.

2.3. Design of the multi-story steel building according to the TBEC-2018 earthquake code

The design steps of the 8-story steel building consisting of concentrically braced steel frames by the
Equivalent Static Method according to the TBEC-2018 [20] earthquake code are described in this section.
The system periods, earthquake loads, lateral displacements, story drifts, irregularities, and dimensioning of
the system elements were evaluated.

2.3.1. Vertical loads
The same vertical loads as the values used in the TBEC-2007 [19] design were utilized.

2.3.2. Earthquake characteristics

Earthquake characteristics are given as follows:
e Local Soil Class: ZB
e Earthquake Ground Motion Level: DD-2

e  Map Spectral Acceleration Coefficient for Short Period Region (Ss): 0.890

e  Map Spectral Acceleration Coefficient for 1.0 s Period (S1): 0.244
e Local Ground Effect Coefficient for Short Period Region (Fs): 0.90
e Local Ground Effect Coefficient for Short Period Region (F1): 0.80
e Building Importance Factor (I): 1

e Building Utilization Class (BKS) 3

e Earthquake Design Class (DTS) 1
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e Building Height Class (BYS) 5
e  Structural System Behavior Coefficient (R): 5
o  Excess Strength Coefficient (D) 2

2.3.3. Determination of the first natural vibration period of the building
According to the Equivalent Static Method in the TBEC-2018 [20] earthquake code, the first natural vibration
periods of the building in both earthquake directions were calculated by Eq. (16).

2\ 1/2
T, =2m (%Lpliﬁ) (16)
i=1 1 fi%fi
The value of the story mass, mi, in Eq. (16) was found by using Eq. (17).
m == = [G; +nQ;] a7
g g

The story weight and story mass of the first story were calculated as in Eq. (18), where n is taken as 30 for
the first story according to Table 4.3 of the TBEC-2018 [20] earthquake code.

w; = Area(G, +n) + Perimeter(Q,Gy) (18)
w; = (24 %x35)%x(5.0+03%x2)+2x%x(24+4+35)%x3 = 5058kN

m; = 5058/9.81 = 515.6 kNs?/m

Calculations were performed in the same way for other stories also. Fictive forces, Fy;, in the Eq. 4.26 of the
TBEC-2018 [20], proportional to the story weights and the story heights were calculated by Eq. (19).

F, =F ( maH; ) (19)
f. = olsvy—————
l Zﬂy=1 m;H;
where, F, represents any chosen load and it was taken as 1000 kN. The Fy; forces in Table 10 were applied

to story mass centers in the X and Y directions and story displacements were obtained by SAP2000 [21]
program.

Table 10. Story displacements formed by fictional loads in the X direction

Story Fr; (kN) mi(kNs?/m) dficy (m) mi X dig? (kNms?) — Fpp X dgixy (kNM)
Roof 179.8018 395.6 0.00910 0.032760 1.636196
7 205.0495 515.6 0.00820 0.034669 1.681406

6 175.7567 515.6 0.00720 0.026729 1.265448
5 146.4640 515.6 0.00600 0.018562 0.878784
4 117.1712 515.6 0.00470 0.011390 0.550705
3 87.8784 515.6 0.00330 0.005615 0.289999
2 58.5856 515.6 0.00200 0.002062 0.117171
1 29.2928 515.6 0.00080 0.000330 0.023434
> 1000.0 4004.8 0.132116 6.443143
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Natural vibration periods T, and T, > were calculated by Eq. (20).

1/2

= o (M) (20)

T,
i Fridy

p

2.3.4. Total equivalent static lateral force calculation

The equivalent Static Lateral Force Method was applied because the BYS value was 5 and the DTS value was
1 for the structure designed according to TBEC-2018 [20] Part 4.6.2.2, and also because there were no torsion
and B2 (soft story) irregularities in the structural system. In this case, the total equivalent earthquake load,
V.g, was calculated by Eq. (21).

VfE = mt.SaR(T) = 0.04. mt.I.SDs.g (21)

where m, is the total mass of the upper part of the building above the basements, S,z (T) is the reduced
design spectral acceleration, and Sy is the short-period design spectral acceleration coefficient.

For the design spectral acceleration coefficients are defined in the Earthquake Hazard Maps and used for
a location determined in Kilis, Tiirkiye.

Sps = S¢.Fg = 0.801

The design spectral acceleration coefficient for a 1.0 s period, Sp,, is calculated as:
Spy = S;.F, = 0.195

Horizontal design spectrum corner period values are,

S
T, =02 2L = 0.049 s
SDS

S
Ty = 2L =02445
Sps

The transition period to the constant displacement region, Tv, is:
T.=6s
Since Ty = 0.244 s < Tp(X) =0.899 s < T, = 6 s, the horizontal elastic design spectral acceleration,
Sae (Tp(X)), and the reduced design spectral acceleration, S,z (Tp(x)), is:

Spy  0.195
0y = =01 _ —
Sae(Ty™) = G0 = 0899~ 0.217
p

See(TY) 0.217

Xy —
SaR(TpX )= R (T(X)) T 5
a\lp

= 0.0434

where Ra(TzfX)) is the earthquake load reduction coefficient dependent on the projected ductility capacity
and period.

Ve ™ = (4004.8)(0.0434 * 9,81) > 0.04. (4004.8)(10)(0.801)(9.81)

Vg™ = 1705.06 kN > 1258.75 kN

Realizing the same operations for the Y direction also, V,z") = 1717.7 kN > 1258.75 kN was determined.
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Table 11. Equivalent seismic loads acting on stories

Story H; (m) m; X H; (kNs?) (%) Fie® (kN) Fir ™ (kN)

Roof 24 9494.4 0.179802 288.1792 290.3152
7 21 10827.6 0.205050 328.6452 331.0812
6 18 9280.8 0.175757 281.6959 283.7839
5 15 7734.0 0.146464 234.7466 236.4866
4 12 6187.2 0.117171 187.7973 189.1893
3 9 4640.4 0.087878 140.8479 141.8919
2 6 3093.6 0.058586 93.8986 94.5946
1 3 1546.8 0.029293 46.9493 47.2973
Y 52804.8 1602.7600 1614.6400

2.3.5. Equivalent earthquake loads acting on stories

The total equivalent earthquake load on the top is expressed as the sum of the equivalent earthquake loads
acting on all stories of the building according to the TBEC-2018 [20] Part 4.7.2. Hence, the equivalent
earthquake load acting on the top N™ story (8™ story) of the building was calculated with the following
equations for the X and Y directions

AFy®) = 0.0075 N V,;® = 0.0075 x 8 x 1705.06 = 102.3 kN

AFy;® = 0.0075 N V(¥ = 0.0075 x 8 x 1717.7 = 103.06 kN

Additional equivalent earthquake forces AFy;® and AFyz"” were subtracted from the total equivalent
earthquake forces and the remaining load was distributed to the stories with the help of Eq. (22) for the X
and Y directions.

m;H;
Fg = (VtE_AFNE) N

j=1miH; (22)

Equivalent earthquake force calculations for X and Y directions are presented below:

m;H;
Fi® = (1705.06 — 102.3) o———
j=1miH;

Fe® = (1717.7 - 102.3) oy———
j=1MiH;

The calculation results for all stories are given in Table 11.

2.3.6. Wind loads
Wind loads were calculated according to the terms specified in the TS EN 1991-1-4 [23] and they are the
same as the values determined during the design of the structure according to the TBEC-2007 [19].

2.3.7. Load combinations
Structural system load combinations given in Table 12 were exerted on the structure according to the TBEC-
2018 [20] and the RDCCPSS-2018 [22].
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2.3.8. Story drifts control
The story drifts controls was realized according to the TBEC-2018 [20] Part 4.9.1. Reduced story drift AEX),

which is the difference between displacements of two consecutive stories for any column or shear wall, is
given in Eq. (23).

4% = 0 23)

The values u™ and u(*) designate the maximum lateral displacements determined according to the reduced

seismic loads at the ends of any column or shear wall at the it and (i-1)™ stories of the structure for the
typical X earthquake direction. The effective story drift (i) for the columns or shear walls at the ith story of
the structure for the typical X earthquake direction according to the TBEC-2018 [20] Part 4.9.1.2 is given in
Eq. (24).

?AEX) (24)

The maximum value of the effective story drifts (i) calculated by Eq. (24) in the column or shear walls at

any ith story of the building, for each earthquake direction, must satisfy the condition given in Eq. (25)
according to the TBEC-2018 [20] Part 4.9.1.3:
S

A% < 0.008 (25)

i

85 =

The coefficient A is defined as the ratio of the elastic design spectral acceleration of the DD-3 earthquake
to the elastic design spectral acceleration of the DD-2 earthquake, similar to the elastic design spectral
acceleration of the DD-2 earthquake found previously, the elastic design spectral acceleration for the DD-3
earthquake is calculated as follows:

Sp1 0.066

€9 - - -
Sae(Ty™) pp_s = 00 = 0.gog — 00734
p

S 0.066

) _ 01 _ _

Sae(Ty )DD_3 = = 0892 = 0.0740
P

For each earthquake direction, the A coefficients are determined as follows:

o Sae(Ty™) pp_s 00734 0338
s ™ =0
See(T(?) 70217

Sae(Ty")pp_y _ 0.074
Sue (Tp(y)) 0.218

DD-2

AW = =0.339

The story drifts calculation values for the X earthquake direction are presented in Table 13. As a result
of the above calculations, it was seen that the condition given in Eq. (25) was fulfilled. The condition was
also satisfied when the same calculations were made for the Y earthquake direction.

5
A—meE = 0,001014 < 0.008 \

i
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Table 12. Load combinations

0.9G + EXP + 03EYP
0.9G + 0.3EXP + 1.0EYP
0.9G + EXP + 03EYN
0.9G + 0.3EXP + 1.0EYN
0.9G + EXN + 0.3EYP
0.9G + 0.3EXN + 1.0EYP
0.9G + EXN + 0.3EYN
0.9G + 0.3EXN + 1.0EYN
1.2G +1.6Q; + 0.8Wy
1.2G +1.6Q; + 0.8W
1.2G + 1.0Q + 0.5Qz + 1.6Wy
1.2G + 1.0Q + 0.5Q + 1.6W

1.2G + 1.60Q
1.2G + 1.65
1.26 + 1.6Q + 0504
1.26 + 1.6Q + 055
1.26 + 1.6Qz + 1.0Q
126 + 1.65+1.0Q
1.2G + 1.0Q + 0.2S + EXP + 0.3EYP
1.26 + 1.0Q + 0.2S + 0.3EXP + 1.0EYP
1.2G + 1.0Q + 0.2S + EXP + 0.3EYN
1.2G + 1.0Q + 0.2S + 0.3EXP + 1.0EYN
1.2G + 1.0Q + 0.2S+ EXN + 0.3EYP
1.2G + 1.0Q + 0.25S + 0.3EXN + 1.0EYP

0.9G *+ 1.6Wy 1.2G + 1.0Q +0.25 £ EXN *+ 0.3EYN
0.9G + 1.6Wy 1.2G + 1.0Q +0.25 £ 0.3EXN £ 1.0EYN
1.4G

Table 13. The story drifts calculation for the X earthquake direction

x)

story  H; (m) u® (m) 4% (m) 609 (m) it
i
Roof 3 0.0120 0.0013 0.0065 0.000732
7 3 0.0107 0.0015 0.0075 0.000845
6 3 0.0092 0.0016 0.0080 0.000901
5 3 0.0076 0.0018 0.0090 0.001014
4 3 0.0058 0.0017 0.0085 0.000958
3 3 0.0041 0.0017 0.0085 0.000958
2 3 0.0024 0.0015 0.0075 0.000845
1 3 0.0009 0.0009 0.0045 0.000507

2.3.9. Second-order effects
The second-order indicator value (6,(,’(_1.)) for each ith story for the X earthquake direction was found by Eq.
(26) according to the TBEC-2018 [20] Part 4.9.2.

(AEX)) Th=i Wi

X) ave
11, Vi(X) hy

9,(,)21% which is the maximum value of the 9,(,’? calculated for all stories is presented in Eq. (27).

D
05 0 < 0.12 R @7)
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where Cn is a coefficient defined depending on the nonlinear hysteretic behavior of the structural system,
whose value is taken as equal to 1 in steel buildings.

According to the TBEC-2018 [20] Part 4.9.2.2, it is stated that if the condition given in Eqg. (19) is met,
it is not necessary to take into account the second-order effects in the calculation of the internal forces in the
design. Second-order effects for the X earthquake direction are presented in Table 14. The maximum value
of the 6,;; parameters took place at the 5" story for the earthquake in the X direction.

A% =10.00165m
ave

8

ij =3 %5058 + 3881.6 = 19055.6 kN
j=5

Vs® = 288.18 + 328.64 + 281.69 + 234.74 = 1133.26 kN

h5=3m

o0 _ (A7) 0 Zh=iWic 0.00165 * 19055.6

ave

) = = =0.00925
1 sy 1133.26 * 3

When the values were substituted in Eq. 27:

2
0.00925 < 0.12 —— = 0.048
15

the condition was satisfied. Therefore, it was not necessary to consider the second-order effects. When the
operations were repeated for the Y earthquake direction, it was concluded that the second-order effects did
not need to be considered.

2.3.10. A1 torsional irregularity condition control

Al torsional irregularity is defined as the torsional irregularity coefficient (n,;), which expresses the ratio of
the maximum story drift at any story to the mean story drift in the same direction at that story, being greater
than 1.2 for each of the two perpendicular earthquake directions, as indicated in the TBEC-2018 [20] Table
3.6. The torsional irregularity coefficient is calculated by Eqg. (28).

B (4,)max

Mpi

The n,,; values calculated for the structure are presented in Table 15. Since all the Mbix) and the Mbi () values
in Table 13 are less than 1.2, there is no Al torsional irregularity in the building.

2.3.11. B2 stiffness irregularity condition control

B2 stiffness irregularity is defined as the stiffness irregularity coefficient n,; being more than 2.0, which is
defined by dividing the average story drift ratio at any ith story, excluding basement floors, by the average
story drift ratio in an upper or lower story for either of the two perpendicular earthquake directions, as stated
in Table 3.6 of the TBEC-2018 [20]. The n,; values calculated for the building are given in Table 16. Since
all the Mki x) and Mki v values in Table 14 are less than 2.0, there is no B2 stiffness irregularity in the

building.
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Table 14. Second-order effects for the X earthquake direction

Story u® (m) 420 (m) u® . (m) 4% (m) a»
Roof 0.0120 0.0013 0.0102 0.0010 0.00115
7 0.0107 0.0015 0.0092 0.0013 0.00140
6 0.0092 0.0016 0.0079 0.0014 0.00150
5 0.0076 0.0018 0.0065 0.0015 0.00165
4 0.0058 0.0017 0.0050 0.0015 0.00160
3 0.0041 0.0017 0.0035 0.0014 0.00155
2 0.0024 0.0015 0.0021 0.0014 0.00145
1 0.0009 0.0009 0.0007 0.0007 0.00080

Table 15. Al torsional irregularity condition control

Story a» () a» Mhi ) A" (m) 4" i vy
Roof 0.0013 0.00115 1.130435 0.0011 0.00105 1.047619
7 0.0015 0.00140 1.071429 0.0013 0.00130 1.0
6 0.0016 0.00150 1.066667 0.0015 0.00140 1.071429
5 0.0018 0.00165 1.090909 0.0016 0.00155 1.032258
4 0.0017 0.00160 1.062500 0.0016 0.00155 1.032258
3 0.0017 0.00155 1.096774 0.0015 0.00145 1.034483
2 0.0015 0.00145 1.034483 0.0015 0.00140 1.071429
1 0.0009 0.00080 1.125000 0.0010 0.00095 1.052632
Table 16. B2 stiffness irregularity condition control
soy AP b A s Mgy A /e A e/hi g,
Roof-7 0.000383 - - 0.000350 - -
7-6 0.000467 0.000467 0.821429 0.000433 0.000433 0.807692
6-5 0.000500 0.000500 0.933333 0.000467 0.000467 0.928571
5-4 0.000550 0.000550 0.909091 0.000517 0.000517 0.903226
4-3 0.000533 0.000533 1.031250 0.000517 0.000517 1.0
3-2 0.000517 0.000517 1.032258 0.000483 0.000483 1.068966
2-1 0.000483 0.000483 1.068966 0.000467 0.000467 1.035714
1-Basement - 0.000267 1.812500 - 0.000317 1.473684

2.3.12. Dimensioning of the building according to the TBEC-2018 and the RDCCPSS-2018 principles
The sections specified as a result of the calculations performed for all the elements of the structure according
to the TBEC-2018 [20] and the RDCCPSS-2018 [22] bases are given in Table 17.
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Table 17. Dimension of the structural elements

Structural system elements Cross-section profile according to the TBEC-2018 [20]
Columns HE500B

Bracings 120*120*17.5

Beams HE300B

Secondary Beams IPE360

3. Comparison and evaluation of the results

In the research, an 8-story steel building with a high ductility level in both directions and composed of
concentrically braced steel frames were designed according to the TBEC-2007 [19] and the TBEC-2018 [20]
earthquake codes, the designs were compared, and the system was dimensioned in accordance with the
RDCCPSS-2018 [22] principles.

While designing the structure according to the TBEC-2007 [19] and the TBEC-2018 [20] earthquake
codes, the dominant natural vibration periods of the building, base shear forces, equivalent earthquake loads
lateral displacements, the story drifts, second-order effects, Al type torsional irregularities, B2 type stiffness
irregularities were examined, and the dimensions of the elements as a result of the most unfavorable loading
were determined. The Equivalent Static Method was utilized while designing according to both earthquake
codes. To observe the effects of the earthquake code difference on the designs, the following comparisons
were performed:

3.1. Comparison of the structural system periods

As a result of the calculations pursued according to the bases of the TBEC-2007 [19] and the TBEC-2018
[20], it was observed that the values of the structural system periods in the X and the Y earthquake directions
remained the same since the calculation steps are the same for both earthquake codes.

3.2. Comparison of the story displacements formed by fictional loads

The story displacements obtained by fictional loads in the X direction calculated according to the TBEC-
2007 [19] and the TBEC-2018 [20] earthquake codes were equal. The displacements in the Y direction with
respect to both codes were also the same. The story displacements in the X and Y directions are demonstrated
in Fig. 5.

3.3. Comparison of the equivalent seismic loads acting on stories

The equivalent earthquake loads determined by utilizing Equivalent Static Method according to the TBEC-
2007 [19] and the TBEC-2018 [20] earthquake codes’ principles for the X and Y directions are compared in
Figs. 6 and 7, respectively.

When the sum of the equivalent earthquake loads acting on stories was examined, it was seen that the
results found according to the TBEC-2007 [19] bases were considerably higher than the results got according
to the TBEC-2018 [20] principles. The cause of this variance can be explained as the difference in the defined
earthquake loads.

3.4. Comparison of the story drifts

The story drifts determined according to the TBEC-2007 [19] and the TBEC-2018 [20] earthquake codes for
the X and Y directions are compared in Figs. 8 and 9, respectively. It was seen that the story drift values
found for the X and the Y earthquake directions did not exceed the limit states. For this reason, it was not
considered necessary to increase the rigidity of the structural system.
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Fig. 8. Story drifts for the X direction according to the TBEC-2007 [19] and the TBEC-2018 [20]
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Fig. 9. Story drift rifts for the Y direction according to the TBEC-2007 [19] and the TBEC-2018 [20]

3.5. Comparison of the Al torsional irregularity condition

The results obtained from the Al torsional irregularity condition controls according to the TBEC-2007 [19]
and the TBEC-2018 [20] earthquake codes for the X and Y directions are presented in Figs. 10 and 11,
respectively.

3.6. Comparison of the B2 stiffness irregularity condition

The results acquired from the B2 stiffness irregularity condition controls according to the TBEC-2007 [19]
and the TBEC-2018 [20] earthquake codes for the X and Y directions are given in Figs. 12 and 13,
respectively. When the results of the irregularity conditions control in Figs. 10-13 are evaluated, and it is
observed that there is no irregularity in the structure according to the TBEC-2007 [19] and the TBEC-2018
[20] principles. The results of the irregularity controls according to the TBEC-2007 [19] bases were higher
than the results obtained according to the TBEC-2018 [20] principles. The reason for this result was that
earthquake loads found according to the TBEC-2007 [19] were greater than the ones determined according
to the TBEC-2018 [20].
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Fig. 10. Al torsional irregularity condition control for the X direction according to the TBEC-2007 [19] and the
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Table 18. Dimensions of the system elements according to the TBEC-2007 [19] and the TBEC-2018 [20]
Cross-section profile according to the Cross-section profile according to

Structural system elements

TBEC-2007 [19] the TBEC-2018 [20]
Columns HES550B HE500B
Bracings 160*160*20 120*120*17.5
Beams HE280B HE300B
Secondary Beams IPE360 IPE360

3.7. Comparison of the structural elements’ dimensions

The cross-section profiles determined as a result of dimensioning of the structure according to the TBEC-
2007 [19] and the TBEC-2018[20] bases are presented in Table 18. From an economic point of view, it was
observed that a structure designed according to the TBEC-2018 [20] principles is more advantageous than a
structure designed according to the TBEC-2007 [19] bases.

4. Concluding remarks

In this research, the TBEC-2007 [19] and the TBEC-2018 [20] earthquake codes were comprehensively
examined. Moreover, the effects of the earthquake code differences on the structural system periods,
earthquake loads, lateral displacements, story drifts, second-order effects, irregularities, and dimensioning
of the elements in the structure were studied in detail on an 8-story steel building of high ductility level in
both directions and having concentrically braced steel frames. The Equivalent Static Method was used during
the design of the building according to both earthquake codes. While dimensioning the structural elements,
the RDCCPSS-2018 [22] principles were followed and the LRFD Method was utilized. For the analyses of
the 8-story steel building according to both earthquake codes, SAP2000 [21] structural analysis program was
used.

Although steel structures have many advantages against earthquakes, there is a fact that multi-story
buildings in Tiirkiye are commonly of reinforced concrete and the studies performed are mostly on reinforced
concrete structures. Hence, there is a lack of research on the multi-story steel structures topic. There existed
no study on the design of multi-story steel structures based on the TBEC-2007 [19] and the TBEC-2018 [20]
earthquake codes at the time of the research. For this reason, the research has high originality value.
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The variances observed between the TBEC-2007 [19] and the TBEC-2018 [20] earthquake codes during
the analysis and design phases and the calculation results can be summarized as follows:

1. The TBEC-2018 [20] earthquake code gives more precise results in defining the earthquake load since
it directly depends on the coordinates of the area where the building will be built, while TBEC-2007
[19] uses a more general approach based on determining the earthquake load by the earthquake zone
of the place.

2. The TBEC-2018 [20] offers more sensitive ground options than the TBEC-2007 [19] principles, hence
it allows more precise calculations. On the other hand, more general assumptions are made according
to the TBEC-2007 [19] earthquake code.

3. While making a design, BYS is selected according to the height of the building in the TBEC-2018
[20] code. Whereas, there is no such classification in the TBEC-2007 [19] earthquake code.

4. Greater base shear forces were obtained while designing according to the TBEC-2007 [19] code due
to the differences in the defined earthquake loads according to both earthquake codes. Moreover,
during the dimensioning of the structural elements for the most unfavorable conditions, larger sections
were found according to the TBEC-2007 [19] earthquake code, the structure remained very safe, and
it was far from being economical.

5. Moreover, it has been made obligatory to apply deformation-based design for high-rise buildings in
the TBEC-2018 [20] earthquake code.

6. Besides these, there exist no significant differences in the calculations of the building importance
factor, natural vibration period, story drifts, and structural irregularities in both earthquake codes.

The conclusions are drawn as a result of the calculations pursued according to the TBEC-2007 [19] and
the TBEC-2018 [20] earthquake codes during the analysis and design of the 8-story steel building can be
listed below:

1. The values of the structural system periods in the X and Y directions were observed to be the same
since the calculation steps are the same in both codes.

2. The story displacements obtained by fictional loads in the X direction calculated according to the
TBEC-2007 [19] and the TBEC-2018 [20] earthquake codes were equal. The same was true for the
Y direction also.

3. When the sum of the equivalent earthquake loads acting on stories was investigated, it was seen that
the results obtained according to the TBEC-2007 [19] were considerably higher than the ones gathered
according to the TBEC-2018 [20] principles. The reason for this difference can be explained as the
variance in the defined earthquake loads.

4. Moreover, it was seen that the story drift values obtained for the X and Y directions did not pass the
limit states. For this reason, it was not considered necessary to increase the rigidity of the system.

5. Also, it was seen that there was no irregularity in the structure according to the TBEC-2007 [19] and
the TBEC-2018 [20] bases. The results of the irregularity controls according to the TBEC-2007 [19]
principles were higher than the results obtained according to the TBEC-2018 [20]. The reason for this
was the fact that earthquake loads found according to the TBEC-2007 [19] were greater than the ones
determined according to the TBEC-2018 [20].

6. From an economic perspective, it was seen that a structure designed according to the TBEC-2018
[20] principles is more advantageous than a structure designed according to the TBEC-2007 [19].

Further studies can be carried out on rigid frame systems, eccentrically braced systems, or steel systems
with limited ductility, and the codes can be compared. The Equivalent Earthquake Load Method, which is a
strength-based design method, was used to design the 8-story steel building in the research. The study can
also be performed using the other strength-based design methods, the Mode Combination Method and the
Mode Addition Method in the Time History. In addition; in future studies, analysis and dimensioning can be
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realized by using the deformation-based methods, Single or Multi-Mode Pushover Methods, and Non-Linear
Calculation Methods in the Time Domain.
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