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Abstract

In steel structures to prevent horizontal displacement and deformations due to loads such as especially earthquake and
wind are used various types of diagonal element. This matter reveals the importance of selection the right steel structural
system suitable for the purpose. On the other hand, steel structures according to the Turkey Earthquake Building
Regulation must be ductile to consume the earthquake energy. The objective of this study when this is the case are
investigated comparatively the behaviours of steel structures with different external central steel braced the ductility level
high and ductility level limited according to Turkey Earthquake Building Regulations. The findings obtained from the
structural analyses carried out with the Sta-Steel program reveal that different external central steel braced structure
models with ductility level high behave better than structural models with ductility level limited and different external
central braces that increase the structure lateral stiffness increase the performance of the said structure. Also, the base
shear force values of the ductility level limited external central steel braced structure models are larger than the ductility
level high and external central steel braced structure models. It shows that these obtained findings in terms of the steel
structures safety to be constructed in Turkey it would be more rational to prefer the steel structural systems with ductility
level high steel brace members.
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Celik yapilarda ézellikle deprem ve riizgdr gibi yiikler nedeniyle yatay yerdegistirme ve sekildegistirmeleri engellemek
icin cesitli diyagonal elemanlar tipleri kullaniimaktadwr. Bu husus amaca uygun dogru c¢elik tasiyici sistem segiminin
onemi ortaya koymaktadwr. Diger taraftan Tiirkiye Bina Deprem Yonetmeligine gore ¢elik yapilarin deprem enerjisini
tiiketebilmeleri igin siinek olmalar1 gerekmektedir. Durum béyle olunca bu ¢alismanin amact Tiirkiye Bina Deprem
Yonetmeligine gore siineklik diizeyi yiiksek ve siineklik diizeyi simirli farkli dis merkezi ¢elik ¢apraziara sahip ¢elik
yapularim davraniglarint - karsilagtrmali  olarak incelemektiv. Sta-Steel programiyla gergeklestirilen yapisal
¢oziimlemelerden elde edilen bulgular, stineklik diizeyi yiiksek farkli dis merkezi ¢elik ¢caprazli yap: modellerinin siineklik
konusu yapinin performansini arttirdigini ortaya koymaktadir. Ayrica siineklik seviyesi sinirli dis merkezi ¢elik ¢caprazii
yapi modellerinin taban kesme kuvveti degerleri, siineklik seviyesi yiiksek ve dis merkezi ¢elik caprazli yapi modellerinden
daha biiyiik olmaktadir. Elde edilen bu bulgular Tiirkiye 'de insa edilecek ¢elik yapilarin emniyeti bakimindan stineklik
diizeyi yiiksek ¢elik capraz elemanlara sahip ¢elik tasiyici sistemlerin tercih edilmesinin daha rasyonel olacagini
gostermektedir.
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1. Introduction

Structural systems in steel structures are formed by
combining columns and beams, if any, diagonal
elements to each other in various ways. Loads
affecting a steel structure are also met by these
frame systems. On the other hand, different
diagonal elements are used to strengthen the steel
frame systems formed by combining columns and
beams against horizontal load effects such as
especially earthquakes. Because in steel frames, the
displacements of diagonal elements between
storeys decrease and the lateral rigidity of the said
structure increases (Gonen, 1997; Ay vd., 2010; Ay
and Celik, 2012; Ozcelik, 2016; Yelgin ve Bulut,
2016; Akgonen, 2017; Cavdar, 2017; Aribas vd.,
2019; Bayram vd., 2019; Cavdar, 2019). In
addition, diagonal elements contribute to the
energy damping and load distribution of the said
structure. In summary, diagonal elements
contribute positively to the reduction of damage to
steel structures, especially from earthquakes, thus
improving their behaviour.

Steel structural elements in Turkey are expected to
show adequate performance against horizontal
loads. Today, the strength of steel structural
systems against earthquakes and their energy
damping can be provided by designs to be carried
out in accordance with the design conditions
specified in the regulations. The concept of
capacity for dimension a steel structure is used. In
other words, steel structures are sized according to
the capacities of the parts that ductile. In a steel
structure under the effect of horizontal loads, the
said loads can be met with different frame types
such as moment-transmitting steel frames, central
steel braced frames and external central steel
braced frames.

The main purpose of this article is to examine
comparatively the effects on the behaviour of the
said structure of different external central steel
cross types, which are widely used to increase the
resistance against earthquakes of steel structures of
Ductility Level High (DLH) and Ductility Level
Limited (DLL). Thus, it is aimed to Dbetter
understand the effect of the structure ductility level
on the structure behaviour. For this purpose, DLH
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and DLL steel structure models with different
external central steel braced types are created and
structural analyses of these models is made with the
Sta-Steel program (Sta-Steel, 2019). Results are
presented by comparing the findings obtained from
the structural analyses with each other.

2. Design principles of steel structure according
to Turkish building earthquake regulations

Structural systems of steel structures according to
the horizontal loads in the Turkey Building
Earthquake Code (TBEC) in terms of seismic
behaviour, ductility level high, ductility level
limited and ductility level hybrid is divided into
three classes, including systems (TBEC, 2019).
The structural system behaviour (ductility)
coefficient (R) and strength excess coefficient (D)
and the permissible building height classes (BYS)
to be used in the design of the said systems
according to earthquakes are given in Table 1.

In TBEC, approaches aiming to design steel
structures as resistant all predicted load effects,
including earthquakes, are divided into two as the
application of design with safety coefficients (GKT)
and design with load-resistance coefficients
(YDKT) methods. According to this regulation,
steel structural systems are required to have
sufficient ductility, to be able to make nonlinear
deformation, and to avoid brittle collapse
mechanisms in the structural elements and / or the
structural system during plastic deformation. In the
aforementioned regulation, the regions of the
structural systems carrying high ductility level
horizontal loads whose capacity is preserved; The
plastic hinge regions in moment-transmitting
frames consist of the transverse beams of the
external central braced frames and the end and
middle combinations of the cross members of the
central braced frames (see Figure 1).

Steel structure elements designed as DLH and DLL
in TBEC must be designed in such a way that the
cross-section head width / thickness, body height /
thickness and diameter / wall thickness ratios do
not exceed the limit values given in the TBEC (see
Table 2).
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Figure 1. Capacity protected zones of different steel frame types (TBEC, 2019).
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Table 1. Permissible building height classes, bearing system behaviour and strength excess coefficients of

steel structure structural systems according to TBEC (TBEC, 2019)

frames and central braced steel frames

Steel Building Structural Systems D BYS
Structural systems of high ductility level
1) Buildings where all earthquake effects are carried with moment-transmitting steel frames 3| BYs=3
2) Buildings where all earthquake effects are met by external central or anti-buckling central
braced steel frames 25| BYS22
3) Buildings where all earthquake effects are met by central steel braced frames 2 |BYS>4
4) Buildings where the effects of earthquakes are met by moment-transferring steel frames,
external central with a high level of ductility, or centrally braced steel frames that are prevented 3 |BYS>2
from buckling, or reinforced concrete walls with tie beams (hollow)
5) Buildings where the effects of earthquakes are met by moment-transferring steel frames and 25 | BYS>2
centrally braced steel frames with high ductility level or hollow-free reinforced concrete walls
6) Single storey buildings where all earthquake effects are met by steel columns with hinged A ]
connections at the roof level and not exceeding 12 m
Ductility level mixed (hybrid) systems
1) Buildings where the effects of earthquakes are met by moment-transferring steel frames with
ductility level limited, external central with a ductility level high, or centrally braced steel frames 25 |BYS>4
that are prevented from buckling, or reinforced concrete walls with tie beams with ductility level
high
2) Buildings where the effects of earthquakes are met by moment-transferring steel frames with
limited ductility level and central braced steel frames with high ductility level or hollow-free 2 |BYS>4
reinforced concrete walls with high ductility level
Ductility level hybrid structural systems
1) Buildings where all earthquake effects are met by moment-transferring steel frames 25 | BYS=27
2) Buildings where all earthquake effects are met by central braced steel frames 2 |BYS=8
3) Buildings where the effects of earthquakes are met together by moment-transferring steel 2 |Bys>7
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Table 2. Cross-section conditions of steel construction elements according to TBEC (TBEC, 2019)

§ 2 Maximum Allowable Limit Values

C . £ o - P, Cross-Section
S Element Description I DLH steel building elements, DLL steel building elements, Shape

iE) ic" /lnd ﬂ’md

o wn

Rectangular ~ box  cross | . 064 |E f

sections : F, s

Heads of sections formed in (The limit value of the cross- it

the form of made rectangular bt section condition shall be B

box and box from the I E taken as 112E/F, in the ' bk

profile 0.55 |— _ i

F, rectangular box cross-sections

Side plates of box-shaped used as beams or columns, in

sections from 1 section and | . the made box cross sections

made box sections to be used and in the heads of the box

as cross members shatp_ed )sectlons from the |

section.

Bodies of | or made I sections hit,, 149 |E 1.49 = 1 rwlh | |n
o, to be used as cross members F, y A h
<
3] . . < i < i
E Bodies of I or made I sections C, <0125 1se C, <0125 1se WEA g
©to be used as beams or h/ty E E f-t,/h i—t. |h
E columns 2.45 ny(l—o.%ca) 3.76 /Fy(l— 2.75C,) A N
©
:Dc:?Side plates of the cross C,>0.125ise C, >0.125 ise

sections formed in the form
of boxes from the I profile to
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hit 077\/7(293 C)>l49\/7 112\/7(233 C)>149\/7

Bodies of made box cross- ) C,=— 22—
sections to be used as beams h/t F A (F A) it |h
or columns (GKT - Q_=167) ve (YDKT —>¢C=o.9) - —
0.044E
Fy
E The limit value of the cross- /"%
Pipe cross-section elements DIt 0.038— section condition in pipe &, /
Y profiles used as beams or it
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0.07E/F,.
"b'l _D_I
.-:-:.“:Ir - it
(2]
5
E Heads of I or made I sections, b b
2 U or T sections, arms of the o =
i) E E
& split double L profile or arms b/t 0.30 |— 0.38 |—
A : L C F F, ,
5’of continuously  joined y A i
‘= double L profiles =¥ 3
5
p4 b
|
(2]
E -
£ wall of box cross-section bl 14 |E 2 96 ’E
-2 composite elements F, F,
o
‘B
S Wall of composite elements E E
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2.1. Design principles of external central steel body height / thickness and diameter / thickness
braced frames according to TBEC ratios in columns, beams and braced members of

the said frames should not exceed the Ang limit
External central steel braced frame systems; it can values given in Table 2. The design principles
be designed as diagonal external braced, V external concerning dimensioning the external central steel
braced and A external braced systems (see Figure braced frames are summarized below.

2). According to TBEC, the head width / thickness,

Ige |=e t

W e
/
|/ INAY N

Figure 2. External central steel braced systems (TBEC, 2019).

According to TBDY, bond (tie) beams must meet the body and the bending moment of the section
the following conditions. According to this, should be taken as the shear force strength. It
should be noted here that for both boundary
1) In DLH external central steel braced frames, at cases it will be taken as
least one of the cross members must have tie V. IQ, (GKT icin Q, =1.67) or
beam at the end and tie beams must be o
dimensioned according to the calculated internal -V, (YDKT IGin ¢, =0-9O) :
forces (bending moment, axial force and shear
force), taking into account the load combinations V, =min (Vp;2|\/| ) le) (1)

including earthquake effects.

2) The shear force design strength of the tie beam, The following expressions will be used for the V,
as stated in equation (1), the smaller of the yield and M expressions in this formula.

limit states under the effect of the shear force in

P

F’sO.lS for V,=06+F A, and M =F *W, (2
y

P p 1-(P /P)

£5045 for V,=06%F *A * [1-| | and M =F, W » ——' 3
P, P A (Py] Py [ 0.85 j ®)

3) The body plate of the tie beams should be one _R-A 4
piece and there should not be reinforcement 0, = I-h )

plates in the plane of the body. In addition, it is

not allowed to make a gap in the body plate. Due to angle of the relative storey drift found by

4) The tie beams should be of broad headed rolling Eq. (4), The bond beam rotation angle () formed

mill | profile or made | cross-section. In the case between the bond beam and the story beam on the
of using tie beam with made cross-section, head extension of this beam should not exceed the
and body plate joints should be provided with following limit values (see Figure 3).

full penetration butt welding.
6) 0.08 radians if the bond beam length is less than

5) Depending on the relative story drift (A;) of . or equal to 1.6M ) / Vv,
story located the bond beam,
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7) 0.02 radians if the bond beam length is greater
than or equal to 2.6M, /V,

In the equations given above, A, (d -t,) shows the
body area calculated with the entire cross-section
height, e shows the eccentricity in truss joints, F,
shows the characteristic yield stress of the
structural steel, | shows the structural importance
coefficient, P, shows the required axial force

strength, P, shows the axial force strength at the

yield limit state, R shows bearing system
behaviour coefficient, R, shows the ratio of the
material's possible yield stress to the characteristic
yield stress, and W, shows the plastic strength

moment relative to the bending axis. It should also
be stated that if the length of the tie beam is
between these two limit values, it would be
appropriate to make a linear proportioning.

Figure 3. Angles of rotation of tie beams (TBEC, 2019).

According to TBEC, the design of beams, columns
and braced must also provide the following
conditions. According to this,

1) The loading that causes plasticization of the
bond beam will be increased by the design
magnification coefficient defined as V, / Vg,

including the design shear force (V.) and
V,=min(V,;2M /e)
earthquake effects in load combinations.

resulting from

2) In determining the strength of the braced,
earthquake effects on load combinations will be

increased by 1.25R, the load that causes the tie
beam to plasticize.
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3) In determining the strength of the frame beams
other than the tie beam; the earthquake effects in

load combinations will be increased by 1.1IR,
the load that causes plasticization of the tie

beam, in the case where the beams work as a
composite with reinforced concrete slabs, and in

the other case by a times of 1.25R, .

4) In determining the required strength of the
columns;  earthquake effects in load

combinations will be increased by 1.1R, times

the load that causes plasticization of the tie
beam.
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5) The length of the bond beam connecting to the
column must provide the e<1.6*M_ /V,

condition.

6) When the beam is connected hinged to the
column, the connection detail should be created
in a way to provide a rotation angle of at least
0.025 radians. For this connection detail, one of
the column-beam connection details given in

i

a) Hinged connection

Figure 4 or analytically proven that this
condition is met can be used.

7) Braced connections must have sufficient
rotational capacity. Sufficient rotational
capacity here will be provided by forming
suitable connections that allow plastic rotation in
the node plate or connection plate to be used at
the end joints of the cross members.

E Welding process will be
* done 1n the factory

K]
Al
Iy

CT033 aXis

_L profile or nder

______

Y r. Welding process will be
“ done m the factory

b) rigid connection

Figure 4. Hinged and rigid connection detail according to TBEC (TBEC, 2019).

3. Design principles according to the regulation
on design, calculation, and construction of
steel structures

According to this regulation, the designs of steel
structure structural elements and their connections
can be made with load and strength factors or safety
factors. The loads stipulated in the design of the
building elements and their combinations are
calculated with the load combinations given in the
said regulation (CYTHYDE, 2018).

3.1. Boundary situations

With the prescribed load combinations, the design
of a steel structure is made in a way that the
strength and usability does not exceed the limit
state. Of these,

Strength limit state; while defining the regional and
/ or total collapse formation due to insufficient
strength and stability throughout the life of the
structure,

Usability limit state; It is defined as excessive
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displacements that prevent the expected functions
from the structure.

3.2. Stability analysis

According to the regulations on the design,
calculation, and construction principles of steel
structures, it is recommended to calculate the
stability analysis of steel structures according to the
2" order theory (CYTHYDE, 2018). 2" order
theory is a method of structural analysis in which
the effect of geometry changes in elements and
system-wide on equilibrium  equations s
considered.

The main factors affecting the stability of steel
structures,

1) The bending, shear and axial deformation of the
structural elements that make up the steel
structure structural system, as well as all other
deformations that are effective in the
displacement of the structure system (such as
column-beam connection, etc.),
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2) 2" order effects on deformation of steel
structure elements and structure displacement,

3) Geometric frontal imperfections,

4) Nonlinear deformations are uncertainties in
strength and stiffness.

3.3. Design of connections

According to the regulation on the design,
calculation, and construction principles of steel
structures, connections can be formed in two ways:
hinged and moment-transferring connections.
Bending moment is at or near zero value in hinged
joints. However, in these combinations, relative
rotation between components is allowed.

Moment-transferring connections are divided into
two as fully rigid and semi-rigid (elastic). In these
connections, the bending moment values are
different from zero, whereas the relative rotational
movement between the joined elements is zero or
limited depending on whether the connection is
fully rigid or semi-rigid.

3.4. Design for structural integrity

Conditions to be met for structural integrity will be
evaluated independently from other strength
conditions. The following conditions must be
provided for structural integrity.

1) The characteristic tensile strength of the column
connections must be equal to or greater than the
axial force calculated by the G+Q load
combination.

2) The tensile strength of the beam end
connections must be equal to 2/3 of the required
shear strength if load and strength factors is
made or to the required shear strength if safety
factors is made. However, this value must be

required at least 50 kN.

3) Itis recommended that the characteristic tensile
strength of the end connections of the elements
that ensure the stability of the columns be taken
at least equal to 1% of the value calculated by
2/3 of the required axial strength of the column
determined according to the load and strength
factors method and equal to 1% of the required
axial strength of the column determined
according to the safety factors method.

According to this regulation, the conditions
regarding the detailed design of the connection and
connection elements can be seen in the said
regulation (CYTHYDE, 2018).

4. Examination of the behaviour of building
models

In this article, 7 steel structure models with
different external central steel braces in different
shapes and locations with the same story area and
dimensions were created and their structural
analyses were carried out with the Sta-Steel
program. The steel structure models considered
were designed as 3-span, 5-storey and column
footing system (see Figure 5). The height of each
story of the building models created is 3 m and the
axle spans is 6 m. The dimensions of the structural
elements (columns, beams and braced members) of
the mentioned models are given in Table 3. In
addition, it is accepted that S335 steel material is
used in all structural systems of steel structure
models and secondary intermediate beams are
placed at 1.5 m intervals (Yilmaz, 2020). On the
other hand, the yield stress of the bolts in the
connections, joints and foundation connections of

structural elements is F,, =640 MPa. In addition,

it is accepted that the modulus of elasticity of the
steel material used in building models is
E, =200000N / mm?.

Table 3. Profiles used in structural system elements of steel building models

Profiles
Structural system elements DLH DLL
Columns He340 B He340 B
Main beams IPE300 IPE330
Intermediate beams IPE220 IPE220
Cross elements R120x10 R120x10
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Geniglik

Genisglik

Figure 5. Views from the foundation plan and foundation detail-dimensions of building models.

Other features of the selected steel structure models
are given below (Yilmaz, 2020).

» In Model 1, in the moment-transferring frame, it
is accepted that all column and beam dimensions
are as in Table 3 (see Figure 6a).

» In Model 2, all column and beam dimensions are
considered as in Table 3. Also, in this model,
outer axles are formed from 80 cm long bond
beams and outer center V steel crosses using
R120x10 box profile (see Figure 6b).

» In Model 3, all column and beam dimensions are
considered as in Table 3. Also, in this model,
eccentric steel diagonal braces were formed by
using R120x10 box profiles on the outer axles
(see Figure 6¢).

» In Model 4, it is accepted that all column and
beam dimensions are as in Table 3. Also in this
model, the outer axles are formed from 80 cm
long tie beams and external central A steel
crosses using R120x10 box profile (see Figure
6d).
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» In Model 5, it is accepted that all column and
beam dimensions are as in Table 3. In addition,
in this model, the outer axles are formed from
1.5 m long tie beams and external central V steel
braces using R120x10 box profile (see Figure
6e).

» In Model 6, it is accepted that all column and
beam dimensions are as in Table 3. Also, in this
model, the outer axles are formed from 80 cm
long tie beams and external central A steel
crosses using R120x10 box profile from 35 cm
above from the column-beam connection center
(see Figure 6f).

> In Model 7, it is accepted that all column and
beam dimensions are as in Table 3. In addition,
in this model, the outer axles were formed from
1.5 m long tie beams and external central steel
diagonal braces using R120x10 box profile in 35
cm above from the column-beam connection
center (see Figure 6g).
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g) model 7

Figure 6. Cross-section and 5-story view of steel building models.

Here, it will be useful to state that model 1 is the
reference model, and that other building models are
connected to the columns from different points
depending on the length (€) of the tie beams, and

external central steel brace types are created. The
details of the tie beams of the steel structure models
are summarized in Table 4.

Table 4. Information’s on the connection details of building models

Models Cross elements Bond (tie) beam lengths (m) Column connection of cross members
model 1 - - -

model 2 R120x10 0.8 From the center

model 3 R120x10 15 From the center

model 4 R120x10 0.8 From the center

model 5 R120x10 15 From the center

model 6 R120x10 0.8 From 0.35 m above

model 7 R120x10 15 From 0.35 m above
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The story areas of the steel structure models
considered are equal, ZC is the local ground class,
said structure models will be built in the
neighbourhood of Karabilkk Province and
accordingly Earthquake Map of Turkey are
considered to be the design parameters related to
41.21329 latitude and 32.63601longitude. (Yilmaz,

2020). In addition, TS-498 Regulation on
Calculation Values of the Loads to be Taken in the
Sizing of Building Elements is used in the
calculation of the loads affecting the said models
(TS-498, 1997). Other design parameters
considered in structural analysis are given in Table
5.

Table 5. Other design parameters considered in structural analyses.

Building importance coefficient (residence and workplace), | 1
. - Ductility level high 8
Structural system behaviour coefficients, (Rx ve Ry) Ductility level limited 4
Live load participation coefficient (residences and workplace) 0.30
Short period map spectral acceleration coefficient, (Ss) 0.722
Map spectral acceleration coefficient for 1s period, (S1) 0.2337
Short period design spectral acceleration coefficient, (Sas) 0.8744
Design spectral acceleration coefficient for 1s period, (Sa1) 0.351
Earthquake ground motion level DD2
Earthquake design class DTS1
- Ductility level high 3
Strength excess coefficients (Dx ve Dy) Ductility level limited 25
Foundation soil bearing capacity for ZC local soil class (kN/m?) 150
Foundation bedding coefficient for ZC local ground class (kN/m?) 10000
Modal analysis min load ratio, ( 5) 0.90
Earthquake eccentricity 0.05
Horizontal elastic design acceleration spectrum corner period, Ta (S) 0.08021
Horizontal elastic design acceleration spectrum corner period, T (S) 0.40103
Transition period to constant displacement in the spectrum of horizontal elastic design, T.(s) 6
Snow load (KN/m?) 0.75
Moving load (KN/m?) 2
. ) up to 8 m high 0.5
Wind load (KN/m#) up to 20 m high 08
Building height (m) 15

5. Findings and evaluations obtained from
structural analyses

As a result of the structural analyses performed
with the Sta-Steel program of the DLH steel
structure models with different external central
cross members considered in this study, the views
of the building models with insufficient structural
elements are given in Figure 7. It is seen from these
figures that the cross-section some of the profiles
used in the intermediate beams of model 2 and
model 5 are insufficient. This situation reveals that
the models in question are insecure in their current
state, and therefore, the required to increase the
cross-sectional dimensions of the insufficient
structural elements of these models in order to
ensure sufficient safety. As such, sufficient safety
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has been provided by using IPE240 profile instead
of IPE220 in intermediate beams, which are
insufficient of these models. In addition, in model
5, it is seen that some foundations where the cross
members are supported in the middle of the span
are insufficient. The inadequate foundation
dimensions of Model 5 have been made safe by
selecting 1 x 1.5 m.

In this article, it is aimed to compare the
performances of steel structure systems with
different external central steel braced. For this
purpose, the nodal point at which the maximum
displacement values occur in all building models
have been taken into consideration for comparison
(see Figure 8).
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Figure 7. Views from insufficient structural
elements of model 2 and model 5 for dead loads.

According to TBEC, different types of
combinations are used to form the nodal point of
steel structures (see Figure 8). Accordingly, both
DLH and DLL are modelled in a way that the
frames with different external central steel braces

are hinged with their strong axes and their weak
axes are semi-rigid (see Figure 9a). Because, as a
result of the structural analysis performed, the
semi-rigid node joint in DLL frames could not
provide sufficient safety (see Figure 9b). For this
reason, a node combination providing sufficient
security was preferred in both DLH and DLL
frames. In summary, the nodal point of the building
models with different external central steel cross
members are modelled as their strong axes are
hinged and their weak axes are semi-rigid (see
Figure 9a).
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Figure 8. The node point for comparisons

Here, the combination detail of the node point in
Figure 8 provides sufficient safety for both DLH
and DLL situations, and that the DLL structure
models formed with different external central steel
cross members, except for model 2 and model 5, It
will be appropriate to state that it is used that the
IPE 330 profile instead of IPE300 to ensure
sufficient safety in the main beams.

a) Combination detail of hinged and semi-rigid node point

b) Combination detail of semi-rigid node point

Figure 9. Different nodal point combination details used in the creation of the models.
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The displacement values of the selected node point
in the x direction as a result of the structural
analyses performed for the earthquake effect in the
x direction of the different external central steel
braced steel structure models of DLH and DLL are
given in Table 6. From this table, it is seen that the
displacement values of the DLL external central
steel braced steel structure models are greater than
the DLH external central steel braced steel
structure models and while the value of the largest
displacement value for DLL structure models is
obtained from model 7, the lowest displacement

value is obtained from model 2. In addition, it is
seen that the displacement values of both DLH and
DLL structure models with single cross member
are greater than the other building models
considered. These findings reveal that the external
central steel braced steel structure models
significantly reduce the maximum displacement
values compared to the reference model, model 1,
as expected, except for model 3 and model 7.

Table 6. Maximum displacement values of selected nodal point for earthquake effect in x direction of building
models with SDY and SDS different external central steel braced

model 1 model 2 model 3 model 4 model 5 model 6 model 7
Maximum displacement DLH 8.874 1.769 10.037 1.898 3.341 2.04 10.028
values (mm) DLL 21.70 2.024 19.178 3.240 6.911 3.59 21.854

The maximum base shear forces values obtained in
the x and y directions from the structural analyses
made with the Sta-Steel program using modal
combination and equivalent earthquake load
methods of DLH and DLL different external
central steel braced structure models are given in
Table 7. From this table, it is seen that the base
shear strength values of DLL external central steel
braced steel structure models in both x and vy
direction are greater than the DLH external central
steel braced steel structure models. On the other
hand, the base shear force values obtained by the
equivalent earthquake load method (EELM) in
both x and y directions of the DLH and DLL

external central steel braced steel structure models
are higher than those obtained by the modal
combination method (MCM). In addition, it seems
that DLL steel structure models, the maximum base
shear values according to the equivalent earthquake
load method of is obtained from model 5 in the x
direction and model 4 in the y direction, and
according to the mode combination method are
obtained from model 2 in the x direction and model
1 in the y direction. These findings obtained from
the structural analyses show that the DLL external
central steel braced structure models are subjected
to greater shear forces than the DLH external
central steel braced structure models.

Table 7. Maximum base shear force values of building models with DLH and DLL different external central

steel braced

Maximum base shear force values (kN)

DLH DLL
models  Earthquake effect in the x Earthquake effect in the y Earthquake effect in the x Earthquake effect in the y
direction direction direction direction

MCM EELM MCM EELM MCM EELM MCM EELM
model 1 121.17 212.03 181.94 214.28 217.68 281.08 432.42 503.69
model 2 107.59 221.01 171.87 220.68 241.46 289 406.18 500.68
model 3 98.887 214.47 173.54 216.18 188.65 339.37 398.52 504.16
model 4  104.86 214.63 167.38 216.77 178.88 340.28 385.69 505.73
model 5 103.43 219.58 174.34 219.89 171.38 350.92 388.24 493.85
model 6  104.22 214.48 168.2 216.62 174.49 339.89 387.22 505.28
model 7 98.93 214.64 175.57 216.29 165.41 339.56 403.67 504.58

The maximum displacement distributions obtained
at the storey levels along the building height from
the structural analyses performed by DLH and
DLL for the earthquake effect of the building
models created with different external central steel
braced members considered are given in Figure 10.
From this figure, it is seen that the maximum
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displacement distributions at the storey levels of
the DLL external central steel braced structure
models are larger than the DLH external central
steel braced structure models and the displacement
distributions obtained from the model 1 are
generally larger. These findings reveal that both
DLH and DLL external central steel braced
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structure models significantly reduce the maximum will perform better than the DLL external central
displacement values compared to model 1, and the steel braced structure models.
DLH external central steel braced structure models

model 1-DLH
——— model 2-DLH
———— model 3-DLH

model 4-DLH

model 5-DLH
—— model 6-DLH
— model 7-DLH
= = = model 1-DLL

[F¥]

Storey

= = = = model 2-DLL

[ 3]

- = = = model 3-DLL
model 4-DLL
model 5-DLL
- = = = model 6-DLL
- = = - model 7-DLL

10 12 14 16 18 20 22

0 2 B 6 8

Displacement (mm)

Figure 10. Maximum displacement values in the storey levels under the earthquake effect of building models
with DLH and DLL different external central steel braced

Table 8. Structural element cross-section dimensions and tie beam lengths of DLH external central A and V
steel braced structure models

Columns HE340B
Main beams IPE330
Intermediate IPE220
Model a beams
£ | L e 50 cm
275 em LEOL 275 em L 10.5m Sm 10.4,m
’I T 11
Columns HE340B
Main beams IPE300
Intermediate IPE220
Model b beams
. L -4 £ e 80 cm
| 260cm RBOcm 260em | 0.8m, 440m 0.8
1 7 1 1 g 1 1 1
Columns HE340B
Main beams IPE300
Intermediate IPE220
Model ¢ beams
T 250 00cm 250 - 1 4 lm| ¢ 100 cm
| cm |! crg cm 1L m1| m 1|, m_{
Columns HE340B
Main beams IPE300
Int diate IPE220
Model d beams
- - 4 e 150 cm
1

225 cm |150cmL225cm 3m |15m |,
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The effect of different tie beam lengths on the
behaviour of the considered DLH external central
A and V steel braced structure models (model 2 and
model 4) was examined (see Table 8). The
maximum displacement and rotation values at the
tie beam braced member combination node point,
from the structural analyses performed for the
earthquake effect in the x direction with the Sta-
Steel program of the DLH steel structure models
are given in Table 9. From this table, it is seen that
the displacement and rotation values of the V steel
braced structure model increase with the increase
in the length of the tie beam compared to the A steel
braced structure model. In addition, with the
increase of the tie beam length in both A and V
steel braced structure models, the displacement
values at the said node also increase. On the other
hand, it is seen that the displacement and rotation

values of A steel braced structure models in short
tie beam lengths and V steel braced structure
models in long tie beam lengths are great. These
findings reveal that the length of the tie beam
significantly changes the displacement and rotation
values of both A and V steel braced structure
models.

Here, it would be appropriate to state that as a result
of the structural analyses carried out according to
the earthquake in the x direction, the V steel braced
structure models cannot provide sufficient safety
with the element cross-section dimensions given in
Table 8, therefore, structural analyses are made by
increasing the cross-section dimensions of the
intermediate beams (IPE 240) to ensure sufficient
safety.

Table 9. The maximum displacement and rotation values at the combination node point of the tie beam and
braced member, depending on the length of the tie beams of the DLH external central A and V braced structure

models
. Earthquake effect in the x direction
Models Tie beam length (mm) Displacement, §, (mm) Rotation, 6, (rad)
A with steel braced 1.489 -0.000201
Model a 500 V with steel braced 1.421 -0.000132
A with steel braced 1.887 -0.000162
Model b 800 V with steel braced 1.854 -0.000143
A with steel braced 2.188 -0.000186
Model ¢ 1000\ with steel braced 2.229 -0.000146
A with steel braced 3.056 -0.000104
Model d 1500\ \yith steel braced 3.323 -0.000128

6. Conclusions and recommendations

In this article, the effects on their behaviour of the
structures in question of DLH and DLL different
external central braced types widely used in the
design of steel structures in Turkey were
comparatively investigated. The main results and
recommendation obtained from the structural
analyses carried out for this purpose are presented
below.

» The displacement values of DLH external
central steel-braced structural models from the
structural analyses are smaller than DLL
external central steel-braced-structured models.
In addition, the displacement values of the DLH
and DLL single cross member steel structure
models are higher than the other steel structure
models considered in this study. obtained this
result shows that the ductility level significantly
affects the behaviour of the structure in question.
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» From the structural analyses, the base shear
force values of the DLL external central steel
braced structure models are larger than the DLH
external central steel braced structure models in
both x and y directions. This result shows that
the DLL external central steel braced structure
models are subjected to greater shear forces than
the DLH external central steel braced structure
models.

» The base shear force values obtained by the
equivalent earthquake load method in the x and
y directions of the DLH and DLL external
central steel braced structure models are greater
than those obtained by the modal combination
method.

» As aresult of the structural analyses of DLH and
DLL building models for earthquake effect, it is
seen that the maximum displacement
distribution at the story levels of the DLL
external central steel braced structure models is
greater than the DLH external central steel
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braced structure models. This result reveals that
DLH external central steel braced structure
models will perform better than DLL external
central steel braced structure models.

» As a result of the structural analyses, the
displacement and rotation values obtained from
the V steel braced structure model at the tie
beam-braced member combination node point
are higher than the A steel braced structure
model. In addition, with the increase of the tie
beam length in both A and V steel braced
structure models, the displacement values at the
said node point also increase.

» Given the findings of this study, in terms of
safety and performance of the steel structures in
Turkey that to be constructed especially
earthquake zones is recommended the prefer of
design and construction of steel structures
having DLH external central steel braced
members.
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