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Abstract

Whether new buildings are under construction, or the old building, bathhouse, social complex, etc. Static
calculations in building systems and dynamic load analysis are carried out within the margin of error while
creating roof systems, whether for the purpose of monitoring the structural behavior of buildings. Roof systems
are created using one of many models. One of them is the finite element method. With this method, the distance
between nodes from many nodes is measured and modeled. In our study, while creating a steel roof system in a
structure of 10 floors 30.50 meters height, 23 * 22 meters width and length, 506 m2, as a result of physical
calculations, load analysis, wind load, load combinations, steel frame calculations, equipment, torsion moments
according to which parameters analysis was made as needed.

Keywords: Steel Roof, Finite Element Method, Profile and Dynamic Load Analysis

CELIiK CATILARDA PROFIL GERILMESI OLCUMU ve DINAMIK
YUK ANALIZi UZERINE BIR INCELEME

Ozet

Yeni yapilarin yapim asamasinda olsun, isterse de eski bina, hamam, kiilliye vb. yapilarin yapisal davraniglarinin
izlenmesi amaciyla olsun gati sistemleri olusturulurken yapi sistemlerindeki hesaplar statik, dinamik yiik
analizleri hata pay1 sinirlari igerisinde hareket edilir. Birgok modelden biri kullanilarak cati sistemleri
olusturulur. Bunlardan birisi de sonlu elemanlar yontemidir. Bu yontem ile birgok diigiim noktasindan diigiimler
arast mesafe Ol¢iilmesi yapilarak modellenir. Calismamizda 10 katli 30.50 meter yiikseklik, 23*22 metre en ve

boy, 506 m? lik bir bir yapida celik cati sistemi olustururken, fiziksel hesaplamalar sonucunda yiik analizi,
riizgar yiikii, yiik kombinasyonlari, gelik ¢erceve hesabi, teghizat, burulma momentlerinin hangi parametreler
dogrultusunda olmasi gerektiginin analizi yapildi.

Anahtar Kelimeler: Celik Cat1, Sonlu Elemanlar Yontemi, Profil ve Dinamik Yk Analizi

1. Introduction

The purpose of engineering structures is to determine the shape and position changes that occur. Temporary or
permanent effects occur in engineering structures such as dams, bridges, tunnels, viaducts, towers and their
surroundings. Generally, these effects consist of the physical properties of the ground, the existing weight of the
building, mobile external loads and similar effects (Yalginkaya M, Satir B, 2005). Steel is a homogeneous and
isotropic material. The quality of the steel produced in accordance with international standards is constantly
checked during manufacturing. Thus, the mechanical properties of the material cannot be intervened in the
production and assembly stages, which provides the best possible approach to theoretical calculation values.
application of steel as a building material in Turkey generally industrial buildings, bridges, warehouses or single
- stands out as the roofing system of multi-storey buildings. Steel can be considered as the most suitable building
material to construct earthquake resistant structures considering its high strength, lightness and ductility as well
as its cost (Karagdz O; Ozbasaran H; Dogan M; Gonen H; Unliioglu E, 2015). Physical properties are also taken
into account when creating roof systems. It is very important in terms of the subject to collect all the data

http://www.sciennovation.net



AN INVESTIGATION ON PROFILE TENSION MEASUREMENT AND DYNAMIC LOAD ANALYSIS IN STEEL ROOFS

belonging to the historical buildings, which are the cultural values of societies, before any intervention is made.
Using traditional engineering calculation methods to understand the behavior of historical buildings under
dynamic effects in the light of the determined information makes the work even more complicated. For this
reason, in order to reduce the complexity of the work done and to reduce the processing time, it is a method that
has been frequently applied recently to make the structural analysis of historical buildings using the finite
element method. Many researchers in the literature have applied the finite element method to determine the
behavior of historical buildings under earthquake loads (Demircan R; Kardogan P; Pinarlik M; Aytekin O,
2017).

Finite Element Method was first developed in 1956 for stress analysis of airframe, and in the following decade it
was used in the solution of applied sciences and engineering problems. In the following years, these methods and
solution techniques were developed rapidly and became one of the best methods used to solve many engineering
problems today (URL-1, 2020).

Figure 1. Finite element method sample model (URL-1, 2020).

The basic logic in the finite element method is to simplify and solve a complex problem. In this method, the
solution region is divided into multiple, simple, small, interconnected, sub-regions called finite elements. In
short, the solution of the problem that is divided into parts connected to each other with many nodes can be done
easily. For example, the application of the finite element method in a structural analysis is as follows:

Figure 2. Finite element notation point representation (Url-1, 2020).

The structure is divided into parts with elements containing nodes. The behavior of physical quantities is defined
for each element. An approximate system of equations is formed for the whole structure by connecting the
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elements at the nodes. System equations are solved for unknown values at nodes. (For example displacement)
The desired values of the selected elements are calculated (Url-1, 2020).

Modeling and calculation parameters are determined as follows. The building is suitable to be defined with a
"general shell element" (SHELL) such as a wall or a roof. For this reason, a centimeter or meter thick wall or
roof is modeled with SHELL elements. Columns, main beams and other beams are modeled with FRAME
elements (ER AKAN Asli, 2010).

The mathematical model node prepared for calculations is created using SHELL element and bar element. The
thickness of the wall or roof surrounding the building is 0.30 in places. or exceeds 1 meter, the "Thick Shell"
option is preferred when modeling the wall or roof in order to be able to calculate the stresses on the inner and
outer surfaces in more detail and to take into account the shear stresses in the section plane. The structural
function of the spolia column heads located at the top of the columns is defined by releasing the end moments of
the main beam elements (moment release). Since it is not possible to take and test material samples, the material
properties of the building elements are selected by taking into account the values proposed for masonry or
concrete structures or wooden structures in the current earthquake specification, using the correlations produced
as a result of previous studies for similar structures and recommended in the international literature. Assuming
that the building elements show a single material feature together with the mortar, elasticity module and unit
weight assumptions are made. On the calculation model prepared, two different loading cases are applied,
considering the forces caused by the constant loads and the ground motion defined by the earthquake spectrum.
Spectrum is applied separately in two principal directions, EQx and EQy loading. When calculating the constant
loads of the roof section, the weight of the cantilever roof was taken into account in addition to the weight of the
main load-bearing wooden elements. In order to evaluate the results easily, two different load combinations are
defined as G + EQx (Constant loads + earthquake loading in the x-axis direction) and G + EQy (Constant loads
+ earthquake loading in the y-axis direction) (ER AKAN Asli, 2010).

The finite element method (FEM) is a numerical analysis technique for obtaining approximate solutions to a
wide variety of engineering problems. A finite element model of a problem gives a piecewise approximation to
the governing equations. The basic premise of the FEM is that a solution region can be analytically modeled or
approximated by replacing it with an assemblage of discrete elements (discretization). Since these elements can
be put together in a variety of ways, they can be used to represent exceedingly complex shapes (Yagota V; Sethi
A; Kumar K, 2013).

Several approximate numerical analysis methods have evolved over the years. As an example of how a finite
difference model and a finite element model might be used to represent a complex geometrical shape, consider
the turbine blade cross section in Figure 3 and plate geometry in Figure 4.A uniform finite difference mesh
would reasonably cover the blade (the solution region), but the boundaries must be approximated by a series of
horizontal and vertical lines (or “stair steps”) . On the other hand, the finite element model (using the simplest
two-dimensional element-the triangle) gives a better approximation of the region. Also, a better approximation
to the boundary shape results because the curved boundary is represented by straight lines of any inclination.
This is not intended to suggest that finite element models are decidedly better than finite difference models for
all problems. The only purpose of these examples is to demonstrate that the finite element method is particularly
well suited for problems with complex geometries and numerical solutions to even very complicated stress
problems can now be obtained routinely using finite element analysis (FEA) (Yagota V; Sethi A ; Kumar K,
2013).

Pl o we N

(a) ¢

Figure 3. (a) Finite difference and (b) finite element discretizations of a turbine blade profile
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(@)

Figure 4. (a) Plate geometry finite difference model and (b) Finite element model.
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Figure 5. Flowchart of model-based simulation (MBS) by computer.

2. FINITE ELEMENT METHOD

Although the label finite element method first appeared in 1960, when it was used by Clough (Clough RW,
1960). In a paper on plane elasticity problems, the ideas of finite element analysis date back much further. The
first efforts to use piecewise continuous functions defined over triangular domains appear in the applied
mathematics literature with the work of Courant in 1943 (Courant R, 1943) . Courant developed the idea of the
minimization of a functional using linear approximation over sub-regions, with the values being specified at
discrete points which in essence become the node points of a mesh of elements (Yagota V; Sethi A; Kumar K,

2013) .
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3. APPLICATION IN ROOF DESIGN

While creating a steel roof system in a 10-storey building of 30.50 meters height, 23 * 22 meters width and
length, 506 m2, the physical project calculation is made as follows.

Roof Tilt Angle; tan a = 3.523 / 7.86 tan a = 0.448
a=24.1

Frame Span =L =22.06 m Purlin Spacing =11 =4.255 m
Frame Spacing=L'=7.13 m1'l =4.663 m

Number of Frames =n =4 Purlins Span=12=7.13 m

Load Analysis
6 + 16 + 4 + 4 Insulating Glass Material g = 90.00 kg / m2 (Roof Plane) g1 = 98.63 kg / m2 (Horizontal Plane)
Purlin Self-weight 6.00 kg / m2 (Horizontal Plane) g2 = 104.63 kg / m2 (Horizontal Plane)

Snow (Region IIT) Pk1 = 148.5 kg / m2 (Altitude = 1380 m) The value is increased by 10% since the altitude is
1380.

Icing 21 kg / m2 Icing (Ice thickness is accepted as 3 cm thick.) Pk = 169.5 kg / m2

Wind Load
Vwind= 36 m/s
qwind= 83 kg/mZ

5 G
ok

.

- —

Eredpt —

+naq_."' Rl
e
Figure 6. Wind loads (TSE, 498).

Building height wind load gr = 83 kg / m2
Prl wind load (1.2 * sina-0.4) * gr ==7.50 kg / m2 Vertical Load Affecting the Purlin due to Self
(Roof Plane) Weight and Snow:
Pr2 wind load (-0.4 * gr) -33.03 kg / m2 (Roof q=1166.41 kg / m (H Loading)
Plane) Perpendicular Component of Vertical Load to Roof:
Pr3 wind load (0.8 * gr) = 66.06 kg / m2 (Vertical ql =1064.4 kg / m (H Loading)

Plane) Horizontal Component of Vertical Load to Roof:

10
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q2 =477.1 kg / m (H Loading)

Purlin Calculation on Inclined Surfaces
Inner Span: Mx =ql *12 /8 Mx = 6763.7
kgmMy=q2 *12/8 My =757.9 kg.m
Edge Span: Mx =ql *12 /8 Mx =3381.9 kg.m
My =q2 *12 /8 My = 379.0 kg.m Selected
Section:

Ix =8091.0 cm4 Iy =2843.0 cm4

Wx =735.50 cm3 Wy = 258.50 cm3
F=91.04cm2 G=71.5kg/m

Stress control:

1212.8 kg / cm2 <sem = 1440 kg /

cm?2 Deflection control: 2

0.843 cm fy =248 * qy * e4 / Iy =0.067 cm
ftotal =0.910 cm <1/300=2.377 cm

Purlin Calculation on Vertical Surfaces

Load Calculation in x Direction on Vertical
Surfaces

Ldl =4.860 m Purlin clearance on vertical surfaces
Ld2 =2.500 m Purlin spacing on vertical surfaces
gd2 =g * Ld2 =225.0 kg / m Vertical distributed
loads due to glass coating

Load Calculation in y Direction on Vertical
Surfaces

Ld1 = 15.000 m Purlin clearance on vertical
surfaces

Ld2 =2.500 m Purlin spacing on vertical surfaces
gd2 =g * Ld2 =225.0 kg / m Vertical distributed
loads due to glass coating

Steel Frame Account

Forces At Node Points Due To Self Weight

Port = g2 *1'1 * 12 = Port = 3478 kg (Dead loads)
Pken=g2 *I'l *12/2 =Pken= 1739 kg (Dead
loads)

Pken = g2 *I'l *12/4 =Pken=903.5 kg (Dead
loads)

Forces Occurring at Node Points Due to Snow Port

= (Pk) * I'l *12 = Port = 4937 kg (Snow Load)

Calculation of Tension Ropes:

tan (b) =12 /(2 *11) * cos (a) = 0.765 b =37.40 cos
(b)=0.794

6 Zmax = 2884 kg

18 Fg¢ =2.19 cm2

Stress control:

1318 kg / cm2 <sem = 1400 kg / cm?2
Number of tensioner spacing = Total
number of purlins (n) = fx =2.48 *
gx *114 / Ix =

s=Zmax /Fg¢=

Chosen Tension (f) =
s=Mx/Wx+My/Wy=

HE 220 B

Pken = (Pk) * I'l * 12 /2 = Pken = 2469 kg (Snow
Load)

Pken = (Pk) * I'l * 12 /4 = Pken = 1234 kg (Snow
Load)

Equipment Loads (gt)

200 kg load is specified for the weight of the VRP
system designed for heating and cooling.

Taking this load into consideration, the load
distribution was made to the frame system formed
at z=7.72 m elevation.

Forces Occurring at Node Points Due to Wind
Wind Forces on Inclined Surfaces Wind

Blows From Left

Prlort = 249 Prlken = 125 kg (Z-Load)

Prlort, X =102 kg Prl, x =51 kg Prlort, Z

=227 kg Prlken, z= 114 kg Pr2ort =-1098

Pr2ken = -549 kg (Z-Charge) Wind Blows

From Right

Pr2ort, X = -449 kg Pr2ken, x = -225 kg

Pr2ort, Z = -1002 kg Pr2ken, z=-501 kg

Pr2ort, X = 102 kg Pr2ken, x =51 kg

Pr2ort, Z = 227 kg Pr2ken, z= 114 kg

11
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Figure 7. Roof spectrum acceleration chart according to TBDY-2018

4. ANALYSIS RESULTS
4.1 ANALYZES OBTAINED UNDER STATIC AND DYNAMIC LOADS

The steel roof of a 10-storey building with a height of 506 m2 was analyzed using loading combinations. The
finite element model of the carrier system is shown in Figure 7, and the loads for the steel construction are given
in Figure 8. Modeling was done by combining the nodes using the SAP2000 program.

Figure 7. Finite element model of the steel carrier
system

Figure 8. Dead load condition
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B8, 59 sguy

Figure 9.Tension, moment and buckling representation of the profile.

In Figure 9, as a result of the least squares method, the profile, which allows the roof to stand, was mounted to
approximately 35 main points calculated in the project in terms of the distance between the start and end points
and grad angle evaluation, by reading the angle and distance.

T h

Figure 10. Profile connection points
h=33cmb=30cmtf=1.65 cm tw = 0.95 cm Abas = 99.00 cm2 Agdv = 28.22 cm2

Figure 10 shows the values of 35 main connection points.
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KOMB-1 1.00 g, + 1.00 g, + 1.00 P,

KOMB-2 1.00 g, + 1.00 g, + 1.00 P, + 0.50 GQruzxsag

KOMB-3 1.00 g, + 1.00 g, + 1.00 P, + 0.50 Qruzxsol

KOMB-4 100 g, + 100 g + 1.00 P, + 0.50 Grizysag

KOMB-5 1.00 g, + 1.00 g + 1.00 P, + 0.50 Gruzysor

KOMB-6 1.00 g, + 1.00 g, + 050 Py + 1.00 Gruzxsag

KOMB-7 100 g, + 1.00 g, + 050 P, + 1.00 Quzxsor

KOMB-8 1.00 g, + 1.00 g, + 050 P, + 1.00 Gruzy.sag

KOMB-9 100 g, + 100 g, + 050 P, + 1.00 Quzysor
KOMB-10  1.00 g, + 1.00 g + Faepx /1.4 + Faepy /14

KOMB-11  1.00 g, + 1.00 @, + Faepx /14 + Fuepy /1.4

KOMB-12 100 g, + 1.00 g, + 1.00 Py, + Fuepx /1.4 + Foepy 114
KOMB-13  1.00 g, + 1.00 g, + 1.00 P, + Faepx /14 + Faepy /1.4

Figure 11. Physical relations of load combinations on connection points

In Figure 11, during the modeling, all the amounts of wind, equipment, buckling, moment and acceleration, and
the amount of load to be applied to 35 connection points were calculated by looking at these relations.
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o o | | P ] T | w SN
EINo| Text ket | kit | kgt | kgtom [ kgtem | ktem kyem?” | kgiem”
015 fkove-i4 fuax | 30| 8] A tsesf  of o] % | 100 | ddtfSem
1| o8t |koue-14 Il.tax o 26| 2 et o s| % [ 100 | %4t]<sem
105 JKOMB-14 |Max 20l 1] | ssear| 24| 401 % | 100 | 9448f<Sem
152 JKOMB-14 |Max 2| o o) el e seel % | 100 | 118.63f<Sem
197 JKOVB-14 |Mar. 2] 9| o e 4e| seses| % | 100 | 12886[<Sem
| 24 [kowe-4 |Mar w 2 A | sol el s [ 0| e
288 [KOMB-14 IMax 20 3| | et e14] akees| 5 | 100 | 107.54[<Sem
33 Jove-4 |Max a0 4] o) e 7| wsm| % | 100 | 7e00fcsem
12 e |Max 20 6] | e o] rame % | 100 | 3053f<Sem
425 |KoMB-14 |l.1ar. 20 7l o) e ones| 4ess| % | 100 | 2886f<Sem
| 47t |kome-14 |I.'.ax 2 e x| wsest| to07| 003 5% [ 100 | 10217]<Sem
015 [KoMe-14 Il.ﬁn 28 ) 2f sl of o s | 131 ]  394f<sem
051 |KOMB-14 |Min a8 4 2 s s8] teams| s | 131 | 379jsem
106 |KOMB-14 |Min 28 gl 2 sl 2ets) | % | 131 | essofesem
15 e |I.ﬂn P R I I I I R e
197 JKOMB-14 IMin o & o e s me s | 13| ressfesen
243 |KOMB-14 ||.1m o I I I = I N R I )
% o |Min 28 o 2| mseel es] tooes| % | 131 | 3820f<sem
34 [KoVB-14 |Min a8 | 2 sl s e % | 131 | 351f<Sem
380 |KOVE-14 |hﬂn 28 4l 2 msedl e | % | 131 | Sadf<Sem
425 [Kove-14 |mm 28 soel 2| s | see0s] s | 131 | 12860f<Sem

Table 1. First port load combinations spreadsheet

In Table 1, the weight and load combinations applied to the first connection point from all intersections were
found as a result of the physical calculations. The maximum imposed load range was found in the modeling.

15
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5. CONCLUSION AND RECOMMENDATIONS

In the construction of art structures such as new or historical buildings, the design process is carried out before
the application in the area where it will be built. In the design phase, the most suitable method is determined and
the best solution is reached. One of the most suitable solution methods in this type of design process is the finite
element method. Accordingly, the roof model to be placed on the building is determined by creating connection
points with the concept of cubage and cross section such as area, height. Steel roof modeling is done by
combining these nodes and determining the load calculation. In our application, we create a steel roof system in
a structure of 10 floors 30.50 meters height, 23 * 22 meters width and length, 506 m2, as a result of physical
calculations, load analysis, wind load, load combinations, steel frame calculations, equipment, torsion moments
according to which parameters analyzed that it should be.
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steel roof

wind load

nonlinear analysis The aim of this study is to propose a roof design for cement silos, which is

one of the commonly constructed building types. The project discussed
within the scope of the study was implemented in the port in Bar,
Montenegro. Within the scope of the study, the roof loaded with wind,
snow and earthquake has been analyzed considering local regulations.
Earthquake effects on the roof were taken into account with spectrum
analysis. Radial ribbed steel roof system was preferred in the design of the
cement silo. Design and analysis were done with TESLA Structures and
CSI SAP2000 programs. For Montenegro, the values in the Eurocode 8
regulation were used. In the results of working; The data obtained from the
analyzes were interpreted.

Karadag’in Bar Sehrinde Bir Cimento Silosunun Sonlu Elemanlar
Analizi

Anahtar Kelimeler; Ozet

Celik ¢ati
DZ?Z’;Z luo;lmayan Bu c¢alismanin amaci yaygin olarak insa edilen yap tiirlerinden biri olan
analiz cimento silolar1 i¢in bir ¢at1 tasarimi 6nermektir. Caligma kapsaminda ele

alman proje Karadag’in Bar sehrindeki limanda uygulanmistir. Calisma
kapsaminda yerel yonetmelikler gbz Oniline alinarak riizgar, kar ve deprem
yiiklemesi yapilan ¢at1 analiz edilmistir. Catidaki deprem etkileri spektrum
analizi ile dikkate almmistir. Cimento silosunun tasariminda radyal
nerviirlii ¢elik cat1 sistemi tercih edilmistir. Tasarim ve analizler TESLA
Structures ve CSI SAP2000 programlariyla yapilmistir. Karadag igin
Eurocode 8 yonetmeligindeki degerler kullanildi. Calisma sonucunda;
analizlerden elde edilen veriler yorumlanmustir.
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1 INTRODUCTION

Steel construction is generally used as a carrier system in sports facilities, factory buildings,
steel industrial structures, silos, aircraft hangars, workshops, hangars and warehouses (Terzi
et al., 2015). Steel construction structures have superior mechanical properties, ease of
application and static capabilities compared to other carrier systems. In addition to being safe
and economical, steel construction structures also provide great convenience in terms of quick
installation and removal and transportation. At the same time, using steel structure systems on
roofs allows to pass large openings and obtain transparent spaces (Ustabas et al., 2018). It is
preferred in terms of ease of change and renewal situations, being a recyclable material, light
but ductile building design, shorter construction time compared to conventional methods and
indirect cost economy.

Roof element; consists of carrier elements such as roof cover, purlin, truss (Ozturk, 2009).
The loads acting on the system from above are transferred first to the roof cover, from there to
purlins and truss, then to the columns and from there to the ground. Horizontal forces are
transferred to the ground by the columns by means of crosses and belts (Sahin, 2013).
Structural analysis is performed according to the prescribed loading combinations in order to
determine the required strengths of the components (column, beam, cross, bolt, welding, etc.)
in the dimensioning of steel structures.

The entrance of steel to the dome construction coincides with the years of 181l. After the first
years of using cast iron or coarse iron elements, we see that in the 19th century, when there
were rapid developments in steel production technology, many different types of steel dome
systems were used to cover large openings. Steel domes are often named after the designers.
Foble, Zimmerman, Fuller, Mohr Domes can be given as examples (Ay and Durmus, 2002).
The steel dome assembled in our project is a radial ribbed dome type. Radial ribs are formed
by connecting to the tensile ring at the base and to the pressure ring or to each other at the top.
The systems look like a spider web when viewed from the plan. There is a pressure ring in the
middle and a tensile ring at the bottom to ensure the stability of the system. All ribs are
supported on this pressure ring. While ribs can be made with a single profile in small
openings, curvilinear plane truss systems are used as the span gets larger (Mohammed, 2015).
In this study, the assembled silo roof was modeled in the SAP2000 program. Necessary loads
were made according to the Eurocode regulation and spectrum analysis was applied. For this
purpose, firstly, the dimensions, sections, material properties of the static project were
transferred to the program and the values obtained as a result of the load calculations were
activated on the profiles. Then, spectrum analysis was performed and the results were
evaluated.

2 METHOD

2.1 Structural Information

The diameter of the radial ribbed steel dome of the cement silo whose implementation project
has been completed in Montenegro is 28.5 m. The photos of the steel elements on the roof is
as in figure 1
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Figure 1. General view of the structure

The dome build from IPE270 Profiles, 120x60x60 box profiles, 200x100x4 wind connections and pipe
profiles. The circle with a diameter of 135 cm where the beams meet consists of CHS1250 * 10. Each
of the IPE270 beams of the dome is supported by 20mm anchors to the reinforced concrete curtain.
The elevation difference between the highest and lowest grades of the dome is 2m.

The steel design of the project was made with the TEKLA Structures program (Trimble, 2021).
During the design, attention was paid to the definition of joints as points and frame elements as
frames. Then the drawing was transferred to the CSI Sap2000-Version 2020 structural analysis
program (CSI SAP2000, 2020).

3 NUMERICAL EXAMPLE

The material sections and type of steel elements are defined in CSI Sap2000 (CSI, 2020).
Since the box profiles are not required to take moment where they are supported to the beams,
freedom was given to those points. Since no rotation or translation movement is required
where the beams are supported on the reinforced concrete curtain, a built-in support was
defined in the program.

3.1. Snow Load

Article 2136 of Snow Load Part No 213 in Temporary Technical Code for Building Loads
used for load calculations in the country (Jugoslovenski, 1988). According to the Technical
Code, a minimum load value of 0.35 kN/m2 should be used in snowy areas. Since the roof
slope is 70 <200, this value is used exactly without any reduction due to the roof slope.

While calculating the snow load to be impacted on the roof elements, first the load falling on
the area between 2 consecutive box profiles was calculated. Then, it was applied as a
distributed load to the beams to which it was supported. 3D view of the steel roof is shown in
figure 2.
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Figure 2. 3D view of the steel roof (TEKLA 2017).

3.2. Wind Load

In the load calculation, the wind should be calculated and activated well. Low-rise and roofed
structural systems can be exposed to severe damages by wind effects as in industrial buildings
(Huang et al., 2016). In order to prevent this, the effect of wind should be understood very
well. Although wind is a load affecting the structure, this load can be impacted as an
equivalent static load or as a variable load defined in the time history. However, the random
behavior of the wind should not be forgotten during this process. In addition, researches
conducted in recent years have shown that positioning the buildings perpendicular to the wind
direction and torsional oscillation are as important as being in the same direction with the
wind (Kurc et al., 2012) The wind load to be exposed to the roof was calculated according to
Eurocode 1: Standard for Actions on Structures (EN 1991) (Handa, 2006). First, the baseline
wind speed baseline value (vb,0) 8m/s in the city of Bar was determined (Figure 3). The
values of and may differ according to regions, but usually both values can be taken as 1

T W, x
nd Speed (WEB-1)
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Vb = Cdir X Cseason X Vb,

Vb : Basic wind speed
Cseason : Seasonal coefficent

Vb=8 m/s

There is a correlation between the fundamental wind speed and the fundamental wind

pressure..

q»=

[y =}

X Vp2

p : Air specific gravity (1.25 kg/m?)

qb : Basic wind pressure = 40

Since the value at the reference height of the structure is accepted as the basic value of the
velocity pressure, it must be changed. The abrupt changes in isometric velocity and wind
velocity depend on the roughness of the terrain. The roughness coefficient must be calculated

to obtain the main wind velocity at isometric height.

vm(z)=cr(z)*co(z)xvb 3)
vm(z) : Main wind speed cr(z) : Roughness coefficient
co(z) : Orography coefficient (Can be taken as 1)

The roughness coefficient depends on the minimum height value.

cdir : Direction coefficent
Vb, : Basic value of basic wind speed

(1)

2)

cr (z) =kr xIn(zzo) ,z>zmin =2.70 (4)
kr =0.19 x(zzo,II) 0.07 (5)
kr: Land coefficient zo: Roughness length zmin: Minimum height
Land groups required for calculations are as in table 1.
Table 1. Land groups
Land Group Land characteristic Zo (m) Zmin (M)

0 Sea or coastal area 0.003 1.0

1 Lakes; unobstructed 0.010 1.0

11 Poor vegetation; Isolated obstacle less than 20 times the 0.050 20

height of the obstacle
111 Regular vegetation; Forests, slums, villages 0.300 5.0
v Buildings with an average height of at least 15 m and areas 1.000 10.0

covered at least 15%

Depending on the group of the land, we can calculate the storm speed from the

formula below.

vp(z) =vm(z) X G

———
G=,Ce(z)= |1+ ?xL‘,z% V€ Z>Zmin
3 vmiz]

G: Storm coefficient kI: Turbulence coefficient (usually 1 is taken.)
vp (z): Storm Speed

(6)
(7
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G =1.34.

qp (z): Storm pressureqp(z) = quo(z) X [ cr(z)]z X [co(z)]2 x[1+ 7 x il

m ] =531.2. (8)
Co (z) = k1 = can be taken as 1.0.

Calculation of wind load:

Fw=cs % cd % cf % qp(ze) X Aref 9)
Fw : Wind load

cs: Size coefficient (1.0 can be taken.) = 1.0

cd: Dynamic coefficient (1.0 can be taken.) = 1.0

cf: Force coefficient = 0.618

Aref: Reference area = 30 m2

qp(z) =531.2

It was calculated as Fw = 9.84&8 kN and added to the finite element model.

3.3. Panel + Trapezoidal Load

The weight of the trapezoidal sheet (0.058 kN / m2) + insulation (0.031 kN / m2) + vapor
barrier (0.018 kN / m2) + seam (0.043 kN / m2) materials on the roof is calculated as 0.15 kN
/ m2 and the roof is applied as a constant load. activated.

3.4. Eartquake Load

Spectrum Analysis was used for Earthquake load. There are two different spectrum curves in
the Eurocode 8, (2004). One of these curves is valid if the magnitude of the Type 1
earthquake surface wave (Ms> 5.5) is greater than 5.5. If (Ms> 5.5) is less than 5.5, Type 2 is
valid. Since the earthquake surface waves in the city of Bar are larger than 5.5, Type 1 was
selected in spectrum analysis. The equations for the spectrum to be used during design are
given below. Spectrum curve for Type 1 and Type 2 is given in Figure 4.

a g " . i i i i ) i b 5 - . g i
45 Type 1-M>5.5| | a5l |Type 2 - M<=5.5 |
A A
| B 4 B
35 c 351 C
D | D
— 3Fi— E — E
m 25" = m 2.5
o { o”
2 L\ 2
| \
4 5” 1.5
1 1
05t 0.5
n A = —— 0 2 " e .:-_‘_-__-_-_‘1—_
0 0s 1 15 2 25 3 35 4 0 05 1 15 2 25 3 35 4
T [s) T(s]

Figure 4. Spectrum Curve Limit Values for Type 1 and Type 2 (Eurocode 8)
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5 different soil types are defined in the earthquake code. In addition, two different soil types
have been specifically defined. Certain criteria for these floors are given in Table 3. In the city
of Bar, the floor type on which the silo will be built was chosen as D as the soil type.

The values used in the drawing of the acceleration-period graph were calculated as in table 2.

Table 2. Spectrum parameteres

Horizontal Ground 0,3 Spectrum Period (Th) 0,2
Acceleration

Floor Type D Spectrum Period (Tc) 0,8
Ground Factor (S) 1,35 Spectrum Period (Td) 2
Behavior Coefficient 2 Spectrum Type Tip 1

3.5 Load Combinations
The applied load combinations in accordance with Eurocode 3, (2005) are given in table 3.

Table 3. Load Combinations

G+Q+EX+0.3EY 0.9G+0.3EX+EY 1.35G+1.35Q-1.35WY
1.35G+1.5Q 0.9G+0.3EX-EY 1.35G+1.5WX
G+Q+0.3EX+EY 1.35G+1.35Q+1.35WX 1.35G-1.5WX
G+Q-EY+0.3EX 1.35G+1.35Q-1.35WX 1.35G+1.5WY
0.9G+EX+0.3EY 1.35G+1.35Q+1.35WY 1.35G-1.5WY

4. ANALYSIS RESULTS
As aresult of the analysis, the displacement of the radial ribbed dome was calculated as 0.106
mm in the combination of 1.35g + 1.35g-1.35wx at joint 120. Table 4 shows the top 5 highest

joints.

Table 4. Joint displacements

1,35G+1,35Q-1,35WX 120 -0.000106
1,35G+1,35Q-1,35WX 105 -0.000105
1,35G+1,35Q-1,35WX 121 -0.000105
1,35G+1,35Q-1,35WX 90 -0.000104
1,35G+1,35Q-1,35WX 116 -0.000104

The normal force value has been determined as -135.87 KN at a load combination of 1.35g +
1.35q + 1.35wx at the 1.05m position of the maximum 518 rod element. Table 5 shows the
maximum first 5 normal forces.
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Table 5. Maximum first 5 normal forces

Combination Frame Station
Text (m)
 1,35G+1,35Q+1,35WX 518 1,05 -13587 1124 -1,677
1,35G+1,35Q+1,35WX 518 0,525 -134,74 10,29 -2,075
1,35G+1,35Q+1,35WX 516 1,27 -133,89 3,91 -2,182
1,35G+1,35Q+1,35WX 517 1,25 -133.,75 7,03 5,99
1,35G+1,35Q+1,35WX 518 0 -133,61 9,24 -2,47

The maximum tensile was determined as 93.846.14 KN at the 1.27 m position of the rod
element 469 at 1.35g-1.5wx load combination. Figure 5 shows tensile graphs on SAP2000
model of steel roof. Also table 6 shows the maximum first 5 tensile values.

Figure 5. Tensile values on SAP2000 Model

Table 6. Maximum first 5 tensile values

Combination Frame Text Station Smax
(m) KN / m?
1,35G-1,5WX 469 1,27 93846,14
1,35G-1,5WX 481 1,27 93825,02
1,35G-1,5WX 470 0 93433,35
1,35G-1,5WX 482 0 93241,39

1,35G-1,5WX 444 1,27 92473,86

24



Finite Element Analysis of a Cement Silo in Bar City of Montenegro

4. CONCLUSION AND SUGGESTIONS

In this study, a cement silo with a diameter of 28.5 meters is considered. It shows that radial
ribbed roof systems are a good solution for large span and circular structures such as cement
silo under earthquake, snow and wind loads. According to the results obtained from the
analysis, the following points can be pointed out.

Smax appeared at the wind junctions of the radial ribbed dome. In the load combinations
prepared according to the Eurocode regulation, the maximum tensile value of 93.846,14 kN
was determined in the combination of 1.35g-1.5wx.

Smin appeared at the wind junctions of the radial ribbed dome. In load combinations, the
minimum stress value of -129.087.85 kN was determined in the combination of 1.35g-1.5wx.
It can be said that the most critical load in system loading is 1.35g-1.5wx.

Normal force value has been determined as -135.87 KN at maximum 1.35g + 1.35q + 1.35wx
load combination. Normal strength values increase on the [IPE270 beam from the center of the
dome to the outside. As can be understood in the system loading, the loadings have increased
as the area from the center to the outside increases.

As a result of the analysis of the dome, the maximum displacement value was measured as
0.106 mm in the combination of 1.35g + 1.35g-1.35wx.

Generally, radial ribbed dome displacements were observed to be at acceptable levels. It has
been understood that the tensile and pressure values reflect the properties of the radial ribbed
dome and that the type and dimensions of the material used in the assembly can be molded on
the safe side with the necessary loads and analysis.
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Anahtar Kelimeler; Abstract
Dynamic Analysis,

Pushover Analysis, Almost all of our country is within the domains of active faults. Due to
Structure Seismic urbanization and population growth, the devastating effect of the earthquake is
Behavior, Nonlineer —increasing every day. For this reason, it is of great importance to determine the
Analysis earthquake performances of the structures and to build earthquake resistant

structures according to the determined performances. Earthquake-resistant structure
the main purpose of the design is to provide sufficient resistance to future loads
throughout the life of the structure. In the designs made, the biggest challenges
faced are the identification of the effects caused by the earthquake. Linear and
nonlinear analysis methods are used in the design of structural systems. Today,
they are nonlinear analyses in the field of time-definition, which best reflect the
modeling of real behavior and structural seismic behavior. As part of this study,
nonlinear pushover and dynamic analysis were performed in terms of studying the
earthquake behavior of a concrete frame building. As a result of these analyses, it
was seen which analysis method is appropriate in terms of determining the
earthquake behavior of the structure more accurately.

Betonarme Bir Binanin Lineer Olmayan Analiz Yontemleri ile Deprem
Davramisinin Degerlendirilmesi

Anahtar Kelimeler; (")zet

Dinamik Analiz,

Statik I.fme. Analizi, Ulkemizin neredeyse tiimii aktif faylarin etki alanlar1 icerisindedir. Kentlesme ve
Yap: Sismik 5 niifus artigina bagh olarak depremin yikici etkisi her gecen giin artmaktadir. Bu
Davranist, Dogr usal  yiizden yapilarin deprem performanslarim belirlemek ve belirlenen performanslara
Olmayan Analizler gore depreme dayanikli yapilarin insa edilmesi ¢ok biiyilk 6nem tasimaktadir.

Depreme dayanikli yapi tasarimdaki asil amag, yapmin dmrii boyunca iizerine
gelecek yiiklere karsi yeterli dayamimi saglamasidir. Yapilan tasarimlarda ise
karsilasan en biiyilik zorluklar depremden dolay1 olusan etkilerin tanimlanmasidir.
Yapisal sistemlerin tasariminda dogrusal ve dogrusal olmayan analiz yontemleri
kullanilmaktadir. Giiniimiizde gercek davraniglarin modellenmesinde ve yapi
sismik davranigini en iyi yansitan, zaman-tanim alaninda dogrusal olmayan
analizlerdir. Bu calisma kapsaminda betornarme ¢erceve bir binanin deprem
davranisimin incelenmesi agisindan dogrusal olmayan statik itme ve dinamik
analizleri yapilmistir. Yapilan bu analizlerin sonucunda yapinin deprem
davraniginin daha dogru tespit edilebilmesi agisindan hangi analiz ydnteminin
uygun oldugu goriilmiistiir.
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1 INTRODUCTION

Especially in recent years, the building-performance concept has attracted attention in
earthquake resistant building design. Various studies are carried out on this concept.
Designing and evaluating structural systems according to performance is included in various
building codes (Burton et al., 2016). There are various analysis methods to examine the
earthquake-affected condition of buildings (Bayat et al., 2017) The main principle in these
methods is to obtain the deformations that will occur in the structural system elements under
the design earthquake affecting the structure. Performance-based design and evaluation can be
made with various nonlinear analysis programs. By analyzing the structure-performance
relationship, it can be checked whether the damage occurred in the structure exceeds the strain
capacity or not. The limited strain values are compared with the targeted performance values
for various earthquakes. As a result of this comparison, it is tried to reach the target values in
structural analysis. Thanks to this method, it is possible to make realistic earthquake designs
(Isik & Velioglu, 2017).

Linear and nonlinear analysis methods are used in performance analysis of structural systems.
Even within these analysis methods, it is quite difficult to examine the behavior of reinforced
concrete structures under the influence of earthquakes (Nobahar et al., 2016). It is impossible
to estimate the earthquake behavior of the building realistically with linear analysis methods.
Earthquake calculations made with linear analysis methods and earthquake investigation of
existing structures are valid until the first plastic hinge is formed in the building (Karabulut
2011). It is extremely difficult to have an idea about how the crashes will occur in the next
part after this stage. Nonlinear analysis methods have been developed for more realistic
modeling of building behavior (Cavdar, 2019). Among these methods, it is the "nonlinear
dynamic time history analysis" method that best reflects the real behavior. However, this
method is very complex, time consuming and requires a large number of local earthquake
records. For this reason, it is not very suitable for use in the engineering field in practice. As
an alternative nonlinear static analysis methods are more commonly used in structural
analysis. Studies on the subject show that both methods yield similar results (Y1lmaz, 2008).

2. MATERIAL AND METHODS

2.1. Nonlinear Analysis Methods

Structural systems show linear behavior under the loads imposed on them. The displacements,
deformations and stresses that occur in the structure are based on linear state assumptions. On
the other hand, as the loads to which the structures are exposed approach the bearing strength
of the structural elements, the stress and strain exceed the linear elastic limit. Similarly,
displacements are increasing unacceptably (Cavdar, 2019). It is not possible to talk about
linearity in the situation. In such cases, the nonlinear behavior occurring in the continuation of
the linear elastic limit should be evaluated. In the nonlinear theory, the super position
principle does not apply. It is taken into account that the charges vary depending on a
parameter such that the ratio between them remains constant. Nonlinear theory can be
presented in three ways (Tuncer, 2008):

1. Nonlinear theory in terms of materials: Material behavior is not linear elastic.

2. Nonlinear theory in terms of geometry changes: The effects of displacements on
equilibrium equations are not small enough to be neglected.
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3. Nonlinear theory in terms of material and geometry changes: The material is not linear
elastic and the displacements are not very small.

2.1.1 Nonlinear Static Analysis

Nonlinear static analysis is mainly based on the nonlinear theory in terms of material and
geometric change. In this method, the horizontal force-horizontal displacement (P-A)
relationship, which represents the strength of the structures under constant vertical loads and
continuously increasing horizontal loads, is obtained (Goel and Chopra, 2004). The analysis is
completed by evaluating this relationship for any specified earthquake level. The horizontal
force-horizontal displacement relation called the capacity curve is important for nonlinearity.
The capacity curve obtained until the limit state of the structure, the locations of weak
elements, partial and total collapse mechanisms, horizontal earthquake loads can be obtained
(Korkmaz and Ugar, 2005). With the nonlinear static analysis methods, the deformation
demands of the structural system elements of existing structures and new structures to be
designed can be determined. Thus, it is checked whether the performance level requested
from the building is provided for a certain earthquake level. Displacement-based nonlinear
static analysis methods used in the performance-based design and evaluation of structures in
the literature are generally as follows (Dervisoglu, 2006):

- Capacity Spectrum Method (CSM)

- Displacement Coefficients Method (DCM)

- Secant Method (SM)

- Pour Point Spectrum Method (YPSM)

- Static Pushover Analysis (Modal Pushover Analysis) (MPA)
- Incremental Response Spectrum Analysis (IRSA)

- Inelastic Response Spectrum Method (N2)

2.1.2. Nonlinear Dynamic Analysis

Dynamic analysis is widely used today to examine the nonlinear behavior of an earthquake-
affected structure. In determining the earthquake loads affecting the structure, a solution
should be made by using sufficient numbers of records depending on the ground conditions
(Oncii & Yon, 2016). Dynamic analysis with its general definition; It is the type of analysis in
which detailed structural modeling is performed with the help of earthquake ground
acceleration records (Zhou et al., 2017). There is relatively less uncertainty in this analysis
compared to other analyzes. As a result of dynamic analysis, nonlinear behaviors occurring in
the elements for each degree of freedom are determined (Liu et al., 2016). Considering the
general results in these elements, results such as relative floor displacement, roof
displacement, overturning moment and shear force can be achieved. The most widely used
dynamic analysis methods are incremental mode combination method and time history
method. Nonlinear dynamic analysis method is shown schematically in Figure 1 (Kayhan &
Demir, 2015).
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Fig 1. Nonlinear dynamic analysis method (Kayhan and Demir, 2015)

2.2. Materials Used

Within the scope of this study, static repulsion analysis and nonlinear dynamic analysis in the
time-history field of a 4-storey reinforced concrete structure were performed with the help of
SAP2000 package program. Considering the design conditions given in the 2018 Turkish
Earthquake Code (TBEC-2018), C30/37 concrete and S420 steel were used in the analysis. In
addition, the building has 4 openings in the X direction and 3 openings in the Y direction, and
a seating area of 144 m2 (16m in X direction, 9m in Y direction). The floor plan and 3-
dimensional model of the building can be seen in Figure 2. All floor heights of the building
are 3 meters. Column dimensions are 40cmx40cm, beam dimensions are 30cmx50cm and slab
thickness is 12 cm. In addition, 9916 longitudinal reinforcement and @8 / 150 stirrups were
used in columns, and 9012 longitudinal reinforcement and @8 / 150 stirrups were used in
beams. The cover is 4 cm in columns and beams. The building foundation is considered to be
rigid. Soil damping is not taken into account. Figure 3 shows the column and beam sections of
the building.
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Fig 2. a) Floor Plan b) 3D Model
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Fig 3. a) Column section b) Beam section

Static pushover analysis was effected according to the dominant mode (first mode) of the
carrier system. The structure was first analyzed under vertical loads. Bending stiffnesses and
plastic hinges are assigned to columns and beams. Gradually increasing loads were applied to
the structure. The static pushover (capacity) curve has been drawn under the gradual
increasing load effect of the structure. Capacity diagrams were obtained with the help of the
curve drawn. Modal displacements were determined by transitioning from the design
earthquake to the acceleration spectrum. In each step, the pushover analysis was performed
again until the structural system reached the specified modal displacements.

In nonlinear dynamic analysis in time history, earthquake loads must be applied directly to the
structure to determine the behavior of structures under earthquake effect. Therefore, with the
help of earthquake database records from AFAD, strong seismic loads were applied to the
existing structure in 2 directions. 3 different earthquake records are used to simulate the
effects of earthquakes. These;

- Kocaeli Earthquake Record (Izmit, 1999, 6.1 Magnitude),
- Denizli Earthquake Record (Bozkurt, 2019, 6 Magnitude)
- Van Earthquake Record (City Center, 2011 6.7 Magnitude)

Earthquake records used are generally selected from large earthquakes occurring in Turkey.
The destructive effect of earthquakes can be associated with the acceleration values they
create on the ground. Table 1 shows the maximum acceleration values of the selected
earthquakes. The magnitude of these values can be directly related to the magnitude of the
stresses that will occur in the building.

Table 1. Maximum accelerations of the earthquake records
City Station Station No Maximum Acceleration (g)

Kocaeli | izmit | 4101 | 0,312
Denizli | Cardak ! 2005 5 0,274
Van | Muradiye 6503 ! 0,181
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3. RESULTS

Base shear forces and top displacements found with the help of earthquake records and static
repulsion analysis are given in Table 2. As a result of the nonlinear static repulsion analyzes
performed in the X and Y directions, the peak displacement values were higher than the
nonlinear dynamic analyzes performed in the time-history area. It is assumed that this is due
to the repetitive loading used in static pushover analysis. Comparing the analyzes made with
the help of earthquake records, the base shear and peak displacement values of the Kocaeli
earthquake with the highest acceleration value are higher than the other earthquakes. As a
result, it is seen from the values that the effect of large acceleration values on the structure
will be large.

Table 2. Base shear forces and top displacements

, To
Earthquake Base ShliaNr Forces Displacg)ments
Records (kN) (m)
. Max. | Min. |
Kocaeli-lzmit X | 1604 | -1607 | 0,0359
Kocaeli-izmit Y | 1574 L -1610 0,0336
Denizli-Cardak X | 1391 -1421 |  0,0270
Denizli Cardak Y 1412 Co-1332 0,0276
Van-Muradiye X | 1467 | -1269 | 0,0190
Van-Muradiye Y | 1411 L -1228 0,0183
Static Pushover X 1614 - 0,0480
Static Pushover Y : 1558 ! - ! 0,0446

As a result of the static pushover analysis, the base shear forces and the top displacements are
similar in X and Y directions, since the structure is symmetrical in both axes (X and Y). In
Figure 4, the curves of the base shear forces corresponding to the peak displacements in the X
and Y directions of the static repulsion analysis are given.

Static Pushover Curve (+X Direction) Static Pushover Curve (+Y Direction)
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Fig 4. Static Pushover Curves a-) X direction, b) Y direction
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Floor displacements found as a result of static pushover analysis and dynamic analysis are as
in Figure 5. Interstory drifts are given in Figure 6. When these data were examined, the storey
displacements and the interstory drift values obtained at the end of the static pushver analysis
were more than the values obtained from the dynamic analysis. In addition, Kocaeli
earthquake caused more storey drifts compared to other earthquakes due to its high
acceleration value. Based on the analysis made in both directions (X and Y) for structural
design, it is clear that if earthquake records are used, the Kocaeli earthquake will cause more
damage to the building. This situation shows that the building structural system should be
designed on the Kocaeli earthquake scenario.
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Abstract

The fact that there are some structures, which is unlicensed or is vulnerable
to  or expire their lifetime, has led to the search for new demolition
techniques in order to be carried out urban transformation studies faster and
more effectively. Due to the many advantages of controlled demolition of
buildings by explosives, which have been successfully applied for many
years. When this method applied properly on structures, such as towers,
chimneys, silos, bridges etc., it has wider application are at hant raditional
demolition techniques due to lower cost and faster method. The most
common problem inbuilding demolition by explosives is that the building
does not collapse or collapse in the desired direction. The amount of charge,
hole design, delay interval and blasting sequence must be determined
correctly for the most accurate planning of controlled demolition of
buildings. Simulation of the finite element model in the planning of his
process is beneficial for the design of the demolition that is closest to
reality. For this purpose, a simulation program has been prepared to analyze
the structural behavior of the buildings which planned to be demolished by
using explosives and to ensure that the demolition mechanism can be
estimated as close to reality as possible. In this simulation program,
demolition design of a typical reinforced concrete structure has been
prepared.

http://www.sciennovation.net
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1 INTRODUCTION

The buildings that have been completed in the past century need to be designed and renovated or
demolished in accordance with engineering criteria for the different reasons (Gunes et al., 2019).
Considering Turkey as an example, after the Van earthquake in 2011, necessary steps were taken to
renew/demolish unauthorized or dangerous structures. Accordingly, 2012, on May 31, a new law
(Number: 6306) called "Renewal of Areas at Risk of Disaster" was prepared and thus urban
renewal projects were started throughout Turkey (Kentsel Doniisiim, 2014). Due to the fact that a
large part of the country is located within the first and second degree earthquake zone. It is
predicted that approximately 6700000 houses will be demolished and rebuilt in the next 20 years,
which means that an average of 334000 buildings per year must be demolished and rebuilt (Kentsel
Déniisiim, 2014).

The demolition of buildings by conventional methods is disturbing the environment because it

takes a long time; it also causes high costs and has unsafe working conditions (Ozyurt et. al., 2016).
The demolition of these structures by traditional methods by inexperienced and uninformed people
leads to dangerous consequences. Therefore, a more useful technique was explored and as a result
of the studies which started on the basis of the British Standard titled "BS 6187:2011 Code of
Practice for Full and Partial Demolition”, the Turkish Standard titled “TS 13633 was published in
October 2014.

The construction demolition technique by explosives has advantages such as fast application, low
cost in high-rise buildings, minimising work accidents, limiting and controlling the impact on the
environment over a short period of time (C. Jimeno, E. Jimeno and Carceda, 1995; Koca,2006).
However, the construction demolition technique by explosives has disadvantages such as the
possibility of damage to nearby buildings, failure to completely demolish the structure, failure to
perform the demolition in the desired direction (Tavsan et al., 2020). Demolition planning should
be carefully prepared in order to avoid an undesirable situation in building demolition by
explosives, blasting demolition work should be carried out by people that have experience and
necessary simulations should be carried out in order to predict realistically the
demolitionmechanism.

The correct preparation of demolition planning and the investigation of structural behavior is very
important for the successful implementation of explosive demolition method and there are various
studies in this area (Koca, 2006).

Although there are quite developed professional softwares for controlled demolition of structures by
explosives, due to high price, operations are usually performed depending on experience. As a result
undesirable situations have been occured.

The method proposed in this study is based on the carrier elements to be detonated on the finite
element model are selected and erased. Thus evaluation is possible the deformation shape of the
structure. As a result of the evaluation, if the demolition direction is in an inappropriate direction,
the demolition process is returned to the beginning and the process is repeated. It is very important
that these processes, which take a lot of time, can be performed more effectively and quickly. In
this study, in order to prevent time loss and to determine the demolition direction of the structure
realistically, in the simulation program created by enabling MATLAB and SAP2000 to work
together, the carrier elements to be detonated on the finite element model are selected and erased,
then the deformation shape of the structure is examined step by step. In this way, the order of the
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carrier elements that must be detonated in order to collapse the structure in the intended direction
can be determined and as a result the most suitable demolition design can be obtained. If the
demolition direction of the simulated system in the program that is created is not as desired , the
process steps can be taken back and a new design can be created. As a result of this, the design of
the detonation that will allow the structure to fall in the desired direction can be presented.

2. COMPUTER MODEL OF SELECTED BUILDING

In the simulation program, the demolition of a selected typical structure was simulated. The chosen
structure is a 10-storey reinforced concrete building that has an axle length of 4.5x5m. The building
concrete class was assumed to be C25, the steel class is S420, all beams are 30x60 c¢cm and all columns are
35x35 cm. The formation of plastic hinges in the structure has been neglected during the blasting period
as the sudden collapse condition is desired to occur in the demolition design. Horizontal cumulative
displacements are taken as a basis in the design of the demolition. The largest horizontal displacement
value was determined by considering the relative storey displacement rate. In order to be analyzed
controlled demolition by blasting in a computer environment, a structure model must be created by any
finite element program (Yilmaz, 2006; Ozyurt et. al., 2016; Ozmen et. al., 2017). In this study, the

structure modeled by SAP2000 program and the floor plan of the structure are given in Figure 1.
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Figure 1. Floor plan and 3D model of the structure to be demolished

3. DEVELOPED SIMULATION PROGRAM

the program purposed in this article is created by enabling MATLAB and SAP2000 to work together.
The steps for the demolition simulation program developed are presented in the algorithm of Figure 2.
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Figure 2. Algorithm of simulation program

In the first step, Sap2000 model of the structure is created ordinary. In controlled demolition of any
structure, the carrier elements must be detonated in a certain order to be determined the direction of
demolition.Inorder to be determined this order, the analysis must be performed step by step as
elements are removed from the structure. This simulation program that works together with
MATLAB program was created for the step-by-step analysis of the controlled demolition of a
structure (Figure3
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Figure 3.Interface of simulation program

Second step is transfer of 3d model of the example structure to the simulation program. For detailed

analysis of the cumulative deformation of the structure model, in the simulation program, by being

clicked on the ‘Open_SAP2000 sdb_file’ button in the ‘File’ tab, SAP2000 program is automatically
opened in the background. In the ‘Select the sdb file’ section, the structure model was named
“model 1” or etc. Transfer of structure model to the simulation program is shown on figure 4.
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Figure 4.Transfer of structure model to the simulation program

In this transfer process, the data file of the structure is transferred to the MATLAB program, so every change

made in this data file is automatically saved to the MATLAB program.

In third step; SAP2000 program calculates the value of the deformation that occurs in the demolition
of the structure model, can not give information about whether the structure will collapse or not.
Therefore, in order to be determined whether the structure will collapse or not, a different control
point is selected for each structure on the program and the displacement value at this checkpoint is
compared to the maximum displacement value assigned to the program. In this way it can be decided
whether the structure has collapsed or not. For this example structure, the maximum horizontal

displacement at point 303 is considered as 120cm.

In the structure, click on the ‘Explode Column’ button and “confirm detonation” button to be
determined the order of the bearing elements to be detonated and the SAP2000 program is opened

automatically.

According to the intended demolition direction, the user decides which carrier elements to delete in the

structure model in the SAP2000 program.

In the next step, if the structure tends to demolish in the desired direction but the deformation value
(in this example; 0.0030221 m) does not exceed the maximum deformation value (in this example

1.2 m), a second blasting design is needed.

In the second blasting design, the structure model formed by the first detonation is taken into account
(Figure 14). Then, the carrier elements are selected and deleted in the program according to the order
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determined for the second time (Figure 17&Figure 18).Inthe SAP2000 program, the final structure

model is analyzed.

In the next step, if the structure tends to demolish in the desired direction but the deformation value
(in this example; 0.003+0.0135=0.0165 m) does not exceed the maximum deformation value (in this
example; 1.2 m), a third blasting design is needed. The analysis is continued until sufficient carrier

elements are deleted.

If the structure does not collapse in the desired direction in the simulation, the structure model is
automatically restored to its previous state by being clicked on the ‘Undo explosion’ button in the
interface program. In this step, the model must be restored to the previous one. Because the structure
tends towards the Y-axis and this situation is not desired. Then a different blasting design must be

created.

For the controlled demolition of the example structure, the carrier elements were selected and
deleted in the program according to the order determined for the fifth time. In fifth blasting, the
structure collapsed to the desired direction and the deformation value (3.6865 m) exceeds the
maximum deformation value (1.2 m). The last step of demolition design is shown on figureS5.
Finally, this design can be used as a “demolition design” (Figure26).

3] 54P2000v14.2.0 Advanced - modz|_1_deneme - [Deformed Shape (DEAD)]

H Fle gt Vew Defe Bidge D Selct Assign Amlyge Displey Desgn Qptins Iook Help

D@ B oc /@2 PARAL Mdyr nGeé & HE %

nbd-e o I- 8-

=

Y

- Lt

il 36~ ~

LB EDa

303

303

EEENE

DR NE

HiniNiNinin

NIRININiNiNiS

41

POb 303
PLEI 303
U=

u2-
U3=-0114
R1 = 526615
R2= 1811

R3= 208913

Fignt Cick on an ik f displazement vahies

Sta Arinaion

[ e e

Figure 5. Analysis results of the last blasting design

After the suitable demolition design is obtained, the blasting process is stopped and the design report

is prepared automatically by the program (Figure 6).
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By being clicked on the “No” button in the ’decide‘ window, the data of the demolished structure is
automatically saved in txt format along with the analysis date and time in the folder named ’Blasting
reports'. Finally, the "Design results’ is opened and the number and order of the bearing elements to
be detonated is determined as shown in Figure 6 also.

4. CONCLUSION

In this study, a simulation program that based on structural analyses that performed on finite element
models was created in order to prevent to demolished in undesired directions, the most important
problem faced in the demolition of structures by explosives. The applicability of this program is
demonstrated by being designed demolition of a selected typical reinforced concrete structure in the
desired direction. The following results were obtained from this study:

e It has been revealed that controlled demolition design of structures by explosives can be
made more effectively with structural assessments that based on finite element analyses.

e [t has been shown that the demolition of the selected reinforced concrete building can be
carried out in the desired direction with this simulation program.

e Thanks to the report generated by the simulation program, the order of the elements to be
detonated in demolition was determined.

e Because the demolition is aimed to be carried out in the most economical way, a blasting
design which includes blasting a minimum number of structural elements has been
revealed.

Demolition design by explosives is a applicable approach for structures such as buildings, towers,
bridges. It is thought that blasting demolition can be done more effectively, if this approach and
simulation program which is created by running matlab and sap2000 programs together.
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Concrete-filled steel tube Structural elements such as composite columns and beams filled with
Special-shaped column concrete compared to reinforced concrete elements, maintenance-free
Flexure strength concrete inside the pipe, being able to pour concrete without molds,
Finite element modeling having high rigidity and strength, increasing the strength of the concrete

inside the pipe by limiting the lateral deformations and pressure
elements part of it has advantages such as increasing the local buckling
strength. Steel columns filled with concrete and reinforced concrete
inside the USA, Japan, France, England, Azerbaijan and some other
countries; widely used in high-rise buildings, bridge and pier piers, oil
extraction platforms and various other engineering structures.
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Beton Dolgulu Celik Boru Elemanlarinin Gé6zden Gegirilmesi

Anahtar Kelimeler: Ozet

Beton dolgulu ¢elik boru Yapi1 elemanlarinin betonarme elemanlara kiyasla dayanim-agirhik
Ozel sekilli kolon oraninin yiikksek olmasi, boru igerisindeki betona bakim

Eksenel mukavemet gerektirmemesi, kalipsiz beton dokiilebilmesi, yiiksek rijitlik ve
Egilme mukavemeti dayanima sahip olmasi, boru icerisindeki betonun yanal

deformasyonlarimin sinirlandirilmasiyla dayaniminin yiikselmesi ve
basing elemanlarmin boru kisminin yerel burkulma dayaniminin
yiikselmesi gibi iistiinliikleri bulunmaktadir . Icerisi beton ve
betonarme ile doldurulmus ¢elik kolonlar ABD, Japonya, Fransa,
Ingiltere, Azerbaycan ve diger bazi iilkelerde ; yiiksek yapilarda,
koprii ve iskele ayaklarinda, petrol ¢ikartma platformlarinda ve diger
c¢esitli mithendislik yapilarinda yaygin olarak kullanilmaktadir.
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1 INTRODUCTION

Structural engineering is one of the leading sectors of both the ancient times and the times we
live in. The field, which has been the subject of many studies since ancient times, has
developed over time. This development is seen both in the construction market to meet the
needs and in academic studies. Different building examples seen in the world and in our
country are the products of this development. Steel and concrete are two indispensable
building materials for structural engineering. They are used in building construction in
different techniques, sometimes alone or together. One of these techniques is concrete filled
steel structures (CFSS). CFSS, which is especially preferred in high buildings, has high
strength. Strength / weight ratios of structural elements such as composite columns and beams
filled with concrete are higher than reinforced concrete elements. Concrete inside the steel
pipe does not require maintenance. Concrete can be poured without mold. It has high rigidity
and strength. Lateral deformations of the concrete in the steel pipe are limited. Buckling
strength increases. Steel columns filled with concrete and reinforced concrete are widely used
in high-rise buildings, bridge and pier piers, oil extraction platforms and various other
engineering structures in the USA, Japan, France, England, Azerbaijan and some other
countries. It is necessary to know the mechanical properties of the concrete in the pipe in
order to calculate the strength, buckling and local buckling control of such building elements
(Eyyubov and Adibelli, 2000).

Concrete filled steel pipes are often coded as CFST in the literature. This construction
method is highly preferred in recent years. Many researches, experimental studies and
theoretical studies have been done on CFST. Many of the results of these studies have
positive impressions (Huang et.al., 2016; Dong et.al., 2017; Hai-Tingand Ben Young, 2018).

-

Figure 1. Building examples made within the method (AYDIN C., 2008)
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The emergence of concrete-filled steel structures begins with the construction of very high-
rise steel structures. Especially in the 1950s, methods for the calculation and design of these
structures began to be developed (Kloppel et. Al., 1957). Numerous experimental and
theoretical studies have been developed to make concrete and steel perform better together.
New calculation methods have been introduced with each passing day (GardnerandJacobson,
1967; Knowles, and Park1969). In 1979, the British Standards Institute published a standard
named "Concrete and Composite Bridges" (BSI, 1979). Thus, the principles of concrete filled
steel structure design have started to be included in official standards. However, the 90s were
the golden age of CFST (LukshaandNesterovich, 1991). It has become a regularly applied
method. At this time, Europe, America and Japan almost competed to build skyscrapers. This
construction technique has gained more rapid acceptance in these countries. With the spread
of the system in the market, regulations for Eurocad 4, (1994) in Europe, AlJ, (1997) in Japan,
and AISC-LRFD (1999) in America were developed. Extensive research and method
development efforts on CFST continued in the 2000s. (LamandWong, 2005) If we look at the
world-wide, studies have been made on parameters by forming the basis for this method. This
method, which has developed very rapidly in the construction sector, is still widely used today
(Krishan et al. 2016). Today, researches on the method continue to gain momentum (Moon et
al., 2013).

In recent years, research on the seismic performance of CFST elements has gained
momentum (Zhu et. Al., 2018; Buiand Kim, 2021; Liu et al., 2021). The history of concrete-
filled steel structures does not date back to ancient times. Large-scale earthquakes in our
country triggered this initiative. The increasing need for housing after the 17 August 1999
Golciik Earthquake played a role in the development of this method.

http://www.sciennovation.net
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Figure 2. Examples from around the world (AYDIN C., 2008)
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2. ADVANTAGES AND DISADVANTAGES OF CFST

As with every method, there are advantages and disadvantages in this method. Considering all
these pros and cons, the optimum path should be followed for construction. If we look at the
advantages of concrete filled steel structures, we can explain as follows.

The steel wall surrounds the concrete core in a spiral fashion, allowing triaxial stress to form
around the core. The concrete layer formed around the spiral increases the carrying capacity
and ductility. In addition, when the steel tube is under extreme loads, it acts as a protector that
prevents the concrete core from being destroyed and broken. Steel pipes reduce mold costs as
they act like molds during manufacturing. The fact that steel tubes can be made in several

layers allows the construction process to continue without waiting for the concreting process.
Work time and labor costs are reduced in multi-storey buildings. Because the concrete core
prevents local buckling in CFST elements, thinner-walled sections are used compared to steel
elements. In the example given in Figure 3, the use of CFST is seen on a bridge pier with a
high height and payload.

Figure 3. Pillar column (AYDIN C., 2008)

It is very difficult and costly to construct the basement floor with steel elements in multi-
storey high-rise buildings built using only steel. For this reason, basements are generally made

http://www.sciennovation.net
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of reinforced concrete and are mounted on a steel construction reinforced concrete structure.
This situation may cause the formation of very large column sections. This problem can be
solved thanks to the high ductility feature of composite structures. Thus, it has become
possible to construct high-rise structures with less cost. Famous and special structures such as
the Twin Towers of the USA and Petronas Towers of Malaysia, built with this system in the
world, have gained the reputation of being the symbolic structures of their countries. Almost
all of the tall structures in the world are designed and built as composite. Composite floors are
a good alternative as a flooring system for steel structures. Composite structural elements
provide better protection of steel by resisting corrosion. Such elements are preferred in
structures where high strength, total weight of the building, climatic and geographical
environment are compelling factors and chemical effects are important. Safe and economical
design of composite elements is not only about sizing but also about economy.

In addition to the relevant standards in the design of composite elements, complying with the
recommendations of steel sheet and slip connection manufacturers will also reduce the errors
and construction costs that may occur during production (Yorgun, 2005).

If we look at the disadvantages, we can list it as follows. Using two different types of
materials together creates calculation difficulties due to the different behavior of these
materials. Re-checks in account transactions should be strictly made. Calculating the
geometrical moment of inertia in moment calculation presents difficulties. There is limited
information about the force transfer and adherence at the contact surface of the steel and
concrete being used. Multiple factors need to be analyzed, structurally, behaviorally and
environmentally. It is also a disadvantage that the calculation and design part takes a long
time. While calculating the modulus of elasticity of the composite joint, we will face some
drawbacks and difficulties. In general, successful results are obtained with a good planning
and engineering considering these pros and cons.

3. CASE STUDY

High-rise buildings designed with a traditional approach are mass consumers of energy and
natural resources. However, during the 120 years that have passed since the first high-rise
buildings, models and methods have been developed to reduce these environmental impacts,
changes have been made in laws and regulations, and innovations have been made in
architectural thinking as well as in materials and technology (Sev at all.2011). It is possible to
see many structures related to the subject in the world and in our country. If we first look at
examples from around the world, we can list the following: Canton Tower in China
Guanzhong, Ganhaizi Bridge in China, Xiangjiaba Bridge and Zidong Bridge are examples to
be given. As can be seen from the examples, we can observe these structures widely in China.
Waushan, Zhijing River, Maocaolie, Taiping Lake Bridge are among the examples that can be
given. The following examples are Petronas Tower, Sail Singapore, World Financial Center
and Sky Tree for the system commonly used in high-rise buildings.

http://www.sciennovation.net
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CFST column

Figure 4. Ganhaizi Bridge, China (Web source-1).

50

Figure 5. Canton Tower, Cin (Web Source-1).
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Figure 6. Petronas Tower (Web Kaynagi-2)

One of the best examples in our country of CFST type structures, which are widely preferred
in high-rise buildings in the world, is the Nurol Life building. It said structure 2 is shown as
Turkey's highest building is built with construction techniques such as CFSTR world
examples.

http://www.sciennovation.net
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Figure 7. Nurol Life Prejesi’nin tamamlanmis hali (Web Kaynagi-3)

4. CONCLUSION

We had the opportunity to observe many different engineering structures within the scope of
this study. However, we could access limited information about the combination elements of
these structures. We examined the advantages and disadvantages of the CFST construction
style. We concluded that civil engineering is a very successful method in terms of safety,
aesthetics and economy, which are the three basic elements of civil engineering, especially for
high-rise buildings. Of course, good planning plays a key role in this success.

In today's world where the increase in the number of residences and the demand for tall
buildings is increasing day by day, this application is an alternative to meet the needs. CFST
elements can serve as a savior for bridges as well as building-type structures in situations
where geographical conditions are unfavorable. It is possible to observe many similar
examples. Concrete filled steel structures are at the top level in terms of convenience and
frequency of use in composite systems. We believe that this demand will continue to increase
depending on the population increase.
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