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A HIGHER-ORDER SENSITIVE FINITE DIFFERENCES SCHEME OF THE
CAUCHY PROBLEM FOR 2D LINEAR HYPERBOLIC EQUATIONS WITH
CONSTANT COEFFICIENTS IN A CLASS OF
DISCONTINUOUS FUNCTIONS

Oykii YENER*, Bahaddin SINSOYSAL**, Mahir RASULOV***

ABSTRACT

In this study we develop a finite difference scheme for practical calculation of the Cauchy
problem for the 2D scalar advection equation with a higher accuracy order constant coefficient,
encountered in different fields of hydrodynamics. For this aim, to develop an auxiliary
problem having some advantages over the main problem is introduced. The proposed
auxiliary problem permits us to construct a higher-order sensitive finite differences scheme.

Keywords: Modelling equations of hydrodynamics, Weak solution in a class of discontinuous functions,
Moving network
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'SABIT KATSAYILI iKi BOYUTLU LINEER HIPERBOLIK DENKLEMLER
iCIN CAUCHY PROBLEMININ SUREKSIZ FONKSIYONLAR SINIFINDA
YUKSEK MERTEBEDEN HASSAS SONLU FARKLAR SEMASI

Oykii YENER*, Bahaddin SINSOYSAL**, Mahir RASULOV***

0z

Bu calismada, hidrodinamigin cesitli alanlarinda karsilasilan iki boyutlu skaler adveksiyon denklemi
icin yazilmig Cauchy probleminin pratik hesaplanmasi i¢in bir sonlu fark semas: gelistirilmistir.
Bu amagla, ana probleme gore bazi avantajlar1 olan bir yardimer problem sunulmustur. Onerilen

yardimet problem, daha yiiksek mertebeden hassas bir sonlu farklar semasi olusturmaya imkan saglar.

Anahtar Kelimeler: Hidrodinamigin model denklemleri, Siireksiz fonksiyonlar simifinda zayif ¢oziim,
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1. Introduction

Asusual, let R3(x, y, t) be Euclidean space of the points
xy,t) and Q ={a<x<bc<y<d}, Q_T=Qx[0,T).
Here (x,y) and t are spatial and time variables
respectively. In (J-we consider the following problem

du(x, y, t) +A du(x,y,t) +B du(x,y,t) —0, (1)
at dx dy

u(x'y; 0) = uo(x'lV)- (2)

Here, A and B are given constants,u,(x, y)is a known
function having in Q some lines of discontinuity
of the first type. Equation of the type (1) appears
in different model problems of hydrodynamics
[11,[31,[41,[6],[71,[81.[15]-[18].

The problem (1), (2) later on we will call the main
problem. Let @y be the domain defined as follows,
Figure 1.

Qy={Emasi<xc<n<yl
2. Exact Solutions of the Main and Auxiliary

Problems

Using the method of characteristics, we can show that
the function

ulx,y,t) = uy(x — At,y — Bt) (3)
is the exact solution of the main problem.

Definition 1. The function u(x,y,t) satisfying the initial
condition (2) is called a weak solution of the problem
(1),(2) if the following integral relation

| f[ (. 0lour 0 + Ape ) + Boy .0 nde +
Qab “[0.T

[ o6y 0uaxdy =0 (4)
Qab

holds for every test functiong(x,y,t) defined and is
differentiable in the upper half plane and vanishes for
the large |x| + tand ¢ (x,T)=0.

y
A

Figure 1: The Q,,, domain

Theorem 1. If the function u(x,y,t) is a continuous
solution of the main problem, then the function
u(x,y,)=uqy(x-Aty-Bt) is a soft solution of the main
problem too, [9].

Proof. According to the definition of the weak solution
we have

| o 005,04 40,0 + By 0]y
QapX[0,T

+ (x,y, 0)uo(x, y)dxdy = 0.

f%wxy o (x, y)dxdy (5)

Theorem 2. If the function u(x,y,t) = Uy (x-At,y-Bt) is
integrable, then the function u(x,y,t) is a weak solution
of the main problem, [9].

Proof. According to the definition of a weak solution
we have

f @y, O0c(x, 7, 0) + Ap, (x,7, ) + Boy (x, 7, )] }dxdyde
0apx101)

+f, oty omaxy =0 (6)

Integrated equation (1) on the domain @, with respect
to x and y we have

a uEn un,
Ef fq u(En, t)d{dnJrf L [A unt) | p "(gn" ”] dgdn = 0.
xy Xy

23
Using the Green’s formula we get (7)
8 (¥ (¥
aTJ; fc w(€,n, dédy + fa%Audy — Budx =0 (8)
or

9 (* (v y
= [ wemoagan+a [ weon.o - utemonn

-8 [ [uy.0 —u(.c.0ld =o. (9)
The last equation we can rewrite as,

.y y .
2 [ wmoagan +a [ uenon -5 [ uty0d
=¢(a,y,t) +¥(x,c,t). (10)
Here,

y
¢(a,y,t) :Af u(a,n, t)dn,

(11)
|p(x,c,t):fou(E,c,t)d§. (12)
Using the suggested method different problems were
solved. [10]-[13] The general scheme offered method
is shown in Figure 2. The equation (10) together with
the condition (2) is called as first auxiliary problem.
‘We introduce the following operator

(13)
and the function is defined as

x Y
v(x,y,t) = f f u(@,n,0dédn + 9(a,3,0) + Y(xc,0). (14)

It is easily seen that the functione(a,y.t) +¥(x.b,¢) € kers.
Indeed,

y x
Sle(ay. ) +¥(x.c,0)] = S[AJ; u(a,n, t)dn + Bf u(§,c,t)dg§] =

du(a,n,t) +B du(x,c,t) -0

A
ox ay



Main Aucxiliary
problem problem

§ -1
Solution 3 Solution of
of main -— auxiliary

problem problem

Figure 2: The general scheme of the suggested method

Sometimes happen conveniently introduce of the second
type auxiliary problem defined as follows. Taking into
consideration (14) the equation (10) take the form

ov(x,y,t) ov(x,y,t) +B av(x,y,t) —0. (15)
at ox dy
From (14) we have
2
%:u(:{,y, t). (16)

Indeed, if we differentiate the relation (14) at first with
respect to X, then with respect to y we prove the validity
of (16).
The initial condition for the equation (15) is

v(x,,0) = v5(x,y), (17)
here, the function vg(x,y) is any continuously
differentiable solution of the equation

0%vo(x,y) (18)

dxdy

The problem (15),(17) is called the second type
auxiliary problem. Both auxiliary problems have the
following advantages:
« The differentiability property of the function v(x,y,t)
with respect to x and y is one order higher than u(x,y,t)
* The function u(x,y,t) may be discontinuous.
* In obtaining the solution u(x,y,t) of the problem (1),
(2), we do not use the derivatives u,, U, u; which
can not exist usually.
It is obvious that the solution of the auxiliary problem
is not unique [7],[16]. The following theorem is valid.
Theorem 3. If the function v(x,yt) is the classical
solution of the auxiliary problem (15),(17), then the
function u(x,y,t) defined by (16) is a weak solution of
the main problem.
Proof. Let the function ¢(x, y,t) be a test function and
we consider the following expression

-

After some simple manipulation we get

a [7) [7)
f o(x,y,t) {%+Aﬂ+32}dxdydt=0.
Qabx[o,1) t

ox ay (19)

=uy(x, ).

¥

3 t {av+Aav+BaV}d dydt.
(4C 08 Frir 3y} xdvdt.

abx[0,T)
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Integrating (15) with respect to t, X, y

dulx,y, t)+ABu(x.y. t)+Br3u(X.y,t)

eGy.6) { at ox

}dxdydt =0.
Qabxjor)

It proves Theorem 3. (20)
Now we introduce a function v(x,y,t) defined by the
following relation

v(x,y,t) = fx J.yu(f,n, t)dédn + Hy(x,y,a,¢,t). (21)

Here, H; (x,y,a,¢,t) = —(4 fcy u(a,n,t)dn + B f:u(g, c, t)déf).
It easily shows that I{H;(x,y,a,c,t)} = 0.

According to equation (21) we can rewrite equation (10)
in the form

av(x,y, ¥y %
v(’;ty t) +AJ; u(x,n, t)dn + Bfa u(&,y, t)dé = 0. (22)

Taking into consideration (21) we have

u(x,y,t) = 3 xy, ). (23)
Then equation (22) takes the form (15)

The exact solution of the problem (15), (17) is

v(x,y,t) = vo(x — At,y — Bt). (24)

3. Finite Differences Scheme for Cauchy Problem in
a Class of Discontinuous Functions

In this section, we intend to introduce the numerical
method for the problem (1), (2), and investigate some
properties of it. By using the advantages of the suggested
auxiliary problem, a new numerical algorithm is
proposed. In [10],[11] the suggested numerical method
applied to solve for nonlinear scalar equations of
hydrodynamics

In further research, we will exploit the concept and
theory of finite differences from the familiar books
[21,[5],[141,[15]. In order to construct the method, the
domain definition of the problem is covered by the
following grid,

Whyhyr = {Cxi Yj» ty), x; =ihy, Yi = Jjha,

te=kr, i=012,...; j=012,...;

k=012,...; hy >0, h, >0, 7> 0}

where, h, h, and T are steps of the grid with respect
to X, y and t, respectively. The problem (15),(17) at
any points of the grid Wy, p, 7 is approximated by the
following differences scheme

Vij=Vij + A‘?Hl,j =V B Vijsr = Vij —o (25)
T hy hy
The initial condition for (25) is
Vijo = vo(%u ;). (26)
If we write the equation (25) in point (i-1,j) and subtract
it from (25) and divide it by h, we get.
1 [Vij = Viy _ Vie1,j = Vicaj) + A [Vissy = Vij _ Vij = Vicaj) +

hel T T k| hye
B [‘7i,j+1 - 17i,j Vi—1,j - 17[—1,1'—1]
L _ =o. 27
hel Ry hy ] ( )

It is easily seen that the function ﬁi, ; defined with the
help of the equality



BUJSE
13/1(2020), 6-12 DOI: 10.20854/bujse.736345

g.=1 IUi,f —Uijr Uiy — Ui—l,j—l]
M Ry hy hy,

is the solution of equation (25).

To approximate of the problem (10),(2) by the

finite difference, the integrals leaving into (10) are

approximated as follows

[w@yode=ny v, @8)
@ v=1
y Jj

fumm&m=MZUmm (29)
b =

and
.y i

| [ wenodsin=mhe ) Y vy
a b v=1p=1  (3()

Taking this into consideration (25)-(27), the equation (9)
atany point (i.,k) of the grid W, 7 is approximated
as follows )

J i
Upjierr = (1 —thiA — ThyB)U; j + ThiA Z Ug i + ThyB z Uy ok

u=1 v=1
[ i1

i-1
1Y Waksr Vo =thid . U =thaB Y Uy (31)

(i=012,....N; j=012,...,M, k=012...,).

The initial condition for (31) is

Usjo = uo(x0 ), (i=012,...N;j=012,..,m. (32)

4. Numerical Experiments

The basic goal of this study is to develop an algorithm
for the solution of the Cauchy problem for the 2D
parabolic type equation in a class of discontinuous
functions. At first this algorithm is tested on a linear
equation, and later this method will be developed to a
nonlinear problem. Here and later on we will use the
advantages of the suggested auxiliary problem. In order
to convince on the validity of the suggested method at
first the computer tests will be carried out for the exact
solution.

For this aim as the function u,y(x,y), we take

u;, x<0,

up(x,y) = ,
U, x>0

0<y<Ll

For the sake of simplicity, we assume that A=B=I.
There are two cases: (i) u; > u,, u; < u,. The graphs
of these functions are demonstrated in Figure 3a) and
3b).

Ugy)

04—
-2

Figure 3:
a) The graph of the function ug(x,y), u; > uy;
b) The graph of the function uy(x,¥), u; < u,

The initial function of v (x, ¥) obtained from equation
18)

x<0,
0<y<1
x>0,

Uy XY,
vo(%,y) =
U XY,

-~~~ "
275 Tog o8 o7 06 o5 04 03 02 01

10



Figure 4:
a) The graph of the function vo(%, ), Uy > uy;
b) The graph of the function v, (x, ¥), uy < u,

As it is seen from Figure 4a) and 4b) the order of
differentiability of vy(x,y) is greater than uy(x, y),
that permits us to apply classical methods. In order to
find the exact solution of the main problem, we will use
the solution of the auxiliary problem (15),(17) which is
expressed as follows:

ux -ty —t), x<1+t,

O<y-t<1

v(x,y,t):{
x>1+t¢,

u(x -ty —1),
The graph of the function v(x,y,t) are depicted in
Figure 5a) and 5b). Applying the formula (16) we
find solution of the main problem Figure 6a) and 6b).

03 02 01 0

11
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Figure 5:
a) The graph of the function v(x, y,t), u; >u, at T = 1;
b) The graph of the function v(x, y,t), u; <u, at T =1
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Figure 6:

a) The graph of the function
u(x,y,t) =3v(x,y,t), uy >u, at T =1;
b) The graph of the function
u(x,y,t) =3(xyt), yy <u; atT=1

5. Conclusion

An algorithm to calculate the exact solution of the
Cauchy problem for the 2D parabolic type equation
in a class of discontinuous functions is suggested.
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ASAL KATSAYILARLA DUZENLENMiS DOGRUSAL URETEC

Hakan GENCOGLU¥, Tarik YERLIKAYA**
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Karigtirma algoritmalari, bir veri biitiiniin parca parca diisiiniip bu pargalarin yerlerini rastgele
secilen parcalarla degistirmesi seklinde islem yapar. Yani rastgele iiretilen bir degere ait konumda
bulunan bir veriyi, siradaki konumdaki veri ile yer degistirerek karistirma islemi saglanmis olur.
Burada karigtirma isleminin gerceklesmesini saglayan rastgele iiretilen degerlerdir. Karigtirma
algoritmalarmin temel amaci veriyi karistirmak oldugundan karistirilmis veri bloklarinin eski haline
getirilmesi ile ilgilenmezler. Dolayisiyla ihtiya¢ halinde eski veriye ulagsmak gerekirse karigtirma
algoritmalar1 tek baglarina yeterli olmaz. Bu caligmada geri doniigsiiz karigtirma algoritmalari

ile yapilan veri bloklarinin geri getirilmesi incelenmis ve farkli bir algoritma Onerilmistir.

Anabhtar Kelimeler: Karistirma, Karistirma Algoritmast, Dogrusal Sayt Ureticisi, Fisher Yates, Knutt
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Principle of shuffle algorithms is to change the place of the data blocks by producing random
numbers. A produced number means the new place of the data value. That is, shuffling process is
based on to produce random numbers. Because shuffle algorithms aim is to shuffle data blocks,
they do not have a function to reverse the data. Therefore if it is needed original data, shuffle
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1.GIRIS

Veriyi veri bloklar halinde diistiniip bu bloklarin
yerlerinin degistirilmesi, karigtirma iglemidir. Bu iglem
veri giivenliginin temelini olusturmaktadir. Aslinda
sifreleme algoritmalart da temel olarak veriyi bagka
bir veri ile degistirerek giivenligi saglamaktadir.
Giiniimiizde kullanilan ~ simetrik  veya asimetrik
algoritmalar cesitli hesaplama veya yer degistirme
islemleri ile bir karmagiklik ortaya cikararak veriyi
anlagilmaz hale getirmektedir.

Kangtirma iglemini iki sekilde diistinebiliriz.

* Tek yonlii karigtirma

* Geri doniislii karigtirma

Tek yonlii karistirma islemi icin gelistirilen algoritmalar,
kanigtirilmug olan verilerden asil veriyi elde etmeyi
diigtinmez. Sadece veriyi karigtirir.  Fisher/Yates
algoritmasi, Knutt/Durnstenfeld algoritmalar1 bu tiir
algoritmalardir.

Geri dontislii karistirma islemleri ise veri karstirldiktan
sonra karigik halinden tekrar asil veriyi elde edecek
sekilde tasarlanirlar. Veri islemlerden gecirilerek
karistirilir, kanigik halde aliciya iletilir ve alici tarafinda
islemlerden gegirilerek asil veri elde edilir. Giiniimiiziin
giiclii simetrik sifreleme algoritmast AES 6rnek olarak
verilebilir. AES sifreleme algoritmasi  karistirma
islemini yaparken bir anahtar kullanir ve yine ayni
anahtar kullanarak asi veriyi elde eder.

Yapi itibari ile tek yonlii algoritmalar, geri doniislii
algoritmalara gore, ¢ok daha basittirler.

Eger tek yonlii algoritmalar geri doniiglii algoritmalar
gibi kullamilmak istenirse, uygulama sirasmda algoritma
iceriginde bulunmayan ek modiiller kullamlmahdur.
Ornegin veri bloklari kangtirilip karigik veri elde edilirse
bu veri bloklarmm karistiriimadan 6nceki halleri de
tutularak geri doniis saglanabilir. Yani asil veriye ait
bloklart bir veri dizisi olarak diistinecek olursak, bu
dizinin kanistirildiktan sonra yeni dizinin elemanlarmin
asil yerleri bagka bir dizide tutulmaldir ki bu ikinci
dizi kullamlarak karistirilmus olan veri asil haline geri
getirilebilsin. Bu da ek islem yiikii, veri boyutunun ikiye
katlanmasi problemlerini dogurur.

Bu calismamizda tek yonlii karigtirma islemleri gibi
basit, geri doniiglii bir yapi 6nerilmistir. Once tek
yonlii karigtirma algoritmalart agiklanmus, ardindan bu
algoritmalar kullanilarak gerceklestirilmis calismalardan
bahsedilmistir. Daha sonra 6nerdigimiz yapr agiklanarak
ispat1 gerceklestirilmis ve degerlendirilmeler yapilmustir.
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2. Kanistirma Algoritmalari ve Say iiretecleri

Karigtirma algoritmalar isminden de anlagilacagi iizere
var olan bir say1 dizisine ait degerlerin, say1 dizisinde
bulundugu yeri degistirmek amaciyla kullanilan
algoritmalardir. Dolayisiyla, karistirma algoritmalari,
diziye ait olan elemanlarin degerleri ile degil indisleri ile
caligir. Iskambil oyunlarinda oyuna baglamadan dnce
kagitlarin karigtirilmast boyle bir karigtirma tiirtidiir. Bu
algoritmalar bu oyunlarin dijital kargiliklarinda basarilt
bir sekilde kullanilmaktadr.

Rastgele sayi iiretecleri belirli bir denklem ¢ercevesinde,
baslangi¢ degeri kullanilarak yeni sayi iiretme ilkesine
dayanir. Haritalama iglemleri i¢in kullanilirlar.

3. Onceki Cahsmalar

Karistirma algoritmalart sadece karigtirma islemi igin
degil veri sifreleme amach olarak da kullamlmustir[2,3]

“Knutt / Durstenfeld Shuffle Algoritmasimn Resim
Sifreleme Amaciyla Kullamlmasi” isimli ¢alismada
resim pikselleri diziye doniistiiriilmiis, dizi iizerinde
karigtirma iglemi uygulanmugtir. Bununla birlikte baska
bir dizide resmin orijinal siradaki piksel degerleri
ile yeni yeri bir eslesme dizisinde tutulmustur.
Sifrelenmis resmin geri doniisiimii islemi de eslesme
dizisi kullamlarak piksellerin eski yerlerine gelmesi
saglanarak basarilmustir. [2]

Benzer bir ¢alisma olan “File Encryption using Fisher-
Yates Shuffle” isimli cahsmada dosya sifreleme islemi
gergeklestirilmistir. [3]

Bagka bir ¢alismada karigtirma algoritmalari mantigt
resim sifreleme iglemi icin kullanilnug fakat sifreli
resmin geri getirilmesi aciklanmamustir.[4]

Bu ¢alismalarda karistirma algoritmalar geri doniisiim
gerektiren uygulamalarda kullanilmustir. Teorik olarak
bunun niinde bir engel olmamakla birlikte uygulamada
bir takim problemlerle karsilagilir. Uygulama sirasinda
bu problemleri ortadan kaldirmak icin ¢oziimler
iiretilmelidir.

Karigtirma algoritmalart ile ilgili baska bir ¢alismada,
shuffle algoritmasi, tanimlayict siirekli zamanli ve ayrik
zamanlt dogrusal sistemlerin pozitifligini kontrol etmek
icin kullanimusgtir.[5]

Rastgele sayr iireteclerinin en onemli orneklerinden
biri Lehmer tarafindan  Onerilen  “Lehmer’s
congruential method” tur. Belirli bir mod
degerine gore X; baslangic degerini a katsayisi
ile carparak genigletme seklinde tammlanmugtir.
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X; .1 = ax;mod(m)

Dogrusal bir yapida tammlanmig bu denklem ile
istenildigi kadar deger {retilebilmesi m degerine
baghdur. [6]

3.1.FISHER/YATES Algoritmasi

Ronald Fisher ve Frank Yates tarafindan 1938 yihinda
yaymlanmustir. Sonlu kiimelerde elemanlarn yerlerini
degistirerek karigtirmak icin kullanilir. N elemanli sonlu
bir dizi i¢in algoritma su sekilde galigir:

1. Dizinin elemanlarm: 1 den N e kadar sirala

2. 1<k <N olacak sekilde rastgele k sayisi secilir.

3. k numaral eleman dizinin en sonundan itibaren Sne
dogru dizilir.

4. 2 ve 3 numarali adimlar dizinin yeri degistirilmeyen
elemani kalmayana dek devam eder.

Fisher/Yates Karigtirma Algoritmasimin Uygulamasmin
bir 6regi sekil 1 de gosterilmistir.[1,2]

Orijinal Dizi K. Yeni Dizi
numarali
Eleman
1-2-3-4-5-6-7-8-
1-2-4-5-6-7-8-9 |3 3
1-2-4-5-7-8-9 5 6-3
1-2-4-7-8-9 4 5-6-3
1-4-7-8-9 2 2-5-6-3
1-4-7-8 5 9-2-5-6-3
4-7-8 1 1-9-2-5-6-3
4-7 3 8-1-9-2-5-6-3
7 1 4-8-1-9-2-5-6-
7-4-8-1-9-2-5-

Sekil 1. Fisher/Yates Karistrma Algoritmasmimn
Uygulamasi

3.2 KNUTT/DURNSTENFELD Algoritmasi
1964 yiinda Richard Durnstenfeld tarafindan
yaymlanmistr. KNUTT/DURNSTENFELD  Shuffle
Algorithm (K/DSA) bir dizinin elemanlarimn kendi
icinde yer degistirilmesi ile kangtirilmast iglemini
gerceklestirir. K/DSA soyledir:

Bir A dizisi n elemanh olsun.

1. 1 <k <nolacak sekilde rastgele bir k numarasi segilir
2. Dizinin k numarah elemam ile n numaral eleman
yer degistirilir. (4, < A4,)

3. 1. Adm 1<k<n-1 olacak sekilde tekrarlanir,
2 numarali adm ( A, <> A,_; ) olacak gekilde
tekrarlanir.

4. 1 ve 2 numaralt adimlar 3. Numarali adimda oldugu
gibi siirekli en son igleme sokulan elemandan bir 6nceki
eleman igleme sokularak tekrarlanir.

5. 1 ve 2 numarali iglemler 3 ve 4 de oldugu gibi
A; & A, olanakadar devam eder.

Sekil 2 de Algoritmanin akis semast goriilmektedir.

@_.

4

J=RAND(1...i-1)

A\ 4

Swap(Xi,Xj)

Sekil 2. KNUTT/DURNSTENFELD Algoritmasinin
akis semast

K/DSA kullanilarak karistirilmusg bir dizinin karistinima
iglemine ait bir kayit tutulmadigi igin geri dondisii
olmayan tek yonlii bir algoritmadir. Secilen k degerleri
rastgele oldugundan ve algoritmanin dogasi geregi,
algoritma her uygulandiginda farkli bir sonug elde
edilecektir.

4. Kangtirma Amach Dogrusal Uretec Tasarim

Geri doniistim ~ gerektiren islemlerde  karistirma
algoritmalar1  yerine dogrusal iiretegler (Lineer
kongriians iiretegler - LKU) tercih edilebilir. Bu
iiretegler agagidaki gibi tanimlanur:

(m > 0) bir dogal say1 olmak

iizere, X; € {1,2,..., m-1} baslangi¢c degerini segip,
Xi41 = aX; + cmod m algoritmasina gore X1, X, ...
sayilarini ve bu sayilar yardimiyla,

u; = Xy/m,u, = X,/m,u; = X3/m € (0,1) sayilarim
tiretmektedir.

Boyle bir fonksiyon eger a ve ¢ katsayilart biliniyorsa
geri doniigtimii olan bir karigtirma islemi saglayabilir.
Eger geri doniigiim olmasi isteniyorsa a ve ¢ katsayilari,
fonksiyon mod m e gore bijektif olacak sekilde
secilmelidir. Bu sekilde tersi alabilir bir fonksiyon olur
ki geri doniig saglanabilir.

Algoritmanin amaci asil verinin indislerini degistirmek
oldugundan bijektiflik saglanabilmeli ve geri doniis
saglanabilmelidir. Onerilen iirete¢ de katsayilar mod
degerinden kiiciik olacak sekilde goreceli olarak asal
sayilar olacak sekilde secilmistir.

5. Asal Katsayllarla Diizenlenmis Dogrusal
Urete¢ AKDU

5.1 Karistirma islemi
A[n]:{allaZ'a3""'a'n} ve I < x <n
olacak sekilde A dizisinin her x numarali elemanin
baska bir numara ile degistiren algoritma soyledir:
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1.2 < p <nve2 < q < nolacak sekilde p,q asal
sayilart secilir.

2. Sh:[1,n] > [1,n]

Sh(x)=px-+q karigtirma fonksiyonu olusturulur.

3. (T[x] = A[Sh(x)] )%_; A dizisinin, karigurma
fonksiyonu ile belirlenmig siradaki elemani, T dizisine
sirayla yerlestirilir.

4. (Alx] = T[x])%-; Gegici T dizisinin elemanlari A
dizisine aktarilarak A dizisinin elemanlart yer
degistirilmis olur.

Buradaki asil soru Sh:[1,n] = [1,n], Sh(x)=px+q
fonksiyonunun 1 - 1 bir fonksiyon olup olmadigidir.
Yani farkli indislerdeki elemanlari ayni indise atayip
atamayacagidur.

Ispat:x; # x,olmak izere iki farkli indis numaralarma
sahip eleman segelim.

px;+ q=pxz + g mod n olsun.

px1+ q=pxz + q +kn

px1=px, +kn

px; — px; =kt

p(x; — x2 ) =knbulunur.

i. k=01ise p # 0 oldugundan x; — x, = 0 olacagindan
X1 = X, bulunur ki bu bagtaki kabuliimiize aykiridir.
il. X1 — Xy = %isc cbob(p,n)ZIOIdugl.]ndaJl plk dir. Yani p,n
yi bolmez. plk oldugunu varsayalim: §= k' olsun. Bu
durumda x; — x, = nk’ = x; = nk' +x, bulunur.
Bu sonug x; > n demektir ki bu durum x; < n olma
durumu ile celisir.

Dolayistyla Sh(x) = px+q fonksiyonu mod n e gore
1—>1 bir fonksiyondur. Yani her x; # X, igin
Sh(xy) # Sh(x,) olur.

5.2 Geri Doniisiim Islemi

Karigtirma iglemi sonucunda elde edilen verinin eski
haline gelebilmesi i¢in Sh(x)=px-+q fonksiyonunun tersi
ile islem yapilmalidir.

Sh(x)=px+q mod n fonksiyonun tersiSh’' = L;q
seklindedir. Bu dogrusal fonksiyon bir LKU oldugundan
p ve q degerlerinin mod n e gore tersleri alinarak iglem
yapilabilir. p’ ve q', p ve q

degerlerinin mod n e gore tersi olmak iizere p’ = :: mod
nveq' = —q mod n degerleri hesaplanirsa

Sh' = (x + q')p’ mod n halini alir.

Kangtirma iglemi icin, dizinin her bir elemam
Sh(x)=px-+q mod n fonksiyonunda isleme sokulup yeni
yeri belirlenir. Karigik verinin geri dontisiimii igin ise
Sh'(x) = (x + q")p’ mod n fonksiyonu kullanilmalidir.
Karisik haldeki verinin tiim elemanlar sirastyla Sh'(x)
fonksiyonunda igleme sokulursa orijinal dizi elde
edilmis olur.

Ornek olarak “this is a message” verisini diistinelim. Bu
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verideki her bir karakterin ascii tablosundaki kargiligiyla
islem yapilacak olursa 17 elemanh bir dizi elde edilir.
Budurumda n=17olur.2 < p<nve2 <q<n
olacak sekilde p=11, q=13 secilsin. Kangtirma islemi
sonucunda ‘s hssteiem g saai” elde edilir.

this is a message

116 t 115 s

104 h 32

105 i 104 h
115 s 115 s

32 115 s

105 i 116 t

115 s 101 e
32 105 i

97 a 101 e
32 109 m
109 m 32

101 e 103 g
115 s 32

115 s 115 s
97 a 97 a
103 g 97 a
101 e 105 i

s hssteiem g saai

Geri doniisiim islemi icin p’ = Lmodn =14 ve

q' = —qgmod n = 4 degerleri hesaplanip islem yapihirsa
“this is a message” verisine ulaglir.

s hssteiem g saai

115 s 116 t

32 104 h
104 h 105 i

115 s 115 s

115 s 32

116 t 105 i

101 e 115 s

105 i 32

101 e 97 a
109 m 32

32 109 m
103 g 101 e
32 115 s

115 s 115 s

97 a 97 a
97 a 103 g
105 i 101 e

this is a message

6.Sonucg

Sifreleme islemlerinin cesitli asamalarinda veya geri
dontigli ~ kanigtrma  iglemlerinde  kullantlabilecek
olan AKDU’niin cahgabilmesi icin sadece p.q ve n
yeterlidir. Yer degistirme ve geri doniigiim iglemleri
icin fazladan dizinin olusturulmasina, saklanmasina,
iletilmesine gerek yoktur. Bu durum ozellikle cihazlar
arasinda iletisim sirasinda, veri boyutunu son derece
azaltacagindan daha hizli bir iletisim s6z konusu olacaktr.
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oz

Bu ¢alismada dogrusal olmayan statik Steleme (push-over) analizinin temel 6zellikleri agiklanmig ve
9 katli ¢elik bir binaya ait bir moment aktaran ¢er¢evenin dogrusal olmayan statik 6teleme (push-over)

degisiklikler incelenmistir.

Bu amacla ilk olarak, yiiksek sicaklik etkisindeki c¢elik elemanlarin malzeme 6zelliklerinde (akma
gerilmesi, kopma gerilmesi, elastisite modiilii) meydana gelebilecek degisiklikler belirlenmistir.
Daha sonra her bir senaryo durum i¢in dogrusal olmayan statik 6teleme (push-over) analizi yapilmig

ve sonuclar kargi-lagtirilmustir.

Celik binalarda yangindan sonra ¢elik elemanlarin mekanik 6zelliklerinde yanginin derecesine gore
biiyiik degisiklikler meydana gelmektedir.

Sonuglart degerlendirildiginde, celik yapilarin gerekli yangin koruma onlemleri ile binada

bulunanlarin yanginda digar1 ¢itkmast icin yeterli zamani vermektedir.
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ABSTRACT

In this study, the basic properties of nonlinear static push-over analysis are explained and the non-
linear static push-over analysis of a 9-storey steel structure is examined by non-linear static shift
(push-over) analysis and changes in lateral strength and stiffness at different temperatures under
scenario fire conditions.

For this purpose, firstly, changes in material properties (yield stress, tensile stress, modulus of
elasticity) of steel elements under high temperature effect were determined. Then, nonlinear static
push-over analysis was performed for each scenario case and the results were compared.

In steel buildings, after the fire, major changes occur in the mechanical properties of the steel elements
according to the degree of fire.

When we evaluate the results, the necessary fire protection measures of the steel structures give
enough time for the occupants to go out in the fire.
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1. Giris

Genel olarak tasarim, islevsel tasarim ve tastyict
sistemin  tasarmmu  olmak lizere iki boliimde
diistiniilebilir. Islevsel tasarimda, kullanmaya elverisli
alan, donanim, aydinlatma, ekipman ve estetik gtz
oniinde tutulur; tastyici sistemin tasariminda ise igletme
yiiklerini giivenle tastyacak elemanlarin se¢imi gerekir.
Tasarimin  adimlari, Planlama (Yapmm iglevinin
ve optimum tasarrm kriterlerinin belirlenmesi), On
tasarim, Yiiklerin saptanmasi, On boyutlama, Analiz
(ytiklerin ve sistemin modellenmesi, i¢ kuvvetlerin
ve yer degistirmelerin saptanmasi), Degerlendirme
(Dayanim ve isletme kosullarimin kontrolii; sonucun
optimum tasarim kriterleriyle uyumunun belirlenmesi),
Yeniden tasarim (6nceki adimlardan elde edilen
sonuglarin yeterli olmamasi halinde tasarimin yeniden
gergeklestirilmesi), Sonu¢ (Optimum ¢oziime ulastlip
ulagilamadigmin irdelenmesi) seklinde ozet-lenebilir.

Giintimiizde, baglica iki tiir tasarim felsefesi vardir.
Bunlardan birincisi giivenlik gerilmeleri, digeri ise
yiik ve dayamim faktorii tasarim olarak adlandirilirlar.
Onceleri giivenlik ~ gerilmeleri esasina  dayanan
yontemler kullanilmis olmakla beraber, son yillarda daha
rasyonel ve olasilik esash olan sinir deger yontemlerinin
kullanilmast  yaygmlagmustir. Tasarim igin  degisik
siir - deger esash  yontemler kullanilmaktadir{1].

Yapisal tasarimda hangi yontem kullanilirsa kullanilsin,
asin yiikleme veya dayanmim azalmast olasiligina karst
yeterli bir giivenligin bulunmasi saglanmig olmalidir.
Yapisal giivenligin saptanmast konusunda yapilan
caligmalar halen devam etmekte olup, bu ¢alisma degisik
sicakliklarda celik yapilarin dayaniminin ve rijitliginin
degerlendirilmesi tizerinde yogunlasmaktadir. Sinir
durumlar, yapmmn beklenilen islevlerini  yerine
getirememe kosullaridir ve genellikle, tagima smir
durumu ve kullanma smir durumu olmak tizere iki sinifa
ayrilirlar. Tagima siir durumlari denge, akma, kopma,
biiytik sekil degistirmeler, mekanizma, burkulma,
yerel burkulmalar, carpilma, yorulma, devrilmedir.
Yapmin bu limit durumlara erismeden biiyiik sekil
degistirmeler yapmasi yani siinek davranmasi beklenir.
Kullanma smir durumlart ise, sehim, titresim, kalict
sekil degistirmeler ve catlaklar gibi yerlesim ile ilgili
durumlart igerir.

Yangin gegirmis celik binalarda celik elemanlarin

mekanik ozelliklerinde yanginin derecesine gore biiyiik
degisiklikler meydana gelmektedir.
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2.Amac¢

Binanin yapt malzemesine uygun koruma 6nlemlerinin
almmamast  durumunda  biittin - binalar  yanginda
cokebilmektedir{1]. Avrupa Birligi Yapt Malzemeleri
Direktifine (89/106/EEC) gore, yapilarin teknik
ozelliklerini etkileyen alti temel unsurdan birincisi
mekanik dayamm, ikincisi ise yangin durumunda
emniyettir[2]. Bu direktif, biiyiik binalarin projelerinde
yapinin bir yangin durumunda ¢okmemesi i¢in korunma
esaslarim temel tasarim kistaslaridir.

Yangmlarda Kkargilagtlan yiiksek = sicakliklar, metal
yapt malzemelerinin mekanik 6zeliklerinde 6nemli
degismelere ve bu malzemelerde 6nemli genlesmelere
yol acar. Deneyler, sicaklik arttikca karbon ¢eliginde
akma smmmnm distiigiini ve belirli bir sicakhiktan
sonra arttk akma st olusmadigmi  gostermistir.
Bunun anlami, normal sicakhklara kiyasla plastik
sekil degistirmelerin daha diisiik gerilmeler altinda
olmaya basladig1 ve aym gerilme altinda toplam sekil
degistirmenin daha biiytik oldugudur.

Yangin gegirmemis ve yangin gecirmis gercevenin
yanal dayanimlari ve rijitliklerindeki degisiklikler
kargilagtirlarak  elde edilen sonuglar tartisimustir.
Yangma dayanikli ¢elik yapi tasariminda, yangmin
meydana getirdigi olumsuz etkilerinin  bilinmesi
ve tastyict sistemi olusturan yapr elemanlarmm bu
deformasyonlara kargt dayanimli olmalarmin yaninda,
mimari tasarimdan baglayarak yapinin tastyici sisteminin
olusturulmasinda,  yangm  dayammni  arttiracak
bircok ayrintimin goz Oniine alinmasi gerekmektedir.

Bu caligmada yangmlar sonucunda celik yapilarda
meydana gelen degisiklikleri tespit etmek igin kirig ve
kolonlarda meydana gelebilecek malzeme ozellikleri
degistirilerek yapisal model modifiye edilerek cok katl
binaya ait bir moment aktaran cercevesi secilmistir
daha sonra yanal dayammmin belirlenmesi igin
dogrusal olmayan statik 6teleme (push-over) analizleri
yapilmustir.

2.Kapsam

2.1. Celik — Sicakhk iliskisi
2.1.1.Yiiksek Sicakhkta
Ozelliklerinin Tespiti

Celigin  Mekanik

Akma siniri, nihai dayamm, elastisite modiilii ve termal
genlesme katsayisi, celik yapilarin yiiksek sicaklikta
performansit belirleyen temel mekanik ozellikleridir.
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Bina yanginlarindaki kosullara uygunlugu ve 6ngériilen
dayanimlarin giivenli tarafta olmasi nedeniyle, “‘degisken
sicakhk’ testleri tercih edilmektedir. Degisken sicaklik
test bulgularina ve kirig yangin testlerinden elde edilen
yiiksek birim deformasyonlara (%3) dayanarak, %?2
birim deformasyon seviyesini, her sicaklik diizeyinde
akma smmnm  belirlenmesinde  kullamlmasi uygun
olmaktadir[2]. Degisken sicaklik testlerine bagh olarak
belirlenen ¢eligin tipik gerilme-deformasyon-sicaklik
egrileri Sekil 1 de gosterilmektedir [3].

%2
|a= 250 jo= 20-100°C
I's 1—200"C
| £ 225 - 300'C
2001[/[—1 'S so0c
|
| & 175
150
125 4 600°C
100 4
75 soe
50
s —me
o T T T
‘ 000 002 004 006 008 010 012 014
Birim Deformasyon;

Sekil 1 Yapisal celigin yiiksek sicakliklardaki gerilme-
birim deformasyon iliskisi[3]

Celigin elastisite modiilii ve akma gerilmesi ikisi
sicakligin artmastyla 6nemli bir bicimde azalan kapasite
tagima yiikiinii tanimlamak i¢in ¢ok ©nemlidir[4].
Yangindan sonra direncini kurtarabilen yapt malzemesi
yalmzca yapisal celiktir ve uygulanan yiike daha
fazla destek olamayan yangin korumasiz c¢eligin
sicakligy kritik sicaklik (538°C) olarak adlandirilir. Bu
sicaklik mutlak bir deger olmayip, kullanilan celigin
ozelliklerine ve uygulanan yiik faktoriine baglt olarak
degisebilir.

2.1.2. Yangina Maruz Kalan Celik Kolon, Kiris,
Déseme ve Yapilarin Davranisi

Celik yapilar betonarme yapilara nazaran yangin
acisindan daha kritik durumdadir. Bunun nedeni ¢eligin
yiiksek 1s1 iletkenligi ve celik eleman boyutlarinin ince
olmasidir. Cok iyi bir iletken olmasi nedeniyle yangin
aninda yiiksek sicakligi kolaylikla ve kisa zamanda
diger yapi elemanlarna ileteceginden, kritik sicakliga
ulagilan zamani kisaltir.

Bu sebeple celik elemanlar betonarmeye gore yanginda
daha kolay 1smirlar. Boylece gelik tastyici sistemler
biiyiik deformasyonlara maruz kalarak dayanimlarim
yitirirler.

Ist iletim katsayisi yiiksek olan celikte kalict sekil
degismeleri meydana gelir. Cok zayif olan ve basing
altinda bulunan yap1 kisimlan, yiiksek sicakhklarda
tagima ozelligini kaybeder. Isman celik uzar, birlestigi

noktalarda degisiklikler meydana getirir ve bazen biitiin
yapiy: yikabilecek giicte kuvvet olusturur. Sicakliktan
dolayr meydana gelen bu hacim degisiklikleri, ¢elik
kiris ve celik kolonlarin tagima giiciinii kaybetmesine ve
¢okmesine neden olabilir. Kolonlar ise, genellikle her
taraftan 1s1 gecisine acik olduklart igin, ¢cokme olastlig1
¢ok yiiksek bir yapi elemanidir.

Celik baglantilar, yapilarin sabit kalmasi i¢in ozellikle
kolonlarin yatay olarak desteklenmesi ve burkulma
olmamasi icin 6nemli bir ozellige sahiptir[S]. Bu
nedenle yangindan ile meydana gelen kuvvetlere kargt
yetersiz baglanti gerilimi veya yetersiz bir siineklik
durumu, celik yapmin ¢okmesine yol acabilir. Yiiksek
sicakliklar burkulma yapmayan kolonun burkulmasina
ve daha diigik tasima giicii gostermesine neden
olabilir. Kompozit désemenin yangin altindaki yiiksek
olan ¢okme olasiligi ancak gelik baglantilarin dénme
kapasitelerinin yiikseltilmesi ve daha siinek sekilde
tasarlanmast ile olur[6]. Ayrica yangina karsi bulonlarin
dayaniklilig1 diger celik malzemelere karst degisiklik
gostermektedir ve mekanik davramslarn igin tespit
etmek daha da zorlagir[7].

2.1.3.Celik Yapilarin Yangin Yiikii

Bir yapmin yangm yiikii bir hacim iginde yer alan
yanict maddelerin bir kilogranunin yanmasi halinde
agiga cikan kilokalori cinsinden 1s1 degerinin o hacmin
alamna boliinmesi ile bulunur. Bagka bir degisle, hacim
icinde bulunan ve yanabilen maddelerin miktarlarin
degistirilmesi ya da hacmin yangin yiikiiniin degisimine
etki etmektedir. Celik yapilarm yangm yiikii ise ahsabmn
yangn yiikii ile Kg wood/ m2 ( 1 Kg wood = 18 MIJ)
ifade edilebilir[8]. En ¢ok karsilasilan yangmn yiikleri
Tablo 1’de sunulmustur.

Celik yapilarin yangin degerlendirilmesinde zaman
1/2, 1, 2, 3, 4 saat gibi birimlerle ifade edilir. Belirtilen
zaman ne gercek yangin siiresi ne de konaklayanlar igin
kagis siiresini temsil eder. Yangin giivenligine uyumlu
olup olmadig1 yapilarin standartlarla kargilagtiriimast
yoluyla saglanir. Temel olarak standartlar laboratuar
kosullarinda yapisal celik elemanlarin dayanikliliklarim:
gosterir.

Tablo 1 Celik Yapilarda yangm yiikii [8]

Cesitli Yapilar icin Yangmn Yiikii Ornekleri

Celik Yap: Tipi Kg wood/ m?
Okul 15

Hastane 20

Otel 25

Ofis 35

Magaza Deposu 35

Tekstil iiriinleri gosterilen magazalar | >200
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Sekil 2 laboratuar ortaminda atesten korunan ve
korunmayan celigin performansim gostermektedir.
Korunmamis celigin - 1smma  diizeyi yangindan
korunmus celikle kargilastirildiginda oldukga yiiksektir.

Korumasiz.Celik
- - =
-

500

-
- = -
-
Yangm Korunumlu Celik

L L L
30 60 b '

Zaman(Dakika)

Sekil 2 Yapisal celigin 1sinma diizeyi [8]

Sekil 3’de gosterilen celigin yiiksek sicakliktaki
elastikligin boyutsal olmayan varyasyonlari, akma
gerilmesi ve termal genlesme katsayist (2.1), (2.2),
(2.3) kullamilarak tasarim iginde yangimn yiikiiniin
bulunmasinda faydalidir.

7'y
s f

I Termal genlesme
1.0 ] = Katsayist 105
/ .S, Youngmodul
S =N oram

Akma gerilmesi
oramt

t t T
200 <400 600

Sekil 3 Yiikselen sicakhklarda celigin mekanik
ozelllikleri [8]

20°C degeri ile T sicakhiginda Elastisite oranmimn
modiiler varyasyonlari E denklem 2.1°de verilmistir.

.. = E(T) T
°C<T<600° = -
0°C<T<600°C igin E E(20°C) 10+ 2000tn[ ]
_T.
600°C<T<1000°C igin = 690;1_";31;“0’ (2.1)

Celigin akma gerilmesi yaklasik 215°C’ye kadar kararli
kalir. Daha sonra giiciinii yavas yavas kaybeder. Akma
gerilmesi oran: £ (20°C akma gerilmesi ile ilgili) sicaklik
Tile iligkisi verilmistir. [8]

f= (D _
fy(z0) ' 0°C<T<215°C (22)
_905-T 215°C<T<905°C
690

Temel bir bicimde sicaklikla termal genlesme katsayisi [
denklem 2.3’te verildigi gibi ifade edilebilir. [9]

om=(120+ )x107° (O™ (2.3)

Yukanidaki denklem atese maruz kalan celik yapilarin
analizi ile ilgili oldugu i¢in oldukca faydahdir. Yangma
maruz kalan celik yapilar igin laboratuar uygulama
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kodlart  dayaniklilik  egrileri  genellikle
sicakliklarda olan yapisal ¢elik i¢in saglanmugtir.
Bu egrilerde dayanikhilikla gerilme en Onemli
parametrelerden biri olarak degerlendirilir.  Ornegin
BS:5950 bolim 8[10]'a gore yiiksek sicakhiklarda
celigin dayanimmm korumast ic¢in kesitin tim kismu
icin gerilme %1.5 kabul edilmesine karsin Eurocode
3 boliim 10[11]°da gerilme % 2 dir. %0.5 daha diisiik
gerilme ince yangin koruma malzemeleriyle kolon ya
da bilesenleri i¢in kullanilabilir.

yiiksek

2.2.Yangina Dayanikh Celik

Celik yapilarin yangin giivenliginde ¢elik kesit tipini
aciklamak igin “Yangina dayanikli celikler (FRS)” ismi
kullanilir[12]. Temelde termo-mekanik bir bicimde
islenen ¢elik swradan yapisal celiklerden yapisal bir
bicimde yanginda ¢ok daha iyi performans saglar.
Siradan yapisal celigin mikro yapist ferrit-pearlit
(geligin fazlar)’e sahiptir ama Molybdenum (Mo)
ve Choromium (C) yapiya sahip celik 600°C bile
dayanimim korur. Yangina dayamkh celigin birlesimi
Tablo 2’de sunulmustur.

Tablo 2 Yangma dayamkli celigin kimyasal
birlesimi[12]

(o} Mn Si S P
FRS <0.20% | <1.50% | <0.50% | <0.040% | <0.040%

Mo+Cr
<1.00%

Siradan Celik | <0.23% | <1.50% | <0.40% | <0.050% | <0.050%

Yangmna dayamikli celikler yaklastk 600°C sicakliga
ulagtiginda oda sicakliginda akma gerilmesi giictiniin
2, C . lik Karst dogal
3 Unii gosterir. Buna gore celik yangina karst dog
koruyucudur. Yangma dayamkl celikler 6n-1sitma
olmadan kaynak yapilabilir ve ticari olarak kirisler,
baglantilar ve dirsekler igin uygundur.

Yangma dayanikli celik icin en iyi yollardan biri de
FRS c¢elik paslanmaz celiktir. Sekil 4’de gosterildigi
gibi paslanmaz celik yaklasik 800°C gibi ¢ok yiiksek
sicaklikta dayamkliligiin yaklasik %40’m  korur.
Paslanmaz celigin ¢ok yiiksek yansitict yiizeyi vardir.
Paslanmaz ¢eligin ylizey salimnu  diistikttir[12].

Dayaniklii
Koruma faktori

12

2% gerilme(burkulma)
10 gerilme(b )

1.5%

[ 100 200 300 400 500 600 700 8OO 900
Sicaklik

Sekil 4 Paslanmaz celigin koruma faktorii[12]
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Yiiksek dayamim ve diisiik sicaklik kombinasyonu
yangin koruma olmadan paslanmaz celigin kullanimin
saglar.

2.3.Celik Yapilarmn Yangin Giivenliginde Hp/A
Faktorii

Celik yapilarin yangin sirasindaki temel sorunu binada
bulunanlarin giivenli bir bicimde ¢ikmast igin yeterli
zamanin olmamasi ve erken ¢okmesidir{7]. Ilk olarak
yapt malzemesi normal sicaklik altinda tasarlannmg
olabilir sonrasinda yangina karsi gerekli malzemelerle
izole edilebilir. Celik yapilarda yangin izolasyonunun
kalinligmm hesaplanmasinda ‘Kesit Faktorii® (Hp/A)
yontemi  kullamlmaktadir. Celik eleman kesitinde
yanginin etkiyebilecegi yiizeyin uzunlugunun (Hp)
kesit alanma (A) orani, o profilin kesit faktoriinii
belirlemektedir. Bu oran biiyiidik¢e eleman
icinde sicakhik profili hizli bir artig gostermekte ve
mukavemet kaybr daha kisa siirede olusmaktadir[13].

Sekil 5’de goriildiigii gibi diisiik bir (Hp/A) degerli kesit
yiiksek bir (Hp/A) degerli kesitten normal bir bicimde
daha diigiik diizeyde 1smir ve bundan dolayr daha

yiiksek yangin dayanimi saglar.
—— NI
@\ S e
= =
NN P el =
S —1— =
P At e
Yiiksek Hp/A degeri Diisiik Hp/A degeri

Sekil 5 Kesit faktor kesiti[13]

Diisiik Hp/A sahip ¢elik elemanlara daha az izolasyon
gerekir. Ornegin yapisal kesitte daha kalin olan
celik eleman diisiik bir Hp/A degerine sahip olur ve
bundan dolay1 daha diisiik 1sinma diizeylerine sahip
olurlar. Kesit faktoriinde celigi yangindan korumak
icin kullanilan koruma miktariin dogrusu bilinmek
istenebilir. Yangindan korunmus kesitlerin tipik Hp
degerleri Sekil 6’da sunulmustur{13].

H, =2D+4B-21

Sekil 6 Yangindan korunmus celik kesitlerin Hp birkag
tip degeri[13]

Gerekli olan yangin yahtim malzemesi kalnhg,
koruma bigimi kararlagtinldiktan sonra, Ongoriilen

koruma siiresini  ve kesit faktorlerini kullanarak
tiretici firmamn temin ettigi kalinlik tablolarindan elde
edilebilir (Tablo 3).

Tablo 3 Yangin dayammimn saglanabilmesi igin
‘Hp/A’ oranma gore gerekli yalitim kahnligi[13].

'Yangin dayanimi i¢in gerekli koruma kalinhg: (mm)|
Hp/A| '/2 saat | 1saat | 1'/2 saat | 2 saat | 3 saat 4 saat
150 10 12 23 33 54 75
170 10 13 24 35 57 79
190 10 13 25 37 60 83
210 10 14 26 38 62 86
Hp/A i¢in yiik oranim tamimlarsak

Yangin sinir kosulunda uygulanan yiik
Normal kosullar altinda basarisiz iiyelerin neden oldugu yiik

Yiik Oranm=

Eger yiik oram 1’den az olursa hicbir yangin korumast
gerekmez. Kiriglerde uygulanan bagka bir yol ise istenen
yangin direnme zamanindaki moment kapasitesinin
meydana gelen momentle karsilastiriimasidir. Moment
kapasitesi yangma direnme momentinin altinda ise
yangin koruma zaruri degildir.

2.4.Celik Yangin Koruma Konseptleri

Yangin esnasinda yapim elemanlarinin performansini
karakterize etmek igin kullanlir. Ozel kogullar altinda
islevini devam ettiren bir par¢anin zaman olarak ifade
edilmesidir. Bu iglevler yangin yayilmasini sinirlama,
diger malzemelere destek olma dayamkhilik, gocmeme
kabiliyeti vb. dir. Biitiin malzemeler gé¢mesine etkili
bir bigcimde neden olan yanma sonucunda olusan yiik
onlarin  destekleme kabiliyetlerini  kaybetmelerine
neden olur. Yapmin biitiin davranigim kontrol eden
komponentlerin nasil degerlendirildigine baglht olarak
bir go¢menin sonuglart ¢ok degiskendir. Yiiksek
bloklarin ayaklarindaki kolonlarin basarisizigi biitiin
blok olarak gb¢mesine neden olabilir. Bir yapidaki tek
kiris gerceve basarisiziig yalnizca minimal yerel zarara
neden olabilir. Yangin yiikleri yapisal elementlere ve
oteki komponentlere transfer edildiginden direkt bir
bicimde yangin tarafindan etkilenmez. Sekil 7’ye gore
yukart kat ve gd¢menin sonuglant bityiik degildir ve
zemin katta ¢ok daha kritik yangin sonuglari meydana

gelir[13].
==
iE

[ 1)
Sekil 7 Farkli katlar ve sonuglarda yangin[13]
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3.Yontem

3.1.Dogrusal Olmayan Statik Oteleme (Push-
Over) Analizi

Son donemde yapilarin performansa dayal tasarim
ve degerlendirilmesi amactyla dogrusal olmayan
statik Oteleme analiz yontemlerinin kullanimi hizla
yayginlasmaktadir. Dogrusal olmayan statik oteleme
analiz yontemlerinin temeli, yapinin yatay kuvvet tasgima
kapasitesini ifade eden kapasite egrisinin belirlenmesini,
bu kapasite egrisinden yapmnm elastik olmayan
maksimum  deplasmaninin  (deplasman  talebinin)
hesaplanmasini ve bu deplasman degerine kadar statik
olarak itilmig yapmin performansmin belirlenmesini
icermektedir[14]. Yapilarin performansinin
degerlendirilmesinde dogrusal olmayan statik analiz
yontemlerinden yaygin olarak kullanilanlart Deplasman
Katsayilart Yontemi (DKY) ve Kapasite Spektrum
Yontemi'dir (KSY).

Deplasman Katsayisi Yontemi: Bu yontemde belirli
yatay kuvvet icin yapiya yiiklenen deplasman talebi ile
yapinin yatay yiik tasima kapasitesinin birbirine bagiml
oldugu esasina dayanmaktadir.

Ancak, deplasman talebi grafiksel olarak degil direkt
olarak sayisal bir yontemle hesaplanmaktadir. Buna
gore, deplasman talebi yapi sisteminin ozelliklerine
bagl olarak belirlenen ve yapmin periyodunu,
histeristik ~ davramgini, ikinci  mertebe  etkilerini
temsil eden katsayilar (Co,C1,C2,C3) kullanilarak
hesaplanmaktadir. Bu yontem yapmin  kapasite
egrisinin belirlenmesi, maksimum deplasmanin (hedef
deplasmani) hesaplanmasi ve performans seviyesinin
belirlenmesi asamalarindan olugmaktadir{15].

Kapasite Spektrumu Yontemi: Kapasite spektrum
yontemi, yapimn genel kuvvet deplasman spektrum
egrisi ile talep spektrum egrisinin indirgenmesi ile elde
edilen indirgenmis tasarim spektrumu egrisinin grafiksel
olarak bir arada goriilmesini saglamaktadir. Kapasite
spektrumu yonteminde, yapida meydana gelen elastik
olmayan deformasyonlara bagh olarak elastik talep
spektrumu indirgenerek kapasite ve talebin esit oldugu
nokta belirlenmektedir. Performans noktast ad1 verilen
bu noktada yapidan istenen performans hedefinin
gerceklesip gerceklesmedigi kontrol edilmektedir.

Dogrusal olmayan statik Oteleme  (push-over)
analizinin yapilma amaci ana hatlartyla asagidaki gibi
ozetlenebilir[ 14]:

* Yapi sisteminin artan yatay yiikler altinda dogrusal
olmayan davramsinin ve gécme seklinin belirlenmesi,
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e olusan plastik kesitlerin tiirleri ve yapi icindeki
dagiimmin  belirlenmesi  (hasar  dagilimmin
belirlenmesi),

« toplam ve goreceli yer degistirmelerin belirlenmesi,

e yapi sisteminin siineklik diizeyi hakkinda bilgi
edinmek,

« plastik kesitlerdeki sekil degistirmeleri belirlemek.

3.2. 9-Kath Siineklik Diizeyi Yiiksek Moment
Cerceve

Bu caligmada kullanilan moment aktaran cercevesi,

9 katl siineklik diizeyi yiiksek celik moment aktaran

cercevesidir. 9 katli cercevelerin plan ve kesitleri Sekil

8’de verilmigtir. Kolon ek yerleri her iki katta bir

diizenlenmistir.
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b. A aksi iizerindeki moment cerceve
Sekil 8 9 katli cercevenin plan ve diisey kesiti

Bina, diisey yiiklere ve deprem yiiklerine gore
tasarlanmugtir. Bu dizaynda katlar icin 4.59 kN/m2
oli yiik ve 239 kN/m2 hareketli yiik, catilar igin
397 kN/m2 ol yik ve 095 kN/m2 hareketli yiik
alinmugtir. Binanin tastyict sistemi  bir  dogrultuda
stineklik diizeyi yiiksek moment cerceveleri, diger
dogrultuda dismerkez ¢aprazhi cercevelerden ve
diisey yik tastyan i¢ cercevelerden olugsmaktadir.
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Binanin bodrum katindaki duvarlari yapinin yatay yer
degistirmesini engelledigi kabul edilmistir. Binalar
Los Angeles’in merkezinde Sg degerinin %200g ve
S1degerinin %100g oldugu bolge i¢in tasarlanmistir.
Siineklik diizeyi yiiksek moment aktaran gercevesi
icin tastyici sistem davranist R= 8 alinmustir.

Taban kesme kuvveti 8656.24 kN bulunmustur. Kirig
ve kolon elemanlarin boyutlart Tablo 4’de verilmistir.

Tablo 4 9-kath cerceve elemanlarinin boyutlart

)
=4

ID1s Kolon [i¢ Kolon [Kirig
W14X257 [W14X311 [W24X55
W14X257 W14X311 \W27X94
W14X311 [W14X426 'W30X132
W14X311 W14X426 (W30X132
W14X3 98 W14X500 'W33X141
W14X3 98 W14X500 (W33X141
W14X455 W14X550 (W33X141
W14X455 W14X550 'W33X141
W14X550 W14X730 \W36X194
Bodrum W14X550 W14X730 |(W36X194

EIEIEIEN R IR

Biitiin kolonlarin ve kiriglerin akma gerilmesi en
kiigiik akma dayanimi olan 34.4738 (Fe52)kN/Mm?2
olarak alinmigtir. Binada kat dosemeleri diyafram
hareketini saglamaktadir. Bu nedenle, binadaki
her bir katin atalet (eylemsizlik) momenti binanin
iki ucundaki cerceve tarafindan tasinmakta ve her
bir cerceveye gelen toplam kiitle, binamin sismik
kiitlesinin yarisi olarak alinmugtir.

Kirig derinlikleri W36 ile simirlandirilmistir. Tasarim
adimlart dayanim, goreceli kat 6telemesi kontrolii ve
gii¢lii kolon — zayif kat kontroliinden olugsmaktadir.

3.3. Modellemenin Ozellikleri

Moment cergevelerin  iki  boyutlu modelleri
SAP2000’de yapilmustir. Elastik &tesi davrams,
elemanlarn iki ucunda tanimlanan plastik mafsallarla
ifade edilmistir.

Peklesme etkisi %5 olarak almmustir. P-M (eksenel
kuvvet-egilme momenti) etkilesim iligkisi, AISC
Sartnamesinde  (2005) onerildigi  gibi, kolon
elemanlarinin egrilik yiizeyleri olarak kullanilmistir.
Analizlerde panel bolgesi deformasyonu ihmal
edilmistir. Sonim oramt % 5 olarak alinmigtir
ve dogrusal olmayan dinamik zaman ge¢mesi
analizlerinde 2.ve 4. dogal frekanslarina ait rijitlik
ve kiitle orantili Rayleigh soniimii kullanilmistir.

Cercevelerde 4.57 m genisligindeki yiik alanindaki
olii yiikin % 90’1 her kattaki moment aktaran
cercevesinin kolonlarmin tepesine yerlestirilmistir.
P- Aetkisi (“P” yatay yiikii etkisinde olugan “A” yatay
tepe deformasyonu) degerleri dikkate alinmigtir ve
secilen kolon ve kirig elemanlar1 kompakt kesitlere
sahip olduklarindan, yerel burulma etkisi ihmal
edilmistir[ 16].

3.4.S1caklik Etkisi

Yapidaki tastyici sistemin egilmelere biikiilmelere ve
sonugta da ¢cokmeye neden olacak bir sicakliga kadar
isitilmasima  izin  verilmez. Binalarm Yangindan
Korunmasi1 Hakkinda Yonetmelik[17] hiikiimlerine
gore, celik kolon ve kiriglerin yangin durumunda
ozelliklerini  kaybetmemesi i¢in yangina karst
yalitilmast  gerekmektedir. Yonetmelikte, cevreye
yangin yayma tehlikesi olmayan ve yangin sirasinda
icindeki yanmict maddeler yiiziinden yapinin celik
elemanlarinda  540°C’nin iizerinde bir sicaklik
artigina sebep olmayacak biitiin ¢elik yapilar yangina
kargt dayanikli kabul edilmektedir. Bu sicaklik
mutlak olmayip, kullanilan celigin 6zelliklerine ve
uygulanan yiik faktoriine bagli olarak degisebilir.
Yangindan korunma sisteminin, hem mimar hem de
ingaat miihendisi tarafindan 6n tasarim asamalarinda
dikkatli bir sekilde goz Oniine alinmasi gerekir.

Ist iletim katsayist yiiksek olan c¢elik, 1smma
durumunda gerilim smirmi ¢ok kolay asabilir.
Gerilim simr asildiginda gerilme esnekligi kaybolur
ve kalict sekil degismeleri meydana gelir. Cok
zayif olan ve basing altinda bulunan yapi kisimlart,
yiiksek sicakliklarda tasima ozelligini kaybeder.
Isinan celik uzar, birlestigi noktalarda degisiklikler
meydana getirir ve bazen biitiin konstriiksiyonu
yikabilecek giicte kuvvet olusturur. Sicakliktan
dolay1 meydana gelen bu hacim degisiklikleri, celik
kirig ve celik kolonlarin tagima giiciinii kaybetmesine
ve ¢okmesine neden olabilir. Kolonlar ise, genellikle
her taraftan 1s1 gecisine acik olduklari igin, ¢okme
olasihg1 cok yiiksek bir yapr elemamdir. Cok yiik
tastyan kolonlardan sadece birinin kirilmast bile
biitiin binamin ¢okmesi demektir. Bu yiizden yangina
kars1 ¢ok dayanikli olmalidir.

Celigin uzama Kkatsayisi, ahgsabin yaklagik ti¢

katdir. Ornegin, baglangigta uzunlugu 5 m.
olan 20°C sicakliktaki ¢elik tastyici, yangm
sebebiyle 640°C sicakliga 1smdifinda  boyu

yaklagtk 5 cm. artar. Toplam uzunluk arttikca
tagtyicilarin - dayandigi  veya uzamadan dolay:
ittigi  duvarlara  biiyiik  giigler  uygulanir.
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Bu nedenle bu tiir yapilar, 6zellikle yanginlardan
dolay1 yiikselen sicakliklar nedeniyle meydana
gelen uzamalardan korumak icin ulasilacak
sicaklik hesaplanmali ve gerekiyorsa yangima karst
yalitilmalidur.

Celigin cekme mukavemeti baslangicta 150-300°C
degerlerinde biraz arttiktan sonra, daha yiiksek
sicakliklarda hizla azalir ve yanginlarda kolayca
erisilen 600°C sicakliginda emniyet gerilmesinin
altina diiser. Yiiksek sicakliklarda bag kuvvetlerinin
azalmasi, celigin elastisite modiiliiniin azalmasima
neden olur. Elastisite modiiliiniin degeri 20°C’dekine
kiyasla, 400°C’de % 15 ve 600°C’de ise % 40
kadar azalir. Cevre sicaklifina gore mukavemeti
ise, sicakligt 700°C oldugunda % 23’e, 800°C’de
% 11’e, 900°C’de % 6’ya diser ve yaklasik
1500°C sicaklikta erir. Uzamalar 1s1l gerilmelerin
olugmasma ve normal olarak yiiksek sicakliklarda
burkulma yapmayan kolonun burkulmasia ve daha
diisiik tagima giicti gostermesine neden olabilir[18].

Celik iskeletli yapilarin yangin bakimindan 6zel
onemi vardir. Bunlarda, yanmazliktan ¢ok 1s1l
sekil degistirmelerin olusumu g6z Oniine alinir.
Bircok standart, ¢elik yapilart 6zel bir simf olarak
ele almigtir. Celik yapilarin tasarimina iliskin
bilgi veren Eurocode 3 (EN 1993) standartlarinin
ikinci  bolimii, celik tastyicilarin - yalitimia
ayrilmistir ve cesitli hesap yontemleri verilmistir.

Alan1 5000 m?den az olan tek kath yapilar hari¢
olmak iizere, diger celik yapilarda, ¢eligin sicaktan
uygun sekilde yalitilmasi gerektigi belirtilmektedir.
Binanin, kullanim sekline ve yiiksekligine bagl
olarak binanmn belli bir siire ¢okmeden korunmast
gerekir. Yonetmelikte EK 3/C’ye goére yapida
yagmurlama olup olmamasima, kullamm gsekline
ve yapt yiiksekligine bagl olarak yangina dayanim
(direng) siireleri  verilmigtir.  Yangmn dayanim
stiresi, bir yapi boliimiiniin belirli bir yangin yiikii
altinda, kendisinden beklenen gorevleri yerine
getirmeye devam ettigi zaman siiresidir. Burada
sozii edilen gorevler; yiike dayanim, hacim 6rtme
ve 1s1l difiizyonu sinirlama fonksiyonlaridir. Hacim
orten yapi elemanlarinda, atese bakmayan arka
yiizlerde sicaklik artmasmin 140°C’yi asmamasi ve
buralarda kendiliginden yanabilir gazlar olusmamast
istenir. Egilmeye calisan elemanlarda ise sehimlerin
artma hizinin belirli smrlart agmamasi  gerekir.

Ciplak celigin de belli bir derece yangmna direnci

oldugu unutulmamahdir. Celik 550°C’de oda
sicakligmdaki akma gerilmesinin %350’sine yaklasir.
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Yangin sartlarma, yiiklenmeye, baglantilara, ug
baskilara, alanin geometrisine ve benzerine bagh olarak
ciplak celik o alan icin giivenilir olarak varsayilmig

tasarim  yangmnlarma uygun direng  gosterdigi
goriilmiistiir.
Yapilarda ¢iplak  celigin  kullamldigt  yaygin

uygulamalar iginde az katli binalar, agik otoparklar
ve dis yapi elemanlart yer alir. Celik profillerin
isinma problemindeki en onemli faktorlerden biri
de “F/V profil faktorii” adi verilen, aleve maruz
kalacak alanin 1sinacak kiitleye oranidir. F/V oram ile
yangina dayamim siiresi ters orantili olarak degisir ve
F/V orani kiiciildiikge yangia dayamim siiresi artar.

Yangmn direnci olan ingaat c¢eligi alagimlar,
600°C’de oda sicakhigindaki akma gerilmesinin
2/3’tnti tutacak sekilde gelistirilmektedir. Bu
celige akma gerilmesi iizerine etki yapan molibden
gibi elementlerin katilmastyla saglanir[19]. Bu
malzemeyi kullanarak insa edilmig birkac yapi
mevecuttur. flave yangina kargt dayaniklilik derecesi
yangma dayanikli celige, klasik yangina direngli
kaplamalarmn  uygulanmasiyla elde  edilebilir.

Yenilik yaratici arasgtirmalar ve geligmig {iretim
uygulamalartyla yeni celik formiilleri goriilmektedir.
Bu yeni celikler halen Japonya ve diger Asya
iilkelerinde smrli  kullanim yerleri bulmustur.
Yangma dayanikli ¢elikler olarak atif yapilan bu
malzemeler endiistri iginde yer bulmaktadir. Yangina
dayanikli celiklerin aragtiricilari, bu malzemelerin
yiiksek sicaklik seviyelerindeki ozelliklerinin daha
geleneksel celik formiilleriyle karsilastirildiklarinda
daha az mukavemet kaybi gosterdiklerini,
ancak yangina dayanikli celiklerin pasif koruma
onlemlerinin yerini alamayacagin belirtmektedirler.
Buna kargilik bu teknolojinin, yap1 ¢cékmeden 6nce
ilave zaman kazandiracagi ve yapiyr koruyucu
malzemelerin iflas etmesinden sonra bile yapinin
daha uzun siire ayakta kalmasini saglayacagi kesindir.
Yangma dayanikli celik kullanilmasinin Srnekleri
Japonya, Cin ve Almanya’da mevcuttur. Smrh
sayidaki uygulamalar arasinda otopark, spor salonu,
demiryolu istasyonu ve ofis binalar1 sayilabilir[18].

Celik icin genel bir iliski Sekil 9’ da gosterilmistir.
Sicaklik yaklagik 93 °C” ye ulastiginda akma gerilme
ve kopma gerilme egrileri dogrusal olmayan egri
cizmeye baslar. Elastisite modiilii, akma gerilmesi,
kopma gerilmesi sicakligin artmasi ile beraber azalir.
426°C - 538°C aras1 azalma diizeyinin an fazla oldugu
sicakliklardur. Farklimikroyapi vekimyasal yapilarindan
dolay1r her ¢eligin davramgi birbirinden farklidir.
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Celik goreceli bir bicimde yiiksek karbon yiizdesine
sahiptir. 150 °C ile 370 °C diizeylerinde akma
gerilmesi Ornegin Fe37 gibi bir celikte ortaya
cikabilir.  Sicaklik 204 °C’ ye ulagtiginda akma
gerilmesi ve kopma gerilmesindeki azalmada
stireklilik gosterir. Sicaklik 1093°C” ye ulagtiginda
akma ve kopma gerilmesi en diisiik seviyesine ulagir.
Elastisite modiiliiniin azalmasi sicakhigin artmas ile
dogrusal bir bicimde azalir. 538° C den itibaren daha
hizli bir bicimde azalma meydana gelir. Daha da
onemlisi 260°C ile 320°C yukarisindaki sicakliklarda
celikte ortaya cikan siinme olarak bilinen plastik
deformasyon zamanla artar.

Cogu celik yaklagtk 538 °C  asagisindaki
uygulamalarda kullanihir. Istya maruz kalan gelik
426 °C asagisinda tutulmalidir. Bu uygulamada
93°C, 204°C, 325°C, 426 °C ve 538°C de celigin
davranigt dogrusal olmayan statik oteleme (push-
over) analiz yontemi ile incelenmistir.

Tablo 5 Celik sicaklik tablosu

(Celik /Sreaklik 200F | 400F | 600F | S00F | 1000F | 1200F | 1400F | 1600F | 1800F | 2000F

93°C | 204°C | 325°C | 426°C | 538°C | 649°C | 760°C | 871°C | 982°C |1093°C
/Akma gerilmesi 095 090 089 084 069 035 019 011 0.05 0.05

Kopma gerilmesi | 96| 99| 095| 082 057, 026 017 009 004 003
Elastisite Modili | 499 | 96| 090| 080 070 049 024 o0s| 003 0025
Yukaridaki grafikten akma gerilmesi,  kopma
gerilmesi ve elastisite modiillerini tablo haline
getirirsek asagidaki gibi elde edilir [Tablo 5]
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Sekil 9 Yapisal celiklerin akma gerilmesi, kopma
gerilmesi ve elastisite modiilleri egri 6zelliklerinin
yiiksek sicakliklardaki degisimi[19]

Yukardaki tablonun yardimiyla ¢elik i¢in SAP2000
programinda kullanilan akma gerilmesi, kopma
gerilmesi ve elastisite modiilleri 93 °C, 204 °C,
325 °C, 426 °C ve 538 °C sicakliklardaki degerleri
asagidaki gibidir[Tablo 6]. Bu tablodan elde edilen
degerler grafik olarak Sekil 10’da sunulmustur.
Bu grafikler Sekil 9’daki grafiklerle uyumludur.
Tablo 6’daki degerlere uygun olarak yapisal
model modifiye edilerek dogrusal olmayan statik
oteleme (push-over) analizleri gerceklestirilmistir.

Tablo 6 Celik malzeme 6zelliklerindeki degisim

Celik /| 200F 400F 600 F 800F 1000 F
Sicakhik

93°C 204°C 325°C 426°C 538°C
Akma 32,7501 31.0264 30.6816 28.9579 23.7869
gerilmesi | kN/mm? kN/mm? kN/mm? kN/mm? kN/mm?
Kopma 43.0233 443677 42,5751 36.7490 25.5450
gerilmesi | kN/mm? kN/mm? kN/mm? kN/mm? kN/mm?
Elastisite 19794.85 19195.0 17995.31 15995.83 13996.35
Modiili | kN/mm? | kN/mm? KN/mm? | KN/mm? | kN/mm?
Celik /| 1200 F 1400 F 1600 F 1800 F 2000 F
Sicakhk

649°C 760°C B71°C 982°C 1093°C
Akma 12.0658 6.5500 3.7921 17236 17236
gerilmesi | kN/mm? kN/mm? kN/mm? kN/mm? kN/mm?
Kopma 11.6521 76187 4.0334 17926 13444
gerilmesi | kN/mm? kN/mm? kN/mm? kN/mm? kN/mm?
Elastisite 9797.45 4798.75 999.73 599.84 499.86
Modilli | kN/mm?> | kN/mm? | kN/mm? | kN/mm? | kN/mm?

0F/0°C

Akma 344738
gerilmesi kN/mm?
Kopma 448159 S :
goriimest | ot/mm: Baslangic degerleri
Elastisite 1999479
Modiilii kN/mm?
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Akma gerilmesi

35
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£ 15 NC
: * S
g 5

0 0

93°C ‘zm'c‘azs-c‘us'c sss-c‘sas-c‘nn'c‘xu'c‘ssz-c‘ 1099

[—#—Akma gerilmesi 32,750131,026430,681628,957923,786912,0658|6,5500 | 3,79211,7236 |1,7236

a)Akma gerilmesi

Kopma gerilmesi
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Sekil 11 Ilk iki kattaki yangin sonucu dogrusal
olmayan statik 6teleme(push-over) analizi

Tablo 7 ilk iki kattaki yangin sonucu dayanim-
rijitlik degisimi

e T

[—e—Kopma gerilmesi 43,023344,367742,575136,749025,545011,6521/7,6187 | 4,0334 | 1,7926 | 1,3444 |

b)Kopma gerilmesi
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4~ Elastisite Modil

¢)Elastisite Modiilii - kKN/mm2

Sekil 10 Akma gerilmesi, kopma gerilmesi ve
elastisite modiillerinin grafiksel gosterimi

9 katli c¢ergcevenin yangina maruz kalmast
durumunda dayanimu ve rijitligindeki degisiklikleri
incelemek i¢in degisik senaryolar planlanmustir.
Bu amagcla tiretilen senaryolar asagidaki gibidir.

4.Bulgular
4.1. Senaryo 1:

Yanginin ilk iki katta ¢ciktig1 kabul edilmistir. Sekil
10’da kullanilan grafikler dogrultusunda ilk iki
kattaki celik malzemenin akma gerilmesi, kopma
gerilmesi ve elastisite modiilleri degistirilerek
yapida dogrusal olmayan statik oteleme (push-
over) analizleri yapilmistir (Sekil 11). Bu grafikten
elde edilen dayanim ve rijitlik degerleri asagi-daki
tabloda ¢ikmigtir (Tablo 7).

29

45
s o T
2 ~
* 35 3KAT 0°C  [Degisi [93°C |Deisim [204°C |Degisi |316°C  |Degisi |427°C |Degisi |538°C
% 30 m
H pod AN Dayamm(V) | 13000 |47 | 12200 | %5 | 11700 |-%1 | 1166666 |-%6 | 11000 |-%12 | 940248
£ b W W I W I W
g Baglangiy | 38930 | %8 | 36057 | %4 | M4662 | %1 | 34649 | %4 | 33566 | %4 |30923
- 15 N RijigI(K) | kN/mm KN/mm KN/mm KN/mm KN/mm KN/mm
£ 10 ~—_ Akma 6 |1 [5942 | %1 5963 |3 |S791 |W2 |5732 |3 5597
g 5 Sonrasi /mm a/mm ¥/mm W/mm W/mm W/mm

Rl (k)

artmasiyla  stirekli ~ diigmektedir. Degisimler
incelendiginde dayanim(Vy)’daki degisim 427°C
ile 538°C arasinda oldukca artmaktadir. Genel
cok daha fazla olmasina karsin, akma sonrasi
rijitliginde  (Ks) degisimin daha az oldugu
goriilmektedir.

4.2. Senaryo 2:

Yanginin ilk iic katta ciktigi kabul edilmistir.
ilk ii¢ katta meydana gelen yangindaki dogrusal
olmayan statik 6teleme (push-over) analizi sonucu
ortaya ¢ikan grafik asagida verilmistir (Sekil 12).
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Z t
£ SR

— #538C
g o sosoete
2 8000 PR 2 Ad T maz7c
2 |
=== 1‘! | Ast6
K] 3 xa04c
] L4
2 .l *93C
k]

F ooc
10 [ 10 20 30 40 50

Tepe Deplasmani(cm)

Sekil 12 Ik iig katta ¢ikan yangin sonucu dogrusal
olmayan statik 6teleme (push-over) analizi

Tablo 8 ilk ii¢ katta ¢ikan yangin sonucu dayanim
rijitlik degisimi

IKAT 0°C  [Degisi [93°C | Degisim|[204°C |Degisi |316°C |Degisi |427°C | Degisi | 538°C
m m m m

Dayamm(Vy) | 13000 | -%7 12200 |-%5 11700 [-%1 | 1166666 |-%6 11000 | %12 | 948248
N N N Y N N

Baslangig. 38938 |-%8 36057 | -%4 34862 %1 34649 [-%4 [ 33566 |-%4 30923

RIIigIK) | kN/mm N/mm KN/mm KN/mm N /mm KN/mm

Alama 60 | Wl 5942 |1 |5963 |%3 | 5791 |2 5732 | %3 | 5597
KN/mm K/mm N/mm KN/mm KN/mm KN/mm

Sonrasi
Rijitlig ()
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Sekil 12’den elde edilen Tablo 8'deki dayanim

sonucu ortaya ¢ikan tabloda gosterilen degerlere gore bir
miktar daha fazla azalma ile sonuglanmigtir. Bunun en
onemli nedeni yanginin ilk 2 kattan daha yukari dogru
sicrayarak 3. kati da etkisi altina almasi sebebiyledir. Bu
da yapmin dayamim ve rijitligini 6nemli bir miktarda
etkilemeye baglamustir. Degisimler incelendiginde bu
durum agikca goriilmektedir.

4.3. Senaryo 3:

Yangmn ilk alti katta ¢iktig1 kabul edilmigtir. Yangimin
iyice siddetlendigi ve ilk alti kata kadar yiikselmesi ile
elde edilen dogrusal olmayan statik 6teleme (push-over)
analizi sonucu asagidadir (Sekil 13).

Taban Kesme Kuveeti(KN)

-10 o 10 20 30 40 50 60 70 80
Tepe Deplasmani(cm)

Sekil 13 flk alti katta gikan yangin sonucu dogrusal
olmayan statik dteleme (push-over) analizi Tk 6 kattaki
dogrusal olmayan statik Gteleme analizi (push-over)
sonucu olugan sonuglar asagidaki tabloda verilmigtir
(Tablo 9).

Tablo 9 ilk alt: katta ¢ikan yangin sonucu dayamm
rijitlik degisimi

GRAT TC[Degiim [95°C | Degisim | 204 C | Degisim | 316°C | Degisim | 427°C | Degisim | B5°C
Dayawmn(Vy) | 13000 |95 | 12400 |9k [ 11800 |93 | 1100 |58 | 1066666 | %20 |8625
N i N o~ i N
38938 |50 3598 |98 | 3666 | %3 [32956 | [314d46 |95 |27043
Rijitigiic) | kN/mm WNmm | KNimm KNimm iN/mm N/mm
Alma Sonras |60 |95 | STU4 [ S¢7 5336 | %2 [5267 | %l |s219 %26 |39.14
Rijitigl (K9 | N/ N/ KNmm KN/mm KN/ KN/mm

ilk 6 katta ¢ikan yangin sonucu olugan dayanim (Vy),
diististi bilhassa 427 °C ile 538 °C arasindaki degisim
oranina bakildiginda oldukca yiiksektir. Ayni sekilde

dikkati cekmektedir.

Dayanim Degismesi

L=

ayanim( Vy)
2KAT 3KAT 6 KAT
m02C | 13000 13000 13000
mo3°c | 12300 12200 12400
u204°C| 11950 11700 11800
=316°C | 11800 | 11666,66 | 11500
=427°C | 11166,66 | 11000 | 10666,66
W538°C | 9666,66 | 948248 | 8625

Sekil 14 2-,3-,6 kata kadar binada degisik sicakhklarda
peklesme sonunda ulagilan nihayi yapinin dayanimi- kN

Sekil 14’de 0°C, 93°C, 204°C, 316°C’ de peklesme
sonunda ulagilan nihayi yapinin dayammdaki azalma
427°C ve 538°C’ de meydana gelen dayamm
azalmasindan daha azdir. Tiim binadaki dayamm
azalmast diger katlarda meydana gelen yanginlara
oranla Snemli bir miktarda fazladir. Bunun nedeni
yapinin artik kritik bir sicakliga ulasmasidir. Bina da
yeterli yangindan korunma dnlemlerinin olmasi gerekir.

—_ langictElastik)-Rijitligindeki Degisim—————

Q

X

]

=4

3

%

a8 Rijitligi(Ke) | Rijitligi(Ke) | Rijitligi(Ke)

] 2 KAT 3KAT 6 KAT

& [moec 389,38 389,38 389,38

@ lmo3c | 36666 360,57 353,98
m204°C| 351 348,62 346,66
m316°C | 34749 346,49 329,56
m427°C | 325,05 335,66 314,46
m538°C | 31446 309,23 270,43

Sekil 15 2-,3-,6 kata kadar binada degisik sicakliklarda
Sekil 15°de baslangic (elastik) rijitliginin karsilastirmal
olarak analiz sonucu gosterilmistir. Yatay yiikten
kaynaklanan ~deformasyon rijitlik Olgiisii  olarak
tammlanir. Ayni yanal yiik etkisindeki elemanlardan, az
deformasyon yapan bir elemanin digerine gore daha rijit
oldugu belirtilebilir. Goriildiigii gibi yapidaki sicaklik
yapida elastik rijitligi azaltmaktadir.

Yangma dayanikli celik bir yapi yeterli baslangic

egilme rijitligi olarak da diistiniilebilir[20].
Akma Sonrasi(Elastoplastik) Rijitligindeki Degisim
70
60
50
40
30
20
10
0 - "
2 KAT 3 KAT 6 KAT TUM BINA
m204°C 58,49 59,63 53,36 50
m316°C 58,39 57,91 52,67 40,74
m427°C 57,47 57,32 52,19 39,3
W 538°C 57,31 55,97 39,14 36,68

Sekil 16 2-.3-,6 kata kadar binada degisik sicakliklarda

Biiyiik yanginlarin hemen hepsinde zayif kolonlarin
¢cokmesi sonucu iist iiste yigilan katlar gozlenmigtir.
Akma sonrasi (Elastoplastik) rijitlik yukarida goriildiigii
gibi sicakhigin etkisi ile azalmaya devam etmektedir
(Sekil 16).
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Bu sebeple yapilarin ve tastyici sistem elemanlarmin
islevlerini  yerine getirebilmeleri icin, isletmede
olmalar1 ve aym zamanda, bu siire zarfinda tasarim
yiikiiniin iistiine ¢ikabilecek durumlar 6rnegin yangin
gibi asin yiik icin de giivenliklerinin bulunmasi gerekir.
Tagtyici eleman boyutlarinda kabul edilebilir sinirlarn
diginda olusabilecek degisiklikler ve malzeme veya
birlesim araglarimin  dayammundaki farkliliklar da
elemanin gergek dayammunin tasarim degerinden daha
kiiciik olmasina neden olabilmektedir. Dolayisiyla,
yapisal tasarimda hangi yontem kullamlirsa kullanilsin,
asin yikleme veya dayamm azalmasi olasiigia
karst yeterli bir giivenligin bulunmast saglanmis
olmalidir{21].

5.Sonug ve Tartisma

Celik yapilarin gesitli katlaria kadar ¢ikan yanginlar
sonucundaki  degisim dogrusal olmayan  statik
oteleme(push-over) analizi yontemiyle Sekil 11, Sekil
12, Sekil 13’de gosterilen taban kesme kuvveti-tepe
deformasyonu grafikle gosterilmigtir. Bu grafiklerden
elde edilen sonuclar Tablo 7, Tablo 8, Tablo 9 akma
sonrast (elastoplastik) rijitlik, baglangi¢ (elastik) rijitligi
ve dayamim olarak verilmistir. Bu tablolardan elde edilen
sonuglarin kargilagtirilmali sonuglar ise Sekil 14, Sekil
15 ve Sekil 16’da sirastyla 0°C, 93°C, 204°C, 316°C,
427°C, 538°C’ de verilmistir. Boylelikle yanginin etkisi
degerlendirilmigtir.

ik olarak dayanim, baslangic (elastik) rijitlikleri ve
akma sonrast (elastoplastik) rijitlik fazladir ve daha
fazla yan-gin yiikii tagimaya zorlandiklarinda, tasarim
ozelliklerine bagh olarak ya gevrek davrang dzellikleri
gosterip ani olarak kirlabilirler ve yahut siinek bir
davranig ile maruz kaldiklar yiikii artan deformasyonlar
esliginde karsilamaya devam ederler. Bu nedenle,
artan sicakliklar altinda agilan elastik sinurlar, geligin
dayaniminin azalmasina yol agar. Dayanimda ortaya
¢ikan baslangic degerindeki degisme yaklasik olarak
ilk 2 katta ¢ikan yangin icin yaklastk %25.6, ilk 3 katta
cikan yangmn icin yaklasik %27.1 ve ilk 6 katta ¢ikan
yangin i¢in yaklasik %33.7’lere varan bir azalmaya yol
acar. Baglangic (elastik) rijitlikte ortaya ¢ikan baglangic
degerindeki degisme yaklasik olarak ilk 2 katta ¢ikan
yangmn icin yaklastk %19.2, ilk 3 katta ¢ikan yangin
icin yaklagik %20.6 ve ilk 6 katta ¢ikan yangin igin
yaklasik %30.5’lere varan bir azalma ortaya ¢ikarir.
Akma sonrasi (elastoplastik) rijitlik igin baglangic
degerindeki degisme yaklasik olarak ilk 2 katta ¢ikan
yangn i¢in yaklagik %4.5, ilk 3 katta ¢ikan yangm igin
yaklasik %6.7 ve ilk 6 katta ¢ikan yangm icin yaklagik
%34.8’lere varan bir azalmaya neden olmustur.
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Celik yapilar yangina gore tasarlandiginda siinek bir
davranig ile dayammlarinda 6nemli 6lciide diisme
meydana gelmeden plastik deformasyonlarim arttirirlar.
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ELECTROMAGNETIC SHIELDING PERFORMANCES OF COLEMANITE /
PANI / S1I02 COMPOSITES IN RADAR AND
WIDER FREQUENCY RANGES
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ABSTRACT

In this study, colemanite-SiO2 were produced by using mixed oxide technique. The composition
was formed with various proportions for the structural analysis. The results of the structural analysis
indicated that second phase did not form in colemanite and SiO2. Addionality, the colemanite/
polyaniline/SiO2 composites were produced by hot pressing using the compositions of colemanite-
Si02 in different proportions and aniline. The weight ratios of colemanite-SiO2 and aniline were 1:1
respectively and epoxy resin was used to produce microwave shielding composites. The microwave
shielding performances of colemanite/polyaniline/SiO2 composites were investigated by shielding
effectiveness in 8 —18 GHz using two—port vector network analyzer. A minimum of — 41.1 dB
shielding effectiveness performance was obtained in 16.09 GHz at the thickness of 1.5 mm. This
shielding performance can be modulated simply by controlling the content of polyaniline and content

of colemanite-SiO2 in the samples for the required frequency bands.

Keywords: Elektromagnetic shielding effectiveness, polyaniline, colemanite,

polymer-matrix composites.
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RADAR VE DAHA GﬁNiS FREKANS ARALIGINQA KOLEMANIT/PANI/
Si02 KOMPOZITLERIN ELEKTROMANYETIK KALKANLAMA
PERFORMANSLARI

Ethem ilhan SAHIN*, Mehriban EMEK**, Burcu ERTUG***, Mesut KARTAL****

0z

Bu calismada, kolemanit-SiO2 oksitlerin karisimi teknigi kullamilarak tiretilmistir. Kompozisyon,
yapisal analiz i¢in cesitli oranlarda olusturuldu. Yapisal analizin sonuglari, kolemanit ve SiO2’de
ikinci fazin olugmadigini gostermistir. Buna ek olarak, kolemanit /polianilin/SiO2 kompozitleri,
farkli oranlarda kolemanit-SiO2 bilesimleri ve anilin kullanilarak sicak presleme yoluyla iiretildi.
Kolemanit-SiO2 ve anilin agirlik oranlart sirastyla 1: 1 idi ve mikrodalga koruyucu kompozitler
iiretmek icin epoksi recine kullanildi. Kolemanit/polianilin/SiO2 kompozitlerinin mikrodalga
kalkanlama performanslari, iki portlu vektor network analizorii kullanilarak 8-18 GHz’de ekranlama
etkinligi ile arastirilmigtir. Minimum -41.1 dB ekranlama etkinligi performansi 1.5 mm kalinli§inda
16.09 GHz’de elde edilmistir. Bu ekranlama performansi, gerekli frekans bantlari i¢in numunelerde

polianilin igerigi ve kolemanit-SiO2 igerigi kontrol edilerek modiile edilebilir.

Anahtar Kelimeler: Elektromanyetik kalkanlama etkisi , polianilin , kolemanit, polimer-matrix

kompozitler.
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1. Introduction

Due to the extensive use of modern communication
gadgets,Electromagnetic  Interference (EMI) has
received worldwide social and scientific attention. In
general, critical EMIproblems are encountered in satellite
communication, digatial devices, radar management
systems, wireless technology and other electronic
equipment [1-3]. Due to the intense generation of high
frequency electronic industry, electromagnetic pollution
and electromagnetic interference (EMI) have emerged
as a major issue in today’s world. Electromagnetic
radiation not only impedes electrical power system
efficiency and output but also has a damaging influence
on human health. Using EMI shielding materials is an
useful strategy to reduce the above mentioned problems
efficiently. In just this regard, new and more effective
EMI shielding materials have attracted significant
attention [4-8]. Shielding of EM waves leads to
reduction of interferences by converting EM energy into
thermal energy via reflection or absorption of radiation
power [9]. For instance, Metals and carbon materials are
fine EMI shielding materials [10-13].

Polymer-based electrical conductor composites
offer additional benefits over conventional metallic
composites, including cost-effective, lightweight and
corrosion-resistant [14].

Among the intrinsically conductive polymers, the
extraordinary electrical property of polyaniline (PANI)
coupled with its low density and process-efficiency
attracted great interest as a new functional component to
produce multifunctional composites [15-17].

Under controlled environments, PANI can
be produced by aniline’s chemical oxidative
polymerization. PANI can also be doped easily and
shows sufficient stability [18-20].Recent work it has
been shown that by implementing heterostructure, the
shielding capability of PANI-based composites can be
noticeably improved [21].

Colemanite is a large variety of boron mineral
types in the earth; CaO-3B203-5H20 (colemanite) is
the most widely used as commercial boron minerals
in the world [22].They are also very effective material
as boron is commonly used in many fields, which
include glass, agriculture, detergent, wood beauty
products, clothing, cloth, rubber, paint Besides , boron is
innovative application areas for both the nuclear, energy
storage, ceramic and materials science industries [23].
For two principal reasons, SiO2 is the most commonly
used inorganic support. Firstly, in the literature the
formation of monodispersed silica particles is really
quite easy to execute and well recorded [24]. Second,
different potential applications of silica-based systems

are associated: gas-liquid chromatography, supports to
catalysts, etc.[25].Single polymer membrane separators,
however, can not fulfill the standard for better
mechanical properties and electrochemical properties
at about the same time, so compounding various
polymers[26-28] or connecting other compounds such
as CuO[29] and Si02[30-32] to the polymer matrix is
the most effective means of improving the separator
effectiveness.

In previous studies in the literature, the microwave
EMI shielding properties of polyaniline composite
with Ag decorated (5.0 wt. % loading ) graphene was
reported to be 29.33 dB [33]. In addition, Shuong et al.
recorded required parameters with an EMI shielding of
~30dB in Cu/ Ni coated fiber, developed by electroless
technique [34].

The magnitude of the shielding effect is connected
to how far the incoming electromagnetic wave is
going through. For the shielding value of -10 dB, it is
understood that the incoming electromagnetic wave
is reduced by 90 per cent and that the opposite side is
passed by 10 per cent. [35-36].

In this study the single phases colemanite-SiO2 were
prepared for the first time by means of mixing oxides as
solid solution in different ratios. Then new colemanite-
SiO2: PANI were produced using this composition.

2. EXPERIMENTAL SECTION
2.1 Preparation of colemanite-SiO2

Colemanite-SiO2 powders were produced using
mixed oxide technique. Ground colemanite mineral
(GC) obtainable as an commercial product is made
and offered for sale by the Company (Eti Mining
Company, Turkey) in some of these compositions
with particulate matter of -75 um and 10 nm silicon
dioxide (SiO2) (Sigma-Aldrich: 99 %) powders were
mixed in stoichiometric amounts, according to the
colemanite-SiO2 compositions in the ethanol medium,
it was mixed for 20 hours in ethanol medium in a plastic
container at 25-75 wt. % , 50-50 wt. % and 75-25 wt.
%, respectively. After the slurries were dried at 100 0C
for 24 h, they were calcined at 600 0C for 4 h in a tightly
closed alumina crucible to prevent losses of evaporation,
which were tested by weighing the samples before and
after calcination. . They were pressed into pellets with
adiameter of 10 mm and a thickness of 1 —2 mm using
uniaxial press with 2 MPa pressure, after the calcined
powders were ground in an agate mortar. The pellets
were sintered between the 9000C for 4 h with a heating
and cooling rate of 250 0C/h after having buried them
in the colemanite-SiO2 powders to minimize the loss
of volatile species. The single-phases colemanite-SiO2
reactant powders were sintered at 900 °C after being
calcined at 600 °C.
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The phases in sintered samples were characterized
by X-ray diffractometry (XRD- D2 Phaser Bruker
AXS ) with Cu- Ka radiation (A= 1.5406 A)in the range
20:10 —70° at a scan rate of 1l/min. The solubility
limit, which is defined as the amount that can be doped
without disturbing the structure of the main structure
(colemanite-SiO2 ), was determined using X-ray
powder diffractometry. The microwave shielding
effectiveness performances of the colemanite/PANI/
SiO2 composites were measured with the two-port
vector network analyzer (R & S FSH-K42) device (Fig.
1) in the range of 8 — 18 GHz.

Figure 1. Two-port vector network analyzer (R & S
FSH-K42) device ( 8-18 GHz)

2.2. Preparation of polyaniline/colemanite-SiO2
composites

The single-phases colemanite-SiO2 ( at 25-75 wt. %,
50-50 wt. % and 75-25 wt. %, resCa0-3B,03-5H,0
which have the compositions of CaO-3B203-5H20
and SiO2 (account for 100 wt.% of aniline quantity),
and 1 ml aniline monomer were added in 35 ml
hydrochloric acid solution (0.1 mol L-1) and dispersed
by mechanical stirring for 30 min. 2.49 g of ammonium
persulfate (APS) was dissolved in a 15 ml hydrochloric
acid solution (1 mol L-1). The APS solution was then
carefully added by stirring vigorously dropwise to the
preceding mixture solution. Polymerization was done
at OIC for 12 h in an ice-water bath. The composites
were produced by filtering and washing the reaction
mixture with deionized water and ethanol, which was
then vacuum-dried for 24 hours at 60 °C. The PANI/
colemanite-SiO2 composites with different molar ratios
[(Aniline/ colemanite-SiO2 ( at 25-75 wt.%), Aniline/
colemanite-SiO2 ( at 50-50 wt. %), and Aniline/
colemanite-SiO2 ( at 75-25 wt. %) = (1:1) ] were
obtained to investigate the influence of the PANI content
on the electromagnetic shielding effect properties. The
colemanite-SiO2 compositions ~were produced as
composite with a PANI base. PANI- colemanite: SiO2
was produced by hot pressing at different ratios.
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2.3. Preparation of epoxy-polyaniline/ colemanite :
SiO2 composites

The composite materials were made ready by
molding and curing the mixture of PANI/ colemanite:
SiO2 compositions powders and epoxy. The specimen
powder to epoxy mixing ratio was 2:1 by weight. At
5 MPa pressure and 100 °C for 1 h, the molding was
carried out in a hydraulic press.
They were pressed into pellets with a 20 mm diameter
and 2 mm thickness for shielding measurements.
Composites of microwave shielding Effectiveness were
produced using epoxy at different ratios of aniline /
colemanite: SiO2 such as 1/1.

3. RESULTS AND DISCUSSION
3.1. XRD analysis of colemanite-SiO2 composites

To define the mineralogical characterization of ground

colemanite, XRD device diffracted its X-ray pattern.
The XRD analysis of the samples (colemanite, SiO2)
sintered at 900 OC for 4 h revealed that single phase
structure was formed , additionally PANI was analyzed
using XRD device (Fig. 2). As could be seen on the
detecting of colemanite, SiO2 and PANI XRD patterns
(Fig. 2), main phases are determined as Colemanite
(PDF Card No: 01-082-1825), SiO2(PDF Card No :01-
077-1060) , Polyaniline (PDF Card No :00-053-1717).
The single phase structure of the powders was achieved
while using the mixed oxide synthesis with a suitable
calcination temperature and elimination of the possible
intermediate phases. The more well homogenization
of the powders during heating improved the diffusion
process.
The XRD tests showed that there was no secondary
phase in the powders for colemanite, polyaniline and
Si02. Furthermore, colemanite-SiO2 formation largely
depends on temperature and high temperatures are
sometimes required to form single phases.

iE

— L L LA
40 50 60

10 20 30 70

Relative intensity (a.u.)

20 degree

Figure 2. XRD patterns of SiO2, Colemanite
(for 4 h at 900°C ), PANI compositions
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3.1. EMI Shielding Measurements of
colemanite/PANI/SiO2 composites

Figure 3 shows the frequency dependence of the
shielding effect of the Epoxy- PANI/colemanite:
SiO2 composites in the frequency range of 8-18 GHz.
Among the PANI- colemanite: SiO2 composites, It can
be seen that epoxy- colemanite: SiO2 (50-50 wt. %)
composites /Aniline: 1/1 has more observable effect
on microwave shielding effectiveness properties than
other composites. The epoxy-PANI/colemanite:SiO2
compositions (colemanite:SiO2 (25-75 wt. %) /Aniline:
1/1) powders and epoxy showed only one band with
-32.32 dB at 17.52 GHz. In addition, this composite
material achieves a shielding effect less than -10 dB
in the frequency band between 8 GHz and 18 GHz.
Morever, it achieved a shielding effect less than -15 dB
in the frequency bands between 8 GHz and 16.65 GHz.
Besides ,it achieved a shielding effect less than -20 dB
in the frequency bands between 8 GHz and 9.32 GHz,
15.53 GHz and 16.17 GHz (Fig3.a). When powder
content is equal, the epoxy-PANI/ colemanite:SiO2
compositions (colemanite:SiO2 (50-50 wt. %) /Aniline:
1/1)reachto-41.10dB and-31.24 dB, at 16.09 GHz and
17.70 GHz, respectively (Fig3.b). Moreover, it achieved
a shielding effect less than — 10 dB in the frequency
bands between 8 GHz and 18 GHz. Morever, it achieved
ashielding effect less than -15 dB in the frequency bands
between 8 GHz and 16.65 GHz. Besides, it achieved a
shielding effect less than -20 dB in the frequency bands
between 14.04 GHz and 16.61 GHz. The compositions
reach to a shielding effectiveness of -31.62 dB at 17.52
GHz for epoxy-PANI/ colemanite:SiO2 compositions
(colemanite:SiO2 (75-25 wt. %) /Aniline: 1/1) (Fig3.c).
Moreover, it achieved a shielding effect less than — 10
dB in the frequency bands between 8 and 16.65 GHz,
17.37 GHz and 18 GHz, respectively.

Morever, it achieved a shielding effect less than -15 dB
in the frequency bands between 8 GHz and 9.37 GHz,
14.82 GHz and 16.61.

Impedance matching was achieved through the use of
PANI. PANI has effected the shielding effectiveness.
Additionally, PANI and composites play a great role in
the efficacy of the electromagnetic shielding material.
The efficacy of micro-wave shielding also depends on
matching the impedance of irradiation to the material
surface. PANI enhances the matching impedance of
connections between the composite components.

New epoxy-PANI/colemanite:SiO2 compositions were
produced, colemanite:SiO2/ PANI composite has a
high shielding effect ratio for electromagnetic waves
in a broadwidth range, Microwave shielding effect of
new composites are adjusted by regulating the content
of colemanite:SiO2 and PANI in this process. Studies

indicate that the content of colemanite:SiO2 and PANI
affect structure.

PANI/SiO, -a
PANI/Si0, - b
PANI/SIO, - ¢

Shielding Effect (dB)

-50 T T T T
8 10 12 14 16 18

Frequency (GHz)

Figure 3. Microwave shielding effectiveness of
the epoxy- PANI/colemanite:SiO2  composites: a
— colemanite:SiO2 compositions  (colemanite:SiO2
(25-75 wt. %) /Aniline: 1/1, b — colemanite:SiO2
compositions (colemanite:SiO2 (50-50 wt. %) /Aniline:
1/1 ¢—colemanite:SiO2 compositions (colemanite:SiO2
(75-25 wt. %) /Aniline: 1/1.

4. Conclusion

Colemanite-SiO2 powders ( at 25-75 wt. %, 50-50
wt. % and 75-25 wt. %, respectively) were produced by
using solid state technique and PANI/colemanite:SiO2
composites were produced for the first time in literature,
to our knowledge.

The microwave shielding effectiveness property
was obtained as 16.09 GHz and 1.5 mm in thickness
with the minimum SE of -41.10dB by the epoxy-PANI/
colemanite:SiO2  compositions  (colemanite:SiO2
(50-50 wt. %) /Aniline: 1/1). Microwave shielding
properties can be modulated simply by regulating the
content of PANI and the effect of colemanite:SiO2
content on the samples for the required frequency bands.
Due to the easy and low cost preparation methods and
better shielding effectiveness performance, the PANI /
colemanite:SiO2 composites have a promising potential
as microwave shielding effectiveness. Content of
colemanite:SiO2 and Polyaniline were used to improve
the microwave shielding effectiveness.

Microwave shielding properties of PANI /
colemanite:SiO2 compositions show a strong
variability with high concentrations of colemanite:SiO2
content. . The best shielding effect performance
is obtained from colemanite:SiO2 (50-50 wt. %) /
Aniline: 1/1 composition at the value of less than
-20 dB and between 14.04 GHz and 16.61 GHz.
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1/1 composition at the value of less than -20
dB and between 14.04 GHz and 16.61 GHz. The
second shielding effect performances are obtained
from colemanite:SiO2 (50-50 wt. %) /Aniline: 1/1
and colemanite:SiO2 (25-75 wt. %) /Aniline: 1/1
compositions at the value of less than -10 dB and
between 8 GHz and 18 GHz.

The polyaniline content plays an significant
role in variation of the shielding effectiveness.
The microwave shielding effect properties of
the PANI / colemanite:SiO2 compositions can
be investigated for a broader concentration
range in this study. PANI / colemanite:SiO2
can be considered as a candidate for microwave
shielding effectiveness in a broadwidth range. The
formation of colemanite:SiO2 content is another
area. Colemanite:SiO2 and PANI content have
been used to improve the microwave shielding
properties. The microwave shielding effectiveness
properties of PANI - colemanite:SiO2 at low
frequencies may also be determined.
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SPECTRAL ANALYSIS OF ELASTIC WAVEGUIDES
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ABSTRACT

This paper deals with the spectral analysis of elastic waveguides shaped like an infinite cylinder
with a bounded or unbounded cross section. Note that waveguides with bounded cross sections were
studied in the framework of the operator and operator pencil theory. In this paper we extend this
theory on elastic waveguides with a unbounded cross section. The problem reduces to the spectral
theory of a one-parameter family of unbounded operators. The spectral structure, the asymptotics
of the eigenvalues, comparisons between the solutions of different problems and the existence of
special guided modes for these operators are the main questions that we study in this paper. We use an
operator approach to solve these problems, and on the basis of this approach, we suggest alternative
methods to solve spectral problems arising in the theory of both closed elastic waveguides and elastic
waveguides with unbounded cross sections.
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ELASTIK DALGA KLAVUZLARININ SPEKTRAL ANALiZzi

Mahir HASANSOY *

0z

Bu makalede, sinirli veya sinirsiz kesite sahip sonsuz bir silindir bi¢iminde sekillendirilmis elastik
dalga kilavuzlarinin spektral analizi ele almmistir. Sinirli kesitli dalga kilavuzlar operator ve
operatdr demet teorisi ¢ercevesinde calisilmistir. Bu ¢aligsmada, bu teori sinirsiz kesite sahip elastik
dalga kilavuzlari tizerine genigletilmistir. Problem, sinirsiz operatorlerden olusan tek parametreli bir
operator sinifinin spektral teorisine indirgenmistir. Spektral yapi, 6zdegerlerin asimptotik davranislari,
farkli problemlerin ¢oziimleri arasindaki kargilagtirmalar ve bu operatorler i¢in 6zel dalga ¢oziimiiniin
varli81 burada caligilan ana konulardir. Bu problemleri ¢ozmek igin bir operator yaklagimi kullanilmig
ve bu yaklagima dayanilarak, hem kapali elastik dalga kilavuzlarinin hem de sinirsiz kesitli elastik
dalga kilavuzlarinin teorisinde ortaya ¢ikan spektral problemleri ¢ozmek icin alternatif yontemler

onerilmistir.
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1 Introduction and Preliminary Facts

The main subject of this paper is the wave solutions
of the elastodynamic equation in the following
form, and the related spectral problems (here, we
follow the notation of [6]):
{div o(U) = p 82U /ot?
o(U)i=0 on 84,

in Q,

(1.1)

where t € R, 7is the normal vector,

Uy
v= (U)
Us

U: = U(xq,x3,%3,t) and

(%1, %3, %3) € Q: = {(x1, %5, %3) € R3:x = (x1,x,) € Q}.
Throughout this paper, Q = Q, U 0, where 0O is
a bounded connected open set with a smooth
boundary such that O c {x € R%:x, > 0} and
Q = {x € R%:x, < 0} (see Figure 1). a(U) is the
stress tensor, defined by

0;;(U) = Adiv(U)é;; + g(U;; + U; ),

where &;; denotes the Kronecker symbol and

U;; = dU;/9x; (see [6, 8]).

In what follows we will consider unbounded
waveguides described in the following figure.

o,

Fig 1. A bounded deformation of the half space

Wearelooking for wave solutionsto(1.1)inthe form

Uy (%1, X2)
Uy (x4, X3) eiloxs—wt)
uz(x1,X2)

i
ke C,w e C and u € H(Q)3 ,which denotes
the Sobolev space of three-dimensional vector
fields (see [1]). We are particularly interested
in solutions with real and positive k and w.
By inserting this particular solution into (1.1)
and following the notation of [6], we obtain the
following system of equations in vector form:
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(A(divew) +2pu 1), + (U2, 4 222

Uy
2B, + Adivean) + 2pua)s + R2U(REED) | = w2 (u:).
U3,1—kuy U3z —kuz. N u:
2T 4 2, — k(A divian) + 2pkus) ’
(1.2)
where
Uy
u=|(uz ),
Uz
divpu =uyy +uy, +kus, A1=1/§ and

u = fi/p. This system allows us to rewrite (1.1) in

the form
{—div,‘; o*(w) =w?u in Q, (1.3)
¥V =0 on 99,
where
A(diview) + 2pu, 4 Zuu“:# Zuw

uz2—kuz

A(diviu) + 2uu,, Z“T
A(diviw) + 2pkus

k - uzatuin
k() = Z“T
Uz —kuy

uga-kuz
2 p

2u 2u

V1
V= (vz)
0
is the normal vector, divj a®(u) is equal to the
left-hand side of (1.2), and the asterisk indicates a
minus sign in front of A(div, u) + 2pkus in the third

line of (1.2). The entries of the matrix a*(u) can
be written in the following form:

ol (u) = A(divy u)é;; + 2pef;(w),
where Sikj (u) are the entries of the matrix

Ugp+Uzq Uz 1—kug
Ui e
2 2

UzatUa u Uz 2—kuy
2 22 2

Uz, —kup

gk =

Uz,1—kuq ku
2 2 3
Note that
eigenvalue
we fix k

problem (1.3) is a two-parameter
problem. Throughout this paper,
and study the eigenvalue problem
(1.3) with respect to w2 . The main question
studied in this paper is this: for what values
of the parameter w2 do there exist nontrivial
solutions to problem (1.3) for a fixed k € R ?

In addition to problem (1.3), the following
Dirichlet and Neumann-type boundary value
problems will be considered as auxiliary problems:

{—div,‘; ok w) = w?u (1.4)
u|aa = 0' .

in O,

and

—div} o¥(w) =w?u in 0, (1.5)
d*WV =0 on 80 (free boundary).



BUJSE
13/1(2020), 43-54 DOI: 10.20854/bujse.738083

These problems are useful for studying problem
(1.3) via comparison. The solutions to problems
(1.3), (1.4) and (1.5) have to be understood in the
weak sense. Below, we give exact definitions of
these solutions.

In what follows, the main space for all the
problems that we study will beL?2(Q)* , and (.,.)
denotes the scalar product in this space. We shall
also use energetic spaces, which are specifically
defined for given problems. For example, the
energetic spaces for problems (1.3),

(1.4) and (1.5) are H1(Q)3 ,H§(0)® and HE(0)®
respectively.

Let us first consider problem (1.3). By applying
Green’s formula to (1.3) and using the boundary
condition ¢*(w)¥ = 0, x € 8Q, we obtain

—(divio*(w),v) =

2+ Uz

. - u, - Ugy — ki
= | [Adivew) + 2uuy, 5y dx + 21 e =2 | Sk dx
a o a

+ —k
+z,¢J w% dx +f [Adivew) + 2uuy ], , dx — z#f yk@ dx
n a a

—k — ki
+z,¢j %BD dx + Zuf "1272“2532 dx +f [A(divicu) + 2k KTy dx
a a a

- fan ok(Wv.vdx =21 fn divyu divgy dx + 2u fn sf‘j(u) siEj(v) dx.

This formula allows us to define the Friedrichs
extension of the symmetric (for real k) operator
-divy o%(u) from the initial domain
D = {ulu € C2(Q)3, ok (w)¥ = 0, x € 3Q} to H1(Q)3
in the following way: the Friedrichs extension of
the operator given in problem (1.3) is the operator
(more precisely, the operator pencil) L(Q;k)
defined on H3(Q)3 c L,()3 and associated with
the bilinear form _
(L k), v):= A f, div u divg v dx +2u [, ) efi(v) dx,
(1.6)
where u,v € H'(Q)3. In what follows, we shall use
the notation L(k): =L (2;k). We note that
L*(k) = L(k), i.e, L(k) is a self - adjoint operator
pencil (see [19]). In particular, it is self-adjoint when
considered as an operator for each fixed real k.

We can define the Friedrichs extension of the
operator given in problem (1.4) in the same way. This
extension is the operator (or operator pencil)

Lo (0; k)defined on H}(Q)3 < L,(Q)3and associated

with the bilinear form o

(Lo(0; K)u, v): = A [, divy udivg v dx + 2u [ £l (u) e (v) dx,
(1.7)

where u, v € H}(0)3.

Finally, the operator L(O;k) associated with problem

(1.5) is defined by the bilinear form

(L(0; K)u,v): = A [, divy, u divg v dx + 2y [, £k (w) e?j(v) dx,
(1.8)

where u,v € H'(0)3.The two operators Ly (0; k) and

L(O;k) are also self-adjoint for real k.

Throughout this paper, the solutions to problems
(1.3), (1.4) and (1.5) are defined as the weak solutions
(i.e., solutions for extended operators) given by the
following definitions.

Definition 1.1 A function u#0 is a solution to
problem (1.3) ifu € H*(Q)3and L(k)u = wu.
(1.9)
Definition 1.2 A function u#0 1is a solution to
problem (1.4) if if u € H}(0)? and Lo(0; k)u = w?u.
(1.10)
Definition 1.3 A function u#0 is a solution to
problem (1.5)if w € H1()3and L(0; k)u = w?u.
(1.11)
Thus problem (1.1) leads us to spectral problems for
the operators L(k), L,(0; k) and L(O;k). Next, we
define some spectral sets that we need for further
investigation.
Let T be a closed operator defined on a dense
subspace of a Hilbert space H. We define the
following spectral sets:

*p(T) ={A € C|(T — Al)~* € B(H)} (the resolvent set),
where B(H) denotes the space of all bounded
operators in H;

*a(T) = C\p(T) the spectrum);

* 0,(T) = {4 € C[Ker(T — A1) = 0} (the point spectrum);

e g,(T) = {A € C[R(T = ) = R(T — A1)}
(the continuous spectrum).

Note that we have used the definition of the
continuous spectrum @, (T) given in Birman and
Solomyak’s book ([3]), which is slightly different
from that given in almost all of the literature on
functional analysis. However, it is more convenient
for studying perturbation problems. In particular,
with this definition, some eigenvalues may belong
to a.(T) . Moreover, for normal operators, &,(T)
consists of the nonisolated points in @, (T)

(see [3], Chapters 3 and 9).

At this point we should note that the problem of
the existence of nonisolated eigenvalues in o.(L(k))
for a fixed k is an open problem in elasticity theory
(see [6, 8]).

The essential spectrum (of a self-adjoint operator)
is another subclass of ¢ (T, which is defined as

ess(T) = a.(T) U a°(T),

where ¢5°(T) denotes the set of eigenvalues of infinite
multiplicity.
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The following fact is often used as an alternative
definition of the essential spectrum: a pointA belongs
to Ogss(T) if and only if there exists a singular
sequence for T at A ([3], p. 207, Theorem 2). We
recall the following definition.

Definition 1.4 A sequence u, € H is said to be
singular for a self-adjoint operator T at a point Aif the
following conditions are satisfied:

@ lu, =1, n=123,..;

(b) un € D(T);
(c) u, = 0 weakly in H;
(d) (T - Du, - 0.

This paper consists of the present introduction and
three further sections. In Section 2, we study closed
waveguides (waveguides with bounded cross
sections) and their eigenvalues in detail. Section 3
is devoted to waveguides with an unbounded cross
section Qy U 0. A triangular deformation of the half-
plane £ is considered separately in this section. An
inverse eigenvalue problem and some methods for its
solution are considered in Section 4.

Note. In this paper, we use operator theory to present
some general results in the framework of elastic
waveguides with an arbitrary unbounded cross
section Q, U 0. However, by choosing special forms
of O, such as rectangular, cylindrical and triangular
deformations, and special vector fields, one can
obtain more specific and concrete results

(see [2, 6, 8, 15, 14] and references therein.)

2 Eigenvalue Problems in Bounded Domains

The main concern of this section is problems (1.10)
and (1.11) in a bounded domain O. Actually, the
central problem is problem (1.9) in an unbounded
domain €, where Q = Q, u 0 However, to study this
problem we need the structure of the eigenvalues of
problems (1.10) and (1.11) in bounded domains. By
using (1.8), we can write

L(0;k)u = Au + kBu + k*Cu, u € H*(0)3,

where the operators A, B and C are defined by their

bilinear forms as follows:

(Au,v) = A [, (g + p2) Py + Pp2) dx + 20 [ (101 + U2 T2) dX

i f [z + 1) @rg + Tp) + Uy B + Us 2 ¥s5] dx, (2.1)

(Bu,v) = A [, [(ur,1 +Up2)¥s + U3 (@11 + Py0) dx — o f, [u5,1¥1 + w,73,4] dx

—H fg [us 2V, + upvs,] dx (22)

and

(Cu,v) = (A +2p) fo uzVzdx + p fo (uy 75 + u,v,) dx,
(2.3)

forall u,v € H*(0).

In the same way, we may rewrite the operator

Lo (0; k) in the form

Ly(0; k)u = Au + kBu + k2Cu, u € H}(0)3.
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Our further study is based on some properties of
the operators A, B and C, which are given in the
following theorem (see [21], Section 35, and [17]).

Theorem 2.1 The operators A, B and C have the
following properties in the space L2(0)3:

(I) A is a self-adjoint, nonnegative operator such
that (A + 1)~ € S, and H(0) = D((A + D?),
where S is the set of all compact operators in L2(0)3.
(II) C is a bounded and positive definite operator.
(IIT) The operator B is symmetric, and
(A+D™Y2BA+1)"Y? €S,. In particular, this
condition means that D((4 + I)*/2) c D(B).
IV)(A+ D™ 'BE€S,.

Additionally, the operator A is positive definite in
H(0), ie., (Au,w) = 8(u,w) for some s > oand for all
u € H(0).

Theorem 2.1 means that all of the operators A,B
and C are well defined on the energetic space
H =D((A+ D"?).In particular, the operator A is
extended on D((4 + 1)*/?) in the following way:
(Au,v) = (A + Du,v) — W v):= (A + DYy, (4 + DY) - (w,v),
where u,v € D((4 + )/?).

Theorem 2.2 For all k€ C, the spectrum of the
operator L(O:k) is discrete, i.e., o(L(0;k)) consists
of isolated eigenvalues of finite multiplicity with a
possible concentration point at infinity.

Proof. It follows from Theorem 2.1 that the operator

L(0; k) —w?I is invertible if and only if

(A +D™Y2(L(0; k) — wI)(A + I)~Y/2 isinvertible.

On the other hand,

A+ D)~Y2(L(0; k) —wiD)(A + )™V/?

=1-((A+D P —k(A+D7Y2B(A+1)7/?

+2(A+D)TV2CA+ )Y —w2(A+ D!

=1-Tk)-w2(A+D7?,

where the operators T(k)and (A + I)~* are compact.

It follows from this equality that the spectrum of the

operator L(O:k) is discrete (see [19], Theorem 17.3).
Now we establish a relation between the asymptotic

behaviors of the eigenvalues of the operators A

and L(O;k) for a fixed real k. By Theorem 2.2, the

spectrum of the operator L(O;k) is discrete, i.e., it

consists of a sequence

w2(k) < wZ(k) < - < w2(k) < -

First we give the following fact, due to M. G. Krein

(see [9], Theorem 11.4).

Lemma 2.1 Let a self-adjoint operator T be given in
the form T = H(I + S), where H,S € S,,.
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If either () (I +$)~1 € B(H) or
(i) limy e (An41(H)/ 20 (H)) = 1, then

s An(T)
nh_fﬂ An(H) L
The proof of the following theorem, which is basic to
our further study, is based on Lemma 2.1.

Theorem 2.3 Let k € R be fixed and let

wi(k)}Y be the eigenvalues of the operator

L(0;k) = A+ kB + k?C. Then

(@) limy e (er(k)/ln(A)) =1

(ii) w2 (k) ~ cn?/3, for some ¢ > 0;

(iii) ) the same results hold for the operator Ly (0; k)

too.

Proof. We can rewrite L(O;k) in the following form:

LO;K)=A+DI-A+D* +k(A+D)'B+k*(A+D'C).

Suppose that 0 & Ker(L(0; k)). Then, by using the

fact that L(O:k) is self-adjoint, we obtain

LY 0sk)=(A+ D)™ M- (A+ D™ +k(A+ 1) B+K*(A+ D7 C]™

By using the notation T = L-1(0;k), H:=(A+1)~! and

I+S:=[I—(A+D+k(A+ DB+ k2(A+D71C]2,

we get T = H(I + S), where, by Theorem 2.1, the

operators T, H and S satisfy the conditions of Lemma

2.1. Hence, by Lemma 2.1 we obtain the result that
WAl _ g,

n-ooo An(4)

Finally, let 0 € Ker(L(0;k)). By Theorem 2.2, the

spectrum of the operator L(O;k) is discrete and,

consequently, there exists A4 such that L(0; k) — A1

is invertible. Therefore, by repeating the argument

that we applied in the case of 0 g Ker(L(0; k)), we

get the same asymptotic relation.

(ii) The formula w? (k) ~ cn?/® as n > o for some ¢ > 0

follows from (i) and the fact that 1,,(4) ~ cn?/3

(see [4] for details).

(iii) We can establish this statement by repeating the

arguments that we applied in the proof of (i) and (ii).

Next we give two inequalities that are useful for the

localization of spectra.

Proposition 2.1 (I) The positivity of the energy:
There exists p=0 such that
(L(O; K)u,u) = pu(u,u) for all u € HY(0)® and k € R.
(2.4)
(II) The energetic stability principle: There exist real
numbers ¢ = 0 and ¢, > 0 such that for all k € R and
all u € H}(0)3,
(Lo (0; k)u,u) = (co2k? + O)(u,u). (2.5)
Proof. We note that (2.4) follows immediately
from (1.8). Moreover, since Ker(4) = 0 (actually,
dimKer(A)=4) in the space H* (0),we obtain the result
that p=0 in (2.4).

The inequality (2.5) follows from (2.1), (2.2) and
(2.3) by using Korn’s first inequality (see [12]) in the
following form:
Il u ||§,.(o)ns C [y Xhey le @2 dx  for all u € Hi(0),
where &;(w) = (u;; + u;,;)/2.

In particular, the following corollary about the
real pairs (k,w) in 0, (Lo(0; k)) follows from (2.5).

Corollary 2.1

Let or(Lo(0; k)): = {(k,w) € RXR|3 u =0, Lo(0; k)u = w?u}.
Then:

(i) The set ag(Lo(0; k) lies inside the hyperbola

w2 —c2k? > Q.

(ii) 0,(Lo(0; k) € [{ + c3k?,+) for each k € R, i.c., 6,(Lo(0;k))
lies inside the hyperbola and on the vertical line
passing through the point (k,0).

Corollary 2.1 yields the localization for eigenvalues
of Ly(0; k) as in Figure 2.

Fig 2. The domain coﬁtaining the eigenvalues of
operator Ly(0; k) .

By Corollary 2.1, 0 € 0,,(Lo(0; k)) for all k € R.
Now our question is: for what values of k do we have
0 € 0,(L(0; k))? The answer is given in the following
proposition.

Proposition 2.2 0 € 6,,(L(0; k)) if and only if k = 0.

Proof. Evidently,

1 0 0\ /x2
Ker(4) = span{(O), (1), (0),(—751)}-
0 0 1 0

Consequently, if k = 0, then L(0;0)=A and

0 €0,(L(0;0)).. We shall now show that 0 €

0,(L(0;k)) = k=0. We consider two cases:

(a) u & Ker(4) and (b) u € Ker(4). In the case of (a),

it follows from (2.4) that

|(Bu,u)| < 2\/(Au,u)(Cu,w) for all u € H1(0)3\Ker(4).
(2.6)

On the other hand, this inequality implies that

(L(O; k)u,u) >0 for all ue€ H*(0)*\Ker(4) and k € R.
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Therefore, for any k € R, a vector u € Ker(A4) is not
an eigenvector of the operator L(O;k) corresponding
to the eigenvalue w=0. Now, let u € Ker(4). First, we
obtain from (2.4) that

|(Bu,w)| < /(Au,u)(Cu,u) for all u € H'(0)3.
Since u € Ker(4), then (Bu,u) = 0. Hence,

(L(O; K)u,u) = (Au,w) + k(Bu,w) + k?(Cu,u) = k?(Cu,u) > 0, k = 0.
Thus o e a,(L(0; k)) is possible only for k = 0.

3 The Spectrum of an Elastic Waveguide in a
Domain with an Unbounded Cross Section

3.1 Bounded Deformations of the Half-plane
and Related Perturbations for the Operator
L(Q; k)

The main subject of this section is the structure of the
spectrum of the operator L(k) that is obtained from
L(£Q; k) by abounded deformation of the half-plane
Qq,ie., & =04U0.

We also need the quantities ¢, = A+ 24, ¢ = Vi and cg,
which are called the speeds of the primary wave, the
secondary wave and the Rayleigh wave, respectively.
The speed of the Rayleigh wave is defined as the single
root in (0, cg) of the Rayleigh equation (see [20]),

41 -5 - @ - <.
p ‘s s

The following proposition follows immediately from
Definition 1.4 and the related properties of semibounded
self-adjoint operators.

Proposition 3.1 0..(L(k)) c [k*c§, +) forall k € R.

Proof. By definition, L(k) is the operator defined on
HY(Q)? c L,(2)? and associated with the bilinear form
L), v) = A [, divi u divy v dx + 2p [, £f (u) £k (v) dx,
3.1
where u,v € H1(Q)3. Hence, we can (writzz
L(k) = L(Qq; k) + L(0; k). By (3.1) and (1.8), all of
the operators L(k), L(Q; k) and L(O; k) are positive
and self-adjoint. Moreover, L(Qg;k) = k2cal in
HY(Qg) (see [6], Lemma 3), which implies that
L(k) = L(Qg; k) = k%cgI . This inequality yields
Tess(L(K)) < [k?cf, +o0).
Next we give a stronger result established in [6].

Proposition 3.2 ([6], Theorem 1) For every k € R,
Tess(L(K)) = [k*ck, +o).

A proof of this proposition was given in [6],
and for this reason we shall not give an alternative
proof. We note also that throughout this paper we
use operator and operator pencil techniques, which
are quite different from the methods that were used
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in [6] and related papers. Particularly, Proposition
3.2 may be proved by using the generalized Weyl
criterion (see [3], p. 207, Theorem 4 and [16]) and
some known facts from perturbation theory.

The generalized Weyl criterion. Let T, S be
self-adjoint operators. Suppose that for some point
Ao € p(T) N p(S) the difference of the resolvents is
compact, i.e.,

(T =)™t = (S— A7t € 04
then Tess(T) = Tess(S)-

As one can see from Proposition 3.2, the problem
of the existence of the eigenvalues and (if there are
any) their dependence on k and on the shape of
the deformation is one of the main questions in the
spectral theory of unbounded elastic waveguides.
There may be two kinds of eigenvalues: (i)
nonisolated eigenvalues in [k2c3, +o0) , as pointed
out in the introduction; and (ii) isolated eigenvalues
located strictly below k?c3.

We set

(k) = inf max M, n=1.2,..
LCHi(n)dimL:nuELuto 0 (3.2)

and

Ny (k): = Ny (L(K)) = max{n|4, (k) < A}. (3.3)
Evidently, all eigenvalues (if any) located strictly
below k?c§. are among the numbers 4, (k). Our first
observation is given in the following proposition.

Proposition 3.3 For any k € R:

(@) Ay(k) < A,(k) < -+ S A, (k) < -+ < k%cd,ie., A, (k)
either is an eigenvalue located strictly below k?c or
is equal to k2cZ, which belongs to dess(L(k)).

(®) 2,(k)is an eigenvalue if and only the infimum in
(3.2) is attained.

(¢) Ny(k) = +oo for 2 > k2c3.

(d) Ny (k) = maxdim{E|(L(k)u,u) <A | I%, u € E\{0}} for A < k?c§.
In particular, ¥z (k) = maxdim{E|(L k), u) < k23 1w 1, u € E\(O}}.

Proof.

(a) This statement follows from (3.2) and Proposition
3.2.

(b) The proof is based on the spectral expansion

L(k) = [ A dE;(k),

where E, (k) is the spectral measure for the operator
L(k), and on the fact that L(k) is a semibounded
self-adjoint operator.

(c) This follows from (3.3) and Proposition 3.2.

(d) This fact is known from the spectral theory of
self-adjoint operators (see [3]), which is also based
on the spectral expansion given above.
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Now, in addition to problems (1.4) and (1.5), we
consider the following Zaremba-type boundary value
problem (see [13] for similar problems).

Lu=w?u in 0,
The Zaremba problem: {c*(w)¥ =0 on Iy,
ulr, =0,

where 90 =T, UT, (see Figure 1). The operator
associated with the Zaremba problem will be
denoted by L,(0O; k). We denote the energetic
spaces of problem (1.4), the Zaremba problem and
problem (1.5) by #;, 3, and 33, respectively. As
mentioned in the introduction, #; = H3(0) and
Hs = H*(0).Hower H;, = {u € H*(0)|ulr, = 0}.

By Theorem 2.2, for all k € R, the spectra
of all these problems are discrete, i.e., they consist
of isolated eigenvalues of finite multiplicity with
a concentration point at infinity. We denote by
A2(0,k), A2(0,k) and 25(0,k) the eigenvalues of the
operators Ly (0; k), Lz(0;k) and L(O;k), respectively.
Then we have

b _ - L@ _
200,k) = . inf max =EOTES, n= 12,.., (34)
LeHS ©) gimp = Luzo
z _ : (Lz(Ok)uuw) —
2%(0,k) = inf max @ "= 1.2,.., (35)

LcH; UEL,
2dimL=n" u#0

L©O:Kuw)

AE0,k) = inf max = S, n= 1,2, .. (36)

LCHI(O)dimL:'nuELusﬂ
Thus, the inclusion #¢, c %, c 3¢, and (3.4), (3.5) and (3.6) yield

AE(0,k) < A2(0,k) < 12(0, k). 3.7)

Finally, the following corollary follows from (3.7),
Theorem 2.3 and the fact that 3, < H1(Q).
Corollary 3.1 (a) For each k € R,

(k) < AZ(0,k) and AZ(0,k) ~ cn?/3,

where the constant ¢ does not depend on k;

(b) forall A < k?cZ and k € R,

N£(0,k) < Ny(k) < Nf(0,k),

where N (0,k) and Nf (0,k) denote the spectral
distribution functions of the operators L,(0; k) and
L(Osk), respectively.

We recall that one of the main problems in the
spectral theory of elastic waveguides is that of the
nonemptiness of the set
Nyzg3 (k): = max{n|2, (k) < k2cg},
which is the set of all eigenvalues (if any) of the
operator L(k) located strictly below k2cZ. This is
equivalent to the existence of a guided mode with
a speed lower than the speed of the Rayleigh wave.
The obvious result is that N,fzcnzR (0,k) =0 forall k € R,
where N (0,k)is the spectral distribution function for
operator Ly (0, k). The following theorem contains such
a non-trivial result for NZ(0, k).

Theorem 3.1 There exists k* > 0 such that
NZp(0,k) =0 for k<k".

Proof. By the definition NZ(0,k) is the spectral
distribution function for the operator L,(0, k).
Then

NZ(0,k) = maxdim{E © H;|(Au,u) + k(Bu,u) + k?(Cu,u) < A}.
Hence,

Nkzzti(u, k) = maxdim{E c %,|(Au,u) + k(Bu,u) + k2((C — cd)u,u) < 0},
ie, N5 (0.5 is the number of the negative eigenvalues
of the operator

My (k): = Mz(0,k) = A+ kB + k?((C — c&I), D(Mz(k)) = H,.
Thus the set of all eigenvalues (if any) of operator
L(0, k) located strictly below k?cZ is the same
as the number of the negative eigenvalues of the
operator (Mz(k) . Now, we show that there exists
k*>0 such that if k < k* then Ny(M,(k)) = 0.
Suppose that this is not true. Then we obtain a
sequence k, - 0, k, > 0 such that

min Hzdmun) o o

H2\{0}
Therefore there exists w, € 7, Il u, 1= 1 satisfying
Mz(kn)un, un) =1, <O0.

By using the compact embedding (see [1])

H, & L,(0) we get u, »uy; =0 in L,(0).
Consequently,

im(MZ(kn)un'un) = (Mz(0)uo, uo) = (Ao, ug) < 0.
This is a contradiction to the fact that A is a positive
operator in J;.

Tl 10,

4 On the inverse dispersion relation k(w) and a
linearization method for its solution

The main target of this section is the following
inverse problem: for what values of k will the given
w? be an eigenvalue of the eigenvalue problem
L(k)u = w?u 2. So far, we fixed k and studied the
eigenvalues of the operator L(k). Actually, this
inverse problem is also the main concern of elastic
waveguides. As we have seen in the previous
sections there are may be two kind of eigenvalues for
operator L(k): i) non-isolated eigenvalues in
[k2cZ, +0), ii)isolated eigenvalues located strictly
below kZc&. Although, we were mainly concentrated
on the second case, however the existence or
non-existence of non-isolated eigenvalues in
[k2c2,+o0) is another open problem for many
cylindrically-perturbed elastic waveguides. Thus,
if we have an eigen-pair (k,w?) for the problem
L(k)u = w?u then w2 (for the fixed k) is either
a non-isolated eigenvalues in [k%c3, +o0) or an
isolated eigenvalues located strictly below kzclﬁ
Clearly, this question is a typical eigenvalue problem
for the operator pencil : Ly, (k): = L(k) — w?I.
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The quantitative analysis of this problem via
the comparison principles, as before leads to the
eigenvalue problems for operator pencils
L,,(0,k):=L(0,k) —w?I, and L%(0,k): = Ly(0, k) — wI.
There are various methods to investigate the
spectrum of operator pencils (see [7], [10], [11], [17],
[19] and [21]). But in this paper we are trying to stay
within the framework of the operator theory. The best
way to do this is to apply a linearization method. The
most suitable linearization in this context is that of
given by M. Krein and H. Langer in their well-known
paper [18]. This linearization allows us to establish
a desirable connection between the root functionals
of the pencils studied in this paper and the numerical
ranges of their linearizations, which is very important
in the variational theory.
We start with L,,(0,k) = A+ kB + k*C — w?I and fix w.
By Proposition 2.1 we have
The principle of positivity of the energy:
There exists =0 such that
(LO; k)u,u) = u(w,u) for all ue H(0)® and k€R.
(4.1)
The energetic stability principle:
There exist real numbers{ =0 and ¢ >0 such that for
allk € R and allu € H}(0)3,
(Lo (0; K)u,w) = (co?k? + ) (u, w). (4.2)
We repeat a result from our paper [7].
Theorem 4.1 LetL,, (0, k) be an operator pencil of
w.g.t. satisfying the energetic stability condition then
for allw € C the spectrum
o(Ly(0,k)):= {k € C|L,(0,k) is not invertible}
is discrete, i.e. o(Ly,(0,k)) consists of isolated
eigenvalues of finite multiplicity.

The following properties of o(L,, (0, k)) follow from
the inequalities (4.1) and (4.2).

Corollary 4.1

e If Im w0 then Im k#0.

o If Im w=0 and |w|<u then Im k#0.

Consequently, real wavenumbers exist only at real
frequencies satisfying the inequality [w|=p.

Finally, we study real eigenvaluesin a(L,,(0, k)).
According to Theorem 2.1, applying the operator
(A+ 1)z to both the sides of L, (0, k) reduces it to
the bounded operator pencil of the form (see our the
previous paper [11]):

T, (0,4) = 2M(w) + 2AN(w) + I,

where M(w), N(w) € S,,, M(w) > 0, N(w) = N(w)* and
A=k+k* for some k* € R. We fix w and rewrite
T,,(0,2) in the form

T(0,2) = 22M + 2AN + I

Notice that many properties of this pencil were
studied in the paper of M. Krein and H. Langer [18].
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A simple connection between the eigenvalues of
T(0,A) and L,,(0,k) is that A, is an eigenvalue
for T(0,2) if and only if 4, +k* is an eigenvalue
for L, (0, k).

In the following discussion, our starting point is the
pencil

T(0,4) = A*M + 2AN + 1.

and its linearization: L(4) = I — AT in the space H> = H @ H,
where

1
0 Mz
p— 1
T=\_m: —an/

A proof of the following proposition is based on the
definitions of eigenvectors and associated vectors
(see [19] for the definitions) by using the above given
linearization.

Proposition 4.1 o(T) = o(L) . Moreover, if the vectors
Ug,Uy,.... U, form a chain of eigenvectors and
associated vectors (e.a.v.) corresponding to the
eigenvalue A, of the pencil T(4), then the vectors

1
Mz (Aoun + un-1)
Un

1
AoMz2(Aouy + ug)
Uy

1
AoMzuy
Ug

form a chain of e.a.v. corresponding to the same

eigenvalue A, of the linear pencil L( )=I- T.
Conversely, if

U ui u;

u? » |u? L |u2 form a chain of e.a.v.

corresponding to the eigenvalue 1, of L(A) =1 — AT
then the vectorsu3,u?,....,u2 form a chain of e.a.v.
corresponding to same eigenvalue 4q' of the pencil
T(A).

Evidently, the eigenvalues of the linear pencil
L(A) =1- AT, and the characteristic values of the
operator T are the same. The operator T is not self-
adjoint in the Hilbert space H @ H. But if we define

I 0
J= <0 _1), then (JT)* = JT. This relationship

means that the operator T is a self-adjoint operator
in the Krein space K:= H @ Hwith the inner product
[@,];: = &, 7)(see [5]). According to Proposition 4.1,
U, is an eigenvector corresponding to the eigenvalue
A, of the pencil T(2) if and only if the vector
AOM%uO

u is an eigenvector corresponding
0

iy =

to the characteristic value A, of the operator T.

We note that all the results, presented in this
paper are based on the variational principles like (3.2)
and (3.3).
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These are variational principles for operator L(k).
However, the characterization of the eigenvalues
of problem T(A)u =0 is much more complicated,
because this is an eigenvalue problem for the
operator pencil T(4). In this case one can use the
characteristic values of the self-adjoint operator T
in the Krein space K. Let us write [u,v] for [u,v];
in the Krein space K. Variational principles for real
eigenvalues (positive or negative type) of a self-
adjoint operator T in a Krein space K are given by the
following formula:

If C* = {u € K| + [u,u] > 0} then

AX(T) = inf sup [Tuu] s
L cct [wu]
dimL=n
+ — oo [Tuu]
%(T) = sup LLani o

LCDdimL:k—l

CONCLUSION

We use an operator approach and suggest alternative
methods to solve spectral problems arising in the
theory of both closed elastic waveguides and elastic
waveguides with unbounded cross sections. By using
operator methods we give full description of the
spectral sets studied in this paper. We study the inverse
dispersion relation k(w) and suggest a linearization
method for its solution.
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YAYIN KURALLARI

Yazarlara Not: TUBITAK-ULAKBIM Fen Bilimler Veri Taban1 Komitesi, bu yayin kurallarina %100
uyulmasini istemektedir. Liitfen makaleleri bu kurallara uygun olarak hazirlayip génderiniz.

1. Beykent Universitesi Fen ve Miihendislik Bilimleri Dergisi, yilda IKI kez (alti ayda bir) yayinlanir.

2. Hakemli ve 6zgiin ¢aligmalari amaglayan bir dergidir. Makalelerin, hakem degerlendirilmesine girmek
iizere, yaym kurulu sekreterligine yazar adi, e-postasi, cep /telefonu ile gonderilmesi gerekmektedir.
Yazarlar makalelerinde hakemlerin de degerlendirmelerinde dikkate alacagi asagidaki kriterleri de

g6zden uzak tutmamalidirlar:

a. Makalelerindeki ekseni, dayandig: temel fikri, ikincil kaynak incelemesi ve bunlara gore yeniligi, Fen
ve Miihendislik Bilimleri ve uygulama alanina katkisini,

b. Arastirmalarinin makalenin ana eksenine katkisini, hipotez ve metodolojisi, istatistiksel analiz
tekniginin yeterliligini,

c. Makalenin mantiksal biitiinliigii ve kendilerini tatmin edip etmedigini,
d. Makalenin basliga uygunlugu ve anahtar kelimelerin makaleyi yansitabilmesini,

e. Iyi kalitede bir model, sekil, tablo vb. ile 6gretime katk1 seviyesini degerlendirmelidirler. Ampirik
calismalara oncelik taninacagi makalelerin yayinlanabilmesi i¢in, yazilar:

3.1. Metin, cift aralikli ve 12 puntoyla Microsoft Word (6.0 ve iistii) yazim programinda Times New
Roman karakterinde yazilacak ve internet/Web ortaminda veya CD olarak ve 3 kopya “hard copy”/

cogaltilmis olarak gonderilecektir.

3.2. Makalelerin 20 sayfay1 (A4 boyutlu ve 2 aralikli) gegcmemesi gerekmektedir. Yazilar ve sekiller
sayfaya soldan 3,5 cm, alt/iist ve sagdan 2,5 cm bosluk birakacak sekilde konumlandirilmalidir.

3.3. Auflar, dip notlarda degil, metin icinde ve parantezle (soyad, yil: sayfa) verilecektir.
3.4. Agiklama notlari numaralandirilarak ilgili sayfa altinda yazilacaktir.

3.5. Tablolar numaralandirilip tablo iistiinde, sekiller sekil altinda (atif varsa, tablo ve sekil altinda,
kullanim izni referansi ile birlikte), denklemler yaygin bilinirlikte ve agiklamali olarak gosterilecektir.

3.6. Makale sonunda atiflarla gonderme yapilan kaynakcaya ( soyad, ad, eser “makaleler tirnak i¢inde”,
yayn yeri, yaymlayan, yil, -dergiler: sayi, ay, y1l ve sayfa bas ve sonu-) yer verilecektir. Sanal ortam
atiflari, giincel olarak tarih ve saati ile verilecektir.

3.7. Makalelerin baslik ve yazar isminin altinda, 200 kelimeyi gegmeyen hem Tiirkge hem Ingilizce
ozetlerle (katk ve sonug igerikli) 3-5 anahtar kelimeye yer verilecektir.

3.8. Makalelerin Ozet, Girig, Yontem/Yaklagim, Gelisme, Bulgular, Sonug, Uygulamaya Katkisi ve
Kaynakca boliimlerinden olusmasina dzen gosterilmesi beklenir.

3.9. Yazar/larin ismi makalenin altinda yer almali, unvani ve ¢alistigi kurum, birinci sayfada yildizh
dipnot olarak gosterilmelidir.
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3.10. Yayin, danigma ve hakem kurullarinda gorev alanlar, kendi makalelerinin goriismelerine ve hakem
gorevlendirmelerine katilamazlar.

3.11. Yayini1 uygun goriilen makaleler yayin sirasina konur. Gonderilen makaleler ve diizeltme talepleri
sonrasinda da yayini uygun goriilmeyen yazilar iade edilmez ve yazarina gerekcesiyle bildirilir.

3.12. Makalelerin bilimsel ve diger hususlara iligkin sorumlulugu yazar/larina aittir. Bir baskasindan
yararlanilan sekil, resim ve tablo alintilarinda, ilgili yazar/yayincidan izin yazisi alinmali ve makale
ekinde sunulmalidir.

3.13. Her sayidaki hakem isimleri ve raporlari beg y1l siireyle arsivlenecektir.
3.14. Yazar/lar, yaymlanmasi halinde, tiim telif haklarin1 Beykent Universitesine devrettiklerini belirten

asagidaki belgeyi de makaleleriyle birlikte gondermelidir: Bu belgenin imzalanip gonderilmemesi
halinde, bu haklarini, Beykent Universitesi’ne otomatik olarak devrettikleri anlamina gelir.
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