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ONSOZ

Bu ¢alismada, uzunlugu L, kalinlig1 h, genisligi b olan, kalinlig1 boyunca fonksiyonel
derecelendirilmis olan kiris, Timoshenko kiris teorisi kullanilarak, sonlu elemanlar
yontemiyle analiz edilmis ve cesitli sinir sartlarinda dinamik davraniglar1 incelenmistir.

Calismanin ilk boliimiinde, fonksiyonel derecelendirilmis malzemelerle ilgili literatiirde
yapilmis caligmalarla ilgili bilgiler verilmistir. Ayrica tezin amaci ve ortaya koydugu
orijinal katkidan s6z edilmistir.

Ikinci boliimde, fonksiyonel derecelendirilmis kirisin, Timoshenko kiris teorisine gore,
sonlu elemanlar modeli olusturulmustur. Ayrica analizi yapilacak {i¢ farkli smir sarti
icin, global rijitlik ve kiitle matrisleri olusturulmus ve hareket denklemleri elde
edilmistir.

Uciincii boliimde, ii¢ farkli smir sarti icin elde edilen dinamik analiz sonuglari
incelenmistir. Ayrica ge¢miste yapilmis c¢aligmalarla sayisal sonug¢ kiyaslamasi
yapilarak modelin dogrulugu gozden gegirilmistir.

Dordiincii ve son boliimde ise 6nceki boliimde elde edilen sonuglarin degerlendirmesi
yapilmistir.

Bu tezin hazirlanmasi i¢in yakin ilgisiyle, derin bilgi birikimini benimle paylasan, ¢ok
degerli zamanin1 bana fazlasiyla ayiran, bilimsel anlamdaki katkilartyla ufkumu acan
kiymetli hocam ve tez danismanim Dog. Dr. Cihan Demir’e, iyi giinde, kotii giinde
yanimda olan biricik esime, beni kendinden ¢ok seven sevgili anneme ve maddi, manevi
destegiyle bu tezi tamamlamamdaki en biiyiik motivasyonu saglayan aslan babama
tesekkiirii borg bilirim.

Nisan, 2016

Merter ALTINOZ
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OZET

FONKSIYONEL DERECELENDIRILMIS TIMOSHENKO
KIRISININ CESITLI SINIR SARTLARINDA DINAMIK ANALIZI

Merter ALTINOZ

Makine Miihendisligi Anabilim Dali
Yiiksek Lisans Tezi

Tez Danigsmant: Dog. Dr. Cihan DEMIR

Bu calismada, uzunlugu L, kalinlig1 h, genisligi b olan, kalinlig1 boyunca fonksiyonel
derecelendirilmis olan kiris, Timoshenko kiris teorisi kullanilarak, sonlu elemanlar
yontemiyle analiz edilmis ve c¢esitli smir sartlarinda dinamik davranislar
gozlemlenmistir. Her iki kdsesinden diisey yonde yay ile mesnetlenmis kirig durumu ve
hem yay hem de soniim elamanlariyla mesnetlenmis kiris durumu igin frekans analizleri
yapilmustir. Ayrica yay ile mesnetlenmis kirigin orta noktasindan uygulanan harmonik
kuvvet altindaki dinamik analizi yapilmistir. Geometrik 6zellik olan kiris uzunlugunun
kalinliga oraninin, malzeme 6zelligi olan iist ve alt malzeme elastiklik modiilii oraninin,
kalinlik boyunca malzemenin nasil bir degisim gosterecegini ifade eden kuvvet kanunu
iistelinin, mesnet kosullar1 olan boyutsuzlastirilmis yay katsayis1 ve boyutsuzlagtirilmis
sonltim katsayisinin  degisiminin  kirisin  dinamik davranis1 {izerindeki etkileri
arastirilmistir. Elde edilen sonuglar tiim bu parametrelerin kirigin frekans parametreleri
tizerinde 6nemli bir etkisi oldugunu gostermektedir.

Anahtar Kelimeler: Fonksiyonel derecelendirilmis kiris, Timoshenko Kkiris teorisi,
sonlu elamanlar yontemi, dogal frekans analizi, harmonik analiz, frekans parametresi
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ABSTRACT

DYNAMIC ANALYSIS OF AFUNCTIONALLY GRADED
TIMOSHENKO BEAM UNDER VARIOUS BOUNDARY
CONDITIONS

Merter ALTINOZ

Department of Mechanical Engineering
MSc. Thesis

Adviser: Assoc. Prof. Dr. Cihan DEMIR

In this study, the dynamic behaviour of a functionally graded beam with the thickness h,
length L, width b, is investigated by using Timoshenko beam theory and finite element
method under various boundary conditions. The free vibration analysis has been made
for two boundary conditions: spring supported and viscoelastically supported in vertical
direction from both ends. Furthermore, harmonic analysis has been implemented for the
spring supported beam with the harmonic force load in the middle of it. The dynamic
behaviour of the beam is studied through variations of the geometric property: lenght-
to-thickness ratio , material property: elastic modulus ratio of the top to bottom material,
power-law exponent which indicates the gradation of the material along the thickness,
support conditions: nondimensional spring coefficient and nondimensional damping
coefficient. The results indicate that, all of those parameters have a significant influence
on the natural frequency parameters.

Keywords: Functionally graded beam, Timoshenko beam theory, finite element
method, free vibration analysis, harmonic analysis, frequency parameter
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BOLUM 1

GIRIS
Malzeme teknolojisi, glinlimiizde teknolojik ilerlemelerin igerisinde ¢ok dnemli bir yere
sahiptir. Birden ¢ok malzemenin fiziksel 6zelliklerine ihtiya¢ duyuldugu durumlarda
kullanilan, kat1 haldeyken birlestirilmis farkli malzeme tabakalarindan olusan kompozit
malzemeler, ani malzeme gecisi ve bu gecigin getirdigi 1s1l genlesme farki veya yiik
altinda gerilim siireksizliginden dolayr bazi uygulama alanlarinda yeterli basari
gostermemektedir. Fonksiyonel derecelendirilmis malzemeler, homojen olmayan ve bir
yiizeyden diger yiizeye malzeme Ozelliklerinin asamali olarak degisim gosterdigi ileri
teknoloji kompozit malzemelerdir. Malzemenin asamali gegisi sayesinde, malzemedeki
gerilim dagilimi diizenli haldedir, laminasyonlu kompozit malzemelerdeki gibi bir
catlak olusumu veya ilerlemesi gozlemlenmez. Ilk olarak Japonya’da 1984 yilinda bir
uzay araci projesinde, dis yiizeyi 2000° K sicakliga maruz kalip, 10 mm’lik kalinlig
boyunca sicakligi asamali olarak 1000° K’e diisiirecek bir malzemeye ihtiya¢ duyulmus

ve fonksiyonel derecelendirilmis malzeme kavrami ortaya ¢ikmustir.

X H e § ——— L LM

Sekil 1.1 Fonksiyonel derecelendirilmis malzeme (ZrO,/NiCoCrAlY)
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Sekil 1.1’de fonksiyonel derecelendirilmis malzemeye Ornek olarak, 1sil bariyer
kaplamasi olan ZrO»/NiCoCrAlY ve kalinlik boyunca degisen malzeme yiizdeleri

gosterilmistir.

FDM’lerin giinlimiizdeki bazi1 kullanim alanlarina 6rnek olarak, yiiksek termal gegis
dayanimina ihtiya¢ duyan uzay araglari, roket motoru pargalari, dis ve kemik protezleri,
catlak ilerlemesini 6nleyen yapisindan dolay1 kursungec¢irmez yelek ve migferler, termal
bariyer ihtiyaglar1 i¢in gaz motorlar tiirbin kanatlari, 151k kirict 6zelliklerinde asamali
gecise ihtiyag duyan optik diskler gosterilebilir. Kullanim alanlarinin artmasiyla birlikte
son yillarda fonksiyonel derecelendirilmis malzemelerle yapilmis yapilarin statik ve

dinamik davranislarin1 anlama ihtiyaci gittikce 6nem kazanmaktadir.

1.1 Literatiir Ozeti

Sankar [1] siniizodial enlemesine yiike maruz kalan FD Kkirisin elastikligini Euler-
Bernoulli kirig teorisi yardimiyla gozlemlemistir. Young modiilii kalinlik boyunca
degisirken, Poisson orani sabit tutulmustur. Sankar teorinin uzun ve ince kirislerde
gecerli oldugunu, kisa ve kalin kiriglerde ise gerilimin yogunlastigini gdzlemlemistir.
Ayrica daha yumusak olan tarafina kuvvet uygulanan FD kirislerde, gerilim
yogunlagmasimin homojen kiriglere gore daha az oldugunu ve bunun tam tersinin de

dogru oldugunu belirtmistir.

Chakraborty vd. [2] fonksiyonel derecelendirilmis kiriglerin termoelastik davraniglarini
analiz edebilmek i¢in yeni bir kiris modeli gelistirmistir. Bu yeni kiris eleman: birinci
dereceli kesme deformasyon kiris teorisine (FSDBT) dayanmaktadir. Kirisin kalinlik
boyunca degisen elastik ve termal oOzellikleri oldugu kabul edilmistir. Farklhi
kosullardaki degisimleri incelemek adina malzeme 6zellik dagilimini kuvvet kanunu
degisimine gore yapmustir. FD kirisin, saf metal ve saf seramik kirise gore davranis
farklarin1 incelemek adina serbest titresim, statik ve dalga yayilim problemleri ele

alinmistir.

Kocatiirk ve Simsek [3], bu ¢alismasinda farkli mesnet sartlarina sahip Timoshenko
kirislerinin serbest titresimlerini incelemistir. Problemin ¢6ziimii i¢in Lagrange
denklemleri kullanilmistir. Mesnet sartlari Lagrange c¢arpanlart  kullanilarak
saglanmistir. Lagrange denklemlerinin uygulanmasi i¢in kirisin yer degistirmelerini ve

orta kesit donmelerini ifade eden ¢oziim fonksiyonlarinin olusturulmasinda polinomlar



kullanmistir. Lagrange denklemleri kullanarak problemi cebrik denklem sisteminin
¢Oziimiine indirgemistir. Timoshenko kiriginin ilk sekiz moduna ait 6zdegerlerini farkli

kalinlik oranlar1 i¢in tablolar halinde vermistir.

Aydogdu ve Taskin [4] basit mesnetli FD kirigin serbest titresim analizini yapmustir.
Kalinlik yoniinde malzemenin elastiklik modiiliiniin kuvvet kanununa gore degistigi
kabul edilmistir. ilgili denklemler Hamilton Prensibi vasitastyla bulunmustur. Navier
tipi ¢ozlim yontemi frekanslarin elde edilmesinde kullanilmistir. Analizlerde Klasik kiris
teorileri ve farkli yiiksek dereceli kiris teorileri kullanilmistir. Serbest titresim
frekanslar1 ve bazi mod sekilleri farkli malzeme Ozellikleri ve kalinlik oranlari igin

hesaplanmustir.

Li [5] donel atalet momenti ve kayma deformasyonunu igeren FD Kkirisinin statik ve
dinamik davraniglarini incelemek icin yeni bir yaklasim sunmustur. Timoshenko kiris
teorisinden faydalanarak Euler-Bernoulli ve Rayleigh kiris teorilerini analitik olarak
cikarmistir. Kuvvet kanununa gore degisen kirisler ve katmanl kirisler i¢in sayisal

sonuclar elde etmistir.

Xiang ve Yang [6] Timoshenko Kiris teorisini kullanarak, eksenel ve donel ataleti de
icerecek sekilde, 1s1l 6n gerilimli fonksiyonel derecelendirilmis kirisin kalinlik yoniinde
degiskenligiyle serbest ve zorlanmis titresimlerini incelemistir. Kiris, dis yiizeylerde FD
malzemeli iki tabaka ve ortadaki homojen tabakadan olusmaktadir. FD tabakalarin
malzeme Ozelliklerinin kalinlik yoniinde kuvvet kanununa goére degisim gosterdigi
kabul edilmistir. Titresim frekanslari, mod sekilleri ve dinamik cevabin, kalinlik
yoniindeki degisim, 1s1 degisimi ve kiris boyunun kalinligina orani parametrelerine

biiyiik 6l¢iide bagli olarak degistigini gdstermislerdir.

Sina vd. [7] FD Kkiriglerin serbest titresim frekanslarini elde etmek i¢in, geleneksel
birinci dereceden kesme deformasyonu teorisinden farkli yeni bir kirig teorisi
kullanmiglardir. Kiris 6zelliklerinin kuvvet kanununa gore, kiris kalinligit boyunca
degistigi varsayilmistir. Kiristeki yanal gerilmelerin sifir oldugu varsayilmis ve ilgili
hareket denklemleri Hamilton prensibi vasitasiyla elde edilmistir. Serbest titresim
degerleri farkli sinir sartlar1 géz Oniine alinarak elde edilmis ve farkli kiris teorileri
aralarinda karsilastirilmalar yapilmistir. Ayrica hacim oranlari, kesme deformasyonu ve
siir kosullar1 parametrelerinin dogal frekanslar ve mod sekilleri tizerlerindeki etkileri

incelenmistir.



Simsek [8] farkli sinir sartlarindaki FD Kkirislerin, klasik, birinci dereceden ve farkli
yiiksek dereceli kesme deformasyon kiris teorilerine gore dogal frekans analizlerini
yapmistir. Malzeme Ozellikleri kiris kalinlig1 yoniinde kuvvet kanuna gore degisim
gosterdigi kabul edilmistir. iki farkli formiilasyon gelistirilmistir. ilk formiilasyonda
kirig orta yiizeyindeki toplam egilme donmesi bilinmeyen fonksiyon olarak alinirken,
ikinci formiilasyonda kiris orta yiizeyindeki kayma donmesi bilinmeyen fonksiyon
olarak alinmistir. Frekans denklemi Lagrange denklemlerinden elde edilmistir ve kiris
smir kosullar1 Lagrange c¢arpanlariyla uygulanmustir. Eksenel ve egilme yer
degistirmeleri, orta kesitin egilme ve kesme donmelerini ifade eden denklemler
polinomal formda gosterilmistir. Kiris uzunlugunun kalinliga orani, malzeme 6zellikleri
degisimi, farkli formiilasyonlar, farkli kiris teorilerinin, dogal frekanslar tizerindeki
etkileri incelenmistir. Elde edilen sonuglari tablolara dokerek —gelecekteki

arastirmacilarin kiyaslamasi igin bir referans olusturmustur.

Simsek [9] hareketli kiitle ile yiiklenmis basit mesnetli FD kirigin titresimlerini, Euler-
Bernoulli, Timoshenko ve iicilincli dereceli kesme deformasyonu kirig teorilerini
kullanarak incelemistir. Kirisin malzeme 6zelliklerinin, kuvvet kanununa gore kalinlik
boyunca degisim gosterdigi kabul edilmistir. Sistem hareket denklemleri Lagrange
denklemleri vasitasiyla elde edilmistir. Enine ve eksenel yer degistirmelerin ve orta
kesit donmesinin deneme fonksiyonlari polinomlar olarak ifade edilmistir. Lagrange
carpanlarinin uygulanmasiyla sinir kosullarinin etkileri dahil edilmistir. Bu ¢alismada
kesme deformasyonlarinin, gesitli malzeme dagilimlarinin, hareketli kiitlenin hizinin,
ataletin, hareketli kiitlenin merkezka¢ kuvvetinin, kirisin dinamik yer degistirme ve
gerilimler tizerindeki etkileri detaylica incelenmistir. Elde edilen sonuglar benzer
caligmalarla kiyaslanarak dogrulanmis ve iyi seviyede uyum gozlemlenmistir. Sonuglar,
yukarida bahsedilen etkenlerin kirisin dinamik davranisinda c¢ok o©nemli bir rol

oynadigina isaret etmektedir.

Demir ve Oz [10], bu c¢alismasinda viskoelastik sinir kosullarindaki fonksiyonel
derecelendirilmis kirisin rezonans frekans1 degisimlerini incelemistir. Kirisin
boyutsuzlastirilmis frekans parametrelerini sonlu elemanlar yontemi kullanarak analiz
etmistir. Hareket denklemleri sistemini Euler-Bernoulli kirisine Lagrange denklemlerini
uygulayarak elde etmistir. Malzeme oOzelliklerinin kalinlik yoniinde kuvvet kanunu
dagilimina sadik kalarak degistigini belirtmistir. Viskoelastik mesnetlere ¢esitli yay ve
sonlim katsayilar1 uygulayarak farkli sinir kosullart uygulanmustir.
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Pradhan ve Chakraverty [11] farkli kosullara maruz kalmis fonksiyonel
derecelendirilmis  kirisin  serbest titresim  analizini  yapmistir.  Fonksiyonel
derecelendirilmis kirigin serbest titresim analizini yapmak i¢in farkli yliksek dereceli
kesme deformasyonu teorileri kullanmistir. Malzeme &zelliklerinin kuvvet kanununa
gore kalinlik boyunca degistigini kabul etmis ve yer degistirme fonksiyonlarini
polinomlar olarak gostermistir. Cesitli sinir kosullarini basit bir sekilde ¢oziimlemek ve

frekans parametrelerini hesaplamak adina Rayleigh-Ritz metodu kullanmustir.

Simsek [12], bu ¢alismasinda hareketli yiikke maruz birakilan ¢ift yonlii fonksiyonel
derecelendirilmis kirisin zorlanmis ve serbest titresimlerini incelemistir. Malzeme
ozelliklerinin hem eksenel hem de kalinlik yoniinde degistigi kabul edilmistir. Hareket
denklemleri Lagrange denklemleri kullanilarak hem Timoshenko teorisine gore hem de
Euler-Bernoulli kiris teorisine gore elde edilmistir. Serbest ve zorlanmig titresim
sonuclarint elde etmek i¢in eksenel yer degistirmeler, enine yer degistirmeler ve orta
kesitin donme fonksiyonlar1 polinom formunda gosterilmistir. Cesitli sinir kosullart yer

degistirme fonksiyonlarina yardimei fonksiyonlarin eklenmesiyle uygulanmaistir.

1.2 Tezin Amaci

Bu ¢alismada, fonksiyonel derecelendirilmis bir kirisin Timoshenko kiris teorisine gore,
cesitli sinir sartlarinda serbest titresim analizlerinin yapilmasi ve ortasindan uygulanan
harmonik kuvvet etkisi altinda dinamik davranisi incelenmis olup, malzeme
ozelliklerinin varyasyonlarinin, kirisin dinamik davranisi lizerindeki etkilerini ortaya

cikarmak amaclanmustir.

1.3 Orijinal Katki

Literatiirde fonksiyonel derecelendirilmis Euler-Bernoulli kirislerinin sonlu elemanlar
yontemiyle ¢Oziimlerine dair ¢aligmalar bulunmaktadir. Ayrica fonksiyonel
derecelendirilmis Timoshenko kirisinin ¢esitli ¢6ziim yontemleriyle dinamik analizleri
yapilmistir. Ancak bu ¢alismadaki gibi; fonksiyonel derecelendirilmis, sinir kosullari
olarak viskoelastik ve yay mesnetli bir kiriste, hem Timoshenko kiris teorisine dayanan,
hem de sonlu elamanlar yontemiyle ¢dziim yiiriitiilen, malzeme 6zellikleri, mesnet yay

ve sonlim degerleri degisiminin etkilerinin incelendigi bir ¢alismaya rastlanmamustir.



BOLUM 2

FONKSIYONEL DERECELENDIRILMIS KiRIiSIN
MATEMATIKSEL MODELI

2.1 Fonksiyonel Derecelendirilmis Kirisin Kalinhk Boyunca Degisimi

Sekil 2.1°de uzunlugu L, kalinlig1 h ve genisligi b olan fonksiyonel derecelendirilmis bir
kiris gosterilmistir. Caligmadaki FDK’nin malzeme 6zelliklerinin kalinlik boyunca
kuvvet kanununa gore degisime ugradigi kabul edilmistir. Kalinlik boyunca degisen
malzeme ozellikleri E(z), G(z), p(z), v(z) sirastyla elastiklik modiilii, kayma modiilii,
yogunluk ve Poisson oranidir. Bu degisimin fonksiyonunu veren kuvvet kanunu
(2.1)’de verilmistir. Py ve Py sirasiyla {ist ve alt yiizeyin malzeme 6zellikleri ve n de
kuvvet kanunu istelidir. n {ist malzemeden alt malzemeye kalinlik boyunca olan gecis
gradyanini belirtmektedir. n=0 durumunda kiris {ist malzeme 6zellikleri gostermekte, n

bliylidiikce de kalinlik yoniinde daha erken alt malzeme 6zellikleri gostermektedir.

z 1Y
P(z)=(PR, _PL)(TEJ +P. (2.1)
T, W, (50
PU (EU . pL) Kesit

k P E Py k

Sekil 2. 1 Fonksiyonel derecelendirilmis kiris
6



Ust yiizeyinde alumina (E=390 GPa, p=3960 kg/m°), alt yiizeyinde ise gelik (E=210
GPa, p=7800 kg/m®) bulunan bir kiriste elastiklik modiilii ve ozkiitlenin kalinlik
boyunca degisimi sirasiyla Sekil 2.2 ve Sekil 2.3’ de gosterilmistir.

05 T T T T T T T T =

04r
n=10 - /
031
021
01F
zlh ok
01K

0.2

03
n=01,

04

| I I I
320 340 360 380 400

oo #
00 220 240 % " .
E (GPa)

Sekil 2. 2 Elastiklik modiiliiniin kalinlik boyunca degisimi
05
0 D)

03F

02~

0.1

7/h O

02

03+

04+

05 [ [ [ i S
50 4000 4500 5000 5500 6000 6500 7000 7500 800

p lkgm]

Sekil 2. 3 Ozgiil kiitlenin kalinlik boyunca degisimi



2.2 Sekil Fonksiyonlar:
Fonksiyonel derecelendirilmis kirigin i’nci sonlu elamani serbestlik dereceleri Sekil
2.4°de gosterilmistir. Buna gore u, w, 6 sirasiyla, boyuna yerdegistirme, egilme yer

degistirmesi ve orta kesit donmesidir.

4
(\
0

i,0 j, L —
Pl, (El,‘ pl,) /

Sekil 2. 4 i’nci kiris elemaninin serbestlik dereceleri

Kirisin herhangi bir elemaninin nodlarindaki yer degistirmeler (2.2)’de belirtilmistir.

{a) =[u (£). w ()., (t).u; (1) w; (1), 6, (t)]T (2.2)

Bu ¢alismada tek basina boyuna uzama hali ve tek basina egilme hali i¢in ayr1 ayri sekil

fonksiyonlar1 bulunmus ve fonksiyonel derecelendirilmis kiris i¢in siiperpoze edilmistir.

2.2.1  Boyuna Uzama Hali i¢in Sekil Fonksiyonu
Sekil 2.4°te tek basina boyuna uzama olmasi durumunda
U=a,+a.x (2.3)

x=0’da u=u;, Xx=L’de u=uj; bulunur. Bu durumda boyuna uzama i¢in sekil fonksiyonu

asagidaki gibi elde edilir.

NU:P—% %} (2.4)



2.2.2  Egilme icin Sekil Fonksiyonu

Bir Timoshenko kirisi diferansiyel elemanina etkiyen kuvvet ve momentler Sekil 2.5°te

[13] gosterilmistir.

_L/(f,\'-/
T
\

I
|
[}
v \
I
I

~

NS M + dM
N
M o N
duw
B} ’5“-\_‘
V+ dv

@

Sekil 2.5 Bir Timoshenko kirisi elemanina etkiyen kuvvet ve momentler

Statik durum i¢in, D noktasina gore moment alinmasi durumunda (2.5) esitligi elde

edilir.

M +(M +dM)—(V +dV)dx =0

(2.5)

Hook kanununa gore: boyuna yer degistirme, uzama, gerilim denklemleri sirasiyla

u(x,z,t) =—z0(x,t), ¢, = —Z? , o, = E(2)e,, seklinde ifade edilir.
X

Kayma donmesi (2.7)’de verilmistir.

oW ou _ow
Ve = t—=—7"
OX 07 OX
(2.5)’teki ifadeler asagidaki gibi acilabilir:

M :—IZJXXdA:—IzE(z)gXXdA:%IZZE(z)dA: p_%
° A OX % OX

ow
Vv =—'/[rxsz=—J;KGyXZdA= Aﬂ(e—&j

(2.6)

(2.7)

(2.8)

(2.9)



D, - .[ E(2)2%dA (2.10)

A.= | xG()dA 211)
A

dv :ﬂdx, dm =@dx (2.12)
OX OX

(2.8), (2.9) ve (2.12) daki ifadeler (2.5)’te yerine koyuldugunda (2.13) esitligi elde
edilir.

0’6 ow dw d’e
DXXW_A(Z(Q_&jzA(Z&_‘_DXXW_A(ZQZO (213)
D
5 Du (2.14)
A,

p ifadesi uygulanarak (2.13) sadeleserek (2.15) esitligine donisiir.

dw _d?%

Egilme yer degistirmesi ve orta kesit donmesi denklemleri;

w=h, +bx+b,x* +hb,x* (2.16)
0 =C, +C,X+C,X° (2.17)
(2.16) ve (2.17), (2.15) esitliginde yerlerine koyulur.

b, +2b,x +3b,x* +2¢, —C, —C,X—C,X* =0 (2.18)
(2.18)’den faydalanarak; katsayilar birbiri cinsinden (2.16)’daki gibi yazilir.

c,=3h,, c=2b, c,=b+2pc,=b+6pb, (2.19)
(2.19)’deki katsayilar (2.17)’de yerlerine yazildiginda;

0 =b, + 60, +2b,x +30,x> (2.20)

Egilme yer degistirme ve orta kesit donmesi denklemleri (2.16), (2.20) matris formunda

asagidaki gibi yazilir.

U =iw 0} =[N ]{b}, {b}={b, b b, b} (2.21)

10



(2.22)

Nk(x):{l X X X3 }

0 1 2x 3x°+6p

Sinir sartlarin1 X=0 ve x=L i¢in uyguladigimizda nodal yer degistirmeleri gdsteren

(2.23) esitligine ulasiriz.

- N0
k=t 0 w0 = 0 L 029

Bu durumda katsayilar vektori {b} ’yi nodal yer degistirmeler cinsinden yazmamiz

mimkiin olacaktir.

NOT"
{b} {Nk(L)} {0,,} (2.24)

{b} ‘yi denklem (2.21)’deki yerine koydugumuzda ise yer degistirmeler matrisini

(2.25)’te elde ederiz.

N
Uy = [Nk(X)]L\Ik (LJ {0,0} (2.25)
Uyo =[N],., {00} (2.26)

Ny (0)} (2.27)

(N, =[N0 )

(2.27)’de verilmis olan [N] ~, egilme ve orta kesit donmesi sekil fonksiyonudur.

0 )

Matrisin agik hali denklem (2.29)’de verilmistir.

1 0 O 0
- N, (0) _1_ 1 x x? X3 01 0 64
LIRSS o] I AN A A
0 1 2L 3L2+6,B

11



L x(128-2¢)+30¢  x(L-x)(L2-xL+65) x(125-2x*)+3L¢  —x(68+Lx)(L-X) |

o B L(L +125) L(L +125) L(L +125) L(L +125)
“ 1 ex(L-x) L-x (LX) ox(L-x)  x(-2L2+3xL+12p)

I L(L* +12B) L (L*+12p) L(L* +128) L(L +128)
(2.29)

2.2.3  Fonksiyonel Derecelendirilmis Kirisin Sekil Fonksiyonlar:

Boyuna uzama sekil fonksiyonu (2.4), egilme ve orta kesit donmesi sekil fonksiyonlari
(2.29) tim serbestlik derecelerini igerecek sekilde birlestirilerek, fonksiyonel

derecelendirilmis kiris i¢in yeniden ifade edilmelidir.

Boyuna uzama sekil fonksiyonu;
X X
N| ={1-— 0 0 — 0 O 2.30

Egilme yer degistirmesi sekil fonksiyonu;

IN] |0 1_x(12,3—2x2)+3Lx2 X(L=X)(U-xL+68)  x(128-2x)+3Lx"  —x(68+Lx)(L-X)
o L(L* +128) L(L* +128) L(L* +128) L(L* +128)

(2.31)

Kesit donmesi sekil fonksiyonu;

IN] =|0 “Gx(L-x) L-x_3x(L-x) . 6x(L-x) X(=2L° +3xL+125) (2.32)
0 L(L+128) L (1*+128) L(L* +12p) L(L* +12)

Sekil fonksiyonlar1 nodal yer degistirmelerle c¢arpildiginda sirasiyla boyuna yer

degistirme, egilme yer degistirmesi ve orta kesit donmesi fonksiyonlari elde edilir.

U (1) =[N], {a}, wo(xt)=[N], {a}, 0(xt)=[N]{a (2:33)

12



2.3 Timoshenko Kiris Teorisi’nin Fonksiyonel Derecelendirilmis Kirise

Uygulanmasi

Bir Timoshenko Kirisi’nin orta kesit donmesi (#); kiris egilmesi (%ﬂ)’den kayma
X
dénmesi ( ,,) kadar saparak gerceklesir.

Fonksiyonel derecelendirilmis Timoshenko Kirisi’nin boyuna ve egilme yer degistirme

denklemleri (2.34)’da verilmistir.
u(x,z,t) =u,(x,t)—z.0(x,t),  w(x,zt)=w,(xt) (2.34)
Bu durumda Hook Kanunu’na gére; boyuna uzama (2.35)’de belirtilmistir.

b= 20,20 (2.35)
oX OX

Kayma donmesi (2.36)’da verilmistir.

ow ou _ ow,

R s [ 2.36
e = "% T o (2.36)

2.3.1  Potansiyel Enerji Denklemi

(2.35) ve (2.36)’daki boyuna uzama ve kayma dénmesi denklemlerinin ilgili yerlerine
koyulmasiyla elde edilen, fonksiyonel derecelendirilmis Timoshenko kirisinin

potansiyel enerji denklemi (2.37)’de verilmistir.

L L
U= % [ [(0u + T )0 = % [ [ E@ +7,,7x,6(2)dAdx (237)
0A 0A
—lﬂ [%—Z%T E(z)+(%—9j2/< G(z) |dAdx (2.38)
233 Uax "ox ox ‘ '

:%“E(z)li[%j —22(%2—3j+z (ij j|dAdX+ J..[K‘dG(Z)E—— j dAdx

(2.39)

15 au, \’ (8u aej (aejz (aw T
—z To| 28 [T 4D [Z T _g| |dx 2.40
Z-ﬂp&x(axj * ox ox *\ ox A OX (2.40)



(2.40) potansiyel enerji denkleminin nihai halidir ve bahsi gegen katsayilar asagidaki
gibidir;

A - LE(Z)dA:(EU _ EL)nb—f1+ E,bh (2.41)
B, —j E(2)zdA=(E, - E)z(n+—3;+2) (2.42)
o[ -enn
A - LKG(Z)dA:K(GU —GL)nb—_::lJrKGLbh (2.44)
da=b[ dz (2.45)

—h/2

Bu katsayilar denklem (2.1)’de verilmis olan kuvvet kanunu denkleminin ilgili malzeme

ozelligine doniistiiriilmiis hallerinden elde edilmistir.

Kayma gerilme diizeltme katsayis1 x, , dikdortgen kesit i¢in x, = 5 alimmustir.

(2.14)’de verilmis olan f :& denkleminde D, ’in igerdigi 3. dereceden h

vA

ifadesinden dolayi, kalinlig1 azaldik¢a S degeri 0’a yaklasir. =0 i¢in Timoshenko

kiris teorisi Euler-Bernoulli kiris teorisine doniismektedir.

2.3.2  Kinetik Enerji Denklemi

(2.34)’teki boyuna ve diisey yonde yer degistirme denklemlerinin ilgili yerlerine
koyulmasiyla elde edilen, fonksiyonel derecelendirilmis Timoshenko kirisinin Kinetik

enerji denklemi (2.46)’da verilmistir.

-z j j p(z)(0% +W* ) dAdx = j j p(z)[(——za&—@] +(%} }dAdx (2.46)
1% au, )’ ou, 00 ,(80Y (ow, )’

14



4{.{%) o1 (20 (O], (2] }dx @.48)
2 ot ot ot ot ot

0

(2.48) kinetik enerji denkleminin nihai halidir ve bahsi gegen katsayilar asagidaki
gibidir;

- bh
I,=| p(2)dA=(p, —p.)——+p.bh (2.49)
Ja n+1
L= [ p@zda=(, —p ) (2.50)
5= ),P Pu P S T an+2) '
Lo (D2dA=(o, —p.) bh*(n* +n+2) +prh3 (2.51)
A TP TP (P +Bn+6) | 12 '

Bu katsayilar denklem (2.1)’de verilmis olan kuvvet kanunu denkleminin ilgili malzeme

ozelligine doniistiiriilmiis hallerinden elde edilmistir.

2.4 Sonlu Elamanlar Modeli

Fonksiyonel Derecelendirilmis Timoshenko kirisinin sonlu elamanlar modelini

olustururken, her bir elamanin rijitlik ve kiitle matrisleri bulunmalidir.

2.4.1  Sonlu Elamanin Rijitlik Matrisi

Herhangi bir noktadaki yer degistirmeleri ifade eden (2.33) denklemi (2.40)’daki
potansiyel enerji denklemi igerisine uygun formlariyla yazilirsa sonlu elamanlar

yontemi i¢in uygun altyapi elde edilmis olur (2.52)

AN [N, B [N [N,
U=S1af | B[ IV, IN', 6D, [N N, dce [fa) =3 (o) [K)a)

AL N TN, ), Jox

(2.52)

Matris igerisindeki ifade [K]bir sonlu elamanin rijitlik matrisidir. Rijitlik matrisinin

elamanlar1 hesaplanarak asagida verilmistir.

15



o)
i
x~
£
[N)
>~
£
w
x~
=
~
x~
£
3
>~
£
o

Kpi Koz Kos Kou Kps Ky
[K]= Kis Kso Kgs Kyy Kgs Kgg (2.53)
Kip Kiz Kig Kis Kis Ky
Ksi Koo Ksz Ksy Kss Ksg
_ke,l Kso Koz Kes Kos ke,e_
k1,1 = k4,4 = _k1,4 = _k4,1 =A, /L (2.54)
k1,2 = k1,5 = k2,1 = k2,4 = k4,2 = k4,5 = k5,1 = k5,4 =0 (2.55)
k1,3 = k3,1 = k4,6 = k6,4 = _k1,6 = _kG,l = _k3,4 = _k4,3 =-B, /L (2.56)
12(12A,5° + D, L
Koo = ks,s Kps =—Ks, = ( ) 2 ) (2.57)
L(L* +128)
6(12A, 5% +D, L’
kz,3 = kg,z “Roe TRe2 TR T —ks,a = —ks,s = Res = ( L(L2 12,6’)2 ) (2.58)
+
1448°D,, +4D, L* + *(36A,5° + 24D, B)
K33 =Ko = ; 3 (2.59)
L(L* +128)
2D, L*-1445°D, +L?(36A,8° 248D,
K3 =Kes = ( ) (2.60)

L(L2+128)

24.2 Sonlu Elamanin Kiitle Matrisi

Herhangi bir noktadaki yer degistirmeleri ifade eden (2.33) denklemi zamana gore
tirevi alinarak (2.48)’deki Kinetik enerji denklemi igerisine yazilirsa sonlu elamanlar

yontemi i¢in uygun altyapi elde edilmis olur (2.61)

LJCINTIND, dx- 1 [N, T[N, ox+ |
T=2{a)" |1, [ [N, [N], dx+15 [ [N],[N], dx+ |{a} =>{a} [M]{a}  (261)

1, [N, IN, o

16



Matris igerisindeki ifade [l\/l] bir sonlu elamanin kiitle matrisidir. Kiitle matrisinin

elamanlar1 hesaplanarak asagida verilmistir:

ml 1 m1,2 m1,3 ml 4 m1,5 ml,G
mZ,l m2,2 m2,3 m2,4 m2,5 m2,6
[M ] — m3l m3,2 m3 3 m3,4 m3,5 mS,G (262)
m,, M, m, m, Mmg; m.;
m5,l m5,2 m5,3 m5,4 m5,5 m5,6
| Moy Mg, Mgz Mg, Mg Mgy |
m,=m,,=1,L/3 (2.63)
m,=m,, =m,,=m,, =—m, =—M, =—m, =—m B (2.64)
,2 2,1 2,4 4,2 5 5,1 4,5 5,4 2( I_Z +12ﬁ) '
~IL(L* +48p)
M — M =m . —m. = 2.65
1.3 31 4,6 6,4 12( 12 +12,B) ( )
m,=m,,=1,L/6 (2.66)
~lgL(248-1)
M o—m—m = = 2.67
1,6 6,1 3,4 4,3 12(L2 +12ﬂ) ( )
L* (421, -181,)-1925°1,L
My, =M = ( > b A) Al +13IAL (2.68)

35(L° +128) 35

L* (12601, 5” + 2311 , BL° ~12601 , 8 +111 ,L* + 211, |*)

My =My, =—Mg g =—Mg5 = 2
210(L* +128)

(2.69)

3L(5601,/3” +841, 8L +31,L* —281,L°)
70(L2 +12p)

My =M;, = (2.70)
—1? (2520|Aﬂ2 +3781, 8% +25201, 4 +131 ,L* —42|DL2)

Myg =M, =—Myg =—Mg ;= ) 2
420(L* +12p3)

(2.71)
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_ L(1261,8°L° +50401,8° + 211, AL" + 2101, 8L +1,1° +141 )

Mys =M e ; 5 (2.72)
105(L* +123)
—L(504IA,BZL2—10080ID,82+84IAﬂL“+84OIDﬂL2+3IAL6+14IDL4)
m =M =
v 420(12 +12)
(2.73)

2.4.3 Global Matrisler ve Hareket Denklemleri

Sonlu elamanlar modelinde her bir elamanin tiim diigiim noktalarina etkiyen rijitlik ve
kiitle degerleri toplanarak global matrislere ulagilir. m elamanli bir kirisin m+1 adet
diigiimii ve her bir diigiimde 3 serbestlik derecesi oldugu i¢in 3m+3 adet de serbestlik

derecesi (p) vardir. Global matrisler de bu yiizden p x p elamanlidir.

Tiim kirigin potansiyel enerji denklemi:

1,7 2.74
U =>{a} [K].{a} (2.74)
[ K], kirisin global rijitlik matrisidir.
Tiim kirisin kinetik enerji denklemi:

1 . T .
e
[M ] . global kiitle matrisidir.

Bu calismada ¢esit sinir sartlar i¢in serbest titresim analizi, soniimli serbest titresim

analizi ve harmonik titresim analizi yapilacaktir.

18



2.4.3.1 1ki Ucundan Yayla Mesnetlenmis Kirisin Hareket Denklemleri

T, W, (x50

P (EU . pL) Kesit

Sekil 2.6 Yayla mesnetlenmis kiris

Kirisin kenarlarindaki yaylarin potansiyel enerji denklemleri:
1 1 2
Vo =Zk[aOF + k. [6,.(0)] (2.76)

k,, k, sirasiyla birinci ve ikinci mesnetin yay katsayilaridir.

Tiim sistemin fonksiyoneli asagidaki gibi gosterilebilir:

| =T-(U+V) (2.77)
;L_diizo,kzl,z,...,p (2.78)
h taqk

(2.78)’deki Lagrange denklemlerini kullanarak tiim sistem igin (2.79)’daki hareket

denklemi elde edilir.
(K1, fa} [k e+ M1, [af <0 @279

[K, Jmesnet rijitlik matrisidir ve K_,,=0, K, ;, 4 #0 harig tim elamanlari sifirdir.
Zamana bagli nodal yer degistirmeler agagidaki gibi ifade edilmistir:

{a®)} ={a}e' (2.80)
(2.80)’de {a} ‘nun elemanlar1 kompleks degisken olup faz agisini icermektedir.

(2.80)’den yola ¢ikarak, (2.79) asagidaki sekilde ifade edilebilir

19



q (2.81)

(K] {a} +[K.]{a} -@*[M], {a} =0

(2.81) asagidaki sekilde yazilabilir:

([K], +[K,]-@’[M],){a} =0 (2.82)
2.4.3.2 Viskoelastik Mesnetlenmis Kirisin Hareket Denklemleri
A w (x,t)
e
PLI (EL, , pl;) Kesit

P (E .p)
k ch

Sekil 2.7 Viskoelastik mesnetlenmis kirig

Kirisin kenarlarindaki viskoelastik mesnetlerin potansiyel enerji ve soniim denklemleri

V= [qz(t) +5 k[qp_l(t)] R, = [qz(t) + C[qp_l(t)] (2.83)

, K,, ¢, C,, sirastyla birinci ve ikinci mesnetin yay ve soniimleme katsayilaridir.

k,

Sonimleme kuvveti Q, sonim denklemi R, ’nin mesnet noktalarindaki yer degistirme

hizlaria gore tiirevlerinden bulunabilir:

_ORg
=  k=2,p-1 2.84
Qp, e p- (2.84)
Tim sistemin fonksiyoneli agagidaki gibi gosterilebilir:
(2.85)

I =T-(U+V,)

(2.86)’daki Lagrange denklemleri kullanilarak (2.87)’deki tiim sistemin hareket

denklemi elde edilir.

A 4 ,Q, =0k=12..,p (2.86)

oq, dt 4 q
20



[K]. {a}+[KJ{a} +[D.]{a} +[M], {Ei}:o

[K, ] mesnet rijitlik matrisidir ve K_,,#0, K, 3,

[D, ]séniim matrisidir ve D,,,#0, D, ) # 0 harig tiim elamanlari sifirdir.

p-1)(p-1

Zamana bagli nodal yer degistirmeler asagidaki gibi ifade edilmistir:
{a)} ={a}e'
{a} ‘nun elemanlar1 kompleks degisken olup faz agisini icermektedir.

Denklem (2.87)’de yerine koyulursa asagidaki gibi ifade edilebilir.

(K], {a} +[K.]{@} +ie[D,}{a} ~e? [M], {a} =0

(2.89) asagidaki sekilde yazilabilir:

([K]e +[Ks]+ia)[Ds]—a)2[M]G){a}=O

(2.87)

) 0 harig tiim elamanlari sifirdir.

(2.88)

(2.89)

(2.90)

2.4.3.3 Yay Mesnetli Kirisin Ortasindan Uygulanan Harmonik Kuvvet

Etkisindeki Hareket Denklemleri

Z, W, (%0

F(t)

Sekil 2.8 Harmonik kuvvet uygulanan, yayla mesnetlenmis kiris

Kirigin uglarindaki yaylarin potansiyel enerji denklemleri:

1 2 1 2
Vs =§kl[q2(t)] +§k2 I:qp—l(t)]

21

(2.91)



k,, k, sirasiyla birinci ve ikinci mesnetin yay katsayilaridir.
Di1s kuvvetlerin potansiyel enerjisi:
T
V=—{q"{F} (2.92)

Tiim sistemin fonksiyoneli asagidaki gibi gosterilebilir:

I=T-U+V+V,) (2.93)
aa_'_dii:o, k=1,2,...,p (2.94)
A taqk

(2.94)’teki Lagrange denklemleri kullanilarak tiim sistem igin (2.95)’teki hareket

denklemi elde edilir.
(K o+ K. Ha+ M. {a) = () 2%

[KS] mesnet rijitlik matrisidir ve K_,,=0, KS( p-1)(p1) * 0 harig tiim elamanlari sifirdir.

Kuvvet vektorii noktasal kuvvetin kirisin orta noktasindan uygulandigi géz oOniinde

bulundurarak asagidaki gibi ifade edilmistir.
{FO}={Q.}e""; (2.96)

Q

Dyen =Q ; Kirisin ortasindan etkiyen kuvvet olup diger diigiim noktalarina etkiyen

kuvvet degerleri sifirdir.

Zamana bagli nodal yer degistirmeler asagidaki gibi ifade edilmistir:

{a®}={afe"" (2.97)
{a} nun elemanlar1 kompleks degisken olup faz acgisini icermektedir.

(2.97)’den yola ¢ikarak, (2.95) asagidaki sekilde ifade edilebilir

[K] {a} +[K.]{a} - @’ [M]; {a} = {Q} (2.98)
(2.98) asagidaki sekilde yazilabilir:

([K]s +[K,]-@’[M], ){a} ={Q} (2.99)
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Maksimum reaksiyon kuvveti
P =(k)d,+(k,) 0,4 (2.100)

Mesnetlerdeki kuvvet iletimi T, asagidaki gibi ifade edilir.

T = (2.101)

P
Q
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BOLUM 3

SAYISAL SONUCLAR

Bu béliimde, sonlu elemanlar yontemi vasitasiyla, uzunlugu L, genisligi b ve yiiksekligi
h olan fonksiyonel derecelendirilmis Timoshenko kirisinin {i¢ farkli durum i¢in titresim
analizleri yapilmustir.

Ik kisimda her iki kdsesinden yay elemanlariyla mesnetlenmis kirisin serbest titresim
analizi yapilmistir. Ayrica yay degerinin sonsuz yapilmasiyla elde edilen basit mesnetli
model sonuglari daha 6nce yapilmis ¢alismalarla kiyaslanmis ve modelin dogrulugu
kanitlanmustir. fkinci kisimda her iki kdsesinden hem yay hem de soniim elemanlariyla
mesnetlenmis kirisin sonliimlii serbest titresim analizi, ticlincii kisimda ise her iki
kosesinden yay elemanlariyla mesnetlenmis kirisin ortasindan noktasal olarak

uygulanan harmonik kuvvet etkisi altindaki titresim analizi yapilmigtir.

3.1 iki Ucundan Yayla Mesnetlenmis Kirisin Serbest Titresim Analizi

Bu kisimda her iki ucundan yayla mesnetlenmis kirisin; kalinlik orani (Toran),
boyutsuzlastirilmis yay katsayis1 ( « ), elastiklik modiilii oran1 (E;), kuvvet kanunu {isteli

(n) parametrelerinin degisimine bagli olarak serbest titresim degerleri hesaplanmistir.

Ty = % =5, 20, (3.1)
x=0, 1, 10, 100, 1000, oo, (3.2)
E
E, =—=002505,1,2 34, (3.3)
L
n=0,01,02 1,2, 3,10, (3.4)
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E, ve E  sirasiyla iist ve alt yilizey malzemeleri elastiklik modiilleridir.

Parametre sayisini azaltmak ve elastiklik modiiliiniin degisiminin etkisini gozlemlemek

adina, literatiirdeki diger caligmalarda yapildigi gibi alt ve iist ylizey malzeme

yogunluklar1 oran1 p, = g kabul edilmistir.

L

Calismada elde edilen sonuglarin malzeme 6zelliklerinden bagimsiz hale getirilmesi i¢in

asagidaki boyutsuzlastirma katsayilar1 kullanilmistir.

3
A= ol? %A,szsL , (3.5)

a

A boyutsuz frekans parametresi, x ise boyutsuz yay katsayisidir. K  ise mesnetlerin yay

katsayilaridir. Coziimlerde birinci ve ikinci mesnetteki yay katsayilar1 birbirlerine esit

alinmistir.
k. =k =k, (3.6)

S

Bu durumda (3.5) kullanilarak (2.82) asagidaki halini alir

{[K]G+K[KS]—12[M]G}{E]}:O @37)

A Ozdegerleri (3.7) denklemi determinantinin ¢6ziimiinden bulunur. A degerlerinin
bulunmasinda Matlab programi kullanilmis olup, yakinsama analizi sonucunda 128

elemana ayrilan kiris i¢in sonlu elemanlar yontemi uygulanmustir.

3.1.1  Cahsmanin Literatiirdeki Diger Calismalarla Kiyaslanmasi

Calismanin  sonuglarina ge¢gmeden Once, matematiksek modelin dogrulugunu

kanitlamak i¢in literatiirdeki bazi ¢alismalarla sonuglarin kiyaslamasi yapilmastir.

Cizelge 3.1 ’de basit mesnetli kiris igin ilk bes dogal frekansi bulunmus ve Li [5]
tarafindan yapilan ¢alismanin sonuglariyla karsilastirilmistir. Bu ¢alismada frekanslar,

boyu L=0,5m, h=0,125 m, E_ =70 GPa (Al), p, =2707 kg/m®, v, =v, =0,3,

Eu=210 GPa (St), p, =2707 kg/m® olan kiris icin elde edilmistir.
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Cizelge 3.1 Li [5] calismasiyla kiyaslama

Dogal Mod 1 Mod 2 Mod 3 Mod 4 Mod5
Frekanslar

Li [5] 645703  |21603,18 |4014542 |59779.01 |79686,16
Bucahsma | 644312  |21471,78 |39780,37 |59107,69 |78673,53
Fark % 20,2% 20.6% -0,9% 11% 1,3%

Cizelge 3.2°te ise L/h=10, 30, 100 ve n=0,3 degerleri i¢in, E =70 GPa (Al), p, =2700
kg/m3, v, =y, =0,23, Ey=380 GPa (Al;03), p, =3800 kg/m3 malzeme oOzelliklerine

sahip basit mesnetli kiris i¢in (3.8)’deki boyutsuzlastirma denklemleri kullanilarak

boyutsuz dogal frekanslar1 hesaplanmis, Sina vd. [7] ¢alismasiyla kiyaslanmustir.

o L= | p(2)dz (3.8)

Cizelge 3.2 Sina vd.[7] caligmasiyla kiyaslama

n=0,3 L/h=10 L/h=30 L/h=100
Sina [7] 2,69500 2,73700 2,74200
Bu Calisma 2,70179 2,73808 2,74232
Fark % 0,3% 0,0% 0,0%

Cizelge 3.3 ve 3.4°de ise L/h=5 ve L/h=20 degerleri i¢in, malzeme ozellikleri E; =70
GPa (Al), p_=2702 kg/m®, v, =y, =0,3, Ey=380 GPa (Al,03), p, =3960 kg/m® olan
basit mesnetli kirigin, kuvvet kanunu katsayis1 n’nin degisimine gore boyutsuz dogal
frekanslar1  hesaplanmigtir. Degerler Simsek [8] ¢alismasiyla kiyaslanmustir.

Boyutsuzlagtirma katsayisi (3.9)’daki gibi alinmistir.

2
A2 = ol” |p (3.9)
h \VE,

Cizelge 3.3 L/h=5 igin Simsek [8] ¢alismasiyla kiyaslama

L/h=5 n=0 n=0,2 |n=05 |n=1 n=2 n=5 n=10 n=00
Simsek CBT | 5,39533|5,02194 | 4,59360 | 4,14835 | 3,77930 | 3,59487 | 3,49208 | 2,80336
IS:lSmDSél_T_ 5,15247 | 4,80657 | 4,40830 | 3,99023 | 3,63438 | 3,43119 | 3,31343 | 2,67718

Bu ¢alisma 5,15249 | 4,80541 | 4,40791 | 3,99026 | 3,63441| 3,43122| 3,31345| 2,67719

B.C-FSDBT |00 |00% |00% [00% |00% |00% [00% |0,0%
Fark %
B.C-CBT | 450y |43% |-40% [-38% |-38% |-46% |-51% |-45%
Fark %
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Cizelge 3.4 L/h=20 i¢in Simsek [8] calismasiyla kiyaslama

L/h=20 n=0 n=0,2 |n=0,5 |n=1 n=2 n=5 n=10 n=o0
Simsek CBT |5,47773|5,09804 |4,66458 | 4,21634 | 3,84719 | 3,66283 | 3,55465 | 2,84618

E‘;gg‘; 5,46032 | 5,08265 | 4.65137 | 4,20505 | 3,83676 | 3,65088 | 3,54156 | 2,83713
Bu calsma | 546032 | 5,08134 | 4,65092 | 4,20507 | 3,83678 | 3,65090 | 3,54157 | 2,83714
B.C-FSDBT 15600 |00% [00% [00% |00% |00% [00% |0,0%

Fark %

B.C.CBT | 300 |.03% |-03% [-03% |-03% |-03% [-04% |-0.3%

Fark %

Bu calisma ve Simsek [8] ¢alismasiyla yapilan kiyaslamada Timoshenko kiris teorisini
ifade eden FSDBT sonuglartyla milkkemmel uyum saglanmaktadir. Bununla birlikte
Euler-Bernoulli’yi ifade eden CBT sonuglartyla kiyaslama yapildiginda, L/h=5"te ¢ikan
farklar L/h=20’ye gore ¢ok fazladir. Bu kalin kirisler i¢in daha uygun yontem olan
Timoshenko kirig teorisinin, kiris kalinligi arttikca artan kesit donmesinin frekans

parametrelerini diisiirdiigiinii gostermektedir.

3.1.2  Yayla Mesnetlenmis Kirisin Serbest Titresim Analiz Grafikleri

Iki ucundan diisey yonde yayla mesnetlenmis kirisin serbest titresim analizi grafikleri
(3.1) ve (3.4) arasinda gosterilmis parametrelerin degisimlerine gore olusturulmus ve
Sekil 3.1-3.6 arasinda paylasilmistir. Elde edilen dogal frekanslarin sayisal degerleri

ayrica Ek-A’da ¢izelgelerde verilmistir.

Toran=5 1i¢in Sekil 3.1-3.3, Toran=20 i¢in Sekil 3.4-3.6 ‘da gosterilen tiim modlarda;
E, <1 i¢in n arttikca frekans parametrelerinin arttigi gézlemlenmektedir. E, =1’den
E, =0,25’e dogru azaldik¢a n’nin degisiminin frekans parametresi lizerindeki etkisi
artmaktadir. E, =0,25’de n=0 ve n=10 frekans parametreleri arasindaki fark
maksimuma ulagmaktadir. E =1 iken kiris homojen kirise donlismekte ve n’nin her
degerinde ayni1 frekans parametresi elde edilmektedir. E >1"ken n arttikga frekans
parametresi degeri de azalmaktadir. E, =1’den E. =4’e dogru arttik¢a n’nin degisiminin
frekans parametresi iizerindeki etkisi artmaktadir. E =4’de n=10 ve n=0 frekans

parametreleri arasindaki fark maksimuma ulagmaktadir. Yine tiim modlardax>1’den

itibaren yay katsayisi arttik¢a frekans parametresinin arttig1 gdozlemlenmektedir.

Ik ii¢ modda serbest-serbest kiris kosullarmin modellendigi x=0 ‘da yapimnn titresim
bi¢cimi elastik moddadir. Birinci (Sekil 3.1 ve Sekil 3.4) ve ikinci (Sekil 3.2 ve Sekil
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3.5) modlarda k=1 ve k=10 degerlerinde yay sinir sart1 devreye girmekte olup kiris
elemaninin yaptig1 titresim bi¢imi rijit gdvde hareketine daha yakindir. Rijit modlar
baskin oldugu i¢in frekans parametreleri, E, ve n’nin degisiminden ¢ok az etkilenir.
Elastik yer degistirme azaldik¢a malzeme 6zelliklerinin etkisi azalmaktadir. Sekil 3.3 ve
3.6’da gosterilen ti¢iincii modda x=1’in titresim bigiminde elastik yer degistirmeler
daha etkindir ve n’nin degisiminin frekans parametresi tizerindeki etkisi ortaya

¢ikmaktadir.

Ucgiincii modda tiim « degerlerinde elastik modlar gdzlemlenmektedir. Kuvvet kanunu
isteli n’nin etkisi E =1’dekiler hari¢ tiim frekans parametreleri ilizerinde ortaya
¢ikmaktadir. Yine tglincii modda x=1 - x=100 arasinda yay katsayis1 degisiminin
etkisi diger modlara gore daha azdir. Bunun sebebi yiiksek modlarda diisiik yay
katsayilarinda da elastik yer degistirmelerin etkisinin goriilmeye baslanmasi ve frekans

parametrelerinin yiikselmesidir. & eksenindeki egim azalmistir.

Tiim modlarda, rijit yer degistirmelerin etkin oldugu x degerleri hari¢ diger tiim yay
katsayis1 degerleri i¢in E, arttik¢a frekans parametreleri artmaktadir. Rijit modlarda ise
sistem biiyiik Ol¢lide mesnet noktalarindaki yaylar vasitasiyla hareket ettigi igin kirisin

elastik ozellikleri onemsizlesmektedir.

Hesaplama yapilan her iki Toran degeri i¢in de yukarida anlatilan sonuclar gecerlidir.
Ancak artan kalinlikla birlikte kiitle artmakta ve Toran=5 kirisinde frekans parametresi

degerleri daha ince Tor4n=20 kirisine gore daha diisiik olmaktadir.
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Sekil 3.1 Yay mesnetli kiris, Toran=5, 1. mod frekans parametreleri

MODE 2

Sekil 3.2 Yay mesnetli kiris, Toran=5, 2. mod frekans parametreleri
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—n=0

Sekil 3.3 Yay mesnetli kiris, Toran=5, 3. mod frekans parametreleri

MODE 1

Sekil 3.4 Yay mesnetli kiris, Toran=20, 1. mod frekans parametreleri
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Sekil 3.5 Yay mesnetli kiris, Toran=20, 2. mod frekans parametreleri

MODE 3
—n=0.1

025 0

Sekil 3.6 Yay mesnetli kiris, Toran=20, 3. mod frekans parametreleri
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3.2 Viskoelastik Mesnetlenmis Kirisin Soniimlii Serbest Titresim Analizi

Bu kisimda her iki ucundan yay ve soniim elamanlariyla mesnetlenmis kirigin; kalinlik
orani (Toran), boOyutsuz yay katsayist (), boyutsuz séniim katsayist (C), elastiklik
modiilii oram1 (Ey), kuvvet kanunu iisteli (n) parametrelerinin degisimine bagli olarak

boyutsuz frekans degerleri hesaplanmistir.

T,. = % =5,20 (3.10)

x=0, 1, 10, 100, 1000, oo (3.11)

Cs0,1,3,4,5, 10,200, o (3.12)
EU —

E =—Y=02505123,4 (3.13)
EL

n=0,0,1,02 1,2, 3,10 (3.14)

p =2 =1 (3.15)
PL

Calismada elde edilen sonuglarin malzeme 6zelliklerinden bagimsiz hale getirilmesi igin

asagidaki boyutsuzlastirma katsayilar1 kullanilmistir.

3
o2 [PA KL oo L (3.16)

’ K= 1 S
E,| E, | JPE_1bh

A boyutsuz frekans parametresi, xve C ise sirasiyla boyutsuz yay ve boyutsuz soniim

katsayilaridir. ks mesnetteki yay, Cs ise soniimleme katsayilaridir. Mesnetlerdeki yay ve

soniim katsayilar1 kendi i¢lerinde esit alinmistir.
k, =k =k;, C,=C, =C, (3.17)

(2.90) esitligi (3.16)’daki boyutsuz katsayilar cinsinden yazildiginda (3.18) esitligi elde
edilir.

([K], +x[K,]+iC[D,]-2°[M],){a} =0 (3.18)
A degerlerinin bulunmasinda Matlab programi kullanilmig olup, yakinsama sonucunda
64 elemana ayrilmis kiris i¢in sonlu elamanlar yontemi uygulanmistir. Elde edilen
frekans parametresi degerleri, degisimleri daha iyi gézlemleyebilmek adina Sekil 3.7-
3.36 arasinda gosterilen grafiklere dokiilmiistiir. Sayisal degerler ayn1 zamanda EK-
B’de cizelge halinde verilmistir.
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3.21  Toran=5, K=0 ig:in Soniimlii Serbest Titresim Analiz Grafikleri

Sekil 3.7-3.9°da gdsterilmis tiim modlarda; E_<1 i¢in n arttikca frekans

r

parametrelerinin arttig1 gézlemlenmektedir. E. =1 iken kiris homojen kirise doniismekte
ve n’nin her degerinde ayn1 frekans parametresi elde edilmektedir. E, >1’ken n arttik¢a

frekans parametresi degeri de azalmaktadir. Ayrica n ve C sabitken E, arttik¢a frekans

parametresi artmaktadir.

Sekil 3.7°de gosterilen birinci modda, en yiiksek frekans parametre degerleri C=0’da
elde edilmektedir. C=0 degerinde, kirisin elastik yer degistirmelerin etkin oldugu
serbest-serbest sinir kosullarindaki frekans degerleri goriilmektedir. Sisteme soniim
eklenmesiyle kritik bir C degerine kadar kirisin elastik yer degistirmeleri etkin kalmakta
olup, frekanslar azalmaktadir. Azalma minimum frekanslarin goriilecegi bu kritik C
degerine kadar devam etmekte olup, kritik C degerinde kiris rijit yer degistirmeler etkin
olacak sekilde hareket etmektedir. Bu noktadan sonra, artan C degeriyle beraber, elastik
yer degistirmeler tekrar etkin olmaya baslamaktadir. Bunu hareketin evreleri olarak
tanimlamak istersek kiris dinamik davranisi, serbest-serbest sinir kosulunu sahip bir
kirisin elastik yer degistirmelerinden, rijit govdeli harekete ge¢is yapmakta, akabinde
basit mesnetli kirisin elastik yer degistirmelerine gecis yapmaktadir. En diisiik frekans

parametrelerinin elde edildigi yukarida bahsedilen kritik C degerleri elastiklik modiilleri

ve kuvvet kanunu katsayilarma goére degisim gostermektedir. E, =0,25 ve 0,5 icin
n=10’un frekans parametrelerinin en diislik oldugu deger C=4 iken, diger n’ler icin en
diisiik deger C=3’de olusmaktadir. Homojen kiris hali olan E_=1’de ise en diisiik
degerler C=4’de meydana gelir. E =2"de ise n=10, n=3, n=2 degerleri i¢in en diisiik
frekans parametreleri C=4’de olusurken, n=0, n=0,1, n=0,2, n=1 iginse C=5’de
meydana gelmektedir. E, =3’de, n=0 ve n=0,1’de en diisiik frekans parametreleri
C=10’da, n=10’da C=4’de, n= 0,2, n=1, n=2, n=3 i¢inse C=5’de olusur. E, =4’te ise
n=0, n=0,1, n=0,2 degerleri i¢in en diisiik frekans parametreleri C=10’da olusurken,
n=1, n=2, n=3, n=10 iginse C=5de olusur. Yine birinci modda, E, arttik¢a en diigiik
frekansin gozlemlendigi sonliim katsayisi artig gosterme egilimindedir. E, =0,25’de en
diisiik frekanslar C=3 ve C=4’te gozlemlenirken E_=4’¢ gittikce C=5 ve C=10’da
ortaya ¢ikmaktadir. Ayrica aynm1 E, degerleri icin, n arttikga en diisiik frekansin
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goriildiigli C degerinin ya ayni kaldigi ya da azaldigin1 gézlemlemek miimkiindiir.

Ornegin E, =4’te n=0"daki en diisiik frekans C=10"da olusurken n=1"de C=5’te olusur.

Sekil 3.8’de gosterilen ikinci modda, soniim katsayisi C artis gosterdikge frekans
parametresi degerleri diisiis gosterme egilimindedir. C=10 ve C=co araliginda ise sabite
yakindir. Bu baglamda en yiiksek frekanslar C=0’da, en diisiik frekanslar ise C=10-o0
araliginda ortaya ¢ikmaktadir. Ikinci moddaki tiim séniim degerleri icin elastik yer

degistirmeler aktiftir.

Sekil 3.9°da gosterilen iiclincli modda elastik yer degistirmelerin ¢ok etkin olmasindan
dolayr frekans parametresinin soniim katsayisinin  degisiminden etkilenmedigi

gbzlemlenmektedir.

~ MODE1

- T—n=0
—n=0.1
n=0.2
—n=1
| ——n=2
—n=3
7 n=10

Sekil 3.7 Viskoelastik mesnetli kiris, Toran=5, K=0, 1. mod frekans parametreleri
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—n=0
. —n=0.1
—n=0.2
—n=1
L n=2
—n=3
n=10

—n=0
—n=0.1
| —n=0.2
—n=1
1 n=2
 —n=3
n=10

Sekil 3.9 Viskoelastik mesnetli kiris, Toran=5, K=0, 3. mod frekans parametreleri

3.2.2  Toran=5, K=1 i¢cin Soniimlii Serbest Titresim Analiz Grafikleri

Sekil 3.10-3.12°de gosterilen tiim modlarda; E, <1 i¢in n arttikca frekans
parametrelerinin arttig1 gézlemlenmektedir. E. =1 iken kiris homojen kirise doniismekte

ve n’nin her degerinde ayn1 frekans parametresi elde edilmektedir. E, >1’ken n arttik¢a
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frekans parametresi degeri azalmaktadir. Ayrica n ve C sabitkenE, arttikca frekans
parametresi artmaktadir.

Sekil 3.10°da gosterilen birinci modda, en yiiksek frekans parametre degerleri C=1’da
elde edilmektedir. En diisiik frekans parametre degerleri ise C=0’da elde edilmektedir.
C=0’disindaki bolgedeki en diisiik frekans parametre degerleri ise degisim
gostermektedir. C=0 disindaki bolgede; E, =0,25, E, =0,5, E, =I1’de tiim n degerleri
icin en disiik frekans parametreleri C=3’te olusmaktadir. E, =2’de n=0, n=0,1, n=0,2 ve
n=1 i¢in en diisiikk frekanslar C= 5’de gerceklesirken, n=2, n=3 ve n=10 i¢in C=4’de
gerceklesmektedir. E_ =3’te en diisiik frekans parametresi n=0, n=0,1, n=0,2 degerleri
icin C=10’da, n=1, n=2, n=3 i¢in C=5’te, =10 i¢in C=4"de ger¢eklesmektedir. E, =4’te
n=0, n=0,1 ve n=0,2 degerlerinde en diisiik frekanslar C=10’da meydana gelirken, n=1,
n=2 ve n=3’te C=5’te ortaya cikar. n=10’da ise en diisiik degerler birbirine esit olmak
tizere C=4 ve C=5’te ortaya cikar. Yine C=0 disindaki bdlge i¢in; E, arttikga en diisiik
frekansin gozlemlendigi C degeri artis gosterme egilimindedir. E =0,25’te en diisiik
frekanslar C=3te olusurken, E, =4’te ise C=5 ve C=10’da olugsmaktadir. Ayrica ayni
E, degerleri i¢in, n arttik¢a en diisiik frekansin goriildiigii C degerinin ya ayn kaldig: ya
da azaldigimi gdzlemlemek miimkiindiir. Ornegin E, =4’te n=0"da en diisiik frekanslar

C=10’da meydana gelirken, n=1’e ¢ikinca en diisiik frekansin goriildiigii soniim frekansi
C=5’¢ kaymaktadir. Sekil 3.11°de gosterilmis ikinci modda, en diisiikk frekans
parametreleri tiim E, degerleri i¢gin C=0"da ortaya ¢ikar. En yiiksek degerler ise C=1"de
gerceklesmektedir. C=I1’den itibaren soniim katsayis1 arttik¢a frekans parametre
degerleri hafif bir diisiis gostermektedir. C=10-co aralifinda ise sabite yakin
kalmaktadir.

Sekil 3.12°de gosterilen tliglincii modda, tim E, degerleri i¢in en diisiik frekans

parametreleri C=0’da olusmakta olup, C=1 oldugu durumda en yiiksek frekans degerleri
elde edilmekte ve C=1"den itibaren tiim soniim katsayis1 degerleri i¢in frekans degerleri
sabit kalmaktadir.
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MODE 1

Sekil 3.10 Viskoelastik mesnetli kiris, Toran=5, K=1, 1. mod frekans parametreleri

~ MODE 2

AN AN AN AN
\ \ \ \

Sekil 3.11 Viskoelastik mesnetli kiris, Toran=5, K=1, 2. mod frekans parametreleri
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Sekil 3.12 Viskoelastik mesnetli kiris, Toran=5, K=1, 3. mod frekans parametreleri

3.2.3  Toran=5, K=10 iqin Soniimlii Serbest Titresim Analiz Grafikleri

Sekil 3.13-3.15’te gosterilen tim modlarda; E, <1 i¢in n arttikca frekans
parametrelerinin arttig1 gdzlemlenmektedir. E, =1 iken kirig homojen kirigse doniismekte
ve n’nin her degerinde ayn1 frekans parametresi elde edilmektedir. E, >1’ken n arttik¢a
frekans parametresi degeri azalmaktadir. Ayrica n ve C sabitken E, arttikga frekans
parametresi artmaktadir.

Sekil 3.13’te gosterilen birinci modda en diisiik frekans parametre degerleri C=0’da elde
edilmektedir. E, =0,25, E =0,5, E,=1de C’nin artmasiyla frekans parametrelerinin
dogru orantili olarak artti1 gézlenmektedir. E, =2’de; n=0, n=0,1, n=0,2, n=1 degerleri
icin en yliksek frekanslar C=3’de olusmakla birlikte, C=5’e¢ kadar diismekte ve
sonrasinda tekrar yiikselise gegmektedir. Yine E, =2’de n=2 ve n=3 igin frekanslar

C=3’c kadar yiikselmekte, C=4’te bir miktar diislip daha biiyiik C degerlerinde siirekli
artarak ilerleyip en yiiksek frekans C=co’da meydana gelmektedir. n=10 iginse frekans
parametreleri C arttik¢a siirekli artmaktadir. E, =3’te; n=10 hari¢ tiim n degerlerinde en
yiiksek frekanslar C=3’te olusmaktadir. C=3"ten sonraki boélgede; n=0 i¢in en diisiik
frekanslar C=10’da, n=0,1, n=0,2 ve n=1 icin C=5’te, n=2 ve n=3’te ise C=4’te

meydana gelmektedir. n=10 i¢in C=3’te bir miktar artis sonras1 diisiise gecen frekanslar,

38



sonrasinda tekrar yiikselmekte ve C=co’da en yiiksek frekanslar olusmaktadir. E, =4’te

en yiiksek frekanslar C=3"te elde edilmektedir. C=3’ten itibaren diisiise gegen frekans
degerleri n=0, n=0,1 ve n=0,2 i¢in C=10’da, n=1, n=2 ve n=3 i¢in C=5’te, n=10 iginse
C=4’te en diisiik seviyeye inmektedir.

Sekil 3.14’te gosterilen ikinci modda en yiiksek frekanslar C=3"te gerceklesmekte olup,

C=3’ten C=10’a kadar C arttik¢a frekans parametreleri kademeli diismekte, C=10 -

C=w0 araliginda ise sabite yakin kalmaktadir.

Sekil 3.15’te {iglincli modda en diisiik frekanslar C=0 degerinde ortaya ¢ikmakta olup,

C=3’e kadar yiikselmekte ve sonraki soniim katsayilarinda sabit kalmaktadir.

MODE 1
1 —n=0
—n=0.1
n=0.2
—n=1
7 ~ —n=2
6" AL ‘\\ f—// n=10
1 \ /// 4 e
5‘
<
4—
3\
2%
4

Sekil 3.13 Viskoelastik mesnetli kiris, Toran=5, K=10, 1. mod frekans parametreleri
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Sekil 3.14 Viskoelastik mesnetli kiris, Toran=5, K=10, 2. mod frekans parametreleri

Sekil 3.15 Viskoelastik mesnetli kiris, Toran=5, K=10, 3. mod frekans parametreleri
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3.24  Toran=5, K=100 ig:in Soniimlii Serbest Titresim Analiz Grafikleri

Sekil 3.16-3.18’de gosterilen tiim modlarda; E, <1 i¢in n arttikca frekans
parametrelerinin arttig1 gézlemlenmektedir. E, =1 iken kirig homojen kirise doniigmekte
ve n’nin her degerinde ayn1 frekans parametresi elde edilmektedir. E, >1’ken n arttik¢a
frekans parametresi degeri de azalmaktadir. Ayrica n ve C sabitken E, arttik¢a frekans

parametresi artmaktadir.

Sekil 3.16’da gosterilen birinci modda C arttikga frekans parametresi artis
gostermektedir. Ancak bu artis C=5’e¢ kadar oldukca diisiik seviyededir. C=5-o00

araliginda ise nispeten daha yiiksek bir artig goriiniir. E_arttikga C’ye bagl olarak
frekansin degisimi de artmaktadir. Oyle ki, E, =4te E =0,25’¢ goére C=5-o0
araligindaki frekans artis1 ¢ok daha fazladir.

Sekil 3.17°de gosterilen ikinci modda en diisiik frekans paramatresi C=0’da
olusmaktadir. E, =0,25, E, =0,5 ve E, =1 i¢in C arttikca frekans parametresinin artis
gosterdigi goriilmektedir. E =2, E =3, E, =4 icin en yiiksek frekans parametresi
C=4’te ortaya ¢cikmaktadir.

Sekil 3.18’de gosterilen iigiincii modda ise frekans parametreleri E, =0,25, E, =0,5 i¢in
ve C=0-1 arasinda sabite yakin diisiik bir artis, C=3"te hizli bir yiikselis ve devaminda
sabit kalma egilimindedir. E, =1’de ise C=0’dan C=3’e kadar c¢ok diisiik bir artis
gostermekte, C=4’te ani bir ylikselis ve devaminda sabit kalma egilimindedir. E, =2,
E, =3, E,=4 icinse frekans parametresi C=0’dan C=3’e kadar az miktarda diiserek

C=3’te en diisiik frekanslar1 olusturmakta, C=4’te ani bir yiikselis gosterip en yiiksek

frekanslari olusturup devaminda sabit kalmaktadir.

41



—n=0
—n=0.1
—n=0.2
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Sekil 3.17 Viskoelastik mesnetli kiris, Toran=5, K=100, 2. mod frekans parametreleri
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Sekil 3.18 Viskoelastik mesnetli kiris, Toran=5, K=100, 3. mod frekans parametreleri

3.25 Toran=5, K=1000 iqin Soniimlii Serbest Titresim Analiz Grafikleri

Sekil 3.19-3.21’de gosterilen tiim modlarda; E, <1 i¢in n arttikca frekans
parametrelerinin arttig1 gdzlemlenmektedir. E, =1 iken kirig homojen kirigse doniismekte
ve n’nin her degerinde ayni frekans parametresi elde edilmektedir. E, >1’ken n arttik¢a
frekans parametresi degeri de azalmaktadir. Ayrica n ve C sabitken E, arttikca frekans
parametresi artmaktadir. Yay katsayisi1 yiliksek oldugu icin kiris tiim modlarda yiiksek
elastik davranig gostermekte ve frekanslar C degisiminden ¢ok az etkilenmektedir.

Sekil 3.19°da gosterilen birinci modda, frekans parametreleri C degisiminden ¢ok az
etkilenip sabit kalmakla birlikte 6zellikle E, =4’te n=0 i¢in en net goriilecek sekilde
C=10dan itibaren az miktarda artis gostermektedir.

Sekil 3.20°de gosterilen ikinci modda da frekans parametreleri C degisiminden gok az

etkilenmektedir. C eksenine gore frekans degisimi sabite yakin olmakla birlikte C=10-00

arasinda az miktarda artis gostermektedir. Birinci moddakine benzer olarak yiiksek

E, ’lerde bu artis daha fazla olmaktadir.

Sekil 3.21°de gosterilen iiglincli modda da ilk iki moddaki gibi, frekans parametresinin

C degisiminden az etkilendigi goriilmektedir. Genel olarak frekans parametrelerinin

degismedigi ama E_>1 degerleri igin C=5ten C=co’a kadarki bolgede artis olustugu
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gozlemlenmektedir. Bu baglamda {igiincii modun, ilk iki moda gore C degisiminden

daha fazla etkilendigini sdylemek miimkiindiir.

Sekil 3.20 Viskoelastik mesnetli kiris, Toran=5, K=1000, 2. mod frekans parametreleri
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Sekil 3.21 Viskoelastik mesnetli kiris, Toran=5, K=1000, 3. mod frekans parametreleri

3.26 Toran=20, K=0 igin Soniimlii Serbest Titresim Analiz Grafikleri

Sekil 3.22-3.24’te gosterilen tiim modlarda; E, <1 i¢in n arttikga frekans
parametrelerinin arttig1 gézlemlenmektedir. E. =1 iken kiris homojen kirise doniismekte
ve n’nin her degerinde ayn1 frekans parametresi elde edilmektedir. E, >1"ken n arttik¢ca
frekans parametresi degeri de azalmaktadir. Ayrica n ve C sabitken E, arttik¢a frekans

parametresi artmaktadir.

Sekil 3.22°de gosterilen birinci modda, en yiiksek frekans parametre degerleri C=0’da
ortaya ¢ikmaktadir ve daha yiiksek C degerlerinde diismektedir. En diisiik frekanslar

ise; E, =0.25’te n=0, n=0,1, n=0,2, n=1, n=2, n=3 i¢in C=4"te, n=10 iginse C=3’te
gergeklesmektedir. E, =0,5’te en disiik frekanslar n=0, n=0,1, n=0,2, n=1 degerleri i¢in
C=3’te, n=2, 3, 10 icinse C=4’te ortaya c¢ikmaktadir. E =1’de en diisiik frekanslar
C=4’te meydana gelmektedir. E, =2’de n=0, n=0,1, n=0,2, n=1, n=2, n=3 i¢in C=5"te,
n=10 icinse C=4’te olugmaktadir. E, =3’te n=0, 0,1, 0,2 icin en diisiik frekans
parametresi C=10’da, n=1, n=2, n=3, n=10 iginse C=5’te ortaya ¢cikmaktadir. E, =4’te
ise n=0, n=0,1, n=0,2 icin en diisiik frekanslar C=10’da, n=1, n=2, n=3, n=10 i¢inse

C=5’te meydana gelmektedir. Yine birinci modda, E, arttikca en diisiik frekansin
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gozlemlendigi sonlim katsayisi artis gosterme egilimindedir. E_ =0,25’de en diisiik
frekanslar C=3 ve C=4’te gozlemlenirken E_=4’c gittikce C=5 ve C=10’da ortaya
cikmaktadir. Ayrica ayn1 E_degerleri i¢in, n arttikca en diigiik frekansin goriildiigii C
degerinin ya ayni kaldig1 ya da azaldigini gdzlemlemek miimkiindiir. Ornegin E, =4’te

n=0’daki en diisiik frekans C=10"da olusurken n=1’de C=5’te olusur.

Sekil 3.23’te gosterilen ikinci modda ve Sekil 3.24’te gdsterilen li¢lincli modda, C artis
gosterdikge frekans parametresi degerleri yer yer sabit kalmak iizere, kademeli olarak
diisiis gosterme egilimindedir. En yiiksek frekanslar C=0’da en diisiik frekanslar ise

C=x’da ortaya ¢ikmaktadir.

~ MODE1

—n=0
- —n=0.1
n=0.2
—n=1
T —n=2

Sekil 3.22 Viskoelastik mesnetli kiris, Toran=20, K=0, 1. mod frekans parametreleri
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~ MODE 2

7 ——n=0

—— —n=0.1

.~ n=0.2
—n=1

L —n=2

| —n=3

n=10

Sekil 3.23 Viskoelastik mesnetli kiris, Toran=20, K=0, 2. mod frekans parametreleri

Sekil 3.24 Viskoelastik mesnetli kiris, Toran=20, K=0, 3. mod frekans parametreleri
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327  Toran=20, K=1 I¢in Soniimlii Serbest Titresim Analiz Grafikleri

Sekil 3.25-3.27°de gosterilen tim modlarda; E, <1 i¢in n arttitkga frekans
parametrelerinin arttig1 gézlemlenmektedir. E. =1 iken kiris homojen kirise doniismekte
ve n’nin her degerinde ayn1 frekans parametresi elde edilmektedir. E, >1’ken n arttikca
frekans parametresi degeri de azalmaktadir. Ayrica n ve C sabitken E, arttik¢a frekans
parametresi artmaktadir.

Sekil 3.25’te gosterilen birinci modda, en yiiksek frekans parametre degerleri C=1’da
elde edilmektedir. En diisiik frekans parametre degerleri ise C=0’da elde edilmektedir.
C=0’disindaki bolgedeki en disiik frekans parametre degerleri ise degisim
gostermektedir. C=0 disindaki bolgede; E,_=0,25’te n=10 i¢in en diisik frekanslar
C=4’te, diger tiim n degerleri i¢cin C=3’te olusmaktadir. E_ =0,5"te n=0, n=0,1, n=0,2,
n=1 degerleri i¢in en diisiik frekanslar C=3’te, n=2, n=3, n=10’da ise C=4’te
olusmaktadir. E =1"de en disiik frekans parametresi C=3’te olugsmaktadir. E =2"de
n=0, n=0,1, n=0,2, n=1, n=2, n=3 igin en diisiik frekanslar C=5"de gergeklesirken, n=10
icin C=4"de gerc¢eklesmektedir. E =3’te n=0, n=0,1, n=0,2 i¢in en diisiik frekanslar
C=10’da gerg¢eklesirken, n=1, n=2, n=3, n=10 i¢in C=5’te ger¢eklesmektedir. E, =4’te
n=0, n= 0,1, n=0,2 i¢in en diisiik frekanslar C=10’da gerceklesirken, n=1, n=2, n=3,
n=10 i¢in C=5"te gergeklesmektedir. Yine ayn1 bolgede, E, arttikca en diisiik frekansin
gozlemlendigi C degeri artis gosterme egilimindedir. E, =0,25"te en diisiik frekanslar
C=3 ve C=4’te olusurken, E, =4’te ise C=5 ve C=10’da olugsmaktadir. Ayrica ayn
E, degerleri igin, n arttik¢a en diisiik frekansin goriildiigi C degerinin ya ayni kaldigi ya
da azaldigim gozlemlemek miimkiindiir. Ornegin E, =4’te n=0’da en diisiik frekans
C=10’da meydana gelirken, n=1’e ¢ikinca en diisiik frekansin goriildiigii soniim frekansi
C=5’e kaymaktadir.

Sekil 3.26°da gosterilen ikinci modda, en diisiik frekans parametreleri tim E_ degerleri

icin C=0’da ortaya ¢ikar. En yliksek degerler ise C=1"de ger¢eklesmektedir. C=1’den
itibaren soniim katsayisi arttikca frekans parametre degerleri diisiis gostermektedir.

C=200 - C=w0 araliginda ise sabit kalmaktadir.
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Sekil 3.27°de gosterilen iliglincli modda, tim E, degerleri i¢in en diisiik frekans

parametreleri C=0’da olusmakta olup, C=1 oldugu durumda en yiiksek frekans degerleri
elde edilmekte ve C=1’den C=5’c kadar sabit kalmaktadir. Frekanslarda C=5’ten
C=200’e kadar kademeli diisiisler gozlemlenmekte C=200 - C=owo araliginda tekrar
sabitlenmektedir.

AV T —n=0
A VN S —n=01
- n=0.2
I —n=1
-+ ——n=2
| —n=3
n=10

Sekil 3.25 Viskoelastik mesnetli kiris, Toran=20, K=1 i¢in 1. mod frekans parametreleri
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Sekil 3.26 Viskoelastik mesnetli kiris, Toran=20, K=1, 2. mod frekans parametreleri
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Sekil 3.27 Viskoelastik mesnetli kiris, Toran=20, K=1, 3. mod frekans parametreleri

3.28 Toran=20, K=10 ig:in Soniimlii Serbest Titresim Analiz Grafikleri

Sekil 3.28-3.30’da gosterilen tiim modlarda; E, <1 i¢in n arttikca frekans
parametrelerinin arttig1 gdzlemlenmektedir. E, =1 iken kirig homojen kirigse doniismekte
ve n’nin her degerinde ayni frekans parametresi elde edilmektedir. E, >1’ken n arttik¢a
frekans parametresi degeri de azalmaktadir. Ayrica n ve C sabitken E, arttikga frekans
parametresi artmaktadir.

Sekil 3.28’de gosterilen birinci modda en diisiik frekans parametre degerleri C=0’da
elde edilmektedir. E, =0,25, E =05, E,=1de C’nin artmasiyla frekans
parametrelerinin dogru orantili olarak arttig1 gozlenmektedir. E, =2’de; n=0, n=0,1,

n=0,2, n=1, n=2, n= 3 degerleri igin en yliksek frekanslar C=3’te olusmakla birlikte, en
disiik frekanslar n=0, n= 0,1, n=0,2 i¢in C=5’te n=1, n=2, n=3 igin C=4’te meydana
gelmektedir. n=10da ise frekans C=3’e kadar yiikselip, C=4’te bir miktar diisiip sonraki
C degerlerinde siirekli artis gostermekte ve en yiiksek frekans C=w’da meydana

gelmektedir. E. =3’te; en yiiksek frekanslar C=3’te ortaya c¢ikmaktadir. Frekans

parametreleri, n=0 ve n=0,1 degerleri i¢in C=10’a kadar, n=0,2, 1, 2 degerleri igin
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C=5’e kadar, n=3 ve n=10 degerleri i¢cin de C=4’e kadar diismekte ve sonraki
degerlerde siirekli yilikselmektedir. E, =4’te en yiiksek frekanslar C=3’te elde
edilmektedir. Frekans parametreleri, n=0, n=0,1, n=0,2 degerleri i¢in C=10’a kadar,
n=1, n=2, n=3 degerleri i¢cin C=5’¢ kadar, n=10 i¢in de C=4’e¢ kadar diismekte ve

sonraki degerlerde siirekli yiikselmektedir.

Sekil 3.29’da gosterilen ikinci modda en yiiksek frekanslar C=3’te ger¢eklesmekte olup

devaminda frekanslar kademeli olarak diismektedir.

Sekil 3.30°da gosterilen iigiincii modda en diisiik frekanslar C=0 degerinde ortaya
¢ikmakta olup, C=3’e kadar yiikselmekte ve sonraki soniim katsayilarinda kademeli

olarak diislis gostermektedir.
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Sekil 3.28 Viskoelastik mesnetli kiris, Toran=20, K=10, 1. mod frekans parametreleri
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Sekil 3.30 Viskoelastik mesnetli kiris, Toran=20, K=10, 3. mod frekans parametreleri



3.29  Toran=20, K=100 I¢cin Soniimlii Serbest Titresim Analiz Grafikleri

Sekil 3.31-3.33’de gosterilen tiim modlarda; E, <1 i¢in n arttikca frekans
parametrelerinin arttig1 gézlemlenmektedir. E. =1 iken kiris homojen kirise doniismekte
ve n’nin her degerinde ayni frekans parametresi elde edilmektedir. E, >1’ken n arttik¢a
frekans parametresi degeri azalmaktadir. Ayrica n ve C sabitken E,_ arttikca frekans
parametresi artmaktadir.

Sekil 3.31°de gosterilen birinci modda C arttikga frekans parametresi artis

gostermektedir. Ancak bu artis C=5’e kadar oldukga diisiik seviyededir. C=5 — C=o0
araliginda ise nispeten daha yiiksek bir artig goriiniir. E_arttikga C’ye bagl olarak
frekansin degisimi de artmaktadir. Oyle ki, E =4’te E =0,25’¢ gore C=5 - C=oo
araligindaki frekans artis1 ¢ok daha fazladir.

Sekil 3.32°de gosterilen kinci modda C en disiik frekans parametresi C=0’da
olugsmaktadir. E =0,25’te n=10 hari¢, E, =0,5‘te ise n=2, n=3 ve n=10 hari¢ C arttik¢a
frekans parametresinin artis gosterdigi goriilmektedir. E, =1, E =2, E =3, E =4 i¢in
en yiiksek frekans parametresi C=4’te ortaya ¢ikmakta ve daha yiiksek C degerlerinde
kademeli olarak diigmektedir.

Sekil 3.33’te gosterilen liglincii modda ise frekans parametreleri E, =0,25, E, =0,5 i¢in

ve C=0 — C=1 arasinda sabite yakin diisiik bir artis, C=3"te hizli bir yiikselis ve
devaminda sabite yakin bir dalgalanma gostermektedir. E, =1’de ise C=0’dan C=3’e
kadar ¢ok diislik bir artig gostermekte, C=4"te ani bir yiikselis ve devaminda sabit kalma
egilimindedir. E, =2, E, =3, E, =4 i¢inse frekans parametresi C=0’dan C=3’e kadar az

miktarda diiserek C=3’te en diisikk frekanslar1 olusturmakta, C=4’te ani bir yiikselis

gosterip en yiiksek frekanslart olusturup devaminda sabit kalmaktadir.
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Sekil 3.31 Viskoelastik mesnetli kiris, Toran=20, K=100, 1. mod frekans parametreleri

~ MODE 2

—1—n=0
_ —n=0.1
—n=0.2
T n=1
—t—n=2

n=10

Sekil 3.32 Viskoelastik mesnetli kiris, Toran=20, K=100, 2. mod frekans parametreleri
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Sekil 3.33 Viskoelastik mesnetli kiris, Toran=20, K=100, 3. mod frekans parametreleri

3.210 Toran=20, K=1000 ig:in Soniimlii Serbest Titresim Analiz Grafikleri

Sekil 3.34-3.36’da gosterilen tiim modlarda; E, <1 i¢in n arttikca frekans
parametrelerinin arttigi gézlemlenmektedir. E, =1 iken kirig homojen kirise doniigmekte
ve n’nin her degerinde ayni frekans parametresi elde edilmektedir. E, >1’ken n arttik¢a
frekans parametresi degeri de azalmaktadir. Ayrica n ve C sabitken E, arttik¢a frekans

parametresi artmaktadir. Yay katsayis1 yiliksek oldugu i¢in kiris tiim modlarda ytliksek

elastik davranis gostermekte ve frekanslar C degisiminden ¢ok az etkilenmektedir.

Sekil 3.34’te gosterilen birinci modda, frekans parametreleri C degisiminden ¢ok az
etkilenip sabit kalmakla birlikte 6zellikle C=4’te n=0 igin en net goriilecek sekilde

C=10dan itibaren az miktarda artis gostermektedir.

Sekil 3.35’te gosterilen ikinci modda da frekans parametreleri C degisiminden az
etkilenmektedir. Genel olarak, C eksenine gore frekans degisimi sabite yakin olmakla
birlikte C=10 — C=co arasinda bir miktar artis gostermektedir. Birinci moddakine benzer

olarak ytiksek E, ’lerde bu artis daha fazla olmaktadir.
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Sekil 3.36’da gosterilen tliglincli modda, frekans parametreleri C=5’e¢ kadar sabit
kalmakta, bundan sonra artis gostermektedir. E =3 ve E, =4’te n=0, n=0,1, n=0,2
degerleri C=10"da en yiiksek frekanslar1 olustururken C=200’de diismekte ve C=200-c0
araliginda sabit kalmaktadir. Tiim diger n ve E, degerleri i¢inse frekanslar C=5’ten

C=200’e kadar artmakta ve C=200 — C=co araliginda sabite yakin hareket etmektedir.

.~ MODE1

Sekil 3.34 Viskoelastik mesnetli kiris, Toran=20, K=1000, 1. mod frekans parametreleri

. MODE2

Sekil 3.35 Viskoelastik mesnetli kiris, Toran=20, K=1000, 2. mod frekans parametreleri
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n=10

Sekil 3.36 Viskoelastik mesnetli kiris, Toran=20, K=1000, 3. mod frekans parametreleri

3.3 ki Ucundan Yayla Mesnetlenmis Kirisin Ortadan Uygulanan Harmonik
Kuvvet Etkisindeki Titresim Analizi

Bu kisimda, viskoelastik mesnetli fonksiyonel derecelendirilmis kirisin orta noktasindan
uygulanan harmonik kKkuvvetin, kirisin dinamik davranis1 tizerindeki etkileri

incelenmistir. Zemine iletilen kuvvetin harmonik kuvvetin maksimum degerine orani

Tr’nin degisimi, boyutsuz yay katsayis1 «, elastiklik modiilii orani E, ve kuvvet kanunu
tisteli n parametreleri degisimi igin incelenmistir.

L

TOran = F = 10’ 20 (319)

K =k =k, (3.20)

x=0,1, 10, 100, 1000, oo (3.21)
E

E —Eu=02505 1,2 3, 4 (3.22)
EL

n=0,0,1,0.2,1,2, 3,10 (3.23)

PRI (3.24)
PL

Calismada elde edilen sonuglarin malzeme 6zelliklerinden bagimsiz hale getirilmesi i¢in

(3.25)’teki boyutsuzlastirma katsayilar1 kullanilmistir.
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oA k L

A=l |B— k== (3.25)
E | E, |

(2.99) esitligi (3.25)’teki boyutsuz katsayilar cinsinden yazildiginda (3.18) esitligi elde

edilir.

([K], +x[K,]-2[M],){a} ={Q} (3.26)

Boyutsuz frekans parametresi A ve kuvvet iletimi T, degerlerinin bulunmasinda Matlab
programi kullanilmis olup, yakinsama sonucu 32 elemana ayrilmig kirig i¢in sonlu
elamanlar yontemi uygulanmistir. Degisimleri daha iyi gozlemlemek adina elde edilen

degerler grafik halinde gdsterilmistir.
Harmonik uygulanan kuvvet altinda titresim analizi yapilan kirisin, ¢esitli E _ve n
degerlerindeki titresim grafikleri Toran=10 icin Sekil 3.37-3.78’de ve Toran=20 icin de

3.79-3.120°de gosterilmistir. Tiim grafiklerde asagida bahsedilen sonuglar gegerlidir.

Boyutsuzlagtirllmig yay katsayist x arttikca kirisin elastik yer degistirmeleri artig
gosterir ve tim modlarda daha diisiik boyutsuz yay katsayilarina gore daha yiiksek

frekans parametreleri ortaya ¢ikar.

Ik modlar x=1000 ve & =00 icin birbirine yakin frekanslarda olusurken, sonraki modlar
bu degerler icin birbirinden uzaklasmaya baslar. k=1 ve x=10 i¢inse ilk modlar farkl
frekansta ortaya c¢ikarken, ikinci modda yaklasarak, {i¢iincii moddan itibaren ise
cakisarak hareket eder. Dordiincii moddan itibaren ise x¥ =100 de, k=1 ve k=10 ile aym

frekanslarda cakisir.

x =1"in maksimum kuvvet iletiminin olustugu noktalarda, x =1000 ve x =co’nun kuvvet
iletimi yaklasik olarak minimumdadir. Bu yiizden x=1’in modlarinin yiiksek yay
katsayilart x=1000 ve x=co ig¢in optimum kuvvet noktalari oldugu belirtmek
miimkiindiir.

E, <1 i¢in n arttik¢a frekans parametreleri artmakta, E. =1 i¢in kiris homojen kirige
dontistiigli icin tim n’ler i¢in frekans parametreleri sabit kalmakta, E >1 icinse n
arttikga frekans parametreleri diismektedir. Bunlara ek olarak, E, <1 bdlgesi i¢in n
azaldik¢a, E,>1 i¢in ise n arttik¢a x nin degisiminin frekans parametreleri iizerindeki

etkisi artmaktadir.
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Aynm1 n ve xdegerleri icin E, arttikca frekans parametrelerinin artiy gosterdigi
gozlemlenmektedir. Yine E, arttikca x ’nin degisiminin frekans parametreleri iizerinde

daha fazla etki gosterdigi gozlemlenmektedir. Bunu maksimum kuvvetlerin olustugu
tepe noktalarinin frekans parametreleri ekseninde birbirinden uzaklagmasiyla anlamak
mimkiindiir. Hesaplama yapilan Toran=10 ve Toran=20 degerleri i¢in de yukarida
anlatilan sonuglar gegerlidir. Ancak daha kalin kiris olan Toran=10 kirisinde artan

kiitlenin etkisiyle birlikte daha diistik frekanslar ortaya ¢ikmaktadir.

Grafiklerde, ayni frekansta hem maksimum hem de minimum yapan tepeler olustugu
goriilmektedir. Bunlar antirezonans frekanslaridir.  Antirezonans noktalarinda,
hareketlerin toplami sifir veya sifira ¢ok yakin bir deger almaktadir. Bu durum
frekanslar aras1 geciste faz agisinin 180 olmasi ile agiklanabilir. Sistemin kuvvet
durumu ve smir sartlar1 goz Oniline alindiginda simetrik modlarin  ¢ikmasi
gerekmektedir. Simetrigi bozan durumlarin olusmasiyla antisimetrik modlar ortaya
¢ikmakta buna bagl olarak da antirezonans frekanslart olusmaktadir. Antirezonans
frekanslarin1 daha iyi incelemek icin 6rnek olmasi adma, Cizelge 3.5’te Toran=10,
Eoran=0,25, n=0,1, x=1’in ilk on boyutsuz dogal frekans parametresi hesaplanarak
gosterilmigtir. Tek sayilt modlar simetrik-simetrik modlar olup ayni malzeme
parametreleri icin yapilan harmonik analizlerin gosterildigi Sekil 3.38°de tepeler
olusturmaktadir. Grafikte yalnizca simetrik-simetrik modlarin goériinmesi gerekirken,
antisimetrik olan ¢ift sayili modlardan 6. ve 8. modlar da ortaya ¢ikmakta ve
antirezonans frekanslarini olusturmaktadir. Tiim grafikler incelendiginde, homojen kiris
durumlarimi igaret eden n=0 ve E;=1 degerlerinde antirezonans frekanslarinin
olugsmadigi, diger degerler i¢in de daha ince kiris olan Toran=20’de antirezonans
frekanslarinin  Toran=10’a gore ¢ok daha az siklikta ve siddette ortaya c¢iktigi

gorilmektedir.

Cizelge 3.5 Toran=10, Eoran=0,25, n=0,1, x =1 i¢in serbest titresim frekanslari

Mod |1. Mod |2. Mod |3.Mod |4.Mod |5.Mod |6.Mod |7. Mod |8. Mod |9. Mod

y) 1,174 1,558 |3,557 |5,674 |7,638 |7,850 |11,084 |13,572 |13,978
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331  Toman=10 ve E,=0,25 i¢in Harmonik Analiz Grafikleri
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Sekil 3.38 Toran=10, E;=0,25, n=0,1 Frekans parametresi-iletim katsayis1 grafigi
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Sekil 3.40 Toran=10, E/=0,25, n=1 Frekans parametresi-iletim katsayis1 grafigi
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Sekil 3.42 Toran=10, E/=0,25, n=3 Frekans parametresi-iletim katsayis1 grafigi
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Sekil 3.43 Toran=10, E;=0,25, n=10 Frekans parametresi-iletim katsayis1 grafigi

3.3.2 Toran=10ve E=0,5 i(;in Harmonik Analiz Grafikleri
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Sekil 3.44 Toran=10, E;=0,5, n=0 Frekans parametresi-iletim katsayis1 grafigi
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Sekil 3.46 Toran=10, E;=0,5, n=0,2 Frekans parametresi-iletim katsayis1 grafigi
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Sekil 3.48 Toran=10, E(=0,5, n=2 Frekans parametresi-iletim katsayis1 grafigi
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Sekil 3.50 Toran=10,

E.=0,5, n=10 Frekans parametresi-iletim katsayis1 grafigi
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3.3.3

10°

10

10°

10°

10"

10°

10

10

10

Toran=10 ve E;=1 ig:in Harmonik Analiz Grafikleri

LA E L LD R L0 B R I Z 2 B B A R R U P M AR R 121

LB R EEE R I 2 R N R F L B R LR

ald oy 4yl

sod 4

-4
10 [ [ [ [ [ [ [ [ [ [ [ [ [ [

10°

10"

10°

10

10"

10°

10"

10°

10°

15

LREIERRECE B N A R PR R R R R R CD

T T Ty

LA R EEE N I R P B I R EE L1 M LR

“K=o

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Sekil 3.52 Toran=10, E;=1, n=0,1 Frekans parametresi-iletim katsayis1 grafigi
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Sekil 3.54 Toran=10, E;=1, n=1 Frekans parametresi-iletim katsayis1 grafigi
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Sekil 3.56 Toran=10, E;=1, n=3 Frekans parametresi-iletim katsayis1 grafigi
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Sekil 3.57 Toran=10, E;=1, n=10 Frekans parametresi-iletim katsayis1 grafigi

Toran=10 ve E,=2 I¢in Harmonik Analiz Grafikleri
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Sekil 3.58 Toran=10, E;=2, n=0 Frekans parametresi-iletim katsayis1 grafigi
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Sekil 3.60 Toran=10, E;=2, n=0,2 Frekans parametresi-iletim katsayis1 grafigi

71



6
10 T T T T T T T T T T T T T T

10"

10°

10°

10"

10°

10"

10

10

10

LI L B B I 2 B B I B B I 0 I B I P L e e o i R 20 R I N P R B R R R

PRI TETIY BENEE RTTI MR NYTTt MR RETE Hkmul TR ATt A RETIT BT RTEt T RETIT!

5
10 [ [ [ [ [ [ [ [ [ [ [ [ [ [

N
N
w
IS
3
o
~
©
©
=
o
=
[
N
N
-
w
[N
I
N
13

Sekil 3.62 Toran=10, E;=2, n=2 Frekans parametresi-iletim katsayis1 grafigi
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Sekil 3.64 Toran=10, E;=2, n=10 Frekans parametresi-iletim katsayis1 grafigi
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Sekil 3.66 Toran=10, E;=3, n=0,1 Frekans parametresi-iletim katsayis1 grafigi
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Sekil 3.68 Toran=10, E;=3, n=1 Frekans parametresi-iletim katsayis1 grafigi

75

15



6
10 T T T T T T T T T T T T T T

Sekil 3.70 Toran=10, E;=3, n=3 Frekans parametresi-iletim katsayis1 grafigi
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3.3.6
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Sekil 3.71 Toran=10, E;=3, n=10 Frekans parametresi-iletim katsayis1 grafigi

Toran=10 ve E,=4 Icin Harmonik Analiz Grafikleri
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Sekil 3.72 Toran=10, E;=4, n=0 Frekans parametresi-iletim katsayis1 grafigi
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Sekil 3.74 Toran=10, E;=4, n=0,2 Frekans parametresi-iletim katsayis1 grafigi
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Sekil 3.76 Toran=10, E;=4, n=2 Frekans parametresi-iletim katsayis1 grafigi
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Sekil 3.77 Toran=10, E;=4, n=3 Frekans parametresi-iletim katsayisi grafigi
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Sekil 3.78 Toran=10, E;=4, n=10 Frekans parametresi-iletim katsayis1 grafigi
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3.3.7  Toran=20 ve E=0,25 ig:in Harmonik Analiz Grafikleri
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3.39  Toan=20ve E~=1 ig:in Harmonik Analiz Grafikleri
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3.3.10 Toran=20 ve E,=2 i¢in Harmonik Analiz Grafikleri
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3.3.11 Toran=20 ve E,=3 ig:in Harmonik Analiz Grafikleri
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3.3.12 Toran=20 ve E,=4 ig:in Harmonik Analiz Grafikleri
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BOLUM 4

SONUC VE ONERILER

Bu ¢alismada uzunlugu L, kalinligi h, genisligi b olan diisey yonde fonksiyonel
derecelendirilmis kiris, sonlu elemanlar yontemiyle analiz edilip, ¢esitli sinir sartlarinda

kirisin dinamik davraniglar1 incelenmistir.

Ik kisimda her iki kosesinden yay elemanlariyla mesnetlenmis kirisin serbest titresim
analizi yapilmistir. Her iki ucundan yayla mesnetlenmis kirisin; boy/kalinlik orani
(Toran), boyutsuzlastirilmis yay katsayisi («), elastiklik modilii orani (E;), kuvvet
kanunu tsteli (n) parametrelerinin degisimine bagli olarak serbest titresim degerleri

hesaplanmistir. Hesaplanan sayisal degerler neticesinde E, <1 i¢in n arttik¢a frekans
parametrelerinin arttig1 gézlemlenmektedir. E. =1 iken kiris homojen kirise doniismekte
ve n’nin her degerinde ayn1 frekans parametresi elde edilmektedir. E, >1’ken n arttik¢a

frekans parametresi degeri de azalmaktadir. Tim modlarda, E, arttik¢a frekans

parametreleri artmaktadir. Rijit modlarin baskin oldugu x=1 ve x=10"un ilk iki
modunda ise sistem biiyiik 6l¢iide mesnet noktalarindaki yaylar vasitasiyla hareket ettigi
icin kirigin elastik 6zellikleri dnemsizlesmektedir. Bu noktalarda frekans parametresi,

E, ve n degisiminden ¢ok az etkilenmektedir. Tiim modlardax>1’den itibaren yay

katsayis1 arttik¢a frekans parametresinin arttifi  goézlemlenmektedir. Yukarida
bahsedilen sonuglar analizi yapilan Toran=5, Toran=20 kirislerininin her ikisi i¢in de
gecerlidir. Ancak daha kalin olan Toran=5 kirisinde artan kiitlenin etkisiyle daha diisiik

titresimler olusmaktadir.

Ikinci kistmda her iki kdsesinden hem yay hem de séniim elemanlariyla mesnetlenmis
kirisin serbest titresim analizi yapilmistir. Her iki ucundan yay ve soniim elamanlariyla

mesnetlenmis kirisin; kalinlik orani (Torn), boOyutsuz yay katsayisi (x), boyutsuz
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sontim katsayis1 (C), elastiklik modiili oram1 (E;), kuvvet kanunu iisteli (n)

parametrelerinin degisimine bagli olarak boyutsuz frekans degerleri hesaplanmistir.

Hesaplanan sayisal sonuglara gore: tim modlarda; E, <1 i¢in n arttikca frekans
parametrelerinin arttig1 gézlemlenmektedir. E, =1 iken kiris homojen kirise doniismekte
ve n’nin her degerinde ayn1 frekans parametresi elde edilmektedir. E. >1’ken n arttik¢a

frekans parametresi degeri de azalmaktadir. Ayrica n ve C sabitken E, arttik¢a frekans

parametresi de artmaktadir. Yay katsayisinin artisiyla frekans parametrelerinin dogru
orantilt olarak arttigini sdylemek miimkiinken, soniim katsayilari i¢in boyle net bir
egilim olusmamaktadir. Ancak yay katsayillarinin x=0, x=1, x=10 gibi disik
degerlerinin tiglincii modlarinda ve x =100, x=1000 gibi yiiksek yay katsayilarinin tim
modlarinda soniim katsayisinin artmasiyla frekansin artis gosterme veya sabit kalma
egilimi yiikselmektedir. Bu sonuglar Toran=5 ,Toran=20 kirigleri i¢in de gecerli olup
olusan grafikler benzerlik gostermektedir. Yalnizca iiclinci modlarda Toran=5 egrileri
artan C ile sabit kalma egilimine girerken, Toran=20 egrileri ise dalgalanma
gostermektedir. Ayrica artan kalinlik ve kiitleyle birlikte Toran=5 frekans parametreleri

Toran=20"¢e gore daha diisiik ¢ikmaktadir.

Ucgiincii kisimda ise yay mesnetli fonksiyonel derecelendirilmis kirisin orta noktasindan
uygulanan harmonik kuvvetin, kirisin dinamik davranis1 {izerindeki etkileri
incelenmistir. Zemine iletilen kuvvetin harmonik kuvvetin maksimum degerine orani

Tr’nin degisimi, boyutsuz yay katsayist «, elastiklik modiilii oran1 E, ve kuvvet kanunu
tisteli degisimi n parametreleri igin incelenmistir. E, <1 i¢in n arttik¢a frekans
parametreleri artmakta, E, =1 icin kiris homojen kirise doniistiigl igin tiim n’ler i¢in
frekans parametreleri sabit kalmakta, E >1 icinse n arttikga frekans parametreleri
diismektedir. Tim modlarda, ayn1t n ve xdegerleri icin E, arttikca frekans

parametrelerinin artis gosterdigi gozlemlenmektedir. Yine E, artttkga x’nin

degisiminin  frekans  parametreleri lizerinde daha fazla etki  gosterdigi
gozlemlenmektedir. Bunu maksimum kuvvetlerin olustugu tepe noktalarmin frekans
parametreleri ekseninde birbirinden uzaklagmasiyla anlamak miimkiindiir. Hesaplama
yapilan Toran=10 Ve Toran=20 degerleri i¢in de yukarida anlatilan sonuglar gecerlidir.
Ancak daha kalin kiris olan Toran=10 kirisinde artan kiitlenin etkisiyle birlikte daha
diisiik frekanslar ortaya ¢ikmaktadir.
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Tez kapsaminda incelenen konulara ek olarak, termal etkilerin ve noktasal kiitlelerin

etkilerinin incelendigi ¢alismalar ileride yapilabilir.
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EK-A

IKi UCUNDAN YAYLA MESNETLENMIS KiRiSIN DOGAL
FREKANS DEGERLERI

Bu kisimda iki ucundan yayla mesnetlenmis kirigin grafiklerindeki boyutsuz dogal
frekans parametreleri sayisal olarak gizelgelerde verilmistir.
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Cizelge EK-A.1 Yay mesnetli kiris, Toran=5, 1. mod frekans parametreleri

K E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 3,146344 |3,359383 |3,479319 |3,826504 |3,977943 |4,062099 |4,270743
0,5 |3,741654 |3,839153 |3,904391 |4,100138 |4,177128 |4,219916 |4,336066
1 |4,4496 |4,4496 |4,4496 |4,4496 |4,4496 |4,4496 |4,4496
*T 2 5,291497 |5,212399 |5,145977 (4,875912 |4,7772 4,73677 |4,626961
3 5,856003 |5,737237 |5,634043 [5,172565 |4,988542 |4,919203 |4,759958
4 6,292685 |6,147824 |6,019677 |[5,411495 |(5,149135 |5,052177 |4,863847
0,2511,167918 |[1,172784 (1,174968 |1,179494 |1,180832 |1,181474 |1,182822
0,5 |1,178413 |1,179461 |1,180101 |1,181732 |1,182255 |1,182526 |1,18319
1 1,183777 |1,183777 |1,183777 |1,183777 |1,183777 |1,183777 |1,183777
"o 2 1,186483 |1,186316 |1,186161 |1,185453 |1,185136 |1,184994 |1,184563
3 1,187389 |[1,187235 |1,187087 |1,186258 |1,185814 |1,185621 |1,185078
4 1,187839 [1,18771 |1,187582 |1,186759 |1,186245 |1,186013 |1,185441
0,25 |1,819935 |1,874254 |1,900723 |1,960509 |1,979696 |1,989067 |2,009365
0,5 |1,94578 [1,960241 [1,969227 |1,992874 |2,00073 |2,004786 |2,014991
3 1 2,024013 |2,024013 | 2,024013 |2,024013 |2,024013 |2,024013 |2,024013
=10 2 2,067745 |2,064948 |2,062455 |2,050746 |2,045648 (2,043347 |2,036458
3 2,083045 |2,080424 |2,077942 |2,064006 |2,056692 |2,053487 |2,04468
4 2,090832 |2,088557 |2,086342 |2,072336 |2,063788 [2,059982 |2,050555
0,25 12,109096 |[2,240067 |2,313102 |2,512562 |2,591476 |2,633643 |2,734825
0,5 |2,458816 |2,512634 (2,54826 |2,651797 |2,690068 |2,710723 |2,765656
1 2,818081 |2,818081 |2,818081 |2,818081 |2,818081 |2,818081 |2,818081
=100 2 3,145426 |3,119547 |3,097187 [3,000075 |2,961562 |2,944893 |2,897236
3 3,30402 |3,274511 |3,247538 (3,11047 |3,047213 |3,02122 |2,954649
4 3,398014 |3,369474 |3,342481 (3,189063 |3,107895 |3,074474 |2,998514
0,25 12,148823 |2,294806 |(2,378142 |2,615145 |2,713898 |2,768114 |2,902945
0,5 |2,550012 |2,615606 |2,659753 |2,791896 |2,842454 |2,870183 |2,945536
B 1 3,019812 (3,019812 (3,019812 |3,019812 |3,019812 |3,019812 |3,019812
=100 2 3,561579 (3,511851 |3,470109 |3,300192 |3,237266 |3,210753 |3,136974
3 3,909613 (3,837905 |3,775456 |3,494022 |(3,379798 |3,335213 | 3,226327
4 4,167741 |4,083684 |[4,008881 |3,647921 |3,488384 |3,427386 |3,297459
0,25 12,153376 |2,301141 (2,385716 |2,627364 |2,728659 |2,784446 |2,923788
0,5 |2,560811 |2,627884 |(2,673117 |2,808975 |2,861166 |2,889849 |2,967994
1 3,045334 (3,045334 |3,045334 |3,045334 |3,045334 |3,045334 |3,045334
T 2 3,621533 (3,567542 (3,52242 |3,340454 (3,273709 |3,245691 |3,168002
3 4,007885 |3,926894 |3,856977 |3,548111 |3,425251 |3,377649 |3,262159
4 4,306754 |4,208016 [4,121305 |3,715653 |3,541859 |3,476164 |3,33752
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Cizelge EK-A.2 Yay mesnetli kiris, Toran=5, 2. mod frekans parametreleri

K E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 5,216097 |5,539642 ([5,77096 |6,552978 |6,859901 |7,00012 |7,247061
0,5 |6,203021 |6,339321 |6,446438 |6,863505 |7,046761 |7,133533 |7,291192
1 7,376676 |7,376676 |7,376676 |7,376676 |7,376676 |7,376676 |7,376676
7 2 8,772395 [8,670905 |8,583427 |8,162129 |7,925241 |7,798748 |7,538623
3 9,708252 [9,557568 |9,4261 8,767791 |8,376296 |8,159741 |7,690584
4 10,432195 | 10,249465 | 10,089032 | 9,267312 | 8,761507 |8,475947 |7,833941
0,25 |1,544895 |1,546025 |1,546553 |1,54766 |1,547975 |1,548118 |1,548399
0,5 |1,547354 |1,54759 |1,547733 |1,548133 |1,548261 |1,548325 |1,548468
1 1,548586 |1,548586 |1,548586 |1,548586 |1,548586 |1,548586 [1,548586
T 2 1,549202 |[1,549162 |1,549133 |1,548975 |1,548896 |1,548857 |1,548749
3 1,549404 |1,549369 |1,54934 [1,549162 (1,549054 (1,549 1,548857
4 1,549507 |1,549477 |1,549453 |(1,549276 |1,549157 |(1,549098 [ 1,548936
0,25 | 2,668551 |2,688506 |2,697862 |2,717597 |2,723198 |2,725733 |2,730781
0,5 [2,712207 |2,716363 |[2,718976 |2,726027 |2,728351 |2,729483 |2,732061
1 2,734119 (2,734119 |2,734119 |[2,734119 |2,734119 |2,734119 |2,734119
K=l 2 2,745069 (2,74443 |2,743854 |2,741028 |2,739631 |2,738933 |2,737001
3 2,748715 |2,748132 |2,747577 |2,744374 |2,742496 |(2,74155 |2,738956
4 2,750539 [2,75004 |2,749551 |2,746426 |2,744335 |2,743259 |2,740388
0,25 | 3,760915 |3,937695 [4,033098 |4,271403 |4,350889 |4,388854 |4,467668
0,5 |4,204055 |4,258772 |(4,294282 |4,394859 |4,429907 |4,447407 |4,488311
1 4,521913 |4,521913 |[4,521913 |4,521913 |4,521913 |4,521913 | 4,521913
=100 2 4,706981 |4,695758 |4,685705 |4,636747 |4,613038 |4,601432 |4,56956
3 4,771224 |4,760843 |[4,75102 |4,694385 |4,661679 |4,645569 |4,602226
4 4,803595 |4,794684 |[4,786006 |4,730277 |4,693358 |4,674725 |4,626348
0,25 | 3,985738 |4,245051 |4,397621 |4,843666 |5,02673 |5,123579 |5,349652
0,5 |4,710214 |4,823207 |4,900726 |5,143138 |5,238417 |5,288907 |5,415766
_ 1 5,530304 |[5,530304 |5,530304 |[5,530304 |5,530304 |5,530304 |5,530304
1000 2 6,407842 |[6,334735 |6,272234 |[6,002795 |5,890931 |5,840275 |5,709744
3 6,910334 |(6,816051 |6,731572 |(6,318983 |6,127885 |6,044822 |5,846442
4 7,241652 |(7,142786 |7,051338 |6,559774 |6,306664 |6,197249 |5,955765
0,25 | 4,010445 |4,279226 |(4,438542 |4,911172 |5,109262 |5,2153 5,466568
0,5 |[4,76925 ]4,890194 (4,973631 |5,237369 |5,342508 |5,398661 |5,541163
1 5,671625 |[5,671625 |5,671625 |[5,671625 |5,671625 |5,671625 |5,671625
e 2 6,744738 |[6,648152 |6,566849 |[6,228317 |6,093029 |6,03277 |5,879394
3 7,46428 [7,319528 |7,19391 |[6,624861 |6,381265 |6,278851 |6,040668
4 8,020891 |7,844506 |7,688943 |6,945447 |6,606405 |6,467006 |6,171637

109




Cizelge EK-A.3 Yay mesnetli kiris, Toran=5, 3. mod frekans parametreleri

K E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 7,361525 |[7,759683 |[8,02775 |8,956452 |[9,374777 |9,59369 |[10,071332
0,5 |[8,754377 |8,932549 |9,061137 |9,557791 |9,791437 |[9,91477 |10,194706
1 10,410768 | 10,410768 | 10,410768 | 10,410768 | 10,410768 | 10,410768 | 10,410768
*T 2 12,380559 | 12,202733 | 12,047764 | 11,366193 | 11,055205 | 10,908009 | 10,619334
3 13,701341 | 13,433803 | 13,195825 | 12,079247 | 11,542439 | 11,290063 | 10,787125
4 14,723049 | 14,396715 | 14,103121 | 12,666335 | 11,945296 | 11,609347 | 10,93806
0,25 (3,199934 |3,403304 |3,51871 |3,856074 |4,004439 |4,087082 |4,292367
0,5 |[3,773705 |3,868806 |3,932561 |4,124433 |4,200153 |4,242283 |4,356729
1 4,468712 |4,468712 |4,468712 |4,468712 |(4,468712 |4,468712 |4,468712
"o 2 5,302876 |[5,224305 |5,158345 |4,890386 (4,792547 |4,752507 |4,643893
3 5,864402 |5,746168 |5,643469 |5,184627 (5,0019 4,933111 |4,775417
4 6,299456 |6,155084 |6,027405 |[5,421986 |5,161184 |(5,064892 |4,878234
0,25 | 3,612601 |3,75544 |3,840363 |4,106551 |4,231079 |4,301714 |4,479803
0,5 |[4,042551 |4,119513 |4,171859 |4,333394 |4,398956 |4,435754 |4,536272
1 4,635376 |4,635376 |4,635376 |4,635376 |4,635376 |4,635376 |4,635376
=t 2 5,403814 |[5,329814 |5,267866 |5,017996 (4,927604 |4,890854 |4,792293
3 5,939292 (5,825742 |5,727379 |5,291522 (5,119976 |5,055903 |4,911351
4 6,359973 |[6,219938 |6,096387 |[5,515244 |5,267996 |5,177437 |5,005032
0,25 | 4,94752 |5,111668 |5,197519 |5,426571 |5,517071 |5,564334 |5,672581
0,5 |[5,375485 |5,429238 |5,464929 |5,574588 |[5,619273 |5,643407 |5,704081
B 1 5,759208 |[5,759208 |5,759208 |5,759208 |[5,759208 |5,759208 [5,759208
=100 2 6,232251 (6,184788 |6,145332 (5,987346 |5,929225 (5,905402 |5,846181
3 6,599404 |(6,51887 |6,450105 |6,155612 |6,042265 |(5,999844 |5,911899
4 6,912677 |6,806362 |6,714064 |6,299557 |6,131423 |6,070256 |5,963411
0,25 |5,216097 |5,536552 |5,763672 |6,533557 |6,836841 |6,977923 |7,241706
0,5 |6,203021 |6,338647 |6,444518 |6,855825 (7,038584 |7,126347 |7,28925
1 7,376676 |7,376676 |7,376676 |7,376676 |7,376676 |7,376676 |7,376676
1000 2 8,50978 |[8,434206 |8,367403 |8,048918 (7,874721 |7,76995 |7,533009
3 9,016704 |(8,927349 |8,844866 |8,404788 |8,162312 |8,031092 (7,669612
4 9,332792 (9,240597 |9,153937 |8,656987 |8,361923 |8,209461 [7,788845
0,25 | 5,216097 |[5,537246 |5,765666 |6,545183 |6,854753 |6,996454 |7,246169
0,5 |[6,203021 |6,338911 |6,445317 |6,860336 |7,044293 |7,131732 |7,290779
1 7,376676 |7,376676 |7,376676 |7,376676 |7,376676 |7,376676 |7,376676
e 2 8,772395 |[8,67073 |8,582863 |8,158361 |[7,920298 |7,794042 |7,537008
3 9,708252 [9,557218 |9,424957 |8,759653 |8,364096 |8,146724 |7,684744
4 10,432195| 10,248985 | 10,087456 | 9,256287 |8,74396 | 8,455433 |7,822259
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Cizelge EK-A.4 Yay mesnetli kiris, Toran=20, 1. mod frekans parametreleri

K E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 3,329576 |3,560529 |3,690417 |4,054753 |4,207841 |4,293393 |4,512294
0,5 |3,959555 |4,064842 |4,135072 |4,340725 |4,418304 |4,461613 |4,583722
1 4,70873 |4,70873 |4,70873 |4,70873 |4,70873 |4,70873 |4,70873
*T 2 5,599655 |5,514578 |5,443701 |5,16202 |5,063179 [5,023157 |[4,906723
3 6,197038 |6,069358 |5,959375 |5,478898 |5,294636 |5,226633 |5,057972
4 6,659151 |6,503458 |6,366967 |5,734286 |5,471269 |5,376552 |5,178206
0,25 |1,169785 |1,174266 |1,176227 |1,180257 |1,181471 |1,182061 |1,183338
0,5 [1,179364 |1,180334 |1,180916 |1,182364 |1,182829 |1,183074 |(1,183693
1 1,184254 (1,184254 [1,184254 [1,184254 |1,184254 |1,184254 |1,184254
"o 2 1,186721 [1,186566 |1,186425 [1,185769 |1,185496 |1,18538 |1,185001
3 1,18755 [1,187402 [1,187267 |1,186496 |1,186103 |1,185943 |1,185483
4 1,187961 |1,187839 |1,187717 |1,186946 |1,186483 |1,18629 |1,185814
0,25 | 1,841957 [1,893551 |1,91802 |1,972165 |1,989675 |1,998378 |(2,017637
0,5 [1,959704 [1,97329 |[1,981605 |2,002898 |2,009868 |2,013535 |2,0231
1 2,031815 |2,031815 |2,031815 |2,031815 |2,031815 |2,031815 |2,031815
=t 2 2,071855 |2,069241 |2,066915 |2,056137 |2,051669 |2,049745 |2,043702
3 2,085827 |2,083377 |2,08106 |2,06812 |2,061594 |2,058901 |2,051434
4 2,092937 |2,090809 |2,088736 |2,075662 |2,067917 |2,064672 |2,056878
0,25 | 2,164682 |(2,298719 |2,371902 |2,566913 |2,64375 |2,685321 |(2,787181
0,5 |2,517072 |2,571676 |2,607332 |2,707944 |2,744307 |2,764225 |2,818987
B 1 2,872869 |2,872869 |2,872869 |2,872869 |2,872869 |2,872869 |2,872869
=100 2 3,189218 |3,164023 |3,142261 |3,048668 |3,013065 |2,998212 |2,95352
3 3,339272 |3,310919 |3,28496 |3,153424 |3,094561 |3,071559 |3,011237
4 3,427187 |3,399978 |3,37418 |3,22741 |3,151467 |3,121721 |3,054727
0,25 |2,211378 (2,363173 |2,448352 |2,685732 |2,784538 |2,839542 (2,979741
0,5 |2,623421 |2,691782 |2,737293 |2,869986 |2,919715 |2,947406 | 3,025322
1 3,104828 |3,104828 |3,104828 |3,104828 |3,104828 |3,104828 |3,104828
1000 2 3,657521 |3,605955 |3,562793 |3,389557 |3,328153 |[3,303169 |[3,230034
3 4,010445 |3,936455 |3,872092 |3,584727 |3,472122 |3,430199 |3,32506
4 4,270729 |4,184409 |4,107608 |3,7392 3,58079 |3,523021 |3,4002
0,25 | 2,216769 |2,370706 |2,457361 |2,700119 |2,801825 |2,858641 |3,004167
0,5 |2,636197 |2,70634 |2,753144 |2,890151 |2,941729 |2,970507 |3,051721
1 3,134986 |3,134986 |3,134986 |3,134986 |3,134986 |3,134986 [3,134986
e 2 3,728146 |3,671495 |3,624319 |3,43699 |3,371294 |3,344659 |[3,266996
3 4,125872 |4,040858 |3,967664 |3,648257 |3,525877 |3,480658 |[3,367992
4 4,433537 |4,329876 |4,239048 |3,818545 |3,643939 |3,581012 |3,448407

111




Cizelge EK-A.5 Yay mesnetli kiris, Toran=20, 2. mod frekans parametreleri

K E, |n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25(5,48295 |5,862077 |6,076123 |(6,679588 |[6,93334 [7,074665 |7,434015
0,5 |6,520362 |6,693061 |6,808542 |7,148865 |7,277946 |7,349745 |7,550416
1 7,754062 |7,754062 |7,754062 |7,754062 |7,754062 |7,754062 |7,754062
7 2 9,221185 (9,081733 |8,965445 |8,501481 |8,33684 |8,269595 |8,076541
3 10,204919 (9,99565 |9,815252 (9,024638 |8,718581 |8,604287 |8,322978
4 10,965899 | 10,710728 | 10,486878 | 9,446364 |9,010386 |8,851506 |8,51905
0,25(1,5603 1,561194 |1,561585 |1,562383 |1,562623 |1,562735 |1,562984
0,5 |1,562203 |[1,562393 |1,562505 |1,562793 |1,562881 |1,56293 |1,563047
1 1,563155 |[1,563155 |1,563155 [1,563155 [1,563155 [1,563155 |1,563155
T 2 1,563633 |[1,563604 |1,563574 |[1,563447 [1,563399 [1,563374 (1,563301
3 1,563789 |[1,563765 |1,563735 |[1,563589 [1,563516 |1,563482 [1,563394
4 1,563872 (1,563848 |1,563823 |[1,563677 |1,563589 [1,56355 [1,563457
0,25]2,714171 |2,729863 |2,736743 |2,750805 |2,75502 |2,757053 |2,761411
0,5 |2,747649 |[2,750995 |2,753007 |2,758041 |2,75965 |2,760484 |2,762614
1 2,764511 (2,764511 |2,764511 |2,764511 |2,764511 |2,764511 |2,764511
wl0 2 2,772962 (2,772431 |2,771955 |2,769723 |2,768775 |2,768358 |2,767058
3 2,77578 |2,775293 |2,774832 |2,772214 |2,770861 |2,770288 |2,768694
4 2,777191 (2,776773 |2,776364 |2,773755 |2,772172 |2,771495 |2,769833
0,2514,008789 |4,173838 |4,255421 |4,442842 |4,504845 |4,535718 |4,604021
0,5 [4,398433 |4,445799 |4,475071 |(4,551028 |[4,576109 |4,589267 |4,623348
1 4,654228 |4,654228 |4,654228 |4,654228 |4,654228 |4,654228 |4,654228
w100 2 4,797091 |4,787882 |4,779674 |4,741357 (4,725258 |4,718227 |4,696407
3 4,846317 |4,837768 |[4,82967 |4,784109 |4,760782 |4,751003 |4,723896
4 4,871141 |4,863776 |[4,856572 |4,810856 |4,783378 |4,771664 |4,743263
0,25]4,364448 |4,653004 |4,81395 |5,256931 |5,437385 |5,536358 |5,783108
0,5 [5,140568 |5,265647 |5,348489 (5,588223 [5,67712 |[5,726095 |5,861448
1 5,996322 [5,996322 |5,996322 |5,996322 |5,996322 |5,996322 |5,996322
w1000 2 6,865696 |[6,791575 |6,728333 |6,463543 |6,365015 |6,32405 |6,203859
3 7,331555 |(7,240877 |7,159091 |6,761657 |6,591401 |6,525492 |6,357131
4 7,623161 (7,531888 |7,446518 |6,982539 |6,755458 |6,667999 |6,47559
0,25(4,406245 |4,711416 |4,883838 |5,369031 [5,572323 [5,685525 |5,973866
0,5 |5,239939 |(5,378873 |5,471799 |5,745394 |5,848865 |5,906397 |6,067487
1 6,231373 |6,231373 |6,231373 |6,231373 |6,231373 |6,231373 |6,231373
e 2 7,410393 |(7,298264 |7,204812 |6,832463 |6,700543 |6,64662 |6,491215
3 8,200948 |8,032693 |7,887747 |7,253505 |7,008435 |6,916868 |6,690143
4 8,812491 |(8,607338 |8,427495 |7,592957 |7,243986 |7,116811 |6,848703
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Cizelge EK-A.6 Yay mesnetli kiris, Toran=20, 3. mod frekans parametreleri

K E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 7,589612 |8,111595 |8,407594 |9,248956 |9,604034 [9,800944 |10,2969
0,5 [9,025621 |9,26325 |9,422628 |9,896554 |10,077982|10,178456 |10,455716
1 10,73333310,733333 ] 10,733333 | 10,733333 | 10,733333 | 10,733333 | 10,733333
w0 2 12,764156 | 12,572365 | 12,412167 | 11,769053 | 11,53726 |11,441618]11,172409
3 14,125861 | 13,838067 | 13,5896 | 12,494816 | 12,065237 | 11,902469 | 11,507603
4 15,179225| 14,828314 | 14,520031 | 13,079999 | 12,4695 | 12,243609 | 11,774178
0,25 | 3,382433 |[3,603855 |3,729365 |4,084186 [4,234209 |4,31823 |4,53371
0,5 |[3,991168 |4,094074 |4,162847 |4,364756 |4,441101 |4,483759 |4,604156
B 1 472758 |4,72758 | 4,72758 | 4,72758 | 4,72758 |4,72758 |4,72758
"o 2 5,61088 |[5,526329 |5,455916 |5,176338 |[5,078345 |5,038685 [4,923382
3 6,205322 (6,078175 |5,96869 [5,490873 |5,307896 [5,240413 |5,073176
4 6,665828 |[6,510627 |6,374607 |[5,744733 |5,483282 |[5,389205 |5,192372
0,25 [ 3,795042 |3,954476 |4,049503 |4,333784 |[4,459833 |4,531674 |4,719432
0,5 |4,257412 |4,342087 |4,399526 |[4,571728 |4,638105 |4,675458 |4,781791
B 1 4,892097 |4,892097 |4,892097 |4,892097 |4,892097 |4,892097 |4,892097
w10 2 5,710438 |5,630461 |5,564065 |5,302566 |[5,211818 |5,175244 |5,069511
3 6,279182 (6,156725 |6,051594 [5,596952 |5,42506 [5,362044 |5,206978
4 6,725514 |(6,574654 |6,442788 |[5,837523 |5,589693 [5,501152 |5,317301
0,25 |5,361745 |5,497586 |5,566548 |[5,744009 |5,815305 |5,854966 |5,957193
0,5 |[5,698724 |5,747781 |5,780309 |5,875964 |[5,912521 |5,933006 |5,991071
B 1 6,051528 |6,051528 |6,051528 [6,051528 |6,051528 [6,051528 |6,051528
=100 2 6,543153 (6,491334 |6,44897 |[6,287709 |6,233598 |6,212012 |6,150846
3 6,936951 |[6,848635 |6,774324 |(6,469698 |6,361581 |6,322823 |6,230048
4 7,274054 |(7,157652 |7,057936 |(6,627192 |6,464496 |6,40826 |6,295233
0,25 | 6,407355 |6,80326 |7,021037 |7,603399 |7,829714 |7,950127 |8,237623
0,5 |7,451121 |7,609639 |7,713337 |[8,007619 |8,113948 |8,171342 |8,324841
1 8,471283 |(8,471283 |8,471283 |8,471283 |8,471283 |8,471283 |8,471283
=100 2 9,312702 (9,248553 |9,192904 |8,948727 |8,851803 |8,810183 |8,68733
3 9,701951 (9,627617 |9,560494 |[9,223308 |9,068046 |9,004979 |[8,83972
4 9,948674 (9,869793 |9,797935 |9,41411 |9,216873 |9,136814 [8,953465
0,25 | 6,544575 |6,996 7,252524 [7,979299 |8,283845 |8,452594 |8,878737
0,5 |7,782856 |7,988103 |8,125884 |8,535158 |8,691026 |8,777235 |9,015712
1 9,255427 |9,255427 [9,255427 |[9,255427 |9,255427 |9,255427 |9,255427
T 2 11,00662 |10,841163]10,7031 |10,150071]9,95107 |9,868732 |9,635548
3 12,180827 | 11,932586 | 11,718537 | 10,778007 | 10,409854 | 10,269999 | 9,926882
4 13,089151 | 12,786489 | 12,520962 | 11,284432 | 10,76176 |10,568081 |10,159513
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EK-B

IKi UCUNDAN ViSKOELASTIK MESNETLENMIS KiRiSIN
DOGAL FREKANS DEGERLERI

Bu boliimde iki ucundan viskoleastik mesnetlenmis kirisin grafiklerindeki boyutsuz

dogal frekans parametreleri sayisal olarak paylasilmistir.
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Cizelge EK-B.1 Viskoelastik mesnetli kiris, Toran=5, K=0, 1. mod frekanslari

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 3,146388 3,359437 3,47938 3,826575 3,97801 4,062163 4,270802
0,5 |3,741707 3,839209 3,90445 4,100202 4,177189 4,219977 4,336125
1 4,449664 4,449664 4,449664 4,449664 4,449664 4,449664 4,449664
c=0 2 5,291573 5,212472 5,14605 4,87599 4777279 4,736849 4,627034
3 5,856087 5,737318 5,634123 5,172655 4,988637 4,919297 4,760043
4 6,292775 6,147911 6,019764 5,411594 5,149243 5,052288 4,863942
0,25 |2,8823 3,147876 3,291563 3,68825 3,855054 3,946827 4,172435
0,5 |3,592335 3,702131 3,774795 3,989153 4,072129 4,118087 4,242625
1 4,363938 4,363938 4,363938 4,363938 4,363938 4,363938 4,363938
c=1 2 5,24158 5,160036 5,091457 4,811627 4,709032 4,666972 4,551934
3 5,819448 5,698241 5,592771 5,119061 4,929188 4,85754 4,69188
4 6,263346 6,116256 5,985969 5,364959 5,095468 4,99567 4,800676
0,25 | 2,079294 2,189123 2,242785 2,320337 2,294038 2,392043 2,812227
05 ]2,317531 2,324224 2,316191 2,438566 2,542205 2,60315 2,85496
1 3,004629 3,004629 3,004629 3,004629 3,004629 3,004629 3,004629
c=3 2 4,788595 4,684582 4,596592 4,234859 4,102125 4,04736 3,448324
3 5,49503 5,350527 5,223374 4,636307 4,395126 4,303003 4,082256
4 6,007899 5,839915 5,68947 4,947897 4,613403 4,487509 4,229534
0,25 | 2,115953 2,247002 2,318956 2,505821 2,572077 2,604205 2,665278
0,5 |2,458312 2,507345 2,538451 2,618868 2,642937 2,654246 2,676783
1 2,682384 2,682384 2,682384 2,682384 2,682384 2,682384 2,682384
C=4 2 3,829256 3,633832 3,486563 3,210661 2,875415 2,820779 2,678416
3 5,193145 5,032405 4,89212 3,565057 3,29477 3,246304 2,853925
4 5,764603 5,577882 5,410394 4,598495 3,544638 3,352137 3,202955
0,25 | 2,130484 2,268558 2,346003 2,558366 2,642227 2,686789 2,791956
0,5 ]2,501692 2,559418 2,59752 2,706869 2,746451 2,767623 2,823161
1 2,874319 2,874319 2,874319 2,874319 2,874319 2,874319 2,874319
=5 2 3,138602 3,038775 2,960168 2,996749 2,983778 2,975531 2,943767
3 4,129413 3,864187 3,710106 3,005756 2,99407 3,000604 2,983221
4 5,4611 5,262449 5,087657 3,328869 2,996976 2,97681 3,001888
0,25 | 2,147974 2,293596 2,376636 2,612319 2,710292 2,76402 2,897494
05 |2,547712 2,612941 2,6568 2,787778 2,83776 2,86516 2,939612
1 3,012961 3,012961 3,012961 3,012961 3,012961 3,012961 3,012961
c=10 2 3,537927 3,490672 3,450803 3,287054 3,226041 3,200314 3,1283
3 3,855761 3,792378 3,736047 3,473288 3,364049 3,321237 3,215865
4 4,064902 4,000384 3,93949 3,618074 3,467915 3,409918 3,285241
0,25 | 2,15337 2,301134 2,385707 2,627346 2,728631 2,78441 2,923737
0,5 ]2,560789 2,627857 2,673087 2,808937 2,861123 2,889803 2,967939
1 3,045268 3,045268 3,045268 3,045268 3,045268 3,045268 3,045268
C=200 2 3,621367 3,567389 3,522278 3,34035 3,273618 3,245604 3,167924
3 4,007602 3,926639 3,856744 3,547971 3,425141 3,377548 3,262071
4 4,306342 4,207651 4,120978 3,715475 3,541734 3,476052 3,337425
0,25 | 2,153384 2,301151 2,385729 2,627384 2,728676 2,784459 2,923797
0,5 |2,560819 2,627892 2,673127 2,808989 2,861179 2,889861 2,968006
1 3,045343 3,045343 3,045343 3,045343 3,045343 3,045343 3,045343
= 2 3,621546 3,567554 3,522434 3,340468 3,273725 3,245707 3,168013
3 4,007899 3,926907 3,856991 3,548132 3,425275 3,377674 3,262176
4 4,306767 4,208029 4,121321 3,715681 3,541893 3,476197 3,337541
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Cizelge EK-B.2 Viskoelastik mesnetli kiris, Toran=5, K=0, 2. mod frekanslari

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 4,810624 5,129804 5,315988 5,872682 6,114021 6,244672 6,553809
0,5 |5,720828 5,865555 5,964593 6,276414 6,402797 6,471094 6,644944
1 6,803249 6,803249 6,803249 6,803249 6,803249 6,803249 6,803249
c=0 2 8,090472 7,974025 7,875628 7,463956 7,301066 7,230138 7,051622
3 8,95358 8,778898 8,626468 7,9296 7,632844 7,511701 7,240326
4 9,621248 9,40829 9,219268 8,305227 7,888739 7,722281 7,390343
0,25 | 4,724764 5,06054 5,254541 5,826987 6,072877 6,20578 6,520082
0,5 |5,670467 5,819137 5,920635 6,238711 6,366999 6,436277 6,612752
1 6,77356 6,77356 6,77356 6,77356 6,77356 6,77356 6,77356
c=1 2 8,072901 7,955626 7,85651 7,441672 7,277521 7,206023 7,025548
3 8,940637 8,765124 8,611933 7,911147 7,612585 7,490704 7,216834
4 9,610825 9,397104 9,207366 8,289234 7,87059 7,703287 7,368825
0,25 | 4,1215 4,451901 4,659308 5,474722 5,747878 5,895002 6,244184
0,5 |5,256933 5,455177 5,571315 5,932646 6,075355 6,151975 6,347742
1 6,527132 6,527132 6,527132 6,527132 6,527132 6,527132 6,527132
c=3 2 7,927599 7,803406 7,698281 7,256849 7,081624 7,004874 6,809044
3 8,834468 8,65202 8,492488 7,759002 7,444875 7,316115 7,019563
4 9,525775 9,305734 9,110055 8,158022 7,72117 7,546136 7,187756
0,25 | 4,054513 4,348546 4,530196 5,09206 5,346981 5,490674 5,936643
05 14,9276 5,077453 5,182822 5,531324 5,708278 5,807973 6,148214
1 6,33302 6,33302 6,33302 6,33302 6,33302 6,33302 6,33302
C=4 2 7,800068 7,668632 7,558794 7,09783 6,914784 6,834234 6,625896
3 8,739174 8,550644 8,38562 7,625196 7,298807 7,164344 6,850263
4 9,449528 9,22383 9,022872 8,041811 7,590069 7,408376 7,029358
0,25 | 4,032914 4,315107 4,483669 5,000548 5,230527 5,357298 5,669317
0,5 |4,844705 4,983363 5,079924 5,389977 5,516803 5,58601 5,764726
1 5,9405 5,9405 5,9405 5,9405 5,9405 5,9405 5,9405
=5 2 7,640607 7,506214 7,392766 6,920511 6,599701 6,493913 6,229754
3 8,616889 8,421454 8,250441 7,465114 7,130113 6,991813 6,512278
4 9,350475 9,117802 8,910483 7,898165 7,433506 7,246331 6,818117
0,25 |3,991719 4,283389 4,44339 4,918847 5,120697 5,229646 5,48943
0,5 |4,776565 4,898507 4,982797 5,253042 5,361243 5,419223 5,567091
1 5,703402 5,703402 5,703402 5,703402 5,703402 5,703402 5,703402
c=10 2 6,851449 6,742218 6,653471 6,288798 6,145559 6,082334 5,92164
3 7,697198 7,520352 7,369333 6,712845 6,450345 6,341816 6,091783
4 8,401134 8,165969 7,969427 7,071842 6,689959 6,540736 6,2302
0,25 | 4,01061 4,279423 4,438764 4,911441 5,10952 5,215548 5,466807
0,5 |4,769455 4,890411 4,973858 5,237621 5,342758 5,398906 5,541408
1 5,671888 5,671888 5,671888 5,671888 5,671888 5,671888 5,671888
C=200 2 6,745098 6,648499 6,567189 6,228646 6,093358 6,033097 5,879696
3 7,464731 7,319957 7,194324 6,625256 6,381664 6,279245 6,041012
4 8,021432 7,845013 7,689428 6,9459 6,606863 6,467458 6,17202
0,25 | 4,010603 4,279415 4,438753 4,911425 5,109499 5,215525 5,466776
0,5 |4,769437 4,890391 4,973837 5,237595 5,342729 5,398876 5,541373
1 5,671849 5,671849 5,671849 5,671849 5,671849 5,671849 5,671849
= 2 6,745003 6,648411 6,567106 6,228585 6,093303 6,033044 5,879648
3 7,464573 7,319814 7,194194 6,625177 6,381599 6,279185 6,040959
4 8,021205 7,844812 7,689248 6,945802 6,606792 6,467395 6,171964
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Cizelge EK-B.3 Viskoelastik mesnetli kiris, Toran=5, K=0, 3. mod frekanslari

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 5,216294 5,539847 5,771172 6,553217 6,860153 7,000377 7,247332
0,5 |6,203254 6,33956 6,446679 6,863759 7,047022 7,133798 7,291467
1 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954
c=0 2 8,772726 8,671231 8,583749 8,162431 7,925535 7,799036 7,538905
3 9,708617 9,557927 9,426453 8,768111 8,3766 8,160039 7,690869
4 10,432587 | 10,249851 | 10,089409 | 9,267649 8,761828 8,476256 7,834228
0,25 | 5,216294 5,539805 5,771098 6,553183 6,860137 7,000366 7,247329
0,5 |6,203254 6,339556 6,446667 6,863739 7,04701 7,13379 7,291464
1 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954
c=1 2 8,772726 8,671231 8,583747 8,162419 7,925514 7,799014 7,540024
3 9,708617 9,557926 9,426451 8,768096 8,376569 8,159992 7,690833
4 10,432588 | 10,24985 10,089407 | 9,267637 8,761799 8,476206 7,834158
0,25 | 5,216294 5,539507 5,770568 6,552914 6,860012 7,000282 7,247302
0,5 |6,203254 6,339524 6,446587 6,863592 7,046919 7,133729 7,29145
1 7,376953 7,376953 7,376953 7,376953 7,376953 7,376953 7,376953
c=3 2 8,772726 8,671226 8,583736 8,162329 7,925362 7,798842 7,538819
3 9,708617 9,557921 9,426436 8,76798 8,376321 8,159637 7,690555
4 10,432588 | 10,249845 | 10,089391 | 9,267539 8,761575 8,47581 7,833628
0,25 | 5,216295 5,539301 5,770184 6,552692 6,859909 7,000212 7,24728
0,5 |6,203253 6,339501 6,446525 6,863473 7,046844 7,133679 7,291439
1 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954
c=4 2 8,772725 8,671224 8,583726 8,162252 7,925236 7,798702 7,538758
3 9,708617 9,557918 9,426421 8,767882 8,376113 8,159341 7,690334
4 10,432588 | 10,24984 10,089377 | 9,267454 8,761384 8,475474 7,833202
0,25 | 5,216294 5,539091 5,769773 6,552426 6,859782 7,000126 7,247253
0,5 |6,203254 6,339473 6,446456 6,863332 7,046755 7,133619 7,291424
1 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954
€= 2 8,772726 8,67122 8,583713 8,162159 7,925082 7,798533 7,538687
3 9,708617 9,557912 9,426405 8,767758 8,375854 8,158979 7,690073
4 10,432588 | 10,249835 | 10,08936 9,267348 8,761143 8,475058 7,832699
0,25 | 5,216294 5,53829 5,768038 6,550771 6,858926 6,999539 7,247083
0,5 |6,203254 6,339348 6,44612 6,862541 7,046213 7,133242 7,291337
1 7,376953 7,376953 7,376953 7,376953 7,376953 7,376953 7,376953
c=10 2 8,772726 8,671193 8,583629 8,161536 7,924111 7,79751 7,538282
3 9,708617 9,557873 9,42628 8,766856 8,374063 8,156613 7,688602
4 10,432588 | 10,249793 | 10,089227 | 9,26653 8,759358 8,472143 7,829815
0,25 | 5,216294 5,537453 5,765881 6,545445 6,85503 6,996733 7,246445
0,5 |6,203254 6,339149 6,44556 6,8606 7,044565 7,132006 7,291055
1 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954
C=200 2 8,772725 8,671058 8,58319 8,158688 7,920615 7,794349 7,537294
3 9,708617 9,557581 9,425324 8,760067 8,364493 8,147091 7,685045
4 10,432587 | 10,249378 | 10,087861 | 9,256828 8,74449 8,455897 7,822582
0,25 | 5,216294 5,53745 5,765871 6,545404 6,85499 6,996702 7,246439
0,5 |6,203254 6,339148 6,445557 6,860586 7,044552 7,131995 7,291052
1 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954
= 2 8,772726 8,671056 8,583185 8,158658 7,920584 7,794325 7,537288
3 9,708617 9,557577 9,425308 8,75996 8,364381 8,147003 7,685023
4 10,432588 | 10,24937 10,087831 | 9,256599 8,744241 8,455706 7,822535
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Cizelge EK-B.4 Viskoelastik mesnetli kiris, Toran=5, K=1, 1. mod frekanslari

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 1,16792 1,172783 | 1,174967 1,17949 1,180835 1,181474 1,182823
0,5 |1,178416 1,179464 | 1,180098 1,181726 1,182255 1,182526 1,183191
1 1,183771 1,183771 |1,183771 1,183771 1,183771 1,183771 1,183771
c=0 2 1,186481 1,186314 | 1,186166 1,185452 1,185137 1,184995 1,184563
3 1,187388 1,187233 | 1,187086 1,186256 1,185812 1,185619 1,185079
4 1,187844 1,187709 |1,18758 1,186758 1,186243 1,186018 1,185439
0,25 | 2,922297 3,186196 | 3,327354 3,7166 3,880789 3,971234 4,193795
05 |3,62305 3,730856 | 3,802221 4,01302 4,094806 4,140147 4,263094
1 4,382935 4,382935 | 4,382935 4,382935 4,382935 4,382935 4,382935
c=1 2 5,25296 5,171939 |5,103818 4,826063 4,724337 4,682669 4,568824
3 5,827853 5,707178 | 5,602199 5,131099 4,942509 4,871414 4,707319
4 6,270122 6,123521 | 5,993701 5,375432 5,107479 5,008343 4,815046
0,25 | 2,048941 2,1536 2,203601 2,268269 2,239775 2,336455 2,623065
0,5 |[2,268807 2,271814 | 2,262348 2,382443 2,485743 2,546721 2,732333
1 2,989783 2,989783 | 2,989783 2,989783 2,989783 2,989783 2,989783
c=3 2 4,795851 4,691521 | 4,603161 4,238772 4,104566 4,049124 3,894967
3 5,502281 5,357952 | 5,230891 4,642906 4,40036 4,307541 4,08456
4 6,014216 5,846553 | 5,696369 4,955176 4,61978 4,493287 4,233522
0,25 | 2,100715 2,22994 2,3007 2,483172 2,546951 2,577505 2,633869
0,5 |[2,436998 2,484622 | 2,51468 2,591383 2,613759 2,624068 2,643661
1 2,646257 2,646257 | 2,646257 2,646257 2,646257 2,646257 2,646257
C=4 2 3,806473 3,604881 | 3,456028 2,979408 2,84013 2,78561 2,643785
3 5,197097 5,035719 | 4,894713 3,535867 3,337288 3,066412 2,818536
4 5,769505 5,582636 | 5,414875 4,599011 3,514743 3,38572 2,977207
0,25 |2,121218 2,258375 | 2,335247 2,545666 2,628519 2,672459 2,775842
0,5 |[2,489546 2,546673 | 2,584342 2,692238 2,73118 2,751976 2,806397
1 2,856293 2,856293 | 2,856293 2,856293 2,856293 2,856293 2,856293
=5 2 3,11379 3,014209 | 2,935906 2,972098 2,960882 2,953328 2,923351
3 4,111536 3,842304 | 3,740159 2,981386 2,967168 2,974887 2,960575
4 5,462954 5,263482 |5,087818 3,30434 2,972711 2,948935 2,977207
0,25 | 2,145803 2,291263 | 2,374208 2,60961 2,707453 2,761107 2,894388
05 |2,545076 2,610221 | 2,654025 2,784829 2,834739 2,862102 2,936444
1 3,009678 3,009678 | 3,009678 3,009678 3,009678 3,009678 3,009678
c=10 2 3,5633625 3,486484 | 3,446706 3,283301 3,222402 3,196722 3,12483
3 3,85046 3,787319 | 3,731179 3,469147 3,36015 3,317426 3,212243
4 4,058491 3,994386 | 3,933818 3,613574 3,463799 3,405931 3,281495
0,25 | 2,153366 2,301128 | 2,3857 2,62734 2,728625 2,784404 2,92373
0,5 [2,56078 2,627851 |2,673081 2,808932 2,861118 2,889797 2,967931
1 3,045261 3,045261 | 3,045261 3,045261 3,045261 3,045261 3,045261
C=200 2 3,621358 3,567381 | 3,522269 3,340341 3,273609 3,245597 3,167915
3 4,007593 3,926629 | 3,856736 3,547962 3,425132 3,377539 3,262064
4 4,306331 4,20764 4,120969 3,715467 3,541725 3,476043 3,337418
0,25 | 2,153384 2,301151 | 2,385729 2,627384 2,728676 2,784459 2,923797
05 |2,560819 2,627892 | 2,673127 2,808989 2,861179 2,889861 2,968006
1 3,045343 3,045343 | 3,045343 3,045343 3,045343 3,045343 3,045343
= 2 3,621546 3,567554 | 3,5622434 3,340468 3,273725 3,245707 3,168013
3 4,007899 3,926907 | 3,856991 3,548132 3,425275 3,377674 3,262176
4 4,306767 4,208029 |4,121321 3,715681 3,541893 3,476197 3,337541
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Cizelge EK-B.5 Viskoelastik mesnetli kiris, Toran=5, K=1, 2. mod frekanslari

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 1,544898 1,546026 1,546552 1,547661 1,547975 1,548118 1,548398
0,5 |1,547357 1,54759 1,547737 1,548132 1,548261 1,548326 1,54847
1 1,548584 1,548584 1,548584 1,548584 1,548584 1,548584 1,548584
c=0 2 1,5492 1,549163 1,549132 1,548973 1,548895 1,548855 1,548748
3 1,549402 1,549371 1,54934 1,549163 1,549055 1,549001 1,548856
4 1,549506 1,549476 1,549452 1,549275 1,549157 1,549101 1,548938
0,25 | 4,735623 5,069791 5,262923 5,833315 6,078565 6,211161 6,524801
0,5 |5,677404 5,825602 5,926795 6,244025 6,372027 6,441161 6,617288
1 6,777793 6,777793 6,777793 6,777793 6,777793 6,777793 6,777793
c=1 2 8,075445 7,958283 7,859266 7,444883 7,280938 7,209538 7,029343
3 8,94252 8,767122 8,614035 7,913817 7,615551 7,493809 7,220323
4 9,612346 9,39873 9,209091 8,29155 7,873253 7,706114 7,372084
0,25 | 4,109481 4,441493 4,649986 5,475908 5,749696 5,897078 6,246685
0,5 |5,286326 5,456264 5,572763 5,934847 2,745441 6,15441 6,351563
1 6,52981 6,52981 6,52981 6,52981 6,52981 6,52981 6,52981
c=3 2 7,929812 7,805684 7,700612 7,259387 7,084241 7,007527 6,810126
3 8,836213 8,653852 8,494396 7,761274 7,447309 7,318626 7,022245
4 9,527218 9,307265 9,111668 8,160066 7,723433 7,548505 7,190378
0,25 | 4,047688 4,34107 4,522615 5,084971 5,340899 5,484897 5,958574
0,5 ]4,919877 5,070632 5,176439 5,52568 5,711093 5,811231 6,148606
1 6,333781 6,333781 6,333781 6,333781 6,333781 6,333781 6,333781
C=4 2 7,800132 7,670376 7,560528 7,099429 6,917796 6,835684 6,627134
3 8,740735 8,552254 8,387268 7,62692 7,300499 7,166014 6,851769
4 9,450875 9,225244 9,024343 8,043497 7,59179 7,410104 7,031022
0,25 | 4,028519 4,310446 4,478875 4,995226 5,225115 5,351852 5,664454
0,5 |4,839384 4,977969 5,074494 5,384501 5,511332 5,580545 5,759917
1 5,936129 5,936129 5,936129 5,936129 5,936129 5,936129 5,936129
=5 2 7,641619 7,507138 7,393605 6,920881 6,602784 6,496383 6,225843
3 8,61814 8,422693 8,251656 7,466016 7,130763 6,992336 6,51513
4 9,351662 9,119017 8,911714 7,899283 7,434417 7,247127 6,834878
0,25 | 3,991537 4,282377 4,442342 4,917695 5,11932 5,228239 5,487946
0,5 |4,775434 4,897348 4,981473 5,251616 5,359792 5,417757 5,565583
1 5,701856 5,701856 5,701856 5,701856 5,701856 5,701856 5,701856
c=10 2 6,84958 6,740442 6,651713 6,287122 6,143914 6,080699 5,920038
3 7,695267 7,518425 7,367416 6,711089 6,448645 6,340137 6,090142
4 8,399603 8,164367 7967717 7,069973 6,688221 6,539027 6,228533
0,25 | 4,010608 4,27942 4,438762 4,911438 5,109517 5,215545 5,466804
0,5 ]4,769451 4,890407 4,973854 5,237618 5,342754 5,398903 5,541405
1 5,671885 5,671885 5,671885 5,671885 5,671885 5,671885 5,671885
C=200 2 6,745094 6,648495 6,567185 6,228643 6,093354 6,033093 5,879692
3 7,464726 7,319952 7,194319 6,625252 6,38166 6,279241 6,041008
4 8,021427 7,845009 7,689424 6,945896 6,606859 6,467455 6,172016
0,25 | 4,010603 4,279415 4,438753 4,911425 5,109499 5,215525 5,466776
0,5 |4,769437 4,890391 4,973837 5,237595 5,342729 5,398876 5,541373
1 5,671849 5,671849 5,671849 5,671849 5,671849 5,671849 5,671849
= 2 6,745003 6,648411 6,567106 6,228585 6,093303 6,033044 5,879648
3 7,464573 7,319814 7,194194 6,625177 6,381599 6,279185 6,040959
4 8,021205 7,844812 7,689248 6,945802 6,606792 6,467395 6,171964

119




Cizelge EK-B.6 Viskoelastik mesnetli kiris, Toran=5, K=1, 3. mod frekanslari

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 3,199983 3,403361 3,518773 3,856146 4,004506 4,087144 4,292427
05 |3,773762 3,868865 3,932621 4,124498 4,200217 4,242344 4,356791
1 4,468776 4,468776 4,468776 4,468776 4,468776 4,468776 4,468776
c=0 2 5,302953 5,224379 5,15842 4,890462 4,792628 4,752588 4,643969
3 5,864486 5,746251 5,64355 5,184716 5,001996 4,933208 4,775504
4 6,299547 6,155173 6,027492 5,422086 5,161294 5,065002 4,87833
0,25 | 5,216293 5,539814 5,771116 6,553195 6,860142 7,00037 7,247329
0,5 |6,203254 6,339557 6,44667 6,863744 7,047014 7,133793 7,291465
1 7,376953 7,376953 7,376953 7,376953 7,376953 7,376953 7,376953
c=1 2 8,772726 8,671231 8,583748 8,162423 7,92552 7,799019 7,538897
3 9,708617 9,557927 9,426452 8,768101 8,376578 8,160004 7,69084
4 10,432588 | 10,24985 10,089408 | 9,267642 8,761809 8,47622 7,834172
0,25 | 5,216294 5,539513 5,770581 6,552924 6,860019 7,000286 7,247303
0,5 |6,203254 6,339524 6,446589 6,863595 7,046922 7,133731 7,291451
1 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954
c=3 2 8,772726 8,671227 8,583736 8,162332 7,925366 7,798847 7,538821
3 9,708617 9,557921 9,426436 8,767985 8,376329 8,159648 7,690562
4 10,432588 | 10,249845 | 10,089392 | 9,267543 8,761584 8,475823 7,833641
0,25 | 5,216294 5,539306 5,770193 6,552703 6,859915 7,000215 7,247281
0,5 |6,203254 6,339501 6,446527 6,863477 7,046847 7,133681 7,291439
1 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954
c=4 2 8,772725 8,671224 8,583726 8,162256 7,92524 7,798706 7,538759
3 9,708617 9,557918 9,426422 8,767886 8,37612 8,160526 7,691471
4 10,432588 | 10,249841 | 10,089378 | 9,267458 8,761392 8,475487 7,833214
0,25 | 5,216293 5,539093 5,769779 6,552435 6,859787 7,000128 7,247254
0,5 |6,203254 6,339474 6,446457 6,863336 7,046757 7,13362 7,291425
1 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954
€= 2 8,772726 8,67122 8,583714 8,162163 7,925086 7,798538 7,538688
3 9,708617 9,557912 9,426405 8,767762 8,375861 8,158989 7,690077
4 10,432588 | 10,249835 | 10,08936 9,267351 8,761151 8,47507 7,832708
0,25 | 5,216294 5,53829 5,768036 6,550775 6,858929 6,999542 7,247083
0,5 |6,203254 6,339349 6,44612 6,862541 7,046214 7,133244 7,291337
1 7,376953 7,376953 7,376953 7,376953 7,376953 7,376953 7,376953
c=10 2 8,772726 8,671194 8,583629 8,161537 7,924112 7,797511 7,538283
3 9,708617 9,557873 9,426281 8,766859 8,374068 8,156617 7,688603
4 10,432588 | 10,249793 | 10,089228 | 9,266533 8,759364 8,47215 7,829817
0,25 | 5,216293 5,537453 5,765881 6,545445 6,855031 6,996733 7,246445
0,5 |6,203253 6,339149 6,44556 6,860599 7,044564 7,132005 7,291054
1 7,376953 7,376953 7,376953 7,376953 7,376953 7,376953 7,376953
C=200 2 8,772726 8,671057 8,58319 8,158687 7,920615 7,79435 7,537295
3 9,708617 9,557581 9,425324 8,760067 8,364493 8,14709 7,685046
4 10,432588 | 10,249378 | 10,087861 | 9,256828 8,74449 8,455897 7,822583
0,25 | 5,216294 5,53745 5,765871 6,545404 6,85499 6,996702 7,246439
0,5 |6,203254 6,339148 6,445557 6,860586 7,044552 7,131995 7,291052
1 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954
= 2 8,772726 8,671056 8,583185 8,158658 7,920584 7,794325 7,537288
3 9,708617 9,557577 9,425308 8,75996 8,364381 8,147003 7,685023
4 10,432588 | 10,24937 10,087831 | 9,256599 8,744241 8,455706 7,822535
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Cizelge EK-B.7 Viskoelastik mesnetli kiris, Toran=5, K=10, 1. mod frekanslar1

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 1,819937 1,874257 1,900725 1,960511 1,9797 1,98907 2,009364
0,5 ]1,945781 1,960243 1,969229 1,992875 2,00073 2,004787 2,014991
1 2,024016 2,024016 2,024016 2,024016 2,024016 2,024016 2,024016
c=0 2 2,067744 2,064949 2,062457 2,050746 2,04565 2,043348 2,036459
3 2,083048 2,080424 2,077943 2,064007 2,056697 2,05349 2,044684
4 2,090835 2,08856 2,086342 2,072336 2,063789 2,059981 2,050556
0,25 | 1,838402 1,896602 1,92482 1,987251 2,006579 2,015831 2,035334
05 |1,972167 1,98704 1,996161 2,01959 2,027157 2,031019 2,040594
1 2,048863 2,048863 2,048863 2,048863 2,048863 2,048863 2,048863
c=1 2 2,112994 2,083099 2,081186 2,07188 2,067685 2,065766 2,059896
3 2,311683 2,299572 2,289201 2,082359 2,076672 2,074121 2,066918
4 2,363109 2,343771 2,329303 2,268356 2,082191 2,079265 2,071788
0,25 | 1,957762 2,05204 2,100686 2,211957 2,244379 2,258487 2,282566
0,5 |2,185708 2,212233 2,227982 2,264337 2,273949 2,278297 2,28712
1 2,291819 2,291819 2,291819 2,291819 2,291819 2,291819 2,291819
c=3 2 4,862432 4,754631 4,662051 4,262448 3,026538 2,663402 2,292072
3 5,568519 5,42598 5,299913 4,702274 4,442845 4,340453 2,859563
4 6,071457 5,906828 5,759175 5,022042 4,676748 4,542968 4,258208
0,25 | 2,016978 2,132285 2,195134 2,356241 2,412831 2,440555 2,497348
0,5 |]2,31499% 2,356701 2,383141 2,452579 2,474626 2,485589 2,511213
1 2,529874 2,529874 2,529874 2,529874 2,529874 2,529874 2,529874
C=4 2 3,318569 3,096372 2,956991 2,529325 2,53883 2,541635 2,543861
3 5,232096 5,063754 4,914549 3,031382 2,712678 2,602526 2,54147
4 5,814195 5,625897 5,45542 4,593885 3,016304 2,84132 2,532053
0,25 | 2,057858 2,185928 2,257513 2,451882 2,527324 2,566981 2,659088
0,5 |2,40002 2,452383 2,486777 2,584522 2,619412 2,637924 2,685911
1 2,729296 2,729296 2,729296 2,729296 2,729296 2,729296 2,729296
=5 2 2,84006 2,820598 2,830629 2,833272 2,820506 2,81331 2,786877
3 3,837203 3,543932 3,338856 2,823637 2,839386 2,838499 2,819288
4 5,478119 5,269872 5,084612 3,019881 2,824596 2,836813 2,836011
0,25 |2,127302 2,271133 2,35316 2,585859 2,682486 2,73545 2,866949
0,5 |2,521999 2,586367 2,629645 2,758837 2,808103 2,835099 2,908422
1 2,980616 2,980616 2,980616 2,980616 2,980616 2,980616 2,980616
c=10 2 3,49541 3,449284 3,410327 3,249985 3,190114 3,164845 3,094055
3 3,803551 3,7425 3,688045 3,432386 3,325532 3,283569 3,180104
4 4,002255 3,941576 3,883737 3,573635 3,427234 3,370511 3,248224
0,25 | 2,153317 2,301078 2,385649 2,627282 2,728564 2,784341 2,923664
0,5 |2,560723 2,627793 2,673021 2,808869 2,861054 2,889731 2,967865
1 3,045193 3,045193 3,045193 3,045193 3,045193 3,045193 3,045193
C=200 2 3,621278 3,567301 3,522189 3,340267 3,273537 3,245524 3,167845
3 4,007503 3,926542 3,856649 3,547883 3,425056 3,377464 3,261991
4 4,306235 4,207547 4,120876 3,715385 3,541645 3,475967 3,337343
0,25 | 2,153384 2,301151 2,385729 2,627384 2,728676 2,784459 2,923797
0,5 |2,560819 2,627892 2,673127 2,808989 2,861179 2,889861 2,968006
1 3,045343 3,045343 3,045343 3,045343 3,045343 3,045343 3,045343
= 2 3,621546 3,567554 3,522434 3,340468 3,273725 3,245707 3,168013
3 4,007899 3,926907 3,856991 3,548132 3,425275 3,377674 3,262176
4 4,306767 4,208029 4,121321 3,715681 3,541893 3,476197 3,337541
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Cizelge EK-B.8 Viskoelastik mesnetli kiris, Toran=5, K=10, 2. mod frekanslar1

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 2,668571 2,688524 2,697877 2,717609 2,723205 2,725742 2,730789
05 ]2,712219 2,716374 2,718986 2,726033 2,72836 2,729491 2,732066
1 2,734126 2,734126 2,734126 2,734126 2,734126 2,734126 2,734126
c=0 2 2,745072 2,744431 2,743857 2,741034 2,739634 2,738939 2,737007
3 2,748717 2,748132 2,747581 2,744379 2,742501 2,741557 2,738961
4 2,75054 2,75004 2,749552 2,746427 2,744338 2,743265 2,740394
0,25 | 3,402395 3,573415 3,672518 3,974661 4,112712 4,190368 4,384463
0,5 |3,90467 3,991689 4,050082 4,226882 4,297601 4,337247 4,445596
1 4552122 4552122 4552122 4552122 4552122 4,552122 4,552122
c=1 2 5,354426 5,278036 5,21398 4,954632 4,860598 4,822392 4,71912
3 5,902964 5,787003 5,686389 5,238443 5,061216 4,995003 4,844716
4 6,330761 6,188514 6,062837 5,468923 5,21462 5,121345 4,942991
0,25 | 4,203023 4,446084 4,604956 5,484295 5,765251 5,915424 6,269487
0,5 |5,286153 5,46341 5,584064 5,9545 6,099108 6,176539 6,373979
1 6,554388 6,554388 6,554388 6,554388 6,554388 6,554388 6,554388
c=3 2 7,949934 7,82641 7,721839 7,282569 7,108192 7,031841 6,835057
3 8,852 8,670439 8,511699 7,781945 7,469517 7,341581 7,046815
4 9,540257 9,321112 9,126263 8,178633 7,744037 7,570104 7,214383
0,25 | 4,192901 4,404352 4,567942 4,997452 5,293634 5,488475 6,04256
0,5 |4,85779% 4,982692 5,094257 5,535858 5,747811 5,94658 6,150828
1 6,339834 6,339834 6,339834 6,339834 6,339834 6,339834 6,339834
c=4 2 7,816023 7,686244 7,5763 7,113901 6,929819 6,848702 6,638023
3 8,754879 8,566855 8,402225 7,642606 7,315886 7,181194 6,865342
4 9,463062 9,238035 9,037663 8,058817 7,607445 7,425847 7,046131
0,25 | 4,067603 4,327831 4,441081 4,974554 5,166869 5,292894 5,60558
0,5 |4,845588 4,951519 5,025867 5,325088 5,451765 5,521025 5,706303
1 5,889861 5,889861 5,889861 5,889861 5,889861 5,889861 5,889861
=5 2 7,6507 7,515375 7,401016 6,923716 6,735079 6,544151 6,23759
3 8,629476 8,433919 8,262665 7,474049 7,136349 6,996656 6,5735
4 9,362408 9,130024 8,922875 7,909377 7,442532 7,254141 6,854908
0,25 | 3,986832 4,452523 4,538695 4,907189 5,10673 5,215362 5,474365
0,5 |4,787439 4,886776 4,970726 5,238577 5,346513 5,40434 5,551788
1 5,687702 5,687702 5,687702 5,687702 5,687702 5,687702 5,687702
c=10 2 6,832381 6,724152 6,635593 6,27176 6,128839 6,065735 5,90536
3 7,677472 7,500672 7,349751 6,694983 6,433061 6,324737 6,07511
4 8,385407 8,149529 7,951223 7,052771 6,672286 6,523351 6,213256
0,25 | 4,010586 4,279398 4,438737 4,911413 5,10949 5,215518 5,466776
0,5 |4,769426 4,890382 4,973828 5,23759 5,342727 5,398874 5,541377
1 5,671855 5,671855 5,671855 5,671855 5,671855 5,671855 5,671855
C=200 2 6,745058 6,64846 6,56715 6,22861 6,093323 6,033061 5,879661
3 7,464687 7,319913 7,194281 6,625218 6,381627 6,279209 6,040976
4 8,021385 7,844967 7,689382 6,945859 6,606825 6,46742 6,171984
0,25 | 4,010603 4,279415 4,438753 4,911425 5,109499 5,215525 5,466776
0,5 |4,769437 4,890391 4,973837 5,237595 5,342729 5,398876 5,541373
1 5,671849 5,671849 5,671849 5,671849 5,671849 5,671849 5,671849
= 2 6,745003 6,648411 6,567106 6,228585 6,093303 6,033044 5,879648
3 7,464573 7,319814 7,194194 6,625177 6,381599 6,279185 6,040959
4 8,021205 7,844812 7,689248 6,945802 6,606792 6,467395 6,171964
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Cizelge EK-B.9 Viskoelastik mesnetli kiris, Toran=5, K=10, 3. mod frekanslar1

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 3,612692 3,755531 3,840455 4,106639 4,231161 4,301793 4,479877
0,5 ]4,042629 4,119592 4,171942 4,333475 4,399034 4,43583 4,536347
1 4,635454 4,635454 4,635454 4,635454 4,635454 4,635454 4,635454
c=0 2 5,403897 5,329896 5,267949 5,018081 4,927694 4,890945 4,792381
3 5,939382 5,825831 5,727466 5,291618 5,12008 5,056009 4,911449
4 6,360067 6,220031 6,096478 5,515349 5,268111 5,177554 5,005141
0,25 | 4,8422 5,159021 5,343376 5,893736 6,132766 6,262385 6,569749
0,5 |5,743311 5,887016 5,985345 6,29466 6,419937 6,487701 6,660571
1 6,818368 6,818368 6,818368 6,818368 6,818368 6,818368 6,818368
c=1 2 8,100876 7,984684 7,886538 7,476339 7,314327 7,243838 7,066113
3 8,962195 8,787757 8,63559 7,940595 7,645135 7,524686 7,254525
4 10,434159 | 9,416176 9,227397 8,315341 7,900357 7,734746 7,404419
0,25 | 5,216294 5,539574 5,770701 6,553025 6,86007 7,00032 7,247311
0,5 |6,203254 6,339532 6,446608 6,863637 7,04695 7,133751 7,291455
1 7,376953 7,376953 7,376953 7,376953 7,376953 7,376953 7,376953
c=3 2 8,772726 8,671228 8,583739 8,162358 7,925407 7,798889 7,538839
3 9,708617 9,557923 9,42644 8,768024 8,376404 8,159744 7,690622
4 10,432587 | 10,249847 | 10,089397 | 9,267581 8,761665 8,475944 7,833756
0,25 | 5,216293 5,539346 5,770283 6,552794 6,859963 7,000248 7,247289
0,5 |6,203253 6,339507 6,446542 6,863513 7,046873 7,133698 7,291442
1 7,376953 7,376953 7,376953 7,376953 7,376953 7,376953 7,376953
c=4 2 8,772725 8,671225 8,58373 8,16228 7,925277 7,798745 7,538775
3 9,708617 9,557919 9,426427 8,767924 8,376191 8,159441 7,690392
4 10,432587 | 10,249842 | 10,089382 | 9,267495 8,761469 8,475602 7,833315
0,25 | 5,216294 5,539116 5,769839 6,552516 6,859831 7,000158 7,247261
0,5 |6,203254 6,339478 6,446469 6,863366 7,046779 7,133636 7,291428
1 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954
€= 2 8,772726 8,671221 8,583716 8,162184 7,92512 7,798572 7,538701
3 9,710079 9,557913 9,426409 8,767797 8,375928 8,159071 7,690123
4 10,432588 | 10,249836 | 10,089364 | 9,267388 8,761226 8,475178 7,832795
0,25 |5,21708 5,538278 5,768022 6,550804 6,858952 6,999556 7,247086
0,5 |6,203253 6,339348 6,44612 6,862548 7,046221 7,133249 7,291339
1 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954
c=10 2 8,772725 8,671194 8,583631 8,161548 7,924126 7,797522 7,538285
3 9,708617 9,557875 9,426284 8,766883 8,374105 8,156654 7,688612
4 10,432588 | 10,249795 | 10,089231 | 9,266561 8,759416 8,472213 7,829837
0,25 | 5,216294 5,537452 5,765881 6,545444 6,85503 6,996733 7,246445
0,5 |6,203254 6,339149 6,445559 6,860599 7,044564 7,132005 7,291055
1 7,376953 7,376953 7,376953 7,376953 7,376953 7,376953 7,376953
C=200 2 8,772726 8,671057 8,58319 8,158688 7,920614 7,794349 7,537295
3 9,708617 9,557581 9,425324 8,760066 8,364492 8,147091 7,685045
4 10,432588 | 10,249378 | 10,08786 9,256827 8,744489 8,455896 7,822582
0,25 | 5,216294 5,53745 5,765871 6,545404 6,85499 6,996702 7,246439
0,5 |6,203254 6,339148 6,445557 6,860586 7,044552 7,131995 7,291052
1 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954
= 2 8,772726 8,671056 8,583185 8,158658 7,920584 7,794325 7,537288
3 9,708617 9,557577 9,425308 8,75996 8,364381 8,147003 7,685023
4 10,432588 | 10,24937 10,087831 | 9,256599 8,744241 8,455706 7,822535

123




Cizelge EK-B.10 Viskoelastik mesnetli kiris, Toran=5, K=100, 1. mod frekanslar1

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 2,109102 2,240075 2,313112 2,51258 2,591489 2,633654 2,734834
0,5 |2,458824 2,512644 2,548269 2,651807 2,690078 2,710733 2,765662
1 2,818089 2,818089 2,818089 2,818089 2,818089 2,818089 2,818089
c=0 2 3,145432 3,119552 3,097194 3,000083 2,961573 2,944904 2,897246
3 3,304026 3,274518 3,247545 3,11048 3,047227 3,021235 2,954658
4 3,398019 3,369479 3,3424868 | 3,189076 3,107913 3,07449 2,998526
0,25 | 2,109185 2,240218 2,313303 2,512974 2,592012 2,63426 2,735679
0,5 |2,459153 2,513041 2,548721 2,652449 2,690809 2,711516 2,766594
1 2,819188 2,819188 2,819188 2,819188 2,819188 2,819188 2,819188
c=1 2 3,148141 3,122097 3,0996 3,001946 2,963249 2,946503 2,898639
3 3,307811 3,278099 3,250938 3,112964 3,049339 3,023207 2,956305
4 3,402387 3,373683 3,3465245 | 3,192062 3,110377 3,076758 3,000385
0,25 | 2,109836 2,241332 2,314787 2,516075 2,596095 2,63897 2,74225
05 |2,461717 2,516154 2,552245 2,65746 2,696494 2,717595 2,773846
1 2,82773 2,82773 2,82773 2,82773 2,82773 2,82773 2,82773
c=3 2 3,169422 3,142052 3,118451 3,016484 2,976302 2,958954 2,909489
3 3,337969 3,306554 3,277836 3,132436 3,065853 3,038607 2,969119
4 3,437548 3,407425 3,3788171 | 3,215626 3,129702 3,094493 3,014877
0,25 |2,110389 2,242278 2,316042 2,518679 2,599513 2,642908 2,747734
0,5 |2,463876 2,518764 2,555203 2,661652 2,70124 2,722672 2,779896
1 2,834854 2,834854 2,834854 2,834854 2,834854 2,834854 2,834854
C=4 2 3,187441 3,158904 3,134338 3,028658 2,987213 2,969358 2,918543
3 3,364074 3,331064 3,300907 3,148865 3,079712 3,051515 2,979827
4 3,468516 3,436982 3,4069633 | 3,235673 3,146 3,109411 3,02701
0,25 | 2,111083 2,243455 2,3176 2,521878 2,603704 2,647733 2,754431
0,5 |2,466535 2,521978 2,558831 2,666777 2,707047 2,728874 2,78728
1 2,843545 2,843545 2,843545 2,843545 2,843545 2,843545 2,843545
=5 2 3,209698 3,17967 3,153877 3,043547 3,000543 2,982059 2,929587
3 3,397042 3,361858 3,329767 3,16909 3,096704 3,067318 2,992908
4 3,508383 3,474797 3,4427705 | 3,260548 3,16606 3,127725 3,041849
0,25 | 2,116144 2,251818 2,328497 2,543321 2,63133 2,679273 2,797449
0,5 |2,484564 2,543501 2,582978 2,700184 2,744608 2,768871 2,834472
1 2,898692 2,898692 2,898692 2,898692 2,898692 2,898692 2,898692
c=10 2 3,351263 3,311094 3,277133 3,136846 3,084101 3,061736 2,999088
3 3,620924 3,567282 3,519673 3,296872 3,20331 3,166332 3,074905
4 3,802097 3,745374 3,6929343 | 3,420507 3,292664 3,242826 3,134788
0,25 | 2,152845 2,300571 2,385125 2,626704 2,727963 2,783727 2,923017
0,5 ]2,56016 2,627212 2,67243 2,80825 2,860422 2,889095 2,967209
1 3,044519 3,044519 3,044519 3,044519 3,044519 3,044519 3,044519
C=200 2 3,620475 3,56651 3,521409 3,339527 3,272812 3,244807 3,167144
3 4,006614 3,925671 3,855794 3,547098 3,424299 3,376719 3,261268
4 4,30528 4,206613 4,1199634 | 3,714563 3,540865 3,475201 3,336606
0,25 | 2,153384 2,301151 2,385729 2,627384 2,728676 2,784459 2,923797
0,5 |2,560819 2,627892 2,673127 2,808989 2,861179 2,889861 2,968006
1 3,045343 3,045343 3,045343 3,045343 3,045343 3,045343 3,045343
= 2 3,621546 3,567554 3,522434 3,340468 3,273725 3,245707 3,168013
3 4,007899 3,926907 3,856991 3,548132 3,425275 3,377674 3,262176
4 4,306767 4,208029 4,1213205 | 3,715681 3,541893 3,476197 3,337541
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Cizelge EK-B.11 Viskoelastik mesnetli kiris, Toran=5, K=100, 2. mod frekanslar1

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 3,761032 3,937821 4,033229 4,271524 4,350992 4,388947 4,467745
0,5 |4,204157 4,258872 4,294381 4,394952 4,429994 4,447489 4,488386
1 4,521987 4,521987 4,521987 4,521987 4,521987 4,521987 4,521987
c=0 2 4,707026 4,695805 4,685753 4,636805 4,613106 4,601503 4,569633
3 4,771255 4,760877 4,751057 4,694438 4,661742 4,645637 4,602299
4 4,803621 4,794711 4,786033 4,730323 4,693418 4,674792 4,626422
0,25 | 3,765387 3,944395 4,041226 4,283502 4,364308 4,402745 4,483364
0,5 |4,215076 4,270776 4,306872 4,408933 4,444693 4,462318 4,505083
1 4,540213 4,540213 4,540213 4,540213 4,540213 4,540213 4,540213
c=1 2 4,740083 4,729969 4,720744 4,673842 4,645446 4,629832 4,591888
3 4,794244 4,786262 4,778465 4,729433 4,698385 4,68242 4,630374
4 4817773 4,811801 4,80575 4,761916 4,7288 4,710961 4,662627
0,25 | 3,796877 3,992441 4,100245 4,376279 4,46789 4,511095 4,604365
0,5 |4,298469 4,362918 4,403945 4,519429 4,55894 4,579524 4,632659
1 4,690764 4,690764 4,690764 4,690764 4,690764 4,690764 4,690764
c=3 2 5,139717 5,147238 5,150824 5,121593 5,081149 5,056882 4,990917
3 5,049046 5,072979 5,093689 5,167446 5,157231 5,13377 5,049436
4 4,967109 4,994707 5,019985 5,145634 5,179805 5,170365 5,088335
0,25 | 3,820496 4,027755 4,144888 4,450377 4,553203 4,599721 4,69495
0,5 ]4,364772 4,436223 4,483869 4,610483 4,651254 4,673229 4,718845
1 4,842982 4,842982 4,842982 4,842982 4,842982 4,842982 4,842982
C=4 2 7,994955 7,865747 7,755073 7,268875 7,058478 6,958719 6,625273
3 8,906688 8,724859 8,565347 7,81997 7,490415 7,352459 6,992811
4 9,59331 9,375376 9,181412 8,228651 7,785114 7,606569 7,216996
0,25 | 3,844709 4,064725 4,191219 4,534845 4,655251 4,715669 4,811369
0,5 |4,435128 4,519294 4,575022 4,729276 4,776022 4,793101 4,830833
1 4,892144 4,892144 4,892144 4,892144 4,892144 4,892144 4,892144
€= 2 7,734497 7,580895 7,446648 6,813719 6,506734 6,353974 5,970609
3 8,751489 8,55479 8,380655 7,535714 7,128979 6,941783 6,383087
4 9,476012 9,247084 9,042175 8,013425 7,506293 7,288462 6,728884
0,25 | 3,937383 4,193834 4,346233 4,799363 4,989386 5,091124 5,33242
0,5 |4,662351 4,778167 4,858188 5,111719 5,212944 5,266996 5,40412
1 5,529705 5,529705 5,529705 5,529705 5,529705 5,529705 5,529705
c=10 2 7,019824 6,953587 6,898444 6,744204 6,611888 5,921515 5,730082
3 7,734908 7,619116 7,519917 6,93672 6,839371 6,768928 5,919337
4 8,26294 8,112168 7,980875 7,323464 6,918531 6,922438 6,645743
0,25 | 4,010373 4,279171 4,438503 4,911155 5,109222 5,215243 5,466486
0,5 ]4,769171 4,89012 4,973563 5,237312 5,342443 5,398589 5,541081
1 5,671553 5,671553 5,671553 5,671553 5,671553 5,671553 5,671553
C=200 2 6,744699 6,648106 6,566801 6,228278 6,092998 6,03274 5,879347
3 7,464288 7,319523 7,193898 6,624868 6,381291 6,278877 6,040654
4 8,020957 7,844549 7,688974 6,945494 6,60648 6,467082 6,171656
0,25 | 4,010603 4,279415 4,438753 4,911425 5,109499 5,215525 5,466776
0,5 |4,769437 4,890391 4,973837 5,237595 5,342729 5,398876 5,541373
1 5,671849 5,671849 5,671849 5,671849 5,671849 5,671849 5,671849
= 2 6,745003 6,648411 6,567106 6,228585 6,093303 6,033044 5,879648
3 7,464573 7,319814 7,194194 6,625177 6,381599 6,279185 6,040959
4 8,021205 7,844812 7,689248 6,945802 6,606792 6,467395 6,171964
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Cizelge EK-B.12 Viskoelastik mesnetli kiris, Toran=5, K=100, 3. mod frekanslar1

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 |4,947971 5,112095 5,197925 5,426894 5,517354 5,5646 5,67282
0,5 |5,375823 5,429565 5,465247 5,574868 5,619534 5,643658 5,704319
1 5,759445 5,759445 5,759445 5,759445 5,759445 5,759445 5,759445
c=0 2 6,232424 6,184963 6,14551 5,987545 5,929441 5,905626 5,846418
3 6,599557 6,519024 6,450262 6,155796 6,04247 6,000061 5,912135
4 6,912823 6,806506 6,714211 6,299733 6,131625 6,070469 5,963649
0,25 | 4,967927 5,136459 5,225689 5,467092 5,549747 5,592123 5,688192
0,5 |5,420448 5,470275 5,502771 5,600831 5,640646 5,662156 5,716167
1 5,765506 5,765506 5,765506 5,765506 5,765506 5,765506 5,765506
c=1 2 6,210967 6,164479 6,126019 5,974278 5,919881 5,898024 5,844314
3 6,575286 6,494601 6,42587 6,13462 6,025192 5,985202 5,904579
4 6,889916 6,782826 6,689935 6,275197 6,109996 6,051188 5,952196
0,25 | 5,118509 5,32179 5,548442 6,554169 6,860643 7,0007 7,247408
0,5 |6,203253 6,339621 6,446835 6,864112 7,047266 7,13503 7,291502
1 5,87803 5,87803 5,87803 5,87803 5,87803 5,87803 5,87803
c=3 2 5,913375 5,868944 5,835264 5,751765 5,755879 5,767108 5,807533
3 6,307338 6,214146 6,134814 5,819216 5,744294 5,7391 5,776831
4 6,663076 6,541087 6,43428 5,951117 5,780805 5,744572 5,763651
0,25 | 5,216294 5,456541 5,569414 6,55382 6,860496 7,000603 7,247377
0,5 |6,203254 6,339572 6,446715 6,86392 7,047153 7,133892 7,291485
1 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954
C=4 2 8,772725 8,671235 8,583763 8,162546 7,925685 7,79917 7,538943
3 9,708617 9,557933 9,426474 8,768318 8,376952 8,160407 7,690975
4 10,434159 | 10,251397 | 10,090941 | 9,26788 8,762285 8,476827 7,834424
0,25 | 5,216294 5,539182 5,7344 6,553408 6,860318 7,000484 7,24734
0,5 |6,203254 6,339522 6,44659 6,8637 7,04702 7,133805 7,291465
1 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954
€= 2 8,772725 8,671231 8,583748 8,162428 7,925482 7,798939 7,539428
3 9,708617 9,557927 9,426454 8,768173 8,376635 8,159943 7,690603
4 10,432588 | 10,24985 10,089412 | 9,26776 8,762005 8,476323 7,833719
0,25 | 5,216294 5,538067 5,767695 6,551059 6,836024 7,000721 7,248196
0,5 |6,203254 6,339338 6,4461 6,863593 7,047317 7,134354 7,291054
1 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954
c=10 2 8,774047 8,672504 8,584935 8,161663 7,924258 7,798763 7,539428
3 9,708617 9,557883 9,426314 8,768387 8,374488 8,157022 7,689798
4 10,432588 | 10,249805 | 10,089266 | 9,266851 8,761178 8,472855 7,829997
0,25 | 5,216293 5,537451 5,765877 6,545438 6,855026 6,99673 7,246445
0,5 |6,203254 6,339148 6,445559 6,860597 7,044562 7,132005 7,291054
1 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954
C=200 2 8,772726 8,671057 8,58319 8,158685 7,920611 7,794346 7,537294
3 9,708617 9,557581 9,425324 8,760061 8,364485 8,147083 7,685043
4 10,432588 | 10,249378 | 10,08786 9,256819 8,744477 8,455883 7,822576
0,25 | 5,216294 5,53745 5,765871 6,545404 6,85499 6,996702 7,246439
0,5 |6,203254 6,339148 6,445557 6,860586 7,044552 7,131995 7,291052
1 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954
= 2 8,772726 8,671056 8,583185 8,158658 7,920584 7,794325 7,537288
3 9,708617 9,557577 9,425308 8,75996 8,364381 8,147003 7,685023
4 10,432588 | 10,24937 10,087831 | 9,256599 8,744241 8,455706 7,822535
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Cizelge EK-B.13 Viskoelastik mesnetli kiris, Toran=5, K=1000, 1. mod frekanslar1

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 |2,14883 2,294816 2,378154 2,615165 2,713915 2,768127 2,902955
0,5 |]2,550023 2,615614 2,659765 2,79191 2,842466 2,870194 2,945544
1 3,019821 3,019821 3,019821 3,019821 3,019821 3,019821 3,019821
c=0 2 3,561591 3,511863 3,470121 3,300207 3,237281 3,210768 3,136985
3 3,909625 3,837917 3,775468 3,494043 3,379822 3,335236 3,226344
4 4,167754 4,083695 4,008895 3,647945 3,488414 3,427417 3,29748
0,25 | 2,14883 2,294816 2,378154 2,615165 2,713915 2,768127 2,902957
0,5 |2,550023 2,615614 2,659765 2,79191 2,842469 2,870197 2,945547
1 3,019823 3,019823 3,019823 3,019823 3,019823 3,019823 3,019823
c=1 2 3,561601 3,51187 3,470128 3,300211 3,237283 3,210772 3,136988
3 3,909646 3,837935 3,775482 3,494052 3,379828 3,335241 3,226346
4 4,167792 4,083727 4,008921 3,647958 3,488422 3,427423 3,297485
0,25 |2,14883 2,29482 2,378157 2,615168 2,713923 2,768136 2,902968
0,5 |2,550026 2,61562 2,65977 2,791918 2,842477 2,870207 2,94556
1 3,019841 3,019841 3,019841 3,019841 3,019841 3,019841 3,019841
c=3 2 3,561674 3,511935 3,470187 3,300248 3,237316 3,210801 3,137012
3 3,909816 3,83808 3,775607 3,494113 3,379874 3,335282 3,226377
4 4,168096 4,083979 4,009134 3,648047 3,488481 3,427475 3,297522
0,25 | 2,148833 2,29482 2,37816 2,615174 2,713929 2,768141 2,902979
0,5 |]2,550029 2,615623 2,659773 2,791926 2,842485 2,870215 2,94557
1 3,019853 3,019853 3,019853 3,019853 3,019853 3,019853 3,019853
C=4 2 3,561739 3,511991 3,470238 3,300281 3,237342 3,210825 3,137031
3 3,909964 3,838205 3,775716 3,494165 3,379912 3,335317 3,226403
4 4,16836 4,0842 4,009321 3,648127 3,488534 3,427519 3,297554
0,25 | 2,148833 2,294823 2,37816 2,615177 2,713934 2,768149 2,902992
0,5 |2,550035 2,615629 2,659779 2,791935 2,842495 2,870229 2,945586
1 3,019874 3,019874 3,019874 3,019874 3,019874 3,019874 3,019874
=5 2 3,56182 3,512065 3,470304 3,300322 3,237378 3,210858 3,137058
3 3,910155 3,838368 3,775856 3,494235 3,379964 3,335362 3,226436
4 4,1687 4,084482 4,009561 3,648229 3,488604 3,427577 3,297596
0,25 | 2,148841 2,294836 2,37818 2,615221 2,713994 2,768221 2,903099
0,5 |2,550068 2,61567 2,659831 2,792011 2,842587 2,870324 2,94571
1 3,020028 3,020028 3,020028 3,020028 3,020028 3,020028 3,020028
C=10 2 3,562499 3,512663 3,47084 3,300665 3,237665 3,211124 3,137274
3 3,91172 3,839694 3,776999 3,494805 3,380386 3,335737 3,226717
4 4,17147 4,086792 4,011518 3,649068 3,489164 3,428055 3,297934
0,25 | 2,150924 2,298148 2,382404 2,623126 2,724022 2,779586 2,918381
0,5 |2,556805 2,623618 2,668676 2,804014 2,856004 2,884576 2,962417
1 3,039463 3,039463 3,039463 3,039463 3,039463 3,039463 3,039463
C=200 2 3,613574 3,559774 3,514812 3,333507 3,267004 3,239088 3,161673
3 3,998593 3,91788 3,848206 3,540441 3,418026 3,370592 3,255494
4 4,296437 4,19804 4,111631 3,707413 3,534246 3,468782 3,330596
0,25 | 2,153384 2,301151 2,385729 2,627384 2,728676 2,784459 2,923797
0,5 |2,560819 2,627892 2,673127 2,808989 2,861179 2,889861 2,968006
1 3,045343 3,045343 3,045343 3,045343 3,045343 3,045343 3,045343
= 2 3,621546 3,567554 3,522434 3,340468 3,273725 3,245707 3,168013
3 4,007899 3,926907 3,856991 3,548132 3,425275 3,377674 3,262176
4 4,306767 4,208029 4,121321 3,715681 3,541893 3,476197 3,337541
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Cizelge EK-B.14 Viskoelastik mesnetli kiris, Toran=5, K=1000, 2. mod frekanslar1

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 3,985891 4,245232 4,397825 4,843901 5,026948 5,123784 5,349839
0,5 ]4,710391 4,823393 4,900917 5,143344 5,238617 5,289102 5,415955
1 5,530503 5,530503 5,530503 5,530503 5,530503 5,530503 5,530503
c=0 2 6,40805 6,334941 6,27244 6,003019 5,891165 5,840509 5,709965
3 6,910537 6,816255 6,731778 6,319231 6,128156 6,045098 5,84669
4 7,241845 7,142981 7,051538 6,56004 6,306968 6,197561 5,95604
0,25 | 3,985899 4,245243 4,397838 4,843938 5,027001 5,123849 5,349935
05 |4,71042 4,82343 4,900961 5,143411 5,238694 5,289188 5,416063
1 5,530634 5,530634 5,530634 5,530634 5,530634 5,530634 5,530634
c=1 2 6,408582 6,335416 6,272872 6,003302 5,891402 5,840729 5,710143
3 6,911587 6,817183 6,732606 6,319692 6,1285 6,0454 5,846913
4 7,243394 7,144365 7,052779 6,560686 6,307416 6,197942 5,956305
0,25 | 3,985949 4,245333 4,397962 4,844238 5,027427 5,124359 5,350691
0,5 |4,710655 4,823723 4,9013 5,143944 5,239317 5,289868 5,416914
1 5,531675 5,531675 5,531675 5,531675 5,531675 5,5631675 5,5631675
c=3 2 6,412789 6,339177 6,276285 6,005551 5,893287 5,842469 5,711553
3 6,919912 6,824536 6,739163 6,323332 6,13122 6,047798 5,848679
4 7,255706 7,155361 7,062624 6,565798 6,310963 6,200957 5,958406
0,25 | 3,985991 4,24541 4,398069 4,8445 5,027797 5,124803 5,351347
0,5 |4,710858 4,823976 4,901595 5,144406 5,239854 5,290456 5,417651
1 5,532574 5,532574 5,532574 5,5632574 5,5632574 5,5632574 5,5632574
C=4 2 6,416405 6,34241 6,279224 6,00749 5,894912 5,84397 5,712772
3 6,927087 6,830868 6,744807 6,32646 6,133563 6,049865 5,850201
4 7,266368 7,164863 7,071119 6,570197 6,314015 6,203554 5,960218
0,25 | 3,986048 4,245511 4,398207 4,84483 5,028267 5,125366 5,352179
0,5 ]4,711119 4,8243 4,90197 5,144993 5,240539 5,291206 5,418587
1 5,533715 5,533715 5,5633715 5,5633715 5,5633715 5,5633715 5,5633715
=5 2 6,420963 6,346487 6,282936 6,009941 5,89697 5,845871 5,714316
3 6,936162 6,838871 6,751937 6,330406 6,136524 6,052477 5,852129
4 7,279915 7,176912 7,081876 6,57575 6,317871 6,206834 5,96251
0,25 | 3,986504 4,246318 4,399318 4,847484 5,031999 5,12982 5,358718
0,5 |4,713203 4,826891 4,904965 5,149635 5,246049 5,297098 5,425918
1 5,542619 5,542619 5,542619 5,542619 5,542619 5,542619 5,542619
c=10 2 6,455382 6,377454 6,311184 6,028742 5,91281 5,860531 5,726278
3 7,005148 6,899549 6,805926 6,360418 6,159141 6,07248 5,866994
4 7,384833 7,270248 7,16477 6,618364 6,347165 6,23183 5,980108
0,25 | 4,008439 4,277061 4,4363 4,908686 5,106631 5,212584 5,463663
0,5 ]4,766751 4,887627 4,97102 5,234622 5,339694 5,395805 5,5638211
1 5,668599 5,668599 5,668599 5,668599 5,668599 5,668599 5,668599
C=200 2 6,741139 6,644603 6,563345 6,225023 6,089816 6,029587 5,876269
3 7,460332 7,31565 7,190098 6,62141 6,377972 6,275608 6,037488
4 8,016695 7,840388 7,684904 6,941877 6,603063 6,463735 6,168424
0,25 | 4,010603 4,279415 4,438753 4,911425 5,109499 5,215525 5,466776
0,5 |4,769437 4,890391 4,973837 5,237595 5,342729 5,398876 5,541373
1 5,671849 5,671849 5,671849 5,671849 5,671849 5,671849 5,671849
= 2 6,745003 6,648411 6,567106 6,228585 6,093303 6,033044 5,879648
3 7,464573 7,319814 7,194194 6,625177 6,381599 6,279185 6,040959
4 8,021205 7,844812 7,689248 6,945802 6,606792 6,467395 6,171964
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Cizelge EK-B.15 Viskoelastik mesnetli kiris, Toran=5, K=1000, 3. mod frekanslar1

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 5,216295 5,536756 5,763879 6,533812 6,837189 6,978315 7,242008
0,5 |6,203254 6,338884 6,444758 6,856083 7,038861 7,126633 7,28953
1 7,376953 7,376953 7,376953 7,376953 7,376953 7,376953 7,376953
c=0 2 8,51063 8,435058 8,368256 8,049713 7,875269 7,770343 7,533299
3 9,017459 8,928117 8,845646 8,405642 8,16313 8,03177 7,669927
4 9,333462 9,241285 9,154644 8,657827 8,362805 8,210279 7,7892
0,25 | 5,216294 5,536757 5,763882 6,533932 6,837785 6,979433 7,242383
0,5 |6,203254 6,338886 6,444763 6,856139 7,039004 7,126834 7,289618
1 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954
c=1 2 8,513572 8,437837 8,370879 8,051453 7,885456 7,772762 7,533445
3 9,021413 8,932029 8,849226 8,408317 8,165131 8,033203 7,670523
4 9,33913 9,246223 9,159 8,66111 8,365379 8,212391 7,790677
0,25 | 5,216295 5,536765 5,763916 6,534807 6,84172 6,986058 7,24407
0,5 |6,203253 6,338894 6,444794 6,856544 7,039938 7,12804 7,290071
1 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954
c=3 2 8,53697 8,459878 8,39163 8,086686 7,917365 7,78355 7,534319
3 9,053267 8,963369 8,877989 8,429514 8,180826 8,114063 7,674094
4 9,385288 9,286122 9,194141 8,687265 8,385793 8,228983 7,799535
0,25 | 5,216293 5,536773 5,763943 6,535481 6,844168 6,989218 7,244719
0,5 |6,203254 6,338901 6,444818 6,856843 7,04054 7,128726 7,290284
1 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954
C=4 2 8,557199 8,479498 8,411286 8,099827 7,918987 7,787142 7,534816
3 9,081374 8,990753 8,903262 8,447733 8,237079 8,127426 7,676088
4 9,426598 9,321408 9,234548 8,709954 8,403352 8,304681 7,804353
0,25 | 5,216293 5,536782 5,763977 6,53624 6,846379 6,991435 7,245171
0,5 |6,203253 6,338911 6,444847 6,857169 7,04112 7,129326 7,290453
1 7,376953 7,376953 7,376953 7,376953 7,376953 7,376953 7,376953
=5 2 8,582794 8,503439 8,43381 8,116368 7,919617 7,789352 7,535255
3 9,117636 9,02573 8,935755 8,490304 8,255812 8,144145 7,677812
4 9,505493 9,382845 9,278889 8,738757 8,425455 8,322108 7,808351
0,25 | 5,216294 5,53685 5,764221 6,539885 6,852024 6,995268 7,246045
0,5 |6,203254 6,338964 6,445026 6,858617 7,043012 7,130953 7,290841
1 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954
c=10 2 8,774047 8,671203 8,583648 8,160458 7,920359 7,792956 7,536473
3 9,397606 9,290904 9,192596 8,660233 8,375287 8,150265 7,682303
4 10,432588 | 9,808702 9,573412 8,973094 8,623167 8,462416 7,817705
0,25 | 5,216293 5,537438 5,765848 6,545379 6,854982 6,996699 7,246438
0,5 |6,203253 6,339147 6,445553 6,860577 7,044547 7,131993 7,291052
1 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954
C=200 2 8,772726 8,671057 8,583187 8,158663 7,920583 7,794322 7,537286
3 9,708617 9,557579 9,425317 8,760007 8,36441 8,147011 7,685015
4 10,432588 | 10,249375 | 10,087851 | 9,256738 8,744356 8,45576 7,822522
0,25 | 5,216294 5,53745 5,765871 6,545404 6,85499 6,996702 7,246439
0,5 |6,203254 6,339148 6,445557 6,860586 7,044552 7,131995 7,291052
1 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954 7,376954
= 2 8,772726 8,671056 8,583185 8,158658 7,920584 7,794325 7,537288
3 9,708617 9,557577 9,425308 8,75996 8,364381 8,147003 7,685023
4 10,432588 | 10,24937 10,087831 | 9,256599 8,744241 8,455706 7,822535
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Cizelge EK-B.16 Viskoelastik mesnetli kiris, Toran=20, K=0, 1. mod frekanslar1

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 3,329579 3,560538 3,690434 4,054779 4,207862 4,29341 4,512302
0,5 |3,959559 4,064848 4,13508 4,340738 4,418315 4,461622 4,58373
1 4,708737 4,708737 4,708737 4,708737 4,708737 4,708737 4,708737
c=0 2 5,599662 5,514586 5,443709 5,162036 5,063196 5,023172 4,906733
3 6,197046 6,069366 5,959385 5,478926 5,29467 5,226666 5,057988
4 6,659158 6,503467 6,366978 5,734325 5,471318 5,376601 5,178233
0,25 | 3,050902 3,337413 3,492243 3,908932 4,078341 4,171942 4,408603
0,5 |3,802048 3,920205 3,998222 4,223544 4,307504 4,354173 4,485076
1 4,61814 4,61814 4,61814 4,61814 4,61814 4,61814 4,61814
c=1 2 5,546746 5,459112 5,385975 5,094011 4,990999 4,949194 4,827163
3 6,158242 6,02801 5,915648 5,42233 5,231819 5,161283 4,985646
4 6,627982 6,469959 6,331233 5,685116 5,41452 5,3167 5,111015
0,25 | 2,119113 2,220072 2,263649 2,272024 2,398505 2,507129 2,842341
0,5 |2,296156 2,268451 2,312566 2,572024 2,686594 2,755796 2,977565
1 3,261082 3,261082 3,261082 3,261082 3,261082 3,261082 3,261082
c=3 2 5,068133 4,956028 4,861541 4,477108 4,339665 4,283789 4,120627
3 5,816548 5,661663 5,526201 4,908832 4,660426 4,56728 4,332901
4 6,358855 6,178897 6,018911 5,242673 4,899276 4,772383 4,50074
0,25 | 2,168076 2,299432 2,369349 2,541355 2,597347 2,622261 2,654224
0,5 |2,500456 2,545238 2,572294 2,633738 2,647486 2,652132 2,649816
1 2,612161 2,612161 2,612161 2,612161 2,612161 2,612161 2,612161
c=4 2 4,665107 4,546671 3,782131 3,199444 3,043961 2,985682 2,828956
3 5,494051 5,319736 5,167795 3,877857 3,444545 3,314178 3,036877
4 6,101805 5,901086 5,721716 4,854137 3,859621 3,62293 3,228965
0,25 |2,187129 2,328118 2,405458 2,611272 2,691022 2,733337 2,83228
0,5 |2,558954 2,61633 2,653511 2,756085 2,791759 2,810828 2,860917
1 2,905291 2,905291 2,905291 2,905291 2,905291 2,905291 2,905291
€= 2 3,314124 3,199142 3,109581 2,956106 2,967524 2,967435 2,955235
3 5,12719 4,185383 3,930584 3,154516 2,937928 2,936748 2,967939
4 5,772831 5,555646 5,364451 3,517599 3,146505 3,032028 2,952637
0,25 | 2,209807 2,360911 2,445591 2,680993 2,778636 2,832887 2,970731
0,5 |2,619298 2,686986 2,731989 2,862891 2,911806 2,939005 3,015389
1 3,093067 3,093067 3,093067 3,093067 3,093067 3,093067 3,093067
c=10 2 3,618908 3,571451 3,5631373 3,367927 3,309207 3,285219 3,214692
3 3,924755 3,864275 3,809773 3,551754 3,446303 3,406631 3,306283
4 4,108702 4,054085 3,999578 3,692896 3,548106 3,494219 3,378156
0,25 | 2,216752 2,370688 2,45734 2,700087 2,80178 2,858588 3,004091
0,5 |2,636158 2,706295 2,753095 2,890092 2,941662 2,970437 3,051638
1 3,134889 3,134889 3,134889 3,134889 3,134889 3,134889 3,134889
c=200 2 3,727917 3,671284 3,624121 3,436842 3,371161 3,344532 3,266879
3 4,125492 4,040515 3,967354 3,648063 3,525718 3,480509 3,367862
4 4,432992 4,329391 4,238615 3,818305 3,643757 3,580847 3,448262
0,25 | 2,216769 2,370709 2,457367 2,700132 2,801834 2,858649 3,004169
0,5 |2,636198 2,706339 2,753147 2,890158 2,941734 2,97051 3,051722
1 3,134985 3,134985 3,134985 3,134985 3,134985 3,134985 3,134985
= 2 3,728146 3,671496 3,62432 3,436995 3,371301 3,344666 3,266998
3 4,125874 4,040859 3,967666 3,648268 3,525892 3,480672 3,368
4 4,433538 4,329877 4,239051 3,818565 3,643963 3,581035 3,448419
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Cizelge EK-B.17 Viskoelastik mesnetli kiris, Toran=20, K=0, 2. mod frekanslar1

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 5,482998 5,86216 6,076246 6,679781 6,933501 7,074797 7,434091
0,5 |6,52042 6,693126 6,808619 7,148973 7,278046 7,349836 7,550486
1 7,754131 7,754131 7,754131 7,754131 7,754131 7,754131 7,754131
c=0 2 9,221267 9,081815 8,96553 8,501609 8,336979 8,269729 8,076637
3 10,205009 | 9,995743 9,815354 9,024843 8,718825 8,604523 8,323121
4 10,965997 | 10,710829 | 10,486992 | 9,446637 9,010728 8,851845 8,519251
0,25 | 5,389655 5,78632 6,008326 6,628813 6,887946 7,03194 7,397256
0,5 |6,465639 6,642581 6,760652 7,107575 7,238801 7,311728 7,515381
1 7,721802 7,721802 7,721802 7,721802 7,721802 7,721802 7,721802
c=1 2 9,202121 9,061761 8,944675 8,477126 8,31104 8,243171 8,048137
3 10,190904 | 9,98072 9,799477 9,004387 8,696165 8,580978 8,297146
4 10,954636 | 10,698626 | 10,473982 | 9,428804 8,990203 8,83023 8,495076
0,25 | 4,549346 5,237814 5,49253 6,212696 6,511204 6,67589 7,089456
0,5 |6,02298 6,228629 6,365278 6,762729 6,91127 6,993464 7,221842
1 7,451449 7,451449 7,451449 7,451449 7,451449 7,451449 7,451449
c=3 2 9,044162 8,896078 8,772176 8,273677 8,095104 8,021908 7,810199
3 10,075515 | 9,857639 9,669216 8,835357 8,508327 8,385541 8,08078
4 10,862164 | 10,599155 | 10,367782 |9,282071 8,820632 8,651337 8,294113
0,25 | 4,456587 4,801548 5,003391 5,902144 6,242268 6,410475 6,84038
0,5 |5,517682 5,958162 6,094565 6,500038 6,654155 6,739901 6,979649
1 7,222266 7,222266 7,222266 7,222266 7,222266 7,222266 7,222266
C=4 2 8,902205 8,747321 8,617498 8,093143 7,904627 7,827237 7,602854
3 9,97202 9,747146 9,552241 8,684263 8,34125 8,212041 7,889861
4 10,779648 | 10,510257 | 10,272793 | 9,151006 8,669676 8,492283 8,115772
0,25 | 4,430758 4,751192 4,935651 5,485463 5,727256 5,868014 6,454346
0,5 ]5,336389 5,497928 5,60782 5,957538 6,15023 6,259419 6,739952
1 6,982008 6,982008 6,982008 6,982008 6,982008 6,982008 6,982008
=5 2 8,721397 8,559259 8,423343 7,875549 7,679779 7,599716 7,368641
3 9,836633 9,603037 9,400134 8,492914 8,13425 7,999505 7,664681
4 10,671039 | 10,393375 | 10,147988 | 8,980924 8,477511 8,292123 7,899467
0,25 | 4,408447 4,714563 4,887647 5,377806 5,585519 5,701565 5,998631
0,5 |5,2463 5,387902 5,482807 5,763194 5,869651 5,928968 6,095611
1 6,266039 6,266039 6,266039 6,266039 6,266039 6,266039 6,266039
c=10 2 7,546794 7,418373 7,312362 6,899082 6,758947 6,701946 6,538178
3 8,566008 8,290308 8,109716 7,367038 7,092319 6,991179 6,748316
4 9,874051 9,570992 9,033951 7,757617 7,356116 7,21321 6,917055
0,25 | 4,406268 4,711461 4,883912 5,369159 5,572432 5,685614 5,97392
0,5 ]5,239972 5,378911 5,471845 5,745466 5,848933 5,90646 6,067538
1 6,231425 6,231425 6,231425 6,231425 6,231425 6,231425 6,231425
C=200 2 7,41049 7,298357 7,204905 6,832572 6,700655 6,646726 6,49129
3 8,201094 8,03283 7,887882 7,253682 7,008629 6,917052 6,690255
4 8,812691 8,607521 8,427673 7,593195 7,244256 7,117073 6,848858
0,25 | 4,406262 4,711454 4,883902 5,369145 5,572415 5,685596 5,973897
0,5 |5,239959 5,378897 5,47183 5,745447 5,848912 5,906439 6,067512
1 6,231395 6,231395 6,231395 6,231395 6,231395 6,231395 6,231395
= 2 7,41042 7,298292 7,204844 6,832526 6,700612 6,646686 6,491254
3 8,200978 8,032726 7,887786 7,25362 7,008577 6,917003 6,690213
4 8,812524 8,607375 8,427541 7,593118 7,244195 7,117016 6,84881
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Cizelge EK-B.18 Viskoelastik mesnetli kiris, Toran=20, K=0, 3. mod frekanslar1

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 7,589858 8,111953 8,408066 9,249633 9,604619 9,801447 10,29725
0,5 ]9,025913 9,26357 9,422981 9,896999 10,078404 |10,178848 | 10,456055
1 10,73368 10,73368 10,73368 10,73368 10,73368 10,73368 10,73368
c=0 2 12,764569 | 12,572774 | 12,412582 | 11,769582 | 11,537825 | 11,44217 11,172851
3 14,126317 | 13,83852 13,590074 | 12,495574 |12,066109 |11,903325 | 11,508197
4 15,179716 | 14,828803 | 14,52055 13,080956 | 12,470657 | 12,244762 | 11,774946
0,25 | 7,54359 8,074245 8,374245 9,224147 9,581805 9,779968 10,278768
0,5 |8,998544 9,238297 9,398986 9,876258 10,058727 | 10,159736 | 10,438437
1 10,717452 | 10,717452 | 10,717452 |10,717452 |10,717452 |10,717452 | 10,717452
c=1 2 12,754934 | 12,562683 | 12,40209 11,757274 | 11,524792 | 11,428831 | 11,158543
3 14,119213 | 13,830954 | 13,582079 | 12,485283 | 12,054718 |11,891496 | 11,495157
4 15,173992 | 14,822655 | 14,513996 | 13,07198 12,460337 | 12,233901 | 11,762811
0,25 | 7,187061 7,773018 8,101343 9,016344 9,395545 9,604558 10,127852
0,5 |8,775141 9,031671 9,202718 9,70671 9,897958 10,003616 | 10,294617
1 10,58506 10,58506 10,58506 10,58506 10,58506 10,58506 10,58506
c=3 2 12,676925 | 12,480931 |12,317041 |11,657304 |11,41883 11,320318 | 11,041977
3 14,061892 | 13,769875 | 13,517499 |[12,401926 |11,962333 |11,795482 | 11,389073
4 15,127897 | 14,773118 | 14,461157 |12,999412 | 12,376775 |12,145889 | 11,664206
0,25 | 6,796579 7,564513 7,899148 8,844296 9,237467 9,454138 9,996067
0,5 |8,593407 8,859716 9,03742 9,560448 9,758416 9,8677 10,168524
1 10,468372 | 10,468372 | 10,468372 |10,468372 |10,468372 |10,468372 | 10,468372
c=4 2 12,607697 | 12,408373 | 12,241552 | 11,56863 11,324886 | 11,224121 | 10,938732
3 14,01115 13,715778 | 13,460278 | 12,327995 |11,880397 |11,710317 | 11,294948
4 15,087179 | 14,729333 | 14,41443 12,935111 | 12,302707 | 12,067855 | 11,576672
0,25 | 6,689136 7,206803 7,510079 8,660632 9,059501 9,280681 9,836932
0,5 |8,406949 8,675242 8,855464 9,389716 9,592779 9,705019 10,014555
1 10,323611 | 10,323611 | 10,323611 |10,323611 |10,323611 |10,323611 | 10,323611
€= 2 12,518252 | 12,314742 | 12,144266 | 11,455267 |11,205275 |11,101864 | 10,808377
3 13,945384 | 13,645681 | 13,386164 |12,232726 |11,775252 |11,601223 | 11,175056
4 15,03442 14,672591 | 14,353874 | 12,852009 | 12,207334 | 11,967549 | 11,46463
0,25 | 6,572435 7,035153 7,299646 8,057969 8,384655 8,568684 9,037645
0,5 |7,850602 8,067706 8,214596 8,659627 8,830428 8,925407 9,190311
1 9,459866 9,459866 9,459866 9,459866 9,459866 9,459866 9,459866
c=10 2 11,889222 | 11,673479 | 11,393107 | 10,492064 | 10,25841 10,162863 | 9,893671
3 13,424663 | 13,100354 |12,819989 |11,561009 |10,843296 | 10,637028 | 10,231411
4 14,59979 14,209983 | 13,865919 | 12,247984 | 11,514406 | 11,096266 | 10,505667
0,25 | 6,544714 6,996227 7,252844 7,979797 8,284282 8,452971 8,879008
0,5 |7,783045 7,988318 8,126127 8,535488 8,691344 8,777535 9,015979
1 9,255709 9,255709 9,255709 9,255709 9,255709 9,255709 9,255709
c=200 2 11,00709 10,841612 | 10,70354 10,150552 | 9,951563 9,869208 9,635923
3 12,181498 |11,933211 |11,719145 |10,778723 |10,410625 |10,270744 |9,927394
4 13,090033 | 12,787299 | 12,52174 11,285359 | 10,762787 | 10,569087 | 10,160178
0,25 | 6,544694 6,996198 7,25281 7,979745 8,284221 8,452904 8,878919
05 |7,782997 7,988263 8,126067 8,535413 8,691263 8,77745 9,015882
1 9,255595 9,255595 9,255595 9,255595 9,255595 9,255595 9,255595
= 2 11,00682 10,841363 | 10,703308 | 10,150373 | 9,951398 9,869048 9,635778
3 12,181048 | 11,932809 | 11,71878 10,778485 | 10,410419 | 10,270547 |9,92722
4 13,089388 | 12,786731 |12,521233 |11,285063 | 10,762548 | 10,568861 | 10,159981
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Cizelge EK-B.19 Viskoelastik mesnetli kiris, Toran=20, K=1, 1. mod frekanslar1

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 1,169785 1,174266 1,176227 1,180257 1,181471 1,182061 1,183338
0,5 ]1,179364 1,180334 1,180916 1,182364 1,182829 1,183074 1,183693
1 1,184254 1,184254 1,184254 1,184254 1,184254 1,184254 1,184254
c=0 2 1,186721 1,186566 1,186425 1,185769 1,185496 1,18538 1,185001
3 1,18755 1,187402 1,187267 1,186496 1,186103 1,185943 1,185483
4 1,187961 1,187839 1,187717 1,186946 1,186483 1,18629 1,185814
0,25 | 3,093238 3,376581 3,528654 3,937686 4,104317 4,196493 4,429895
05 |3,832724 3,948799 4,025503 4,247341 4,330125 4,376168 4,505418
1 4,636938 4,636938 4,636938 4,636938 4,636938 4,636938 4,636938
c=1 2 5,557983 5,470875 5,398201 5,108331 5,006162 4,964716 4,843806
3 6,166537 6,036838 5,924974 5,434316 5,245085 5,175068 5,000849
4 6,634668 6,477137 6,338881 5,695573 5,426542 5,329362 5,125184
0,25 | 2,086535 2,181761 2,221476 2,224287 2,341421 2,448673 2,783619
0,5 |2,246705 2,22122 2,257178 2,513168 2,627264 2,696443 2,920281
1 3,212084 3,212084 3,212084 3,212084 3,212084 3,212084 3,212084
c=3 2 5,076054 4,963761 4,869024 4,482459 4,343713 4,287217 4,121923
3 5,82396 5,669331 5,534048 4,916441 4,667037 4573314 4,336885
4 6,365204 6,185609 6,025941 5,25068 4,90685 4,779528 4,50629
0,25 | 2,151825 2,281126 2,349699 2,516891 2,570251 2,59352 2,621041
0,5 |2,477439 2,520618 2,546506 2,604031 2,616168 2,619927 2,615547
1 2,578701 2,578701 2,578701 2,578701 2,578701 2,578701 2,578701
C=4 2 4,665234 4,545716 3,752417 3,162403 3,0069 2,948716 2,792477
3 5,498665 5,323836 5,171276 3,850082 3,408946 3,27799 2,999808
4 6,10701 5,906254 5,726731 4,85576 3,831606 3,590141 3,192263
0,25 |2,177282 2,317248 2,393949 2,59764 2,676298 2,71794 2,814879
0,5 |2,545936 2,602634 2,639327 2,740289 2,775268 2,793929 2,842765
1 2,88568 2,88568 2,88568 2,88568 2,88568 2,88568 2,88568
=5 2 3,287915 3,173401 3,084072 2,930626 2,943038 2,943486 2,932954
3 5,126799 4,163377 3,906301 3,128846 2,913393 2,911218 2,943509
4 5,775313 5,557376 5,365337 3,491706 3,120884 3,006894 2,92705
0,25 | 2,207515 2,358439 2,443018 2,67812 2,775627 2,829798 2,967437
0,5 |2,616506 2,684101 2,729045 2,859759 2,908603 2,935761 3,012027
1 3,089576 3,089576 3,089576 3,089576 3,089576 3,089576 3,089576
c=10 2 3,614288 3,56696 3,526986 3,36392 3,305318 3,281379 3,210986
3 3,919009 3,85881 3,804528 3,547317 3,442122 3,402538 3,3024
4 4,101697 4,047555 3,99342 3,688056 3,54368 3,489925 3,374127
0,25 | 2,216746 2,370679 2,457331 2,700079 2,801773 2,858581 3,004082
0,5 12,63615 2,706287 2,753087 2,890085 2,941655 2,97043 3,051629
1 3,13488 3,13488 3,13488 3,13488 3,13488 3,13488 3,13488
c=200 2 3,727908 3,671274 3,624111 3,436834 3,371153 3,344524 3,26687
3 4,125482 4,040505 3,967344 3,648053 3,52571 3,480501 3,367851
4 4,432981 4,32938 4,238603 3,818296 3,643748 3,580839 3,448255
0,25 | 2,216769 2,370709 2,457367 2,700132 2,801834 2,858649 3,004169
0,5 |2,636198 2,706339 2,753147 2,890158 2,941734 2,97051 3,051722
1 3,134985 3,134985 3,134985 3,134985 3,134985 3,134985 3,134985
= 2 3,728146 3,671496 3,62432 3,436995 3,371301 3,344666 3,266998
3 4,125874 4,040859 3,967666 3,648268 3,525892 3,480672 3,368
4 4,433538 4,329877 4,239051 3,818565 3,643963 3,581035 3,448419
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Cizelge EK-B.20 Viskoelastik mesnetli kiris, Toran=20, K=1, 2. mod frekanslar1

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 1,5603 1,561194 1,561585 1,562383 1,562623 1,562735 1,562984
0,5 |1,562203 1,562393 1,562505 1,562793 1,562881 1,56293 1,563047
1 1,563155 1,563155 1,563155 1,563155 1,563155 1,563155 1,563155
c=0 2 1,563633 1,563604 1,563574 1,563447 1,563399 1,563374 1,563301
3 1,563789 1,563765 1,563735 1,563589 1,563516 1,563482 1,563394
4 1,563872 1,563848 1,563823 1,563677 1,563589 1,56355 1,563457
0,25 | 5,400498 5,795393 6,016544 6,635102 6,8936 7,037275 7,401876
0,5 |6,472384 6,648837 6,766607 7,112746 7,243712 7,316502 7,519793
1 7,725881 7,725881 7,725881 7,725881 7,725881 7,725881 7,725881
c=1 2 9,204564 9,064316 8,947331 8,480234 8,314332 8,24654 8,051749
3 10,192709 | 9,982641 9,801506 9,00699 8,699044 8,583971 8,300449
4 10,956092 | 10,70019 10,475647 | 9,431075 8,992813 8,83298 8,498154
0,25 | 4,534819 5,23671 5,492663 6,215119 6,514068 6,678901 7,092608
0,5 |6,024988 6,231096 6,367971 6,7658 6,914397 6,996609 7,224987
1 7,454542 7,454542 7,454542 7,454542 7,454542 7,454542 7,454542
c=3 2 9,0464 8,898399 8,774569 8,276363 8,097891 8,024736 7,813141
3 10,077234 | 9,859458 9,671124 8,83771 8,51087 8,388156 8,083575
4 10,863573 | 10,600661 | 10,369378 | 9,284175 8,82299 8,653792 8,296782
0,25 | 4,447967 4,792365 4,993944 5,941969 6,242106 6,410734 6,841508
0,5 |5,516957 5,957207 6,094004 6,500509 6,654947 6,740855 6,980989
1 7,223899 7,223899 7,223899 7,223899 7,223899 7,223899 7,223899
C=4 2 8,903908 8,749064 8,619254 8,094783 7,906206 7,828827 7,604521
3 9,973329 9,748527 9,553653 8,685527 8,342422 8,213257 7,891436
4 10,78066 10,511344 | 10,273906 | 9,15187 8,670403 8,493061 8,117147
0,25 | 4,425548 4,745557 4,929566 5,478821 5,720437 5,861376 6,474368
0,5 |]5,329877 5,491274 5,601081 5,956425 6,149657 6,259211 6,739421
1 6,981907 6,981907 6,981907 6,981907 6,981907 6,981907 6,981907
=5 2 8,722823 8,560646 8,424685 7,876571 7,680624 7,600477 7,369125
3 9,838039 9,604475 9,40159 8,494277 8,135452 8,000621 7,665514
4 10,672289 | 10,394682 | 10,149342 | 8,982377 8,478866 8,293407 7,900513
0,25 | 4,407319 4,713352 4,886388 5,376257 5,583905 5,699915 5,996884
0,5 |5,24479 5,386349 5,481224 5,761523 5,867946 5,927245 6,093832
1 6,264206 6,264206 6,264206 6,264206 6,264206 6,264206 6,264206
c=10 2 7,544506 7,416116 7,310131 6,897039 6,756952 6,69997 6,536255
3 8,565705 8,28798 8,107321 7,364794 7,090149 6,989038 6,746324
4 9,874018 9,570826 9,04003 7,755284 7,353877 7,211009 6,915009
0,25 | 4,406266 4,711459 4,883908 5,369155 5,572428 5,685612 5,973917
0,5 |]5,239968 5,378908 5,471841 5,745462 5,848931 5,906456 6,067534
1 6,231421 6,231421 6,231421 6,231421 6,231421 6,231421 6,231421
C=200 2 7,410486 7,298352 7,2049 6,832568 6,700651 6,646722 6,491287
3 8,201089 8,032825 7,887877 7,253678 7,008625 6,917048 6,690251
4 8,812685 8,607516 8,427668 7,593191 7,244252 7,117068 6,848853
0,25 | 4,406262 4,711454 4,883902 5,369145 5,572415 5,685596 5,973897
0,5 |5,239959 5,378897 5,47183 5,745447 5,848912 5,906439 6,067512
1 6,231395 6,231395 6,231395 6,231395 6,231395 6,231395 6,231395
= 2 7,41042 7,298292 7,204844 6,832526 6,700612 6,646686 6,491254
3 8,200978 8,032726 7,887786 7,25362 7,008577 6,917003 6,690213
4 8,812524 8,607375 8,427541 7,593118 7,244195 7,117016 6,84881
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Cizelge EK-B.21 Viskoelastik mesnetli kiris, Toran=20, K=1, 3. mod frekanslari

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 3,382433 3,603855 3,729365 4,084186 4,234209 4,31823 4,53371
0,5 ]3,991168 4,094074 4,162847 4,364756 4,441101 4,483759 4,604156
1 4,72758 4,72758 4,72758 4,72758 4,72758 4,72758 4,72758
c=0 2 5,61088 5,526329 5,455916 5,176338 5,078345 5,038685 4,923382
3 6,205322 6,078175 5,96869 5,490873 5,307896 5,240413 5,073176
4 6,665828 6,510627 6,374607 5,744733 5,483282 5,389205 5,192372
0,25 | 7,547671 8,07762 8,377285 9,226454 9,583875 9,781922 10,28046
0,5 |9,00103 9,2406 9,401176 9,878155 10,060526 | 10,161484 | 10,440054
1 10,718947 | 10,718947 | 10,718947 |10,718947 |10,718947 |10,718947 | 10,718947
c=1 2 12,755827 | 12,563617 | 12,40306 11,75841 11,525995 | 11,430063 | 11,159866
3 14,119873 | 13,831656 | 13,58282 12,486232 | 12,055768 | 11,892588 | 11,496366
4 15174524 | 14,823226 | 14,514604 | 13,072807 | 12,461287 |12,234902 | 11,763936
0,25 | 7,188188 7,774644 8,103083 9,018063 9,397188 9,60615 10,129307
0,5 |8,776912 9,033401 9,204414 9,708278 9,899474 10,005103 | 10,296026
1 10,586387 | 10,586387 | 10,586387 | 10,586387 | 10,586387 | 10,586387 | 10,586387
c=3 2 12,677776 | 12,481818 | 12,317959 | 11,658359 | 11,41994 11,321451 | 11,043181
3 14,062532 | 13,770553 | 13,518213 | 12,402824 |11,963317 | 11,7965 11,390188
4 15,128417 | 14,773675 | 14,46175 13,000204 | 12,377674 | 12,14683 11,665253
0,25 | 6,79869 7,56456 7,899551 8,845297 9,238573 9,455275 9,997222
0,5 |8,594315 8,860737 9,038493 9,561598 9,759573 9,868857 10,16967
1 10,469492 | 10,469492 | 10,469492 |10,469492 |10,469492 |10,469492 | 10,469492
c=4 2 12,608501 | 12,409206 |12,242411 |11,569593 |11,325885 | 11,225137 | 10,939792
3 14,01177 13,716433 | 13,460964 | 12,328837 |11,881306 |11,711252 | 11,295952
4 15,087688 | 14,729876 | 14,415005 | 12,935864 | 12,426937 |12,068731 | 11,577628
0,25 | 6,687234 7,205111 7,508513 8,660805 9,059913 9,281199 9,837642
0,5 |8,406945 8,675432 8,855769 9,390285 9,59342 9,705695 10,015304
1 10,324409 | 10,324409 | 10,324409 |10,324409 |10,324409 |10,324409 | 10,324409
€= 2 12,518983 | 12,315492 | 12,145032 |11,456081 | 11,206099 | 11,102691 | 10,809206
3 13,945973 | 13,647305 | 13,386808 | 12,23348 11,776041 | 11,602024 | 11,175883
4 15,034912 | 14,673114 | 14,354426 |12,852702 | 12,208085 | 11,96832 11,465441
0,25 | 6,571545 7,034193 7,298646 8,056926 8,383515 8,567524 9,03695
0,5 |7,849516 8,066659 8,213473 8,658922 8,829726 8,924707 9,189624
1 9,459197 9,459197 9,459197 9,459197 9,459197 9,459197 9,459197
c=10 2 11,889221 | 11,673436 |11,395984 |10,491489 |10,257824 |10,162266 | 9,893043
3 13,424879 | 13,100537 | 12,820138 |11,564187 |10,843868 | 10,636482 | 10,230825
4 14,600073 | 14,21025 13,866167 | 12,248045 |11,517439 |11,096935 | 10,505102
0,25 | 6,544713 6,996224 7,252842 7,979795 8,28428 8,452969 8,879005
0,5 |7,783042 7,988316 8,126125 8,535485 8,691342 8,777532 9,015976
1 9,255706 9,255706 9,255706 9,255706 9,255706 9,255706 9,255706
C=200 2 11,007088 | 10,841609 | 10,703538 | 10,150549 [ 9,95156 9,869206 9,63592
3 12,181494 | 11,933208 |11,719141 |10,77872 10,410622 | 10,270741 |9,92739
4 13,09003 12,787296 | 12,521737 | 11,285356 | 10,762784 |10,569084 | 10,160176
0,25 | 6,544694 6,996197 7,25281 7,979744 8,28422 8,452904 8,878919
05 |7,782997 7,988263 8,126067 8,535413 8,691263 8,77745 9,015882
1 9,255595 9,255595 9,255595 9,255595 9,255595 9,255595 9,255595
= 2 11,00682 10,841363 | 10,703308 | 10,150373 | 9,951398 9,869048 9,635778
3 12,181048 |11,932809 | 11,71878 10,778485 | 10,41042 10,270547 | 9,92722
4 13,089388 | 12,786731 | 12,521233 |11,285063 | 10,762547 |10,568861 | 10,159981
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Cizelge EK-B.22 Viskoelastik mesnetli kiris, Toran=20, K=10, 1. mod frekanslari

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 1,841957 1,893554 1,918021 1,972167 1,989678 1,998377 2,017637
0,5 |1,959705 1,973289 1,981605 2,0029 2,009869 2,013535 2,023099
1 2,031816 2,031816 2,031816 2,031816 2,031816 2,031816 2,031816
c=0 2 2,071854 2,069242 2,066917 2,056136 2,05167 2,049743 2,043701
3 2,085827 2,083377 2,08106 2,068121 2,061595 2,058903 2,051437
4 2,092936 2,09081 2,088737 2,075661 2,067918 2,064671 2,056877
0,25 | 1,861887 1,916992 1,942888 1,998763 2,016118 2,024552 2,042675
0,5 |1,986158 1,999895 2,008179 2,02888 2,035464 2,038888 2,04766
1 2,055445 2,055445 2,055445 2,055445 2,055445 2,055445 2,055445
c=1 2 2,256632 2,11873 2,091452 2,075913 2,072309 2,07073 2,065698
3 2,306157 2,296151 2,287335 2,104838 2,080215 2,07811 2,072121
4 2,341612 2,329624 2,319222 2,268634 2,102471 2,082593 2,076511
0,25 | 1,994993 2,086634 2,131939 2,229333 2,255774 2,266798 2,283675
0,5 |2,208254 2,23122 2,244238 2,271832 2,278345 2,281137 2,286043
1 2,287105 2,287105 2,287105 2,287105 2,287105 2,287105 2,287105
c=3 2 5,148854 5,034691 4,937336 4,52499 4,368192 4,302503 2,659588
3 5,891359 5,739224 5,605762 4,986084 4,725439 4,624668 4,360427
4 6,422549 6,246355 6,08969 5,324213 4,976122 4,844122 4551462
0,25 | 2,062869 2,178371 2,239382 2,388843 2,439003 2,46298 2,508989
0,5 |2,353126 2,392177 2,416132 2,47496 2,492169 2,500485 2,518737
1 2,52912 2,52912 2,52912 2,52912 2,52912 2,52912 2,52912
c=4 2 4,654775 3,427821 3,211765 2,692052 2,544209 2,519139 2,528415
3 5,540246 5,360062 5,200795 3,313513 2,917024 2,798801 2,53716
4 6,15437 5,953302 5,772334 4,86383 3,294088 3,073849 2,719483
0,25 | 2,109651 2,240119 2,311317 2,498712 2,57014 2,607668 2,694206
05 |2,/451412 2,503237 2,536618 2,627707 2,658973 2,675592 2,718923
1 2,757051 2,757051 2,757051 2,757051 2,757051 2,757051 2,757051
€= 2 3,006371 2,899349 2,813485 2,82111 2,81904 2,816158 2,801355
3 4,285022 3,859502 3,588896 2,856879 2,81193 2,818422 2,818902
4 5,796855 55711 5,370034 3,187662 2,849268 2,799281 2,82098
0,25 |2,1879 2,337086 2,420675 2,652927 2,749189 2,802648 2,938394
0,5 |2,59207 2,658826 2,703203 2,832206 2,880383 2,907165 2,982342
1 3,058734 3,058734 3,058734 3,058734 3,058734 3,058734 3,058734
c=10 2 3,573469 3,527272 3,488204 3,328457 3,27093 3,247414 3,178218
3 3,868598 3,810736 3,758327 3,508083 3,405143 3,366344 3,268063
4 4,041201 3,990755 3,939609 3,645336 3,504535 3,451959 3,338474
0,25 | 2,216696 2,370626 2,457277 2,700017 2,801709 2,858515 3,004015
0,5 |2,636092 2,706226 2,753024 2,890021 2,941589 2,970362 3,051561
1 3,13481 3,13481 3,13481 3,13481 3,13481 3,13481 3,13481
c=200 2 3,727822 3,671191 3,624029 3,436755 3,371077 3,344449 3,266796
3 4,125388 4,040414 3,967253 3,647969 3,525629 3,480421 3,367775
4 4,432881 4,329282 4,238507 3,818209 3,643666 3,580758 3,448176
0,25 | 2,216769 2,370709 2,457367 2,700132 2,801834 2,858649 3,004169
0,5 |2,636198 2,706339 2,753147 2,890158 2,941734 2,97051 3,051722
1 3,134985 3,134985 3,134985 3,134985 3,134985 3,134985 3,134985
= 2 3,728146 3,671496 3,62432 3,436995 3,371301 3,344666 3,266998
3 4,125874 4,040859 3,967666 3,648268 3,525892 3,480672 3,368
4 4,433538 4,329877 4,239051 3,818565 3,643963 3,581035 3,448419
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Cizelge EK-B.23 Viskoelastik mesnetli kiris, Toran=20, K=10, 2. mod frekanslar1

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 2,71417 2,729866 2,736746 2,750809 2,755023 2,757054 2,761412
0,5 2,747649 2,750997 2,753009 2,758044 2,759652 2,760484 2,762615
1 2,764512 2,764512 2,764512 2,764512 2,764512 2,764512 2,764512
c=0 2 2,772961 2,772431 2,771958 2,769723 2,768775 2,768359 2,767059
3 2,775783 2,775295 2,774833 2,772214 2,770861 2,770289 2,768692
4 2,77719 2,776773 2,776365 2,773757 2,772174 2,771496 2,769834
0,25 |3,551863 3,752923 3,867503 4,195368 4,335778 4,414829 4,618788
0,5 4,109057 4,204818 4,269062 4,458788 4,530953 4571375 4,685825
1 4,80366 4,80366 4,80366 4,80366 4,80366 4,80366 4,80366
c=1 2 5,658068 5,575601 5,507012 5,235598 5,140858 5,102581 4,991507
3 6,240646 6,115679 6,008217 5,541086 5,36316 5,2977 5,1359
4 6,694509 6,541349 6,407282 5,788911 5,53373 5,442177 5,251177
0,25 |4,615973 5,217321 5,488227 6,236579 6,54011 6,706408 7,121461
0,5 6,041985 6,253001 6,392252 6,793887 6,943029 7,025396 7,253764
1 7,4828 7,4828 7,4828 7,4828 7,4828 7,4828 7,4828
c=3 2 9,066651 8,919423 8,796251 8,300747 8,123231 8,050463 7,839943
3 10,092756 9,87588 9,688368 8,85903 8,533937 8,411891 8,10899
4 10,876279 10,614238 10,38378 9,303203 8,844347 8,676049 8,321024
0,25 |4,597013 4,858833 5,02461 5,929367 6,238391 6,411429 6,851099
0,5 5,501655 5,945069 6,086074 6,503401 6,661149 6,748701 6,992714
1 7,238521 7,238521 7,238521 7,238521 7,238521 7,238521 7,238521
C=4 2 8,921508 8,767013 8,637451 8,113342 7,924535 7,846992 7,621894
3 9,98784 9,763721 9,569435 8,703571 8,36093 8,231827 7,909766
4 10,792841 10,524273 10,287519 9,168786 8,688441 8,511388 8,135735
0,25 |4,398254 4,84663 4,998105 5,489457 5,731095 5,866877 6,593296
0,5 5,337545 5,500764 5,610873 5,942204 6,140616 6,306029 6,733244
1 6,980004 6,980004 6,980004 6,980004 6,980004 6,980004 6,980004
€= 2 8,735726 8,57319 8,43681 7,885656 7,688002 7,607054 7,373002
3 9,850767 9,617487 9,41477 8,506602 8,146256 8,010617 7,672787
4 10,683576 10,40649 10,16158 8,995541 8,491124 8,304986 7,909839
0,25 |4,397083 4,702343 4,874937 5,362127 5,569175 5,684843 5,98093
0,5 5,231668 5,372174 5,466779 5,746267 5,852377 5,911498 6,077588
1 6,247449 6,247449 6,247449 6,247449 6,247449 6,247449 6,247449
c=10 2 7,523479 7,395381 7,289649 6,878349 6,738697 6,681889 6,518674
3 8,562629 8,266495 8,085265 7,34419 7,070241 6,969396 6,728104
4 9,873635 9,569222 9,098628 7,73383 7,333318 7,190805 6,896277
0,25 | 4,406239 4,711432 4,883881 5,369126 5,572397 5,685578 5,973883
0,5 5,239939 5,378877 5,471811 5,74543 5,848897 5,906423 6,0675
1 6,231386 6,231386 6,231386 6,231386 6,231386 6,231386 6,231386
c=200 2 7,410444 7,29831 7,204859 6,832529 6,700613 6,646684 6,49125
3 8,201042 8,03278 7,887832 7,253637 7,008585 6,917008 6,690213
4 8,812635 8,607467 8,42762 7,593147 7,244211 7,117029 6,848815
0,25 | 4,406262 4,711454 4,883902 5,369145 5,572415 5,685596 5,973897
0,5 5,239959 5,378897 5,47183 5,745447 5,848912 5,906439 6,067512
1 6,231395 6,231395 6,231395 6,231395 6,231395 6,231395 6,231395
= 2 7,41042 7,298292 7,204844 6,832526 6,700612 6,646686 6,491254
3 8,200978 8,032726 7,887786 7,25362 7,008577 6,917003 6,690213
4 8,812524 8,607375 8,427541 7,593118 7,244195 7,117016 6,84881
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Cizelge EK-B.24 Viskoelastik mesnetli kiris, Toran=20, K=10, 3. mod frekanslar1

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 3,795051 3,954489 4,04952 4,333813 4,459856 4,531693 4,719441
0,5 |4,25742 4,342094 4,399535 4571742 4,638119 4,675469 4,781799
1 4,892104 4,892104 4,892104 4,892104 4,892104 4,892104 4,892104
c=0 2 5,710445 5,630469 5,564073 5,302581 5,211834 5,17526 5,069522
3 6,279189 6,156733 6,051604 5,596979 5,425094 5,362077 5,206996
4 6,725522 6,574664 6,4428 5,837561 5,589744 5,501202 5,317326
0,25 | 5,502016 5,879268 6,092136 6,692466 6,945053 7,085776 7,443771
0,5 |6,534002 6,70589 6,82085 7,159732 7,288298 7,35982 7,559791
1 7,762817 7,762817 7,762817 7,762817 7,762817 7,762817 7,762817
c=1 2 9,226606 9,087388 8,97131 8,508319 8,344082 8,277007 8,084432
3 10,208991 | 9,999967 9,819804 9,030488 8,725062 8,611015 8,330301
4 10,969222 | 10,71428 10,490659 | 9,451576 9,016385 8,857813 8,525977
0,25 | 7,197942 7,789396 8,11894 9,033712 9,412114 9,620611 10,142484
0,5 |8,793043 9,049156 9,219833 9,722506 9,914739 10,018591 | 10,308778
1 10,598401 10,598401 10,598401 10,598401 10,598401 10,598401 10,598401
c=3 2 12,685451 |12,489821 |12,326246 |11,667895 |11,429969 |11,331693 | 11,054069
3 14,068303 | 13,776674 |13,524656 |12,410935 |11,972205 |11,805706 | 11,400264
4 15,133109 14,778696 14,467084 13,007345 12,385782 12,155335 11,674717
0,25 | 6,816497 7,564289 7,902796 8,854327 9,248584 9,465579 10,007682
0,5 |8,602454 8,869947 9,048204 9,572024 9,770061 9,879347 10,18005
1 10,479631 | 10,479631 |10,479631 |10,479631 |10,479631 |10,479631 | 10,479631
c=4 2 12,615757 12,416732 12,250165 11,578288 11,33492 11,234314 10,949373
3 14,01736 13,722339 13,467157 12,336441 11,889516 11,7197 11,305024
4 15,092277 14,734774 14,420193 12,942657 12,311141 12,076638 11,586273
0,25 | 6,661056 7,188743 7,508155 8,662136 9,063505 9,2858 9,844039
0,5 |8,406577 8,67692 8,858353 9,395363 9,599172 9,711767 10,022073
1 10,331623 | 10,331623 ]10,331623 |10,331623 |10,331623 | 10,331623 | 10,331623
c=5 2 12,525582 12,322266 12,151945 11,463437 11,213548 11,11017 10,816708
3 13,951289 | 13,651879 | 13,392618 |12,240287 |11,783176 |11,609268 |11,183352
4 15,039351 14,677829 14,359395 12,858959 12,21487 11,975286 11,472779
0,25 | 6,563457 7,02547 7,289561 8,047418 8,373122 8,556947 9,02966
0,5 |7,840215 8,057113 8,203541 8,648628 9,328804 9,439589 9,18333
1 9,453071 9,453071 9,453071 9,453071 9,453071 9,453071 9,453071
c=10 2 11,889189 | 11,673015 |11,422461 |10,48621 10,252444 | 10,156788 | 9,887292
3 13,426821 13,102181 12,821471 11,588527 10,848972 10,631475 10,225454
4 14,602614 | 14,212661 |13,868406 |12,248583 |11,545396 |11,108028 | 10,499926
0,25 | 6,544696 6,996207 7,252824 7,979775 8,284259 8,452948 8,878983
0,5 |7,783023 7,988296 8,126105 8,535464 8,69132 8,77751 9,015954
1 9,255683 9,255683 9,255683 9,255683 9,255683 9,255683 9,255683
C=200 2 11,00706 10,841582 | 10,703511 |10,150524 |9,951536 9,869182 9,635896
3 12,181464 11,933178 11,719112 10,778693 10,410596 10,270716 9,927366
4 13,089997 | 12,787264 |12,521705 |11,285328 |10,762758 | 10,569058 | 10,16015
0,25 | 6,544694 6,996197 7,25281 7,979744 8,28422 8,452904 8,878919
0,5 |7,782997 7,988263 8,126067 8,535413 8,691263 8,77745 9,015882
1 9,255595 9,255595 9,255595 9,255595 9,255595 9,255595 9,255595
= 2 11,00682 10,841363 | 10,703308 |10,150373 |9,951398 9,869048 9,635778
3 12,181048 11,932809 11,71878 10,778485 10,41042 10,270547 9,92722
4 13,089388 | 12,786731 |12,521233 |11,285063 |10,762547 |10,568861 | 10,159981
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Cizelge EK-B.25 Viskoelastik mesnetli kiris, Toran=20, K=100, 1. mod frekanslar1

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 2,164684 2,298722 2,371907 2,566925 2,643756 2,685326 2,787184
0,5 |2517072 2,571679 2,607336 2,707946 2,744309 2,764227 2,818988
1 2,872869 2,872869 2,872869 2,872869 2,872869 2,872869 2,872869
c=0 2 3,189219 3,164023 3,142262 3,04867 3,01307 2,998216 2,953522
3 3,339274 3,310919 3,284959 3,153428 3,09457 3,071567 3,011242
4 3,427189 3,399978 3,374181 3,227418 3,15148 3,121733 3,054733
0,25 | 2,164789 2,298905 2,372151 2,567412 2,644391 2,686052 2,788189
0,5 |2,517485 2,572175 2,607896 2,70873 2,745189 2,765164 2,820097
1 2,874173 2,874173 2,874173 2,874173 2,874173 2,874173 2,874173
c=1 2 3,192205 3,166845 3,144942 3,050796 3,015005 3,000075 2,955164
3 3,343259 3,314724 3,288591 3,156182 3,09696 3,07382 3,013168
4 3,431653 3,404315 3,378378 3,230659 3,154219 3,124287 3,056892
0,25 | 2,165625 2,300333 2,374038 2,571221 2,649329 2,691712 2,796013
0,5 |2,520687 2,576045 2,612267 2,71482 2,75203 2,772447 2,828725
1 2,884316 2,884316 2,884316 2,884316 2,884316 2,884316 2,884316
c=3 2 3,215764 3,189059 3,166028 3,067421 3,030116 3,014587 2,967979
3 3,375152 3,345067 3,317483 3,17784 3,115686 3,001474 3,028206
4 3,467691 3,439227 3,412071 3,256312 3,175775 3,144334 3,073785
0,25 | 2,166338 2,301545 2,375636 2,574413 2,653458 2,696443 2,802542
0,5 |2,523377 2,579291 2,615927 2,719909 2,757741 2,778526 2,835923
1 2,892789 2,892789 2,892789 2,892789 2,892789 2,892789 2,892789
c=4 2 3,23583 3,207924 3,183894 3,081396 3,042795 3,026752 2,9787
3 3,402939 3,371376 3,342425 3,196212 3,131481 3,106336 3,040819
4 3,499607 3,469987 3,441616 3,27827 3,194056 3,161283 3,087993
0,25 | 2,167228 2,303047 2,37761 2,578333 2,658518 2,702232 2,810521
0,5 |2,526684 2,5683276 2,620415 2,726133 2,764721 2,785955 2,844718
1 2,903135 2,903135 2,903135 2,903135 2,903135 2,903135 2,903135
c=s 2 3,260762 3,231298 3,205978 3,098553 3,058328 3,041648 2,99181
3 3,438291 3,404667 3,373845 3,21895 3,150929 3,124607 3,056273
4 3,540964 3,50961 3,479467 3,305684 3,216675 3,182199 3,105441
0,25 | 2,173646 2,313607 2,391272 2,604382 2,691645 2,739858 2,861564
0,5 |2,54889 2,609728 2,650007 2,766429 2,809666 2,833647 2,900764
1 2,968699 2,968699 2,968699 2,968699 2,968699 2,968699 2,968699
c=10 2 3,422361 3,381708 3,347361 3,206943 3,156291 3,135561 3,074488
3 3,68643 3,633508 3,586293 3,364873 3,274387 3,240266 3,153735
4 3,858008 3,803987 3,753387 3,485856 3,361775 3,315541 3,215713
0,25 |2,216198 2,370091 2,456721 2,699409 2,801075 2,857867 3,003334
0,5 |2,635495 2,705613 2,752402 2,889365 2,940922 2,969687 3,050868
1 3,134099 3,134099 3,134099 3,134099 3,134099 3,134099 3,134099
C=200 2 3,726976 3,670356 3,623204 3,435974 3,370311 3,343688 3,266055
3 4,124449 4,039494 3,96635 3,64714 3,524829 3,47963 3,367011
4 4,431872 4,328297 4,237543 3,81734 3,642838 3,579944 3,447394
0,25 | 2,216769 2,370709 2,457367 2,700132 2,801834 2,858649 3,004169
0,5 |2,636198 2,706339 2,753147 2,890158 2,941734 2,97051 3,051722
1 3,134985 3,134985 3,134985 3,134985 3,134985 3,134985 3,134985
= 2 3,728146 3,671496 3,62432 3,436995 3,371301 3,344666 3,266998
3 4,125874 4,040859 3,967666 3,648268 3,525892 3,480672 3,368
4 4,433538 4,329877 4,239051 3,818565 3,643963 3,581035 3,448419
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Cizelge EK-B.26 Viskoelastik mesnetli kiris, Toran=20, K=100, 2. mod frekanslar1

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 4,008799 4,173858 4,255452 4,442881 4,504872 4,535739 4,604029
0,5 |4,39844 4,445808 4,475082 4,551042 4576122 4,589277 4,623355
1 4,654235 4,654235 4,654235 4,654235 4,654235 4,654235 4,654235
c=0 2 4,797094 4,787886 4,779678 4,741365 4,725268 4,718236 4,696414
3 4,84632 4,837771 4,829673 4,784121 4,760797 4,751019 4,723906
4 4,871143 4,863778 4,856575 4,810869 4,783399 4,771687 4,743278
0,25 | 4,015782 4,183194 4,265904 4,455844 4,518939 4,551045 4,626169
0,5 |4,410709 4,458816 4,488315 4,566496 4,595226 4,608612 4,656306
1 4,695958 4,695958 4,695958 4,695958 4,695958 4,695958 4,695958
c=1 2 4,830696 4,823013 4,816002 4,781534 4,766324 4,759564 4,73826
3 4,867841 4,861964 4,856159 4,819878 4,799367 4,790443 4,764947
4 4,883294 4,879006 4874577 4,841926 4,819283 4,80907 4,7832
0,25 | 4,068765 4,254543 4,346754 4,553498 4,623406 4,71539 5,080756
0,5 |4,50552 4,556937 4,589149 4,788418 5,014538 5,045431 5,127398
1 5,201344 5,201344 5,201344 5,201344 5,201344 5,201344 5,201344
c=3 2 5,242234 5,262064 5,277824 5,320813 5,319334 5,314451 5,287181
3 5,103429 5,13185 5,157162 5,271175 5,306996 5,315334 5,316139
4 5,010184 5,040043 5,067588 5,211288 5,273347 5,292632 5,316775
0,25 | 4,10862 4,312893 4,41375 4,636187 4,697319 4,847418 6,622287
0,5 |4,587436 4,640044 4,669712 4,942307 5,519999 5,666167 6,983957
1 7,359686 7,359686 7,359686 7,359686 7,359686 7,359686 7,359686
c=4 2 9,11084 8,961396 8,835681 8,319989 8,129141 8,049511 7,811538
3 10,138747 | 9,922573 9,735327 8,899506 8,565067 8,437784 8,114552
4 10,917778 10,657387 10,428244 9,348943 8,884413 8,712139 8,342727
0,25 | 4,158323 4,384216 4,504516 4,765018 4,794765 4,89602 5,403491
0,5 ]4,710182 4,767792 4,79164 4,979542 5,142733 5,249113 6,222274
1 6,660169 6,660169 6,660169 6,660169 6,660169 6,660169 6,660169
c=s 2 8,873115 8,70564 8,563031 7,955528 7,717859 7,615806 7,298432
3 9,984438 9,754896 9,554597 8,635871 8,250391 8,099395 7,699778
4 10,800161 | 10,529049 |10,289237 |9,136001 8,619436 8,422621 7,984831
0,25 | 4,310274 4,600852 4,765092 5,227131 5,420504 5,528113 5,802009
0,5 |5,104094 5,236369 5,324823 5,585058 5,683354 5,737981 5,890872
1 6,405722 6,405722 6,405722 6,405722 6,405722 6,405722 6,405722
c=10 2 7,847576 7,72144 7,612084 7,321256 6,504707 6,497028 6,42603
3 8,579809 8,373714 8,24594 7,672306 7,449563 7,38162 6,495035
4 9,860068 9,539742 9,26023 7,998194 7,661486 7,53019 7,330824
0,25 | 4,406268 4,711461 4,883912 5,369159 5,572432 5,685614 5,97392
0,5 |5,239972 5,378911 5,471845 5,745466 5,848933 5,90646 6,067538
1 6,231425 6,231425 6,231425 6,231425 6,231425 6,231425 6,231425
C=200 2 7,41049 7,298357 7,204905 6,832572 6,700655 6,646726 6,49129
3 8,201094 8,03283 7,887882 7,253682 7,008629 6,917052 6,690255
4 8,812691 8,607521 8,427673 7,593195 7,244256 7,117073 6,848858
0,25 | 4,406262 4,711454 4,883902 5,369145 5,572415 5,685596 5,973897
0,5 |5,239959 5,378897 547183 5,745447 5,848912 5,906439 6,067512
1 6,231395 6,231395 6,231395 6,231395 6,231395 6,231395 6,231395
= 2 7,41042 7,298292 7,204844 6,832526 6,700612 6,646686 6,491254
3 8,200978 8,032726 7,887786 7,25362 7,008577 6,917003 6,690213
4 8,812524 8,607375 8,427541 7,593118 7,244195 7,117016 6,84881
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Cizelge EK-B.27 Viskoelastik mesnetli kiris, Toran=20, K=100, 3. mod frekanslari

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 |5,361788 5,497641 5,566614 5,744078 5,815358 5,855008 5,957216
0,5 |5,698753 5,747811 5,780341 5,875998 5,912552 5,933034 5,991092
1 6,051548 6,051548 6,051548 6,051548 6,051548 6,051548 6,051548
c=0 2 6,543168 6,491349 6,448987 6,287735 6,233626 6,212042 6,15087
3 6,936964 6,84865 6,77434 6,469733 6,361627 6,322869 6,230079
4 7,274066 7,157666 7,057952 6,627237 6,464555 6,408321 6,295274
0,25 | 5,425267 5,558174 5,621403 5,774048 5,833997 5,867619 5,956088
0,5 |5,735907 5777167 5,804482 5,885532 5,91705 5,934877 5,986107
1 6,04058 6,04058 6,04058 6,04058 6,04058 6,04058 6,04058
c=1 2 6,513386 6,461977 6,420111 6,262597 6,210647 6,190098 6,132388
3 6,9081 6,819178 6,744473 6,440508 6,334292 6,296596 6,207354
4 7,248154 7,130659 7,030044 6,597025 6,435342 6,379989 6,269988
0,25 | 6,430394 7,951348 8,305029 9,210405 9,577189 9,778944 10,283797
0,5 |8,978177 9,227114 9,392252 9,877585 10,061931 | 10,163863 | 10,283797
1 10,72546 10,72546 10,72546 10,72546 10,72546 10,72546 10,72546
c=3 2 12,764016 12,571883 12,411366 11,766637 11,534195 11,438312 11,167995
3 14,126858 | 13,838873 |13,590222 |12,494179 |12,063861 | 11,900838 | 11,505019
4 15,180519 14,829501 14,521119 13,080259 12,469029 12,242855 11,772689
0,25 | 6,283876 7,370156 7,843799 8,945671 9,356014 9,577075 10,120538
0,5 |8,676145 8,964153 9,15092 9,685103 9,88367 9,992786 10,291639
1 10,587845 | 10,587845 |10,587845 |10,587845 |10,587845 |10,587845 | 10,587845
c=4 2 12,690324 12,494239 12,330194 11,668914 11,429501 11,330577 11,050492
3 14,074177 13,782479 13,530332 12,414831 11,974644 11,807533 11,400065
4 15,138702 14,784391 14,472822 13,012248 12,389438 12,158416 11,676357
0,25 | 6,100633 7,413383 7,532668 8,637816 9,082305 9,322067 9,908321
0,5 |8,346188 8,655192 8,858142 9,439413 9,653886 9,771302 10,091591
1 10,407084 | 10,407084 |10,407084 |10,407084 |10,407084 |10,407084 | 10,407084
c=5 2 12,593643 | 12,392299 |12,223565 |11,540315 |11,291638 |11,188651 | 10,895607
3 14,005432 13,70882 13,452041 12,310723 11,857416 11,684825 11,2617
4 15,084313 14,725665 14,409894 12,923252 12,28508 12,047584 11,549461
0,25 | 6,462715 6,914562 7,174298 8,192957 8,548474 8,687254 9,045485
0,5 |8,004229 8,20875 8,345258 8,753192 8,88486 8,95825 9,182186
1 9,448114 9,448114 9,448114 9,448114 9,448114 9,448114 9,448114
c=10 2 11,885727 | 11,664977 |11,481103 |10,449668 |10,202697 | 10,123976 | 9,872343
3 13,445975 |13,118012 | 12,8338 11,578598 | 10,980217 | 10,662792 | 10,177381
4 14,628306 | 14,236953 |13,890834 |12,251805 |11,554889 |11,298615 | 10,473975
0,25 | 6,544532 6,996033 7,252644 7,979576 8,284053 8,452737 8,878762
0,5 |7,782829 7,988097 8,125902 8,535251 8,691103 8,777292 9,015729
1 9,255452 9,255452 9,255452 9,255452 9,255452 9,255452 9,255452
C=200 2 11,006785 |10,841312 |10,703244 |10,150271 |9,951288 9,868935 9,635656
3 12,18116 11,93288 11,71882 10,778425 10,410337 10,27046 9,927118
4 13,08967 12,786944 | 12,521393 |11,285047 | 10,76249 10,568795 | 10,159897
0,25 | 6,544694 6,996197 7,25281 7,979744 8,28422 8,452904 8,878919
0,5 |7,782997 7,988263 8,126067 8,535413 8,691263 8,77745 9,015882
1 9,255595 9,255595 9,255595 9,255595 9,255595 9,255595 9,255595
= 2 11,00682 10,841363 | 10,703308 |10,150373 |9,951398 9,869048 9,635778
3 12,181048 11,932809 11,71878 10,778485 10,41042 10,270547 9,92722
4 13,089388 | 12,786731 |12,521233 |11,285063 |10,762547 |10,568861 | 10,159981
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Cizelge EK-B.28 Viskoelastik mesnetli kiris, Toran=20, K=1000, 1. mod frekanslar1

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 2,211377 2,363177 2,448358 2,685743 2,784548 2,839551 2,979743
0,5 |2,62342 2,691784 2,737296 2,869991 2,919719 2,947409 3,025323
1 3,104829 3,104829 3,104829 3,104829 3,104829 3,104829 3,104829
c=0 2 3,657522 3,605956 3,562793 3,389561 3,328158 3,303175 3,230037
3 4,010447 3,936456 3,872094 3,584739 3,472136 3,430212 3,325065
4 4,270729 4,184411 4,107611 3,739214 3,580811 3,523041 3,400211
0,25 | 2,211379 2,363176 2,44836 2,685744 2,784547 2,83955 2,979745
0,5 |2,623422 2,691783 2,737297 2,869991 2,919722 2,94741 3,025324
1 3,104832 3,104832 3,104832 3,104832 3,104832 3,104832 3,104832
c=1 2 3,657535 3,605968 3,562803 3,389567 3,328164 3,303181 3,230042
3 4,010475 3,936478 3,872114 3,584748 3,472143 3,430219 3,32507
4 4,270779 4,184451 4,107645 3,739229 3,580819 3,523051 3,400217
0,25 | 2,211379 2,363178 2,448362 2,685751 2,784556 2,839562 2,97976
0,5 |2,623428 2,69179 2,737303 2,870004 2,919735 2,947426 3,025341
1 3,104854 3,104854 3,104854 3,104854 3,104854 3,104854 3,104854
c=3 2 3,65763 3,606051 3,562879 3,389616 3,328205 3,303219 3,230072
3 4,010692 3,936664 3,872273 3,584829 3,472203 3,430272 3,325111
4 4,271163 4,184771 4,107915 3,739345 3,580899 3,523118 3,400267
0,25 | 2,211378 2,363181 2,448365 2,685757 2,784562 2,83957 2,979773
0,5 |2,62343 2,691796 2,737309 2,870012 2,919745 2,947436 3,025357
1 3,104874 3,104874 3,104874 3,104874 3,104874 3,104874 3,104874
c=4 2 3,657712 3,606124 3,562944 3,389658 3,328242 3,303251 3,230101
3 4,010883 3,936825 3,872411 3,584897 3,472254 3,43032 3,325147
4 4,271497 4,185051 4,108151 3,739448 3,580968 3,523178 3,400309
0,25 | 2,211381 2,363183 2,448367 2,685763 2,784572 2,83958 2,97979
0,5 |2,623436 2,691801 2,737316 2,870023 2,919758 2,947451 3,025377
1 3,104897 3,104897 3,104897 3,104897 3,104897 3,104897 3,104897
c=s 2 3,65782 3,606218 3,563028 3,389711 3,328286 3,303294 3,230134
3 4,011127 3,937031 3,87259 3,584987 3,472321 3,430379 3,325192
4 4,271926 4,185406 4,108454 3,739579 3,581056 3,523254 3,400364
0,25 |2,211388 2,363198 2,448392 2,685818 2,784647 2,83967 2,979929
0,5 |2,623481 2,691857 2,737383 2,870125 2,919874 2,947578 3,025536
1 3,105099 3,105099 3,105099 3,105099 3,105099 3,105099 3,105099
c=10 2 3,658697 3,606991 3,563722 3,390156 3,328663 3,303646 3,230423
3 4,013126 3,938723 3,874052 3,585721 3,472873 3,430873 3,325565
4 4,275424 4,188326 4,110929 3,740648 3,581782 3,523882 3,400822
0,25 | 2,21401 2,367353 2,453668 2,695462 2,796758 2,853345 2,998295
0,5 |2,631781 2,701642 2,748261 2,884728 2,936102 2,964767 3,045664
1 3,128609 3,128609 3,128609 3,128609 3,128609 3,128609 3,128609
C=200 2 3,719582 3,663136 3,616128 3,429487 3,364035 3,337499 3,260121
3 4,115896 4,031184 3,958249 3,639993 3,518059 3,473004 3,360745
4 4,422467 4,319176 4,228672 3,809678 3,635705 3,573003 3,440869
0,25 | 2,216769 2,370709 2,457367 2,700132 2,801834 2,858649 3,004169
0,5 |2,636198 2,706339 2,753147 2,890158 2,941734 2,97051 3,051722
1 3,134985 3,134985 3,134985 3,134985 3,134985 3,134985 3,134985
= 2 3,728146 3,671496 3,62432 3,436995 3,371301 3,344666 3,266998
3 4,125874 4,040859 3,967666 3,648268 3,525892 3,480672 3,368
4 4,433538 4,329877 4,239051 3,818565 3,643963 3,581035 3,448419

142



Cizelge EK-B.29 Viskoelastik mesnetli kiris, Toran=20, K=1000, 2. mod frekanslar1

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 4,364463 4,65304 4,81401 5,257033 5,437467 5,536421 5,783135
0,5 5,140585 5,26567 5,348517 5,58827 5,67716 5,72613 5,86147
1 5,996342 5,996342 5,996342 5,996342 5,996342 5,996342 5,996342
c=0 2 6,865715 6,791595 6,728355 6,463591 6,365069 6,324101 6,20389
3 7,331573 7,240896 7,159115 6,761737 6,591503 6,525591 6,357183
4 7,623177 7,531907 7,446542 6,982641 6,755599 6,668144 6,475671
0,25 | 4,364478 4,653068 4,814047 5,257117 5,437582 5,536557 5,783338
0,5 |5,140655 5,265755 5,348614 5,588417 5,677331 5,726316 5,861702
1 5,996629 5,996629 5,996629 5,996629 5,996629 5,996629 5,996629
c=1 2 6,866644 6,792442 6,729136 6,464173 6,365572 6,324575 6,204286
3 7,33311 7,242303 7,160406 6,762551 6,592155 6,526229 6,357682
4 7,625109 7,533722 7,448237 6,983723 6,756407 6,668864 6,476264
0,25 | 4,364599 4,653287 4,814346 5,257782 5,43849 5,537631 5,784957
0,5 |5,141204 5,266429 5,349395 5,58959 5,678692 5,727791 5,863537
1 5,998902 5,998902 5,998902 5,998902 5,998902 5,998902 5,998902
c=3 2 6,874003 6,799151 6,735324 6,46879 6,369564 6,328331 6,207419
3 7,345346 7,253492 7,170672 6,769005 6,597318 6,53128 6,361628
4 7,640551 7,5482 7,461736 6,992297 6,762809 6,67458 6,480962
0,25 | 4,364705 4,653476 4,814607 5,258356 5,439276 5,538561 5,786352
0,5 |5,141682 5,267013 5,35007 5,590604 5,679866 5,729062 5,86512
1 6,00086 6,00086 6,00086 6,00086 6,00086 6,00086 6,00086
C=4 2 6,880352 6,804936 6,740657 6,472759 6,372997 6,331562 6,210116
3 7,355966 7,263184 7,179551 6,774569 6,601766 6,535623 6,365021
4 7,654031 7,560806 7,473464 6,999674 6,768326 6,679505 6,485001
0,25 | 4,36484 4,653719 4,814937 5,259131 5,440275 5,539742 5,788121
0,5 |5,14229 5,267758 5,350929 5,591891 5,681356 5,730677 5,867126
1 6,003339 6,003339 6,003339 6,003339 6,003339 6,003339 6,003339
€= 2 6,888389 6,812253 6,747402 6,477767 6,377331 6,335641 6,213524
3 7,369494 7,275507 7,190824 6,781607 6,60759 6,5411 6,369306
4 7,671308 7,576918 7,488419 7,008991 6,775305 6,685732 6,490097
0,25 | 4,365932 4,655665 4,817584 5,265016 5,448102 5,548956 5,801804
0,5 5,147094 5,27378 5,357674 5,601918 5,692925 5,743182 5,882589
1 6,022363 6,022363 6,022363 6,022363 6,022363 6,022363 6,022363
c=10 2 6,949876 6,870467 6,803564 6,515612 6,410176 6,366593 6,239483
3 7,475785 7,376097 7,280921 6,838815 6,653911 6,582422 6,401782
4 7,81142 7,707674 7,608721 7,079886 6,832283 6,737641 6,528596
0,25 | 4,403664 4,708638 4,880966 5,365877 5,569012 5,682118 5,970229
0,5 |5,236776 5,37562 5,468491 5,741928 5,845327 5,902813 6,063783
1 6,227562 6,227562 6,227562 6,227562 6,227562 6,227562 6,227562
c=200 2 7,405857 7,293797 7,200405 6,828315 6,696484 6,642591 6,487257
3 8,195952 8,027796 7,882941 7,249154 7,004261 6,912743 6,686092
4 8,807157 8,602119 8,422386 7,588449 7,239738 7,112638 6,844593
0,25 | 4,406262 4,711454 4,883902 5,369145 5,572415 5,685596 5,973897
0,5 |5,239959 5,378897 5,47183 5,745447 5,848912 5,906439 6,067512
1 6,231395 6,231395 6,231395 6,231395 6,231395 6,231395 6,231395
= 2 7,41042 7,298292 7,204844 6,832526 6,700612 6,646686 6,491254
3 8,200978 8,032726 7,887786 7,25362 7,008577 6,917003 6,690213
4 8,812524 8,607375 8,427541 7,593118 7,244195 7,117016 6,84881
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Cizelge EK-B.30 Viskoelastik mesnetli kiris, Toran=20, K=1000, 3. mod frekanslar1

C E, n=0 n=0,1 n=0,2 n=1 n=2 n=3 n=10
0,25 | 6,407462 6,803432 7,021277 7,603741 7,829989 7,950348 8,237747
0,5 |7451234 7,609764 7,713477 8,0078 8,114113 8,17149 8,324955
1 8,471392 8,471392 8,471392 8,471392 8,471392 8,471392 8,471392
=0 2 9,312789 9,248644 9,193 8,948879 8,851976 8,810352 8,687465
3 9,702022 9,627693 9,56058 9,223504 9,0683 9,005236 8,8399
4 9,948735 9,869859 9,798011 9,414328 9,217186 9,137143 8,953694
0,25 | 6,407692 6,803838 7,021827 7,604797 7,831342 7,951901 8,239733
0,5 |7.45212 7,610829 7,714674 8,009464 8,115892 8,173366 8,32709
1 8,473767 8,473767 8,473767 8,473767 8,473767 8,473767 8,473767
= 2 9,317879 9,252795 9,197106 8,951994 8,854997 8,813322 8,690192
3 9,712545 9,638433 9,571377 9,227638 9,071787 9,008659 8,842915
4 9,95735 9,87929 9,808029 9,424816 9,221318 9,140672 8,956825
0,25 | 6,409501 6,807035 7,026148 7,613102 7,841999 7,964055 8,255437
0,5 | 7,459084 7,619209 7,724089 8,022486 8,129932 8,188172 8,344001
1 8,492658 8,492658 8,492658 8,492658 8,492658 8,492658 8,492658
c=3 2 9,368255 9,292355 9,229188 8,976758 8,878953 8,836835 8,711898
3 9,801654 9,729014 9,662054 9,266709 9,099259 9,035583 8,866812
4 10,030891 | 9,959666 9,893223 9,512563 9,257638 9,172655 8,981735
0,25 6,41105 6,809756 7,029816 7,620166 7,851078 7,974313 8,268898
0,5 | 7,465005 7,626335 7,7321 8,033471 8,141927 8,20084 8,358537
1 8,508995 8,508995 8,508995 8,508995 8,508995 8,508995 8,508995
C=4 2 9,433556 9,324391 9,258504 8,998196 8,899589 8,857055 8,730713
3 9,887764 9,815882 9,74832 9,298278 9,122675 9,058469 8,887392
4 10,102948 | 10,038231 | 9,976186 9,59434 9,291768 9,198958 9,003316
0,25 | 6,412993 6,813155 7,034383 7,628972 7,862416 7,987133 8,285804
0,5 | 7,472386 7,63522 7,742095 8,047055 8,158621 8,21672 8,376843
1 8,529695 8,529695 8,529695 8,529695 8,529695 8,529695 8,529695
€= 2 9,538852 9,398584 9,303455 9,025422 8,925663 8,882555 8,75462
3 10,012233 | 9,940163 9,870387 9,348688 9,151924 9,086981 8,013382
4 10,208817 | 10,15342 10,097308 | 9,706988 9,33722 9,231056 9,030739
0,25 | 6,427365 6,837658 7,066845 7,698407 7,942885 8,078969 8,410734
0,5 |7,529832 7,705246 7,815815 8,144684 8,266937 8,333468 8,514758
1 8,683896 8,683896 8,683896 8,683896 8,683896 8,683896 8,683896
C=10 2 10,062749 | 9,815089 9,637753 9,234322 9,130594 9,081769 8,94214
3 13,523818 |12,949914 | 11,958536 | 9,735596 9,362318 9,299664 9,117186
4 14,921549 14,500845 14,10353 10,82387 9,717911 9,482067 9,241468
0,25 | 6,542922 6,994306 7,250852 7,977601 8,281998 8,450639 8,876554
0,5 | 7,780899 7,986115 8,123885 8,533131 8,688943 8,77511 9,013486
1 9,253148 9,253148 9,253148 9,253148 9,253148 9,253148 9,253148
C=200 2 11,004037 ]10,838606 | 10,700573 |10,147741 | 9,948809 9,866477 9,633255
3 12,178114 11,929897 11,715892 10,775738 10,407745 10,267904 9,924645
4 13,086393 | 12,783745 |12,518261 |11,282234 | 10,759813 | 10,566167 | 10,157367
0,25 | 6,544694 6,996197 7,25281 7,979744 8,28422 8,452904 8,878919
0,5 |7,782997 7,988263 8,126067 8,535413 8,691263 8,77745 9,015882
1 9,255595 9,255595 9,255595 9,255595 9,255595 9,255595 9,255595
= 2 11,00682 10,841363 | 10,703308 | 10,150373 |9,951398 9,869048 9,635778
3 12,181048 11,932809 11,71878 10,778485 10,41042 10,270547 9,92722
4 13,089388 | 12,786731 |12,521233 |11,285063 |10,762547 | 10,568861 | 10,159981
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