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¢CATLAK K¢EREN ¢ERCEVE YAPILARI N DKN;/
DAVRANI KkLARI NI N KNCELENMESK

¥ZET

Knal at havezlea v & shdoymimeay eokd a&uxéanet ki | er den
-ékan -atl akl ar m¢hendi sl i kt e en ©°nemli
-ékan -atlaklar yapélarén dayanéméné, st
dejiktirip olumsuz y°nde aatéki |keunelkatneédm r?©°.
dayanémé ol duk-a d¢gkmektedir. Bu ye¢zden

olasée -atlaklarén g°z °n¢ne al énarak yap
olabilir

Bu -al ékmada, -er-eve birdyapénkndaat hal
arakteéerél mékteéer . Bu ama-1| a kenar énda S
takéyeéecenen serbest titreki m, Ss°n¢msy¢z

titrekim cevaplaré detayl é bir flamik i md e

analiz EulerBer noul | i -ubuk teorisi -er-evesin
el emanl ar y°ent emi kull anél ar ak incel enm
Kelvin-Voi gt viscoelasti k model Kull anél méxkt
yerd esnekl ik, -atl ak kesiti veya b°l gesi
el eman il e modellenmiktir. ¢atl aktan dol
kérél ma mekaniiji teori si baz al énarak a-
modu (Modd kul |l anél maséyla birlikte el de edi
deji kKtirme enerjisi saléverininim oranl
esneklijinin tersi al énarak el de edil en
eklenmesiyle birl kt e birl extiril mik sonlu el emanl
Problemin -°z¢m¢gnde Matl ab programénda &
sonu-1ar il e grafikler el de edi |l mi ktir.
©zde’jzevre k't ©r poruol saendagrrack ufyr ekansl ar el de
titrexkim -%z¢é¢mlerinde i se Zaman taném
y°ntemlerinden biri olan merkezi farklar
¢al eékmada farklée dejerlerdeki wunattakkldéer
-atl ak weyfesrelnléam dejerl erdeki -er-eve ya
ol arak dinamik cevaplar el de edil mik ve

sonu-I|larén dojruluju i-in, | it eermec r d e K i
yapésal analiz programlarénd keyasl|l ama

Anahtar kelimeler: ¢ at | ak, ¢ter-eve Yape, Serbest T

Sonlu Elemanlar Metodu

Xii



DYNAMIC BEHAVIOR OF CRACKED FRAME STRUCTURES

SUMMARY

Cracks in engineering structures due to manufacteingrsand destructive effects
during the service period are one of the most important problems in engineering.
Cracks change the strength, stability and dynamic behavior of theéustsi@nd
considerably and the lifetime and strength of the structures are reduced significantly.
In order to more safe desing of structures, the crack effects should be considered in
the structural analysis.

In this study,free vibration,undamped and damed forced vibration responses of a
single span frame with cracks are investigated. The vibration analysis of the cracked
frame is examined by using the energy based finite element method within- Euler
Bernoulli beam theory. The Kelwoigt viscoelastic radel is used for the damping
effect. The local flexibility resulting from the crack effect is modeled with a massless
and dimensionless finite element beam in the crack section. The local flexibility is
obtained by using the stress intensity factor aralrsgnergy release rates according

to the opening mode (Mode 1) and theplane shear mode (Mode 2) based on the
linear elastic fracture mechanics theory. The crack stiffness is obtained by taking the
inverse of the flexibility of the crack. Assembly dbigal finite element matrices are
obtained by adding the crack stiffness to the finite element model.

In the solution of the problem and obtaining of the results, algorithms and codes are
written in Matlab programThe vibration frequencies are obtaineg dpplying the
eigenvalueeigenvector procedure in the free vibration solution of the prablem
solution of the forced vibration problem, the central difference method is used in the
time history. In the numerical results, the effects of the crack dépehcrack
location number of craclkand dimension of the frame on the undamped and damped
forced vibration responses of the cracked frame are investigated. Also, the validation
studies are performed in order to accuracy of the presented method.

Keywords: Crack, Frame Structure, Free Vibraiton, Forced Vibraiton, Finite
Element Method
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1. GKRKK

1.1Kér él ma ve ¢atl akl ar

M¢hendi sl dadseyapasl @rmdrgp boyunca karkél akel
biri problemida. & daklar, y ap & b ¢t ¢ rdlagyjagensgabditesini
ol umsuz y°nde etkilemekte ve yapé el eman

Bunun neticesi ndekaryialpelel ccamamaEam&Eml ar é nd e

meydana gel mekt e, dayaném ve Kkullaném ©°n
yapé el e melernmasiyéanpééns ali - anabi nde ©°neml . b i
¢atlak i -eren bir yay@nelbe manyéapiel eel eantal

mekani k davranékl ar a-éséndan ol duk-a bg¢

bel irli bir durumundan sonr a, yapé el en
°czellijJini kaybedg°bziell mei kktl eedgi grvaernBwie] dmmar lm m ©
ar z et tifji m¢hendi sl ik yapél ar anesela t as a
ol makMagttendi sli k yapél arénén servis °mr
boyutl andér el masénda, olukabil ecek kerel
tasar ém analizlerinde g° z °ne¢ne al énma:
ka-énabilecek °nlemlerin alénmasé ger ekl
ol ukmuk hasarl arén sebepl eri ol arak, tas
yapém hwytgudmr 6] mayan fiziki kokul |l ar, y

Kérél ma ol ayéneéenliaymuasawaas ubiirs ebdeelordomR r&kmn o
kayba sebep ol mal areder. Kmal edil en ¢r
°mr ¢ boyunca,a udk asnak ahéasakonodiarakol y° nder

a-maktader . ¥rnek ol ar ak, Kiddet| i bir
kayéeplaréna il ave olarak o ¢l ke ekonomi s
verdijidir. Hat al ér eotlialreark u-aaska,r | ah e po Isie
model |l erinin, hat al arénén sonradan fark

bakéna b¢yéek biBuedkomomli &r & aterbimlade vakd ar a k ,
ol muktur . Bunl ardan | en Bamngasl & | & ldkk arl andr:
Liberty tr dre¢ ogemmiylae - ékan k €27@I|Limeaty ar deéer .
gemile i ni n 40Qtankesmede &r €l mal ar sonuyakIh@ksak | ar



tanesi nde vy pdsaladk| udkinzyewy ldlezDkaddsindeise gemiler

I ki ye aykek meéLibety demile i ni n bu °1-¢de hasa
inceleyen araktérmaceéel ar , hasarl arén yer
kull anél maséndan, kalitesiz i K alzerhessik vV e
kull anél maséndan ol dujunu tespit et mi K| €
ortaya -ékan -atlak ve toptan g°-meye ne
¢l ke omeskionve strateji si i -1 n °neml. yapeél
onaréménda bil e, hem mal i ol arak hem de
ortaya -ékmaktadeér (kekil 1.2, kekil 1.3
kekiilPolr.tll and | i mgeminsliakiinLi bieyéeé yayr él mas
s. 319333)

keki2iK°lp.r ¢ kilaki( Hiamgdeaniatve dij, 2012,



kekiilJalp.o3nya' daki Mashita Ko°prg¢gseg' ngn Ask
(Haghani ve dij, 2012 s. 463).

M¢hendi sl i k yapél ar @mdhm gemEtelkeimek Kef B h m:

mekani i e s a sybramlasmakeerdkliditBme k ndeé | i gi bi, ci
olan -atlajén ya da sonradan ol ukan ©bir
yeni par -al ar ol ukmak ¢zer eKeépeaerl-nmal ,aMeak aany
geril me anal i zéirneel mmajdlier emlcamak kygul ana
komponentl!l erin yapésal geometrisine bafj

d avr a(viaglx 2087)

M¢hendi sl i kte kéereéelma ol ayeé, l' i teratg¢rde
Bunl ar ,y zkegriénlimma kr i st deformagyoa duiukunag kép &4 éraa

yézeyinin gosemegkl,amedegrPmael, aegéni n K&r é s na
yapeg@enseénéefl andér mada, kerél maye at om
kérél maséna g°re ele @&f{2rFemlBar isreinefk aynda
mo | e kb¢aljd raaryéned nmMmed s Elngyama keéekéli mase diglzé e mi
moe k ¢ | er b aj | naar séénnadima In dayoEpéal r neal (klivaj) k €
kategoril erdiaysndan ek ¢ maldrea €£é d a, bel irli

sonra atom d¢zl eminden kaymaséndan ol ux
pl asti k keki/l Def 0o kna sgnelh @rr &glonmaudkau,r . s ¢ nek
gevrek keralemafobpuek ebhEerel mada, kér él ma
mi ktar plastik kekil deji ktirmeler ol uku
olarak,-e Il i k mal zemesi ninl madeltr maseveghekeébeéel
Kekil deji ktirme ol madan <cisimde aniden

mal zemel erin tokluk Kefjé&lrmary¢:;genienidre g%



(7]
(0]
=]
M

flandérmada i se, k e r raklamnkatagdorilehdirilir. v e t

Ayréca kéreélma -exitlilerine, s¢nme keéer él

l2¢al ékxkmanén Amacé ve K-eriiji

Bu -al éxkmada kendre&ndaa ékd tekd ey sidedn e e

di nami k davr anécxtlaadréek mada el enamil katkil ré. -er
davr anéxkBeamrrmequlEluil erubuk teori si -er-evesi
el emanl ar yent e mi kull anél arak incel enmi

dol ayé meydana gel dmry&r delpaydtsamse kluik] s oln & ju
eleman ilemodel | e®onmlka i el emanl ar model ine ekl
sonl u el emanl ar én birlexktiril mesi il e
form¢gl asyonl avayehdei pdi dmi jkit itkk€o €l Imar imell
a-€eél ma modu (Mod1l) ve dg¢ z|hesaplanan gerilrkea y ma
yéjélma fakt°r¢ ve K e kniilm doerjainkltairrénmea eani €

matrisinin tersi al énarak te¢greti |l mi ktir.

¢al ékmada, nia t | -adkonudcaekun,-nelri-jeiv e boyutl ar én
di nami k cevaplaréna ol an etaktil saik | d e t-aeyrl-

&
yapénen fsrPenk¢ammls¢] ar EgorslPaipmésK, zt i trekim s
k

edi |l mi ktir. Harolbdremad mdel t ryeaiéma ° hgnmoni
bulundudlar a k di nami k ¢ ev>°pzl ak o neu sdue deidni a nmikk t |
-%z¢megnde, zamadojfaunéamn arat e g e aksliwlam y° nt
mer kezi f arkkdlalranyd mtrmekli mékz &m. y®r obl emir
-atl akl é durual égamak®envéene si st emi nin S0

form¢gl asyonl ar é Zzaman taném aral éjéenda
programénda algoritma ve kodl aré el de e
soru-1 arén dojrul uj ulniut etreastt¢ redterhe k -ia-l iérk mad

vemevcut yapésal analiz programlareéendan k

13Literate¢r ¢al ékmaseé

Literate¢grde -atlak et ki si g° z °npikde bu
davranéexklaré ile 11 gili pek -ok -al é&kma
et ki si czerinde yojun -al ékmalar yapeél mé



-ubuk el emanl ar én -atl ak g°z°%°n¢ne bul un
izleyen akamadaThare @98T)mermar eénda tek -atl ak i
kesi tli kol on ve kiri rklagmérk Nilgpoud (@200) el e mar
kenar -atl akl & i zotrop nvebuarnkiuzlontar oga vkroam
ar ak treOstaohowic2Zve Krawczuk (1990k e n ar - aktilrakelien btiirt r
analiziniy ap mé k | arediéj . ( 1Sh%®4n) vkbasik enesnetba k1 a k k e n

serbest Eulet-B eerkni omui I nlii Kiri kK itnecoerliesmi K F @
Nikolakopoulos e di ] (1997) - er - ev e takéyeceée sisteml
yapméxkl!l ar déad J(1R9I7p-wactzlkiakkmpo z i t mal zemel i Kk
elemane | emandi aménk karakteristi kIl eri szerin
Chen (1998) k enar énda taldpk EulerBetndubi fka r isk i ni n tit
karakteristikIlerini -izgi yayé model i k u
(2001) eni ne Dbir -at ldakn aimi &r edna vk iamiékl!l err iem é

sonlu el emanl ar an&|(2002)ieyklses nieh c eylgekmi exttkiirs.

kirikkeerthi -atl ak tegrl eri hall erinde ti
met oduyla incelemixktir. Kduinrt d npiakail ¢t telnlideav e
-atl akl ék éyraép émaa r @oekplruejnu  yveek | er i alteéendak
yapél ardaki -atl ak bajlanteél aré ldadacel eme

Kishenve Kumar (2004)- at | akl € ki ri k fvaea kR @&l oyn, ke leeg me
ker el ma d aswrndnué k¢ lae @makleari nycen tEBeengkve € r di r
Kessissoglou (2004) a tl lea kr kirikin doj al frekansl a
elemany ° nt e mi kull anél ar ak sal2008)d ek ey kK yektier
maruz- at | akiair-ienr e@m i zmat i k knocl eol nel nairkélne rbduirrk.u
Takget i r-een t(i2kd0ptaRkda,mi kr o yapésénda bul una
ucuna ol an de]J imekk dde smdgoaldaekanlgrgnetodu ile

i ncelemi kKl erddgkeyzteaki(120p781t eenmé ger mar
I -eren di kd°rtgen ve Iiktaeev&kesitliekikml ar
ar akt &ramhé knt ,r280€m0i7nde birden fazla -atl ak
ye¢ke maruz kirik elemanl arénédrel doj @almekr &
bir y°ntem gda (20000t Dk mb rY & d ai -leanueaprizmatie t | a k
daireselk o | o nb varrkéunl @mas s f er mekdllanaraki n ¢y € Iné mMimK t |
ArboledaMonsalve e di ] (2007) ki kiok onl|l ar én stabtiiltirteek i v
analizlerini -nghéakl ardkkiimmgs8tzedkios i - e

arakter mécxkt éer . Bouboaullaask vie eAreinf antriisk | (e



-%z¢é¢meg 0-in bir f or MBall & £koank 8@dl8ijkist yi ¢ kmi &

altenda, -atlak i-eren dikd°rtgen ve kar.
el emanl ar metodunu kull anarak bir bilggis
Calio (2008) ile Caddemievdi j(2013)bi r den f azl a -odtolndkarlees
stabilitesini I nce) eanti kdledkk@® 1 kol ek ri nan
geometri k rijitlik materdijs(2009)sile iKenwe @ tjur . K
(2009) f onksi yonel derecelendiril mick kirikl
bur Kul m¥esen&8r m§&n dojrusal ol mayan ki nen

i ncel emi k|l eedij202,Behgehamativajé ol an sabi
narin basén- -ubuklarénén burkul ma probl
Sinir Ajl ai &tHaskue(20lL0)-caetlleankm i - er en dej i Kket
ait titrekim anal iveg Xiang (20402@line att é-reek |- @hvael, | a
kirik ve kolonl améerl| b mibkheh (2@i2@18,kénarz i

-atlakl é -er-eve takéyécé sisterf@dyin ti

el asti k mesnetve¢zael m&ke hetrtur-aurbuj un yana

i ncelemik ve elastik mesnetin ve -atl ak
dojal frekansl areée ¢ zer i @Ghdterdee (204 tharindnike r i ¢z
yé¢kl eme alténdaki k onsydn Kktiirtirkd kirm n c e wa
faydal anar ak ker el mak aardiajV(2012) nok yapeakk ék
-er-evelerin dinamik stabilit3 ¢pewobhaenl
-atlak bulunan tabakal & ko mpgio dengyselkve r i kK1 e

negmeri k ol aR~AbbawapdakBgryonel ol arak der
konsol kirikin -atl a&méer abiarl ikzea n a:kabiir @ m es e |
ve di J . (2®K 149 - atvliea k-l e&r -keb/red eegmi probleninir e K |

mi Kk ve -atlaklaré temsil et mek i -
sl aré el de,-attrhiakt iir-.er¥mnelk kd20 X 4g)er
t titr 8kicrkfamal ikaziri Reddeygmeri kewee
el ol arak | mc20l4elme wann r - a,tklkd kilkd kelRaDrh

yayél eména ol an e tekiijg&014)ifonksiyorrele | e mi k

i nc

—

re

er

nw u S o

en

al

O «© d® T X O

L 0 < OO D

er el endiril mi«k -atl akl é ki rmetodlar i n,

ul | narak i1 ncel emi k!l er diart.lkaNtdir&aldeir ivne bMor

nw X o o o u

onrasé titrekim anali zini di Yaegwadn $i y e |
(2015) EulerBer nou |l | i kirik teorisi dksiyomaeh ar a k ,

derecel i mal zemel er den yapeél an tditk deo%ritnmg



i ncel en rekrogld e rTdfekei (2016)kesme deformasyonunun etkileri ve

d°ner atal et dahil , kenar -atl ajéna sah
forlmégsyonunu sunmdg(ae)dhar modhko kuvvet et |
-atl akl eBebinouEuUl erkiri kinin kararl é& duru
metodu ile el de etmiklerkaeamar Y-aztdli-ajvée oS
kolon elemah ar d8h@ami k davranéekené,e daujrklul mae kyg
i ncel e mzigrtk vedi g(20d6)- at | ak derinlijinin ve - a
yéekl eme ikl emine tabi tutul muk -ok kat]l ¢
di nami k kararl el ejée ¢zeriemdeKkkiuldtakniéll earria,k
ol arak incelemedlj@ROldr asg€laddemr wayéeda a
var |akijpgerBler noul | i Ika migamik njitek miatosinio fiekansa

bajl & ol arak ol arak aedkKRUAHadebaki veunmat

ol mayan konsol kirik i-in dojal titrekim
I -in el delLeevdijRdlATdmoshenko kirik model.
-atl amék fonksiyonel der ectelteintdrie kil mMmi ke mk
-atl aklaré d°nen yay model i il e di namik

Tanwed j(2017)- at |l akl & d¢zgen ol mayan kirikl er

el emanl ari ny%®nh te emkar t(20X7) sonM eleman mal i z y°nter
kullanaraky apél arda -atl ak tespit edebil me kal
derinlijinin, uyarma frekansénén, Kkonumu.]
kaynakl anan belirtil er RemedPgamdd/e Gharaeet ki s i
Moghaddam( 2018), -atl akl é& -er-evelerin geome
sonlu el emanl ar y°nt emi il e i ncelemikler

l4¢al ékmanén ¥zg¢n Dejeri

Literategr czetinden de g°re¢l de] ¢ é¢zere

al enarak yapélméek zorl anmék titrekim - al
°n¢gne al énarak yapél méxk -al ékmal arén ger
-al ekxmal ar yapél mekteéer. ter -eve yapeéel ar
-al ekxmal agrémas t titrekim anali zi i ncel en
etrafl éca yapél maméexkt ér . Bu -al ékmanén ©°
eksi k olan -atlaklé -er-eve yapélarén s

incelenmesidir.



2. FORM] LASYONLAR VE ¢¥Z, M Y¥NTEMLERK

Bu b°l ¢mMare- eneéhaker-eve Dbir yapénén sonl

elde edilmesi; at | akt an dol ayé meyadand oger¢d m syem

el de edil mesi ve dinami k pr cibd etmeln a-°ea&lkIm
kenatare n d &r- aitl -akr en H y¢kseklijinde, L uzun
bir -er-eve takéyécé sistem g°steril mikt

ankastre mesnet ol ar@dk, d¢gmtghagl mpkt er - eke
farkl & yer luewmldaer énlamags®ér ed kre ki | | er i g°sterl
kirik ve sajJ kolon el emanl arénda bul unma
el emandaki uzunlukl aré g°sterilmicktir. (
konumu sol ankastre mesnetdébdaren lerr, ki ri Kk el emanénda ol m:
kolonk i r i K inddnitibacer kome saj kol on el emanénda
sa] lankdstodmi r lindenitivarenkzol ar ak tadcaml akmérer é m|

ise,aol arak i fadekmddadmi katta] &@mal -er-eveye
i ncelenmi kKtir. Di nami k etkilerin i ncel ¢
zorl anmécx titrexkim il e s°n¢ml ¢ zor |l ann
yorumlanméxt ér . Zorl anméexki nde,r e ke m- eweoybd

21 e g°r ¢l d¢j ¢-kgrbk, bepl ekiomoh®| gesine b
etkitildijic¢caligxgmgdan,kKkzgrlayécé P(t) Kuv
ol dujJ u d¢kengegoshd k ol ear Rkt )ed Rra, R4 @mime&ka @& . d
yeken ¥gpkighi frtekangamaeé g°sterir. ¢Cer -
kolon fAld nol u, kirik A20 nolu ve saj ko
ter-eve el emanébgemi Wgkiks,te kbo kutollar@&ak g°s
her bir el emanén en kesit boyutlarée bu s

edi |l mi ktir.



L2

=

Lcr3
Lcr 1

kekil21:Dék dinamik bir ye¢k et ki si altendak
t yke® si stem

¢atl akleeni nerd-ienva mi k davranékl areéneéen i nce
ol ukturan el emanl ar -ubuk sonl Bermollle manl a
kirik teorisi -er-evesinde incelenmiktir
ve d°nmel erei nt elori Mlemtdeb i ncel endi ] ve -
linecerel asti k, i1 zotrop ve homojen °zellikler

21¢er -eve Sistemlerin Sonlu EIl emanl ar For

EulerBer noul | i -ubuk ©derigSshergPerkKt mibhdl
al duve) X,Y,ZKoor di nat takéména g°re i1zl eyen K
dsford O 80 9—" 8 2.1)
Osmro O 8o (2.2)
x 80 1 (2.3)



x,u
Z.W
kekil 22:Bir- ub uk edeaeexkrMaanregé- ve kKekil dej i kKt
Burada up, o, o S ér aXeyYhveaZ koordinatl ardaki yer

g°stermekeedamaneée g°sterir.

(21), 22) ve 3) denkl eml erini ker |l | hearyaek Wdeki

arasand akkii izl eyen Kekilde bulunur:

R — D gor " 2.4)
BuradarR ek senel Kekil dejiktirmesidir. B¢nye
Kekil dej i Kkt iir mez lagyesre nidakiil dd i lkur :

. o—N R 25)
EulerBer noul | i -ubuk teorisine gWrizieyerel ast i

Kekil cedlrri f ade
5 - . AR AlA 8 (2.6)

(24) ile 25) denklemleri, 26) ' da yerl erine yazél érsa,

enerjisinin son hal. izl eyen kKekildedir:

5 - ol — 1 gy "

2.7)

BuradaAk es i t |l keelsante ,at al et nmemme B nh e dBernodlu £ 8 b u k
-ubuk teorisineKg®irzl &y exred d &kk minet& ijrifsad g

+ - m— — — AlAs8 (2.8)

(21)-(2.3) denklemleri,28 ) ' de yerine yazél masé Kkinet.i
Kekil dedir:

10



n

+ - M — M — N

A8 (2.9)

Buradam- ubuk el emanénén k¢gtle yojunlujudur.

G izl eyen kekilde i fade edil miktir.
5 . &@00O@0 A8 (2.10)

BuradaF( t ) zamana b&ajbhwek delke nygerké& ng& ielv-° n ¢ m e

Voigt viscoelastk mo d e | i kul | anwolimg@ktraodel Kenlevi q° r ¢
b¢e¢nye denkl emi izl eyen kekilde veril mikt]
o ° LoJ(x
Ocx E Gy d— (2112)
Buradagvi skoz s°n¢gm orané olup, i1izleyen denl
d - (2.12)
Buradac s°n¢gm Kkatsayéeséder . ¢ ubuk el emanéna
denkl emde veril mixktir:
2 - %s— A6 (2.13)
Probl eme ait Lagrangevéminlkmi woinel i izl ey
) + 5 5 (2.14)

El e al énan preonddleanri n- sogBregrnmdecu IHuUu | e-ru b u k
kull anél mék ol up, her noktasénda ¢- ser!l

elemanlarkb | anél m&dt er (kekil

V. ¥V

"4 iy
u u;
i g j J

kekilKkZ. d¢j ¢m noktalé -ubuk sonl u

Cubuk sonlu elemanén d¢jém noktasé yer

alane akajéda verilmiktir:

~ ~ A

O 8O 3 800 3 8060

11



e

I‘POINP 3

wh o

(2.16)

Buradau, vivenid ¢j ¢ m noktal aréenén séraseéyla eks

deji ktirme veg dé 3y melzamai rv.e yanal serbes
fonksiyonl| aBre&d noludp i Euludr k el emané i -in
Uzama serbestli]ji i -in kKeki.l fonksiyonl al
3 8 3 83 8 (2.17)
Burada
3 8 - p, (2.18a)
3 8 — (2.18b)
yanal yerdejiktirme serbestli]i i -in Keki
3 8 3 83 83 83 8 , (2.19)
Burada
&

3 8 p o C5—

3 8 0 0 ¢ Wl W0

3 8 o ¢ QIO

3 8 0 G ET0 (2.20)

Buradab sonl u el eman €r5) vezu 1) u jewd @.7).vekRl9)e r i ni
ekitliklerine yerlexktirildijinde, ener |
yazélabilir;

5 - %! —N %) N (2.21)

12



4 - M —— M ——— As (2.22)

Y - -00— — 1 Qb (2.23)

(221), 22) ve @2 3) eki 214!l exkinlij(indeki yerl e

sonra Lagrange denkl eml er. izl eyen exit]l |
_ — 1 1, k=1,2,3,4,5,6 2.24)
Burada
1 e (2.25)
Buradal genel l ektirilmik s°n¢gm yeke Nol muk o

e g°re kesmi t¢reMiamgdleameydar edji ktvir Ba

g°re t¢revini yyamis e heézdé&niqé& mg°ysetrerdej.i ktir
gosterienkl(e2n6)ni d son hali sonl u el emart
denkl|l eml eri ni vermi kK ol ur. El de edi |l en
Kekilde verilmiktir:

+ NO ¢$ NGO - WO &0 (2.26)

Burada f ] rijitli k matrisi, 5 ] s°n¢gm-matkrgtslie &y riysk ve

vektOor¢sgder . Sonlu el emanl ar form¢gl asyonl .
o Tt Tt — Tt )
11 X
IIT[ - _ n n
IIT[ _ _ T - _|:|
ONj ! (2.27)
L n T — T T
11 1
LT (R — R —1
] ]
yti. — — T —  —y
PTT T T XT T L
Tt pPLO CQ T LT o,
© . Tt co TU Tt pﬂ ou p,
VN I T TU m PTT T T i~ (2.28)
Hm VT pao n pue ¢ o
Unm pd o0 m cd® 1o UV

13



o U U S Tt T )

11 Y]

IIT[ - _ _l’l
IIT[ - - . _|:|
oNj ' (2.29)
:JI— 18 mT — T "
HITT R — T R —
] ]
ymn. — — . —  —y
&0 | + O o QO (2.30)
ter-eve tdré&yeécoel uxitsutreem -ubukl arén dojr
bir -ubuk i-in kendi22¥%28r08| exk gdn ktl &k @ malre
sonlu el emanlar form¢l asyonl aré gl obal €

el emanl ar birlekter meve kit ammépgecé yapel €mi
konuml ar éné bel2dd ¢ mgRk s K ehiséni ikkoeak-iéls @ y ap a
her hangi bir 8wveb wérelile K evend giobaleelnsen t akéml a

g°ryer deji keznme violg] ¢ m kuvvetnlterliar ared sdé

edi |l mi kKt ir.

> X

kelkd4iIDond¢r ¢l mgk -ubuk el eman
Yer el koordinat takéména g°re yer tadeji Kt
veril mi ktir.

14



0 . .0,
IP. 1P IP.. 1P
HoH 10 0
) b Y i Uk U ) Uk LY
N H~ N B~ N ) 31
Yol (O (O 43D
vy P Vady,
uh o VI, VA
Gl obal koordinat takéména g°re yer dej i
eKite [ve&kril miktir.
,',,C) v I'PO rp I'PO rp
2y e ) e ) e
Upy 1Y U, UY U, UY
] A ] N | LA 232
Lo N L o I AL o I (2:32)
Pa,, o v 1P v 1P
0O oy 0P o o
wh o VAU VAU,
Gl obal yer dejiktirmeler ile yerel yer d
veril mi ktir.
N Y1 (2.33)
Benze Kekil de gl obal hez ve ivmeler il e
Izl eyen kekilde verilmixktir
K Yn, KN Ynq (2.34)
burada[T] transformasyon matrisi | up, i1 zI|l eyen «kKekil de det a
r&)é; [ & m om mooT,
A+ wE—Tm m Tt T,
v ' I .o no T (2.35)
I T ) T we— | = m
I Tt mi— wé—m
Lo Tt T T Tt pV
Tek a-ékl ekl e bir -er-akemiar greaeg®°rid ed
g°rebi | me kekila2rha cveey | kag k ikl 2.6 yerel il e gl
serbestlikler, el emanlarén numaral aré il

15
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L O n N

> <¢\vt ™6

O 5 O

1 3

)
*i\ ’ .
«\ ¢ N O

6 |
ser bes

kekbiYer el eksen takeéménda

@)
S
ll =]
}’O:
(@}

d=0

d=270 3

d=90
5
: <~&> ! ﬂ;N
o) 6]
ser be:

takéménda

kekRi61GI obal eksen
Global y ¢ k vektor ¢ il e yer el y ¢k vektor ¢ i
ver.i mi Ktir.
& YO (2.36)
(231-23 6) ekKi226) keertl i(Jjinde verilen sonlu
i 1ze neayrelna rk efka rl na¢el agslyo

yazél masé durumunda,

edilir.
16



+ Y+ Y (2.37)

- Y o- Y (2.38)

$ Y $ Y (2.39)
22¢at |l aki Model
kek2i.I 7' de N eksenel kuvvet, V kesme Kkuvy
uzunlLa]J@&né&atl ak i -eren, di kehaneggfAskesit im

Buradalk- at Isajjéenu- dan i t i(ZhengveKessissogoa2D0s i di r

A A-A

V| T L N HoA dc L
\T& ]
i J N(u) h
y & MO
4 ‘ |
L ndn
= \

kekiritat |l akl & biwvekesiubuk el eman

¢taktha del ayanda ko lkdeafainkt i rymadankéej ébma e

U) izl eyen kekilde verilmixktir.
Y . "0Q6 (2.40)
BuradaGe ner j i sal éVAgirsnee -oartal @aekad earl javneésdaélré. v er m
a-€él ma modug¢(zrhedn 1) ii lkmyma modu ( Mod 2)
Kekilde veril miktir.
0 0 0 0 0 (241)
Burada,d ¢ z | em georbillerm&E=Eg -d nzl em «kKeki l dej i K

E':E/(l-/ﬁ)'dir.BuradaKde] erl eri geril me yéjeéelma f a

2 cinsinden Ky EdwKpesdédans &y lia . n\y kesrad K uv\
kuvveti(V) i | emampntiMmet esi rl erinden kaynakl|l anal
fakt©° rKlivesekiadyima et ki &esmedkavwveti\@l lkaynakgnan mod 2

geril me yé] éEmal drakn °pgadbl e mde, bur ul ma
al enmadeéj énda dg¢ z(lneond d3é)k ee kkhaeynimae amioka w o . (M

17



1),d¢zl em 1 - kayma modu ( Mod 2) il e d¢zl e
da g°st @&mnitll mkktii-re.r en bd ir k de° regegaennl med gsyiétjléil
faktorlerinin i Zloeyngh aslyajné iama&khang dve Ve
Kessissoglou2004).

| _ N\
T
7 X

Mod I Mod 11 Mod 111

kelkiBIKéer el ma modl ar é.

b — T - (2.42)
0 — “X0 - (243)
0 — 0 - (2.44)
v - "0 - (2.45)
Burada,
0 B (2.46)
i B (247)
of =28 8 8 i _ (2.48)

Buradax - at | ak dder i rPlairjiis dé mlalsemitdara k d klud yf & r

ol ukan i lkgavea meeri zd ejyien kekil de bul unur.

18



T — Q0 hot (249)
¢tatthmkdol ayé ol ukanle esmda&bulunkrl klat sayél ar é
0 — — "6Q 0o (2.50)

(242245) ekitl i RAORIleRAL) "' dea&iyeéei ke rdtlaken yazél

dol ayé olukan esnekli k katsayeéelareée izl ey
- &) o —. ., N — 00 —.
6 1 D ®0 g #0 g
OfjuT v W W )
—“ 20 - Q- "f(Q 6 oD (251)
251) exitlijin a-élé&mé sonucu, iZndngyen K
ve Kessissoglop2004).
Oplp OO ¢ @O ®Q® (252)
Opft N pé "650 @0 0Qm (2.53)
Opls & O "Oplt (2.54)
Ocly OO ¢ — @O wQw_ &0 wQw (255)
"O¢fo N x ¢ "@0 @Qo (2.56)
"Ocls @ O  "Oclo (257)
Burada w - ol ar ak tanémlanméexkt ér . ¢catl ak k e
model i nde, -atlak kesitinin olduju yere

sonl u el enmgr sk ekibiilbvez2d)lia ' o

Ve Vez
g‘“ﬁ)—) U gﬁ?ﬁ-)—)“r_’
Catlak Sonlu Elemani

kekOitatl|l ak sonl u el eman model i

¢catl ak el emanén her bir d¢j 298)-(25vp kt as é
eki tndielnl eeide edi l en dejerler ile birlikt

19



& O
6 © 0 o (258)
W W W
Kki d¢]J é¢ém noktal @& ve her bir d¢jém nokt a
sonlu el emana ait rijitlik imanriteirsginahbe
izl eyen wrdlikil de el de
: 0 0
U] . " 2.59
5 5 (2.59)
Tm 7T 1T Tt T T,
g Il
U m oo,
) U T 1T T TU TT, (260)
IMT 1T T 1T TU T '
64 G L 1 O O 1 O 1
Ut mnnnn
0O -0 (2.61)
K¢tlesiz -atlak sonlu el enmeansa® mgm matjriitsl|
-atl akséz dur unean meisti mdter ibsilrelriekteek!| - at|
el emanl ar matri sl eri el de edil ir. ¢catl ak
sayedaki sonlu el eman sayéséna bajlé ol a
yapéel ér .
+ + 0 (2.62a)
- - 0 (2.62b)
$ $ O (2.62c)
+ NO $ NO - NO &0 (2.62d)
Eki @2elver i l en form¢gl asyonl ar, -atl ak son
el de edilen sonlu el emanl ar form¢gl asyonl

23¢tatl akl e ¢er-eve Sistemlerin Sonlu EI en

2.3.1Serbestti t r e 2 My,

Elde edilen sistem sonluelemanlar matrislerines on | u el emanl ar
prosede¢rl erinin uygul anmasé Il e s©°z k on
-er-evenin serbest titreki M z-vlezkg Alre riiknlien
uygulanarak, sisteenait frekans ve periyb a r hesapl anrmféd)deo | ur .
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veril en -atl akl é dur uma ait sonl u el e me

problemi uygulad € ] énd a, [ ¥ v ekatorri¢gsis eifleer tekil up i z
serbest titrekim denklemi elde edilir.

(+ wW?- )B =m (2.63)
Buradaw sistemind o ] a | fad akl&issandenelk si stemin titrecxk

vektore¢gneg g°ster mekitseediw .deSiesrtienrmi n( X 'r)e kdae

le el de edi |l ir vV e biri mi Heair. tExG aRBE63) k ( Hz ) .
denkl eminin trivial ol mayan -°z¢m¢g 1zl ey
(+-w?- )=0 (264

264 denkl emi nden de ?2dM]tveel e cKel] i mactzéemmgely, & aw n i
el de edilen matrisin °zdejerlerini g°st

dejeri sistemin birinci dojal frekanseéne

232Zo0or | atnmé r Rizpg m¢

kekide2ydkl|l emesi ve gebmkt i ywtayrhgrdankar nl e
bir etki altendaki s°n¢gml ¢ ve s°n¢gmsg¢z z
(2.62d ) ekKitlijinde-eveevkeann -afhakl g zor |
denkl eminin -°9z¢:m¢gnde, zaman taném al an:¢
al anéndakioj trudgmdenteégrasyon y°ntemlerin
y°nt emi kull anél mékter. Bu y°ntentgpter de |
zaman dilimlerine b°l ¢ner ek, her bir zam

Zzaman dejerl|l erdinreamhbikr | sekntu -rlearek el de edi

y°nteed) éxitlijinde verilen hareket den
dejerl erini mer kezi sonl u farkl ar y°nt e
Herhangibita n € nai6ad)e k i(t | i J i izl eyen kekil de ifa
+ N $ N - N & (2.65)
Herhangibtané i -in probleme ait ivme ve héz d
yakl akéek dejeri izl eyen kekilde g°steril.
N ~ ®*N ¢ N ® N (2.66)
N— *R ®R (267)
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Burada N, ®Nve ®Nseér atsteghlearqgdanl ar & i-in yer

vekteor Nnie, N i se sérag@séiydiian héez ve ivme
g°ster mektve@or)r .e k(i t | i k teemrd mddeek iveirmmesnve h
(2.65) ekitlijJindeki hareket deken dehklermiyem d e K i
deji ktirme cinsinden izleyen kKkekilde el di
® ® ® ® -
- # + N & (2.68)
® ®

(2.68) denkl emin -°z¢mg¢ndeéP Noelde ediipnisirysenraki d e ] e r
zaman araléjé i-in kullanélacak 268kl angé

denkleminiwmObaRkzamg@ade PNzyahi PoN depkrini

bul mak i -in °zel bir backltabh g& p®biekdad mi ge
yer dej iNkkwe rméz N&j ¢iind265)idenklemindeq N
dej er i hesapl amfNér N veE|l &l epdid66rile (2.67)

ekitlde kyenli emr i PN izegen iGatleder eklaedilir.
*N 2 N gO N \ (2.69)

S°n¢gms¢z zorl anmék titrekim probleminin

yukar éedaki i Kl eml earl Eenas Ak, mkmaml iesi yaepké

y°nteminde el de edilecek sonu-1larén ger -

se-ilecek zaman aral éjénén akajéda belir:
O — (2.70)

Burada fin, Si stemin en k.¢-¢k periyot dejeridi
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3. ARAKTI RMA BUL GULARRII kWEA

Bu bl ¢ mdperlaerkd &k ide- aftarakkl éd e-ratnlla ki i kho my
-er-eve bogmulbé atr énénrexki m, S°n¢msyg¢z zZor
zorl anméxk titr eckiems wrewlanladitrae mf.aedal ladn? .elt &kd

gesteril difj]i g siskeminelemas talr abjodina n-mears-ée vdeu r u mu n
etkileri Sayed&larmmalarda -er-evenin mal z:q
GPa, O=4B003 kg/n? al enméckt ér . ter-evenin g e
belirl enmesindebeleirrleived yelkmlékmaej6ge r e
se-i Il mi kK ol upisertaeawvlel! @ rdékmeHtéae @ m
se-ilKolkdn rkesit boyutvVvearkirbrlResmi{ bheyd

h=8 cmo | ar ak @®Ire®mmeunteeé ra.i t ser best titrexkim
2640)exki tlijinidexdejdemkd ez, m¢n ssl canru ceul nddea efdrie

Zorl anmegonutlraxé méen B6kd)a i Bsdmaldnaonlu s e (

el emanl ar denkl emi nin Zaman taném ar
y°ntemlerinden biri ol a@265-m®)r ket | ifkdrek |
kul marékr. ¥zel ol ar ak Ss°n¢msygz zor |l ar

edi |l mesinde f oviskozd asymnkdeEe®akad scanar ak S0
ul akélHme ktbérr. kiri k #%¢gorklod oal erhamanb @l gn
sonl u el emane il e birlikteHsmayd®dsgal tiiKkIre
probl emiukil3? ¢ ml é&euerdek aldoritrBalaa® ° r e el de edi |
El de edilen sonlu el emanl|AAMABipomomgelaameEnaml
kodl aré yazél ép sayeéesal sobaul djpéen veamee
etkisinde a-élma (Modl) ve d¢gzlem 0 - k a

Mal zeme, geometri k ve -at2bak|l pprameg? ekel:

edilen -atlak rijitlijine bajlé olarak -
form¢gl asyonunayeélklaé n miakltéikrmal ar da, -atl a
amaceéeydatl dak konunmkhuodam&| meadpereferaBau i f ac

Konumundan uzakl €] éneén bul unduj ua lel eman.
kol ondaki -atl aj eénensouza&nleg £tinreen  rhe s nled |

b°l ¢m¢gne deni rgveBen&ras &\elk#olbideeemaniardakie 2 .
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-atl agwem «roa MATLABémréa g r ayméznédlaa n

titrekim programlaréna

BAKLA

Malzeme® zel | i @ ,erBedqriet ri k
(Ler, @) Sonl u

serbest V €
a@te slugoad mMumalluar |

dejerler (b,
el eman sayél ar e

v v

Sistem serbestlik derecesini hesaplam

Sonlu el eman boy

\ 4
D¢zel t me

v
f akt ° r,lRem)i n

v
tatl ak el emaneé

v
ri j it H(cre] n
v

el eman rij iKkgl

v

¢tatl ak el emané k¢ tMiefe

!

El eman k¢t IMd n

!

d°n¢gkem malflri s

v

esnel]l ik

tatéla&kmaneé

Kolon-k i r i K

n

Kolonk i r i kK

El eman

¢catl ak il e bimaitkt e i SiiK]tod
¢atlak ile birlikte SiMt

1
v

Sistem sonlu el emanltar 0 dbe ntk | eumi
v

Sénér kokullaréna g°re sateér v
v

Kndirgenmi ke lSinsatnelna rs o¥nzldue j er
v

Dojal frekansl!l ar 8

v

Frekansl arén el d

SON

kel3ilicat !l akl e

-er-evenin serbest titrexki m
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BAKLA

\ 4

Malzene

°ozel |G,k Qe@metrikd(eG ,er | er

(b, h

sayél ar

L

(Ler, &) Sonl u el eman é
v v
Sistem serbestlik derecesini hesaplam Sonlu el eman boy
! v
D¢zelt me fakt©nn,lRer)in
!
¢catl ak el emané esnel]l ik
tatl ak el emané ri jHKedll i
v
Kolon-k i ri k el eman rij iKgl
v
¢tatl ak el emané k¢ tMiee

Kolonk i r i K

El e ma no | kugktt IMg nm

v

El eman

d°n¢gkem mallri s

v

¢atl ak il e bi K], kKM, ISeS 8 [D]gnatriskiiijleY $ H i ke kR 8 Ir @ mt,
v
Sénér kokull aréna a°°r(eKrsditréeaem
Zaman aral é] gelen—bel

v

Bakl angé-

kokul u

vig k the r N)e r

v

¥zel baklange- kokPul)unuy
v
Etkin k¢gtle mafri
v
Et ki nmetertilsei ni nin -t]én
v
» t ané i-in etkin &¢

v

t+alz aman é

i-in yerdefiNk

kelkidi2icat | akl e -

v

SON

er-evenin
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¢tal ekxmada el de dil en form¢gl asyonl ar vV e
dojrulujunu test etmek amaceéyla birka- Kk
l brahim ve di] .apE20m®X) otlarnaftéerkd aan- éyk | & k | ¢
serbest titrexkinlamrealedziil e-nal®é&zkenha sséonndua-nl a1
edilen sonu-Ilar ile -izelge 3.106de kar KE
I brahi m vet arn g fkéun(deabnthldgma we geometrik parametreler;

a=0.5, E=200 GPa,=7900 kg/mf, k ol on ve ki b=20kmmehs5mnesi t | e
kKirik Wwzl@Onrhmuyek ol on vy Hke2d®lOl ifmdédi rMédec¢i z el
gere¢ldejlbrabhemeyve difrekand3dejsenuémain il

el de edilen sonu-larén yakén ol duju g°r ¢l
¢i zel gKaBké&l akt @érma - al ékmasé: tek a-eéek|
-atlak konumlaréena g°re frekans dejerl er|

Frekans Ibrahim vd. (2013) Sunulan

¢tatl aks 117.2300 117.2582

Le=0 112.3300 110.84B

Le=1 115.3000 114.4427
Bir bakka karkél aktérma -al é&kmaseénda, - a
oranl aréna g°re ok é - modl ar daki frekeé
kull anél arak elde edilmik ve bu -al ékma
karkel mekeeéer . B u kar K & bPalkggtnggrnma b a kadl nedkama b

mal zeme ve geometrik paramerebbere3. géde

-al ékmadan el de edilen frekans dejerler

sonu-I|larén -okl mgkeprol duju g°r

¢i zel g&Kar3k l:akt ér ma -albdakwmaser - etvelni m- dk

oranl aréna g°re il k ¢- moddaki frekans d
SAP2000 Sunulan

L/H f1 (Hz) f2 (Hz) fz (Hz) f1 (Hz) f2 (Hz) fz (Hz)

0.5 125013 505550 67.1360 12.6358 50.6464 70.0441
10.0r46 372853 58.1465 101881 37.3820 58.3104
7.6146 108016 28.93 7.6802 10.8506 29.7349
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3.1Ser best Titrekim Sonu-1ar é

¢i zel3gdlkeod on el emanéhidae 4petlei 3-.iak | akemaneén
-at |l ak ,350¢dhee e | ¢ & i kolbonm ee vetmaazredbigdbae 3 ¢ -

el emanda il mars é- atulr afial ralbdek iar igRe rleoyut | ar €
-atl ak konnwm Pbamrmkl &ved atflkakid dsearyiérsléi k or anl
bajl & ol ardalki i34 &r estmotdi trekim frekansl ar

¢atl ajéekni rkal obni rl ekim b°l gesindelki=1 kol on
(¢i zeditpekoloBk i ri kK birlekim b°lgesinde Kkiri

Le=1( ¢i zed4) ger Baya -ékan sonu-Il-mrribkrbiria

bl gelerinde kirikte olukan -atl aj én, K
esnekl i%r klamgefj gdoglger zemgkt 8dir ki, -at]l :
ol mase durumunda -er-evenin 1. titrexkin
derinlijinin ahrernmaasnregii lbei rbidejiikBimm g° st
nedeni ol ar aka,s ékniérni k-ienr -cervteani mo klt. ti tr exki
ol dujBwWmun!l a birlikte her é - el emanda - a
el emanénda -atlajén kirikin orta b°lgesi

titrekim (etekaehghkgrid&md  r memektedir yani
b°l gesinde ol masé 6aatkbetmemekteédiBunurdakberaberf r e k a
kirik uzunluju artteéejénda sistemin serbe
derinliky)oanaymgna@esregadest titreki mnihrekans
azab éep el i rrhreemrekge 3. 4)

¢Ci zel3-8®de&. g°r ¢l mekt eydiikrsewkd i fjatr F akedieni nl
& artteéek-a, yapénéen rijitlijindeiazalté
frekansl aréneéen °neml derecede azal makHi
bul undnuarsuemunda , ¢¢ izEHA3IGee 3-.er - eveye ol an e
d¢zeyde ol duju ve -atlak derinlijinin ya
en fazlao|l d bjed i r l.en®ma tklta k k on u mien kelanknaoga r e  me
be°l geadiimu gidildi k- e, -atl ak, edrktiasimding e
kol on kirik birlekim b°lgesindevdokiuigi

el emanénda ol maski 8 un ugniuasd amasdketpéer .

Ayrécael ge 3. 3 -3v6&daerz-edvgee |yegk s3eakbs ey |1 mai nat
titreki me ol &naod tdkbijeshiinrirne ndbichedzikeve y¢kse

27



dejendeer -atl ak derinlij i nidahafaarztinea scce] ifkrie
yaparken b ¢y ¢ k ¥okoak!| i kde deej @atrl @k i nderinl ijJi

frekanslardal aha az deji ki kli k yaratmaktadeér
Her i ki kol onun ankastuemamesanetfemundae -
-er-eve sistemin serbest ti t(rceikzien. gfer e3k.as

¢atl akl arén kol onun ankastre mesnetinde
ol mdusumuher i ki kol ondamdhl® ke £inn&ke rolkmads e
g°re yapénén —rijitlijJine (dahkzel.dHarzkiBa 5hnz a
kol onun Kkolon ortasé b°lgelerinde -atl al
esneklijine(eéeétkekbkges8&8ngé)yl edeéer

¢i zel gel BBe 6addial een s o ndu.-9 &ir dd sted kgled re rn i3t. &
el emanda birer -atl ak ol mase durumunda
mesnet | er dyea pbéunléunn maisjéi t | i Ji ni f aKdoaca dg¢Kk
kirik birlewrl mapgedrgtedseéni mdlegel eri nde ol m
esnekl i Jini daha fazla arttérmaktadeéer. K|

s°®z konusu dejildir.

Buradan g°r ¢l déj ¢ ¢ zerae ll adfa tohléank, nk-eetu naukn us
yapé boyutl arénén, keréel ma davranékeéna -
¢atl ajén kol odurumy d& i bu k Up rdaemendad eu R Ma e € |
yapéahadfazlet ki di Ji @Rtrlgdkmixapwgasemant séekbass
frekansl,asc@ae&dtaljmemart mékt ér .

¢i ze3l3glkolonel emanékdaatl luadoransué - i n i | Kk e - mo
serbest titrekim frekansl ar é
Ler H (23 f1 f2 fs
0 10.1881 37.3820 58.3104
3 0.1 10.1559 37.3347 58.1455
0.3 9.9252 36.9804 56.5339
Leu=0 0.5 9.4203 36.1335 53.0854

0 5.1808 21.6943 29.4819
0.1 5.1694 21.6439 29.4150
0.3 5.0856 21.2691 28.9712
0.5 4.8864 20.3855 28.1975

4.5
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¢i ze3l3ddevam) Kol on el emandudanmaké-dul aku
frekansl| ar e

moddaki serbest titrekim
0 3.1604 12.6737 17.5172
5 0.1 3.1551 12.6504 17.4871
0.3 3.1151 12.4753 17.2804
0.5 3.0155 12.0464 16.8809
0 10.1881 37.3820 58.3104
3 0.1 10.1865 37.3693 58.2485
0.3 10.1737 37.2714 57.6378
0.5 10.1384 36.9956 55.4513
0 5.1808 21.6943 29.4819
L1205 45 0.1 5.1804 21.6774 29.4507
0.3 5.1781 21.5457 29.2185
0.5 5.1712 21.1694 28.6519
0 3.1604 12.6737 17.5172
5 0.1 3.1604 12.6657 17.5030
0.3 3.1597 12.6029 17.3957
0.5 3.1579 12.4232 17.1242
0 10.1881 37.3820 58.3104
3 0.1 10.1852 37.3639 58.2745
0.3 10.1624 37.2268 58.0030
0.5 10.1003 36.8599 57.2977
0 5.1808 21.6943 29.4819
3 0.1 5.1792 21.6943 29.4772
Len=1 45
0.3 5.1676 21.6942 29.4406
0.5 5.1357 21.6941 29.3362
0 3.1604 12.6737 17.5172
5 0.1 3.1596 12.6735 17.5139
0.3 3.1528 12.6719 17.4883
0.5 3.1343 12.6674 17.4181

¢i z eldgkei reilke ma h e R d abautl luanémarsuemu
frekansl ar e

serbest titrekim

Ler L o f1 f2 f3

0 10.1881 37.3820 58.3104

3 0.1 10.1780 37.3149 58.1925

0.3 10.1037 36.8161 57.3703

L0 0.5 9.9251 35.6245 55.7467
0 8.7052 18.6919 47.3182

45 0.1 8.7002 18.6490 47.2870

0.3 8.6620 18.3361 47.0483

0.5 8.5633 17.6156 46.4393
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¢i z ed4gdevam) Ki r i K

el emaneénda

t ek

-atl ak

moddaki serbest titrekim frekansl ar é
0 7.6802 10.8506 29.7349
5 0.1 7.6775 10.8296 29.6920
0.3 7.6564 10.6756 29.3797
0.5 7.5956 10.3113 28.6696
0 10.1881 37.3820 58.3104
3 0.1 10.1881 37.3328 58.2730
0.3 10.1881 36.9581 57.9878
0.5 10.1881 35.9676 57.2729
0 8.7052 18.6919 47.3182
L=05 45 0.1 8.7052 18.6694 47.3182
0.3 8.7052 18.4967 47.3180
0.5 8.7052 18.0347 47.3176
0 7.6802 10.8506 29.7349
5 0.1 7.6802 10.8405 29.7349
0.3 7.6802 10.7625 29.7348
0.5 7.6802 10.5490 29.7347
¢ i z e3dl5gHer iki kolone | e ma birern daa b @wlk u nduransué - i n i | Kk
moddaki serbest titrekim frekansl ar é
Ler H & f1 fo f3
0 10.1881 37.3820 58.3104
3 0.1 10.1238 37.2874 58.0081
0.3 9.6623 36.5831 56.0954
0.5  8.6477 34.9527 53.0345
0 5.1808 21.6943 29.4819
Lerni=0 45 0.1 51580 21.5942 29.3475
Lers=0 0.3 4.9908 20.8894 28.4211
0.5 45944 19.4275 26.5996
0 3.1604 12.6737 17.5172
5 0.1 3.1498 12.6272 17.4569
0.3 3.0700 12.2929 17.0290
0.5 2.8724 11.5538 16.1190
0 10.1881 37.3820 58.3104
3 0.1 10.1848 37.3565 58.1914
0.3 10.1592 37.1627 57.3075
0.5 10.0882 36.6340 55.1985
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¢i z e3l5¢devam) He r ki kol hbirer- e tl Helshkeunnéomansss - i
il k ¢- moddaki serbest titrexi
0 5.1808 21.6943 29.4819
Lern=0.5 s 0.1 51801 21.6607 29.4195
Lea=05 0.3 51753 21.4062 28.9479
0.5 5.1617 20.7453 27.7403
0 3.1604 12.6737 17.5172
6 0.1 3.1603 12.6577 17.4887
0.3  3.1590 12.5354 17.2713
0.5 3.1554 12.2106 16.6970
0  10.1881 37.3820 58.3104
2 0.1 10.1822 37.3458 58.2388
0.3 10.1370 37.0693 57.7135
0.5 10.0168 36.3139 56.4548
0 5.1808 21.6943 29.4819
Lern=1 A 0.1 51777 21.6943 29.4725
Lera=1 ' 0.3 51546 21.6941 29.4010
0.5 5.0923 21.6938 29.2113
0 3.1604 12.6737 17.5172
6 0.1 3.1587 12.6733 17.5105
0.3  3.1453 12.6701 17.4600
0.5 3.1087 12.6610 17.3255
0  10.1881 37.3820 58.3104
2 0.1 10.1543 37.3220 58.0950
0.3 9.9100 36.8743 56.4491
0.5 9.3622 35.8004 53.0802
0 5.1808 21.6943 29.4819
Lern=0 e 0.1 51691 21.6273 29.3836
Le=0.5 0.3 50827 21.1412 28.6909
0.5 4.8751 20.0500 27.2093
0 3.1604 12.6737 17.5172
6 0.1 3.1550 12.6424 17.4728
0.3  3.1143 12.4119 17.1523
0.5 3.0124 11.8684 16.4230
0  10.1881 37.3820 58.3104
3 0.1 10.1530 37.3167 58.1115
0.3 9.8997 36.8318 56.3511
0.5 9.3345 35.6795 52.6646
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¢i ze3l5ddevam)Her i ki k o | birer- e tl belahlaunnéomansae - | n

il k ¢- moddaki serbest titrekim frekansl
0 5.1808 21.6943 29.4819
Lern=0 A5 0.1 51679 21.6439 29.4104
Lers=1 0.3 5.0725 21.2688 28.9331

0.5 4.8419 20.3829 28.0800
0 3.1604 12.6737 17.5172
0.1 3.1542 12.6502 17.4838

6
0.3 3.1075 12.4741 17.2514
0.5 2.9895 12.0447 16.7810
¢i ze3legHee r ¢ - el ebnalnd mdorangmig -l iark i | k ¢ - mo d d a
titrekim frekansl ar é

Ler H a f1 fa fa

0 10.1881 37.3820 58.3104
0.1 10.1238 37.2388 57.9703

3

0.3 9.6623 36.2009 55.7371

0.5 8.6477 33.9141 51.7514

0 5.1808 21.6943 29.4819

Lcni=0 0.1 5.1580 21.5893 29.3475
4.5

Lcrs=0 0.3 4.9908 20.8506 28.4211

Lcr2=0.5 0.5 4.5944 19.3163 26.5996

0 3.1604 12.6737 17.5172

5 0.1 3.1498 12.6254 17.4569

0.3 3.0700 12.2780 17.0290

0.5 2.8724 11.5072 16.1190

0 10.1881 37.3820 58.3104

3 0.1 10.1137 37.2216 57.8891

0.3 9.5817 36.1030 55.0707

0.5 8.4160 33.8579 49.8054

0 5.1808 21.6943 29.4819

Lcn=0 0.1 5.1529 21.5942 29.3321
4.5

Lcrs=0 0.3 4.9487 20.8892 28.2894

Lero=1 0.5 4.4712 19.4274 26.1737

0 3.1604 12.6737 17.5172

5 0.1 3.1468 12.6267 17.4457

0.3 3.0452 12.2881 16.9364
0.5 2.7987 11.5375 15.8363
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el emanda -atl ak bul unmas
frekans!l ar é

10.1881 37.3820 58.3104
10.1848 37.3075 58.1539

¢i z 8l6devam)He r ¢
Ki m

0

0.1

0.3 10.1592 36.7516 56.9770

0.5

serbest titrexi

3

10.0881 35.3540 54.0798

0 5.1808 21.6943 29.4819

Lcrn=0.5 0.1 51801 21.6557 29.4195
4.5

Lers=0.5 0.3 51753 21.3652 28.9479

Ler2=0.5 0.5 51617 20.6190 27.7402

0 3.1604 12.6737 17.5172

5 0.1 3.1603 12.6559 17.4887

0.3 3.1590 12.5202 17.2713

0.5 3.1553 12.1617 16.6969

0 10.1881 37.3820 58.3104

A 0.1 10.1747 37.2898 58.0732

0.3 10.0731 36.6249 56.3421
0.5 9.8074 35.1326 52.3656
0 5.1808 21.6943 29.4819

Lcrn=0.5 45 0.1 51749 21.6606 29.4040
Lers=0.5 0.3 5.1311 21.4058 28.8151
Ler=1 0.5 5.0184 20.7450 27.3047
0 3.1604 12.6737 17.5172
0.1  3.1573 12.6571 17.4775

6
0.3  3.1333 12.5307 17.1777
0.5 3.0719 12.1952 16.4079
0 10.1881 37.3820 58.3104
3 0.1 10.1822 37.2964 58.2018
0.3  10.1370 36.6378 57.4167
0.5 10.0168 34.8263 55.6702
0 5.1808 21.6943 29.4819
Leri=1 45 0.1 51777 21.6893 29.4725
Lers=1 0.3 5.1546 21.6514 29.4010
Ler=0.5 0.5 5.0923 21.5476 29.2112
0 3.1604 12.6737 17.5172
5 0.1  3.1587 12.6715 17.5105

0.3 3.1453 12.6550 17.4600
0.5 3.1087 12.6123 17.3255
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32Zorl anmék Titrekim Sonu-1|ar e

Probl eme ait zorl anméxk tit kadokk mr i- R zlgimr Ineli
b°l gesine «keki.l 2.106de g°sterildiiji gi b
kuvvet. P(t)=POcos(Y%zpr| kye&kdé nkdedveti mBug
zorlayeécé kuvvetin frekansdaWkdNNY (=rlad/agd) .sn
al énmBet Eanmeéecxk titrekim probl emlerinde
nNokt yatagyerdej i Ktirmeler.i (u), s°n¢msygz

hesaplanmék ve grafikleri el de edi |l mi Kt i |

k e IK3i3-B4dlekolone | emanénda - ikekk353.6dak a ki K ndgal e man é
t ek 4 a kekileBK-3.9 dhar ikikolonel e manéndai -hiinkerkid at3l d
3.1Xdeh er é - el emandd abkd €&r geamkeakkke deael
Kkonum oltgavne a-reéét [(ak der)i ndajkl éoralnd raake naa ma
kolonrk i r i K birl ekim noktaseéa&aRakdnysaenacymsy er
durumari - in el de edil mik ve sunul muktur. S
sonu- Viseozg®an ¢ m Kkéat@Zayr@enkt ér .

Zor |l anmeéek titrekim grafikl er iumdrkastreg?®r ¢ |
mesnege ol masé durumunda, -er-evenin daha

yapéya ol an etki iediinmréeamarll imak| &giramuimiuajud

mesnde n ¢ st kesemlara dojru gidildik-e, z
°neml i bir oranda azal déjé ve -atl aj én
deji ktirmelerin dijer -atlak konumlar éna
Bu grafiklede, s°negml ¢ i le s°n¢gms¢gz duruml ar a
ol dujaur kedi | nB°nt¢gime n di kkate al enmadeéej é
ol ukturduju di nami k cevapl ar, s°n¢ml ¢

cevaplardand®3°dukm aatéhir kit er - eve yapéda c
deji ktirmelerin s°n¢gmseéz dur umak g€ klei jaizrai
artmaseéyla y¢kegn s°ng¢gml enmeosritnaiyna tkaomm mailkd
Kiri K uzunl ujunuwre]j iakttintame ydaat mp& k a8 d € d a
el emanénda wuzunlujun artmaséyla birlikte
Ayréca kirik el emanénén odéd¢ijaisietinidrame yad | &
bir deneydaniggkeltiikr me mi Kt i r .
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Far kl & -at | akardaesréa mda kki ofraarnkl laarré, -atl ak
gor ¢l ¢r bir Kekil de de] i stmeresneedoil rmas ¥z e |
durumunda, -atl ak der i nlakk boerlainrlgairne aalrnm.
Halbuki - at | aki @air € n e lod mars@&nundhb U farkl ar - ok

ol makt adeéer

Zorl anmék titrekim sonu-|lakenhoa glétesekdi
artnawrdae] i ktirmelerin ol dubfran@ntettdja&k ve
davranékénatel aev e tjkii lsa rath tluékj aénn d-aa trina k | ar é
azalgdéejeel mBktnechi medeni ol arak, ye¢gksekIlifJi
narinlijin artmasé ve beraberinde yapeéene
birlikte -atlaj] érk atzlkilgdiéniedeg?®r ¢cellil | &l a
kol on ydlksek-laitjlianf én et ki ehi nl. admAhjakdfdaz |
-at | ak sayése arttdkt aktardtogeyhde r i@ k&g @ik éy e

gzl enmi ktir.

0.02 0.1 :
“ » " [A
) =
= 0 Eo
= =
-0.02 -0.1
0 3

0.02 ———
S\
Eo
o=
-0.02 :
1 2 3
t (sn)
a =0
—_ ar=0.3 Lcr1=0
ar=0.5
Aar
k e k3i3lLei=0 - at | ak zkaommaunmawerbileejjilinék t d) & me ¢ ms ¢ z

durum veH=3 m,b) S° n ¢ ndsrgnzve H6 m,c) S ° n ¢ dutugm ve H3 m,d)
S° n ¢ dufup ve HHE m
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0.02 — 0.1

U (m)
—
U (m)
L

.02 — 0.1

0.02 — 0.1

U (m)
—
Kl
>
U (m)
—
=
>

.02 — 0.1

t(sn) t(sn)
)

—a= dr

)
)

Y 3 Le=1

—a =5

)

rr7 rr7

kek3idlLe¢i=1 -atl ak konumuw eir - idre ] ZagSrPanm:mmesbsazy | €
durumveH=3mp)S°n¢gms ¢z dur ag®@°umgegmHz6dmyr udn ve H:
S°n¢gml ¢ durum ve H=6 m

36



kek3iSlLee=0. 5 =-atl ak konuynar idejniastaimameal:edraj
durumveL=3m,b) S° n¢ms ¢z LFama®°agml ¢ daBmudn v e
S°n¢gml ¢ dBmum ve
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