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OZET

Pet ek -er-eveler, yapeésal perfor manseé
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t anéml anBoalat & & énf d eckrteeekmiodeli n c e | ve henmadel
icinf ar k1 & aylestatik eeldinamik pnallerrgie r - ekl ekt i r,ji I mi Kt
ANSYS 2024k pl log saallmaemarkar yontagle ¢ boyutlu olarak
model | ehanli &K gescevelerinkolon v e ek ie mia BE2@0r péofili
secilerekmo d e | | e rolonlakitkiir . f akb k| @k $ u p o0 ¥ &) ol&rdku e
dejer|l emldup i kismeikilodairesekkarea |, t eegekiagerd o K | u k
tiplerine sahip | a ¢ a k topdaedal9lcalcevenodeli Uzerindeanalizy ap € | mékt ér
Statik analizk ap s a,énwda f ar ldluég uyng k ledvm soplamda/m mé K
model ¢ozllerektoplamy e r d e ,jabak gerilmeigev/on-Mises gerilmesive
maksimum kayma gerilmeri d e j e r | e n. dinamikl amdlizerdg serbest
titrekim anazloirzlianiméa i rtslhnéresiizee s@indll | z 1| er
ger - ekl e.kSerbestt 1 mr eakalizmdenlk 10 modun maksimum yer
dej i kdteijrermel e al € d mk k att ietorr d kKainmseaatagvl el  zdi ¢nkdeey
dinamik yiklene ald$®mgm or anl ar &€ n é n Somimddz eei ar a
sonumli durumlarar asénda el de edilen sonu-1ar k
modellgininb o K liplerkninvekolonk i r'i Kk kombi nasyonl ar @&nén
czerindeki et Kinlaérniz ismaeal ¢ ameEmt eritredke - leirr

kol onl antémplkkoklinek g°re yapeéelarén stkati k v

g°sterdijJini ¥ozretlalyiak |keo ysrmedkio tedgierintoplarayera |l t € g e
deji ktirme ve gerilme dejerlerinde °neml
oranénén artéerélmasé ile -er-evelexktin] idi

gzl emlenmi ktir.
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SUMMARY

Castellatedrames are defined as steel structures created usstgjlatedeams
and columns instead of traditional flat steel structural elements, with the aim of
improving structural performance while reducing the weight of the structures without
compromising thie strength. In this study, two different frame modaleanalyzed,
each with variousveb openingtypes, through static and dynamic analyses. The
analysesareconducted using the finite element method in three dimensions with the
ANSYS 2024 software. Thieame elements, specifically the columns and beanes,
modeled using the IPE2@@ctionprofile. The columnsareevaluated in two differen
types (solid and with square web openjnghile the beamareanalyzed across five
different web openingtypes (stid, circular, square, hexagonal, and octagonal),
resulting in a total of 19 frame models.

In the static analysis, four different loading conditiarsconsidered, and a total
of 76 modelsare solved to evaluate the total displacement, principal stre¥ses,
Mises stress, and maximum shear stresses. In the dynamic analyses, both free vibration
analysis and forced vibration analyfundamped and dampeate performed. The
free vibration analysis focused on the maximum displacement values for the first 10
modes, while the forced vibration analysis investigated the effects of damping ratios
under horizontal and vertical dynamic loading. The results obtained from undamped
and dampedtases areompared, examining the impact web openingtlypes and
columntbeamcombinations on the dynamic behavior of thstellatedrame models.
The analysis results revealed that the static and dynamic performareesediated
frame systems vary based on theb openingtypes of the beams and columns.
Notably, the octagonand hexagonaleb openingsed to significant differences in
total displacement and stress values. Additionally, it was observed that increasing the
structural damping ratio improved the performance of the frames under dynamic

loading conditions.

Keywords: Castellated frame, finite element method, forced vibration,

structural damping, stressaysis, ANSY S freevibration.
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Bu tez, eJ i tim s¢nreentliini i r akamaseéne t e

al ekmam boyunca destejilmir-vek rkihdier o li inu

esileyle, katkeéelaréndan dol ayé tekekkygr
¥nceli kle, tez danékmaneéem Dry.e¥jarl.¢& kyneasm
oyunca g°sterdifji saber, verdi i dej er |
ekekk¢mlageimmi Osxwn desteji ve y°nlendir
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maml amak m¢mkegn ol mazdeé.

Ayr éca, bana her zaman i nbanABBARAGYy ade st e

ekekke¢gr etmek i stiyorum. Bu s¢re- boyun
ezi nriéyblaak at amaml amamda b¢yeé¢k r ol oyname
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dayaneéekl el ék, esnekl i ka-vés évnedranml d il i &kr kya
gore tercihedilir. Bu® z el | 1 kIl er i , -exKi tli I nkaat prc
getirir. Ruzgar depr em, yojun kar gi bi -evrese

dayanéekl edérl ar .

¢celi k -er-evel er ,olkuoklaonn | vaer bvuen lkairréink | fear
birlexkxtirilmik bir i1skelet -er-eve siste
g°re daha y¢ksektir. Ancak -eli k ajeérl ej
bir faktordir. Bu nedenle, mevcut kaynaiam en iy Kekil de k
mal i yetlerin m¢gmkeégn ol dujunca azaltél mas:é
maliyeti, kirikler, kolonlar, bajlanté el

Pet ek -er-eveleri, y apés ad mukpemdtior man .
korurken ajeéerléejé azaltmak i -in d¢gz - el
kol onl ardan olukan bir -elik yapeéedeér. Pe
govdesi boyunca diuzenbh ok | uklearecek «kekil de dej i ktii
bokl ukl ar ét,en @istairancgnreen dai resel , kar e,
farkl é& kekillerde wuygulanabil ir. Pet ek -
bilinir. 1849 yélénda petek ki rdawdtedir ¢zer
d¢zeyde deji | di. Ancak 1 kinci d¢nya sava
-er-eve sistemlerd:i yapeéene at amedtnedka kuiyrgiuk lae

yuksekliktekib o k | uksuz Kkiriklere g°re damdtRafi:
ve potansiyel olarak temel maliyetlerini
kolonunbok ke ki | | er i nedeniyle g°rseAncak eki ci |

yapénén g¢venliji a-éseéndan iyl dejerl en

Pet ek -er-eveler, Uuzun a-éekl ekl ar VvV e

(]

al anl ar i-in i1dealdir. Kisg iuk sisieenlerik ol o n |
el ektrik borularé ve dijerimnmegiesaklear sm®r
azalter. Petek -er-eve sistemi, y¢ksek

edilir -¢nk¢g depolama ve takéma eki pmaneé
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PETEK ¢ERCEVENNEBERKNI MI VE URKTERAT

TARAMASI
1.1. Peek Cerceveler
Pet ek -er-eve sistemleri, yapél ar én
oynamaktadeéer . Bu sistemler genellikle ya
arteréel masé amacéyla tercih edil mektedir
arteéer ar akrizghegprbeem doj al afetlere karké di
byl ece yapéel arén daha g¢venli ve sajlam

k e k i-3)0 digetek cerceve ornekleri gostemnii Kt i r

e
BT

kekiDohatgkasek katl e bir bi@laaenpeat ¢ k kae
sistemini"® r neJ i



kekiPlet2.k kolkalanambé rk ipreitkek -er-eve sistemi
(https://www.dreamstime.com/silhouetieetatcastellateebeamfactory-building-structure
constructiorsite-againstcolorful-sunsetsky-backgroundow image26697035Y

1.1.1. Petekki r i kK1 er

| profil.i kiriklere daha fazla mal zeme
guciniar t ér arkak i xe tmé k ealsche eeneme ykt a9k ¢ n k &
y él | ar daelikle Aerupa tlkelerinde pet e k kyyape&demi mal iy

d¢degf ¢nden dol ay bina yapélaréenda tercih

Pet ek kiriklerin memefltmieml| it anmamddz!| Kklalpars
kiriklemdO0OgtdnbaBaanlj&r bazpmaseal®ren a- ekl el
gerektirenalanlard@ n - ok ot opasHkl at gal kutd? memeéeve

petekk i ri K|l eré kywdy aéarel malse gel mi Kkt ir.


https://www.dreamstime.com/silhouette-metal-castellated-beam-factory-building-structure-construction-site-against-colorful-sunset-sky-background-low%20image266970357
https://www.dreamstime.com/silhouette-metal-castellated-beam-factory-building-structure-construction-site-against-colorful-sunset-sky-background-low%20image266970357
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keki Amerkada sanayi yap&ul heaéatandair pet ek
sistemnin® r nej i
(https://www.nextlevelsteel.com/gallery)#

1.1.2. Petek kolonlar
Petek kol onl ar &én sriiactleyén aleé dneanl@anil le d&m a

Burkuma nedeniyle eksenel yukld ¢ z - el i k kol onléaar & ba
azal mas®%In- meyei |l k°nedll&krMal gl éndaafEuwldearn
ger -ekl elPeit ekl wmiokbobint ar @ ma o & k uakabeksaninden t e me

bur kul maya kar ké mu(lSweecedn nweartkd000)i artter makt

12. Tezi n Amacé

¥nceki araktermal ar genell i kl e petek
nedenl e, pet ek -er-eve sistemlerinin b ¢
yapél mékter. Bu tezin amacé, pet ek -er -
sunmakt érnu-Teazriégn spetek -er-eve sistemler
kokull aréeénda en uygun ve g¢venli se-enekl
arakter ma, petek -er-eve sistemlerinin vy
yeni barédakexknmayée ama-|l amaktadér. Sonu-
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https://www.nextlevelsteel.com/gallery/

yapeée tasar émeé al anenda °neml i kat kel ar

-ubukl ardan ol ukan -er-evelerin statik
Analizler, ANSYS 2024 R1 paketprgr amé kul |l anél arak yapeéelr
-er-eve model l eri, hem kiriklerin hem de
far kl é yéokl eme kokul |l ar é alténda dej er |
model |l erin freakanmsmkdeldienoml at méKk

1.2.1. Hedefler
0 ¥nceki - &Klapwmanl &rideddenmesi.e ki | de

o0 Petek cerceve modellarn sonlu elemanlar yontemi i@nalizedilmesi

o Hermodel i nve kolon iak i m égrR®lvéd e b o wll wikklaanr éy

gerilmelerveyerd e J i kstoinfumelkk amr xk®@émkt ér €l mas é
o Farke vy ¢ ldlue menlnaordeenlélner e et ki sinin dej
o Model I er inrepetfoomansizdrirdectkisinin dikkatea | €é n ma s é .

0O Serbest titr eximodelled rieekndekis letkiginé n

incelenmesi.

o Dinamiky, k1 ¢ zor |l anmeédey ¢i tdeki mt iammaé i ¢ e

arakteéereéel maseé.

0 S n¢gm katsayésénén zorlanmék titrecxk

incelenmesi

13. Literatg¢gr Tar amaseé

Bu b°l ¢mde, petek -er-eveler,yagmradlekn ki
arakteéermalaré i -eren makalyzdae i alvnea kd eardedyr s

-al ekmanén temel ©°zellikleri ayréenteéel é ol

Pet ek k i rankybnalr birkulmay |Pated ve g2016) t ar af éndan
incelenmi ktir. B L makakmdek ANSIHBEsprogr
ger-eklextirilmiktir. ¢calke x mx kap skaomesnadle

durumllartagk ¢zere 2 ayré durum dejerl endi |



durumicinb efkar kIl € model | emg°yadereil méat ekl épanod
ve 6 kar p &eglfarlet davesefovdea - e k1 ekl &€ model | er di
sonu-|laréna g°re, g°vde a-ékléjé kirickin
yerel dejikim dejerindeyrbécoa,d ckaikr ggezll egrfl

petek kiriklerin kare a-ékléja g°re daha

Eksenl eri ejri ol an petiejki kd ali xkkma, nEn
ve Noori .(2023x ar af éndan ger-eklexktirilmiktir.
sonlu el emanlar y°ntemiyle incelemi«ktir.
anal i zi yapél mekter. Model |l er , farkl & me
Keki |l dleananyéak t ér . Anal i z sonu-1|ar e, t ¢m
tabloda birlextirilerek karkeél akt ér el méx
mod el belirl enmicktir. El dieo ke duijfrekans n s o n u -
dejer |l eriinjii ,etakniclackmekdi ri ki n frekans dejer
olarak onemliodlgide ej i kebi |l ecej,kKeg? |l dmhenmi Kt ir

k e K4iEl] r i eksenller i e tseekr bkeir r{lErtktkménrvee Moorin  a n a |
2023)

Ajimve ark.(2017) ar af éndan ger-eklektirilen -a
T kesitli kiriklerin davraneéexkeée incel enm
derecel ik kesi mi uygul anar ak deney numu

parametreler heagapl-aantnéedka e r gelkeens y ¢ k¢ pe
ej il me moment. ve tarafséez eksene g°°re

yé¢kl emenin neden ol duju deformasyonl ar d
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a-édan avantajleée kirer| et ashnémk bel ekmk
derinliji, net a-ékléjé ve uygulanan yg¢k
kiriklerimni tercih etmek yanl ék bir tasa

belirl enmikktir.

| profilli IPE 140 petek kik | er sczerinde far kl é t al

Chandrakanve ark. (2021} ar af éndan bir - al ékma yapélm
progr ameé kul |l anél ar ak dort farkl é model
kapasitesi sonlu elemanBarigpent eemdegel e be
i kincisi, altéegen g°vde a-éeékléeklé petek |
ve hal kal é takviyeleri ilave edil mik pet e
kirikler basit mesknetvlei aocle&kd @ émMmo delt las
uygul anméxkt ér . Yapeéelan analiz sonu-1I|arén
g°re izin verilen y¢keg %119 daha fazl a

-apraz ve halka takviyeli k|l pekakk&l akkeéepe

verilen y¢ke¢e %138 ila %163 oranénda art
takviyesinin -apraz takviyeye kéyasla %1
takviye tipi ol arak belirlenmicktir.

Nawar ve ark(2021)t ar af endan, petek kiriklerini|
bir makale hazeéerl anméxteér . Ma k a | -statile , al t

testler wuygulanarak farkleée kirik boyutl a

dejiktiriliert&stlear yapél méxkteéer. Deneyse
u- késméendan 2 kol on bajl anar ak -er - eve
¢al ekmada, deneysel testlerin yané séra |
dijer P &rmrdmeatrraek t €ér mak 1 -in sayésal anall
ABAQUS sonlu el emanl ar y°nt emi kull aneéel
sayeéesal dejerl endirmelere g°r e, di key t &
ol duju, somlad ielienmainlbark ¢d me b°1| gesi I -1in
petek kiriklerden olukan -er - ev@atlamast e ml ¢

yuklerinedirenirken daha blyuk bir deformasyon kapasitesinegah ol duj u s onu

var él méexkt eéer .



Ansari ve Talikéi (2019, ANSYS programéneé Kkull anar

°zelliklerini arakteéermexl|l ardeéer. Araxkterm
govdeb ok ke k | i ol an petek Kkirixkleri el e al
bokl ukilrarkés m& lkamdti&l saonu-1aré incel enmi
kirikte meydana gelen kesme (g°-mesini o |
olukan geril i mi azal tmak i-in mesnetl ere
belirlenmektir. Gozlemlenenen6nem par ametr el er, KkKirike y
ol arak olukan deformasyon ve geril me dej

Tsavdaridis ve Galiatsatos(2015) t ar af endan yeéer et el en

parametriKk sonl u el emanl ar y°nt emi k ul
mukavemetib el i r 1l enmi Kt i r . Sonlu el emanl ar t e
kull anél arak ger-eklextirilmixktir. Bu ar
kirikler vV e -0 ft ekmearjkiezldd trie mil lem®i K a lev

-al exkéel ménketnér par@°nelta &l e Kianr aslle mdalnie] i / .

(S/0), g°vde ve takviyeAkakttteeddn md és brud ulnanradkrt

takviyelerin S/d < 1.3"e kadar et kil ol
kal énl éjénén artmaséyla kirikin dayaneéek|l
model l erin -ojunun Vierrremrdegdt amakiasl|l iaknaes|
belirlenmiktir. Bu nedenle, takviye el eme
b°l gel er i kapsayacak «kekil de sénérl anmas
daha ekonomi k ve kodnebyyir hal e gel ebil eceji

Fran2l7yrr ¢t t ¢J ¢ bir -al ékmada, opti mi z

olukan konsol ki ryiakrién s¢tzaetriikn ey ¢pkel reinyed deirk
kiriklerin davranéké i ncel eRastvukitSivarm KI k
yontem kull anél ar ak ger -ekl exkti-ralléex &ltmékt
birinci dur um, a-éeél ma a-éseéneéen vV e a-éeél ma a
optimizasyonunu icermekted2.dur um, pet ek kiri ki n a-e@&l ma
ve a-él mptomarzasgmomnanu i -ermektedir. Kk i
y°nt emi kull anél ar ak ABAQUS programénda
periyodiky ar € st ati k y¢kl emesi S 0 n u tepeyidia , opt

daha b¢gyegk ol dujour manisn g@asharmykt perf Ayr



optimizasyonu, dajéetel mék alanén birinci

ol duju bulunmuktur.

Sukanyave ark2019t ar af éndan ger -eklexktirilen I
kompozit d°kyesneell eorl airlack diennceel enmesi el e a
petek kesitin hem de kompozi't kesitin t
sergilenenk.ktDsngyde, kompozit kesitte pr
czerine betona dp&toedler Ekr iakltemidn yerl ekt
d°keme el de edil miktir. Ayreéca, bu yapeée
edi | mi Kkt idithoRemeé ydeg .. kl eme uygul ayarak kol
deji kKtirmesi depmpodzindi di°clkkmimenive Yy ¢k ta

sertlijinin ve enerji emme °zellijJinin a

kekbi | kompozit d° kieknledreirn i d en ¢owsrgdke g ael e n
.,2019)

Wakchaure vaark (2012)t ar anf éynglragt ¢ 1 en deneysel b i
kiriklerde g°vde bokluk derinlijinin yap:
Bu -alékmada, -elik kesitler se-ilmik ve
kiri ki ¢retilamiéntdiar,b. pPer&ylkenr i xérer ¢zer.i
mesnetli kokullar alténda testler ger-ekl
sapmayeé ve -exitl:@ yet er Diemleiyk smandie ll lag réin
bir g°z eéokiwyiukomumunun a-éeékl éjén ortade
Bu sonu-lara dayanar ak, g°z bokl ukl ar én
kiriklerin performanseéné arteéer maReteki - i n t
kiriklerin leanrd,¢semertyjell amtar al | er i ve -
kull anéméenén °zellikle y¢klerin genell ikl

ol duju yerlerde iyi karkéelandéje da ar ak:



Erdalve Saka(2013 )t ar af éndan yapélan bir -al éxk
pet ek Kiriklerin azami y ¢ kK t akéma kapa
-al ékmada, kendinden tepkil:] bir -er-ev
kiriklerin maksapasitelennegpg k| & madlaménothe r ar akt €
optimizasyon y°ntemi, -exitli fakte°erl eri
kirik kesme kapasitesi, kirikin genel bt
burkul masé ve be¢gkesithie eindeal t by& b mesilT ve
burkul masé gibi) dikkate alarak numunel e
deneysel testlerin sonu-I|laréna g°r e, yan
ol muKkYtgwkr,. ki ri kin g°z 4 ¥+ @ldlaak | uayggEmeéann é & = ¢
davranéké genejil mmkeanVimasadealaféndan Kk

kirikin g°vde b°l gesinde olukan bur kul ma

takémak i-in yeterl:] dej i | sekezinde yi&lénéné k | ar
alan artteérelabilir.

Wafi ve ark(2018 )t ar af éndan bakl atélan bir - al
a-ékl ek kekl:i ve takviye plaka kull anéme
incelenmi ktir. ¢tal ékma kapgammédg,zef nod

ol mayan sonl u el emanl ar y°ntemiyl e anall
numune ¢zerinde yapélan deneylerin sonu-
model in y¢kl eme hasar énénAyraédaayinaéz | nao doel ldl
gvde a-ékléje i-inde halka takviye kul
konsantrasyonunun azal déjé ve petek kirik
dayanma g¢cenegn daha f azlilave oldrafitakyiyelerop® r ¢ 1 my
ajéerlejé ve kalénléejenén dejiktirilerek
kadar ni hai dayanma g¢ceéenegn artabilecefji

Elaiwi ve ark(2019)t ar af éndan ger kieklkdbkptriuraiall e nv e"

doj r weaydnburkuimaanal i zi * adl e -al ekmada, d¢zg
basit mesnetli veabitsabitpetekk i r i k| er i n davr arn@temlerr & an:

kull anél ar ak araktereéel méxteéer . Bu arackt e
i yilektilranemek toédra kv e dojrusal vV e dojrus
davranéxkl!l ar é i ncel ttimeik.| Dg maicsléayrluamd g e r -kei krli
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depolanan gerilme enerjisinin sapma &g i Inedeniyle iki 81 ¢ mden ol ukt

belirti Baiskti rvekyoak uslabairté ,seunérkesi tteki t
d¢key yer dejiktirmeye uygul anméxt ér . Y a
kak €l akt.eredIm&akkmanmén en °neml. sonu-1| ar én

burul mal & bur kul manbéony uk rl iatriek yyElkgres nb okil r

kokull aré ve kirikin malzeme °zell ikl eri

Tanadye Suryoatmono(2024)t ar af éndan -geelrée wrkd ceax,t iprarli
yé¢kl ere maruz kalan bir takéeyeécdsbsil stemi

profilli kirik dijeri ise petek kirikinde
amacé, petek kiriklere periyodik y¢kloer
ve sonu-1ar énél ib okkilruikksluezr |.IAnajikdegrha@bntmk t é r m
dayanéeméndan i zKilrei &g dtceEkmisd s Ke moAndlizr ci h
sonu-1|laré dejerlendirildikten sonr a, pe
maksimum takéyabilece]Ji yé¢ken %Br BRI daha

sisteminde daha erken s¢nme meydana geln

kalan takéyéecé sistemlerin hasaré, pet ek
kaynakl anér ken, I prof il i kirik model in
Ar akt érmaceéel ar , petek kiriklerin g°vde &L
yec¢ksek sertlik ve mukavemet kaybée ve dat
s¢rekl i periyodi k y¢klere maruz kal an t e
sajl ami loécejini belirl emiklerdir.

Zewudie(2022 )t araf endan y¢redtrdl ebleste pelleR Kk ma d a
kiriklerin (daeksed)s e z evrei nplar adbeonl ei yks e | vV e
yapél ekt epeseRrRl|l kiriklerin binalareéen ve
-atelarénda en uygun se-enek ol duju beli

progr ame kull anél ar ak i ki adéndogkr ugamadal i
burkulma analizi, ikincisi 8 mal zemeni n dojrusal ol may
nonlineeranal i zdi rar aa@eéimawna g°re, kemer |l i
geometrisinin (dairesel/ paraboli k gibi)

et ki si ol madej é behi dhbg @ ipiwyeeekmaruzAglané c a ,

kemer | i petek kiriklerin elastik ol mayan
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bajl e ol duju bulunmuktur. Araktéermacéel ar

tasad@méen uygul amaséermsdgdeéneméi boéliirr k@il alv e

Wakchaure vark(2012)t ar af endan ger -ekl exktiril en
l evhadan ol ukan petyeakp ék.int&kxtliéark mpaca, npget al

farkl e g°z a-ékl éklare vektkkeki | Deneyliarr
petek kiriklerle i1gild@ alteée olasé yete
ANSYS programé kull anél ar ak, I Keklindeki
Uc boyutlu bir sonlu elemanlar modeliyle simile edinii ISMB 150 esas levha

se-ilerek petek kirik modelinin olukturul
edil en pet ek Kiriklerinin geometri si €
t anéml nmekter . El de edi | getersizik nmeodeiled sonu

anmeéeck
nedeniyle kiriklerin dojrudan karkeél akt ¢
é

kol ayl é&] i mi ti kull anél arak sonu-1ar i
kiriklerin maksimum g°z a- ekl érfjléinjein) dsariwu
kol ayl @] é& gereksinimler.:| a-eéeséendan g¢évenl

Maulana ve ark.(2018)- a | &€ mmndaa |, sabit mafsall & ko
geril me ve yer nidiencielteiminket i dej ek ad nesroil kir
kuvvetlerinin mafsal b°l gesinde meydana
konunun ayrénteéle olarak incelenmesi ger e
kirik, 3 boyutlu ol aoalk!| FeemCRADvVPTr agmdam:
prograména aktareéel ar alkkeanhi n6idk ighea g lekid e k t
altegen ve koni Keklinde -elik eVisasr ak se
for megl ¢ kull anél ar ak h e sndap ¢lde nedilenk @naliz . Si
dejerlerinden, geri |l menin g°vde a-éekl éej
sonucuna vareéel mektér. Bu, kirikin mesnet.

maruz kal déjéenée g°stermektedir.

e # [coooooooooooon
e

FUW\J—\_,—W\N NNl i
e
W Z%DQQDDDDODDOQD_J‘J

k e k6iKbonik konsollu petek i irm ko | u k t (Maufena vé ark2C48) i
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Yustisia ve ar2020)y apt €éjJ &€ - al ékmada, farkl & ke

yapeésal davranékeé sonlu elemanlar y°nten
tercih edilen petekvekidOrtlgegen) (2 éageakl
Kiriklerin g°vde b°l gesine eksenel y¢kl er
i-in -ift plakalar kaynak bajlantéséna e

deji ktirmese de, Kkaggrimake Kial] | diggtjieagtéinrdmebq, Iy

°1 - ¢de et kil ediji Ve uzun iwvadedestyakdeer
belirl.enAnalticz sonu-1| ar é, daha °nce y a
karkeéel akt érél mék ve en iryme kad éd&n daomuen
dej eri altegen g°z a-éklékle petek Kkiri
-al ékma farkl é kekilli petek kirikler ar:
petek KkiriKki ol arak belirlemicktir.

Vhora (2021)t ar af eetddan yapéeékmada : pet ek k
incelenmi ktir. Bu - al &k mgedgekimiiiklemeésitile me s n e
performansé belirlenmiktir ve bunun i-1in
kayma, ejilme ve d°nme geril mesi dikkate
Ve ¢ st fil®éndgeeea ol measn i ncel enmeedmii r . B

yé¢kl erinin yané séra yayéelé y¢gk de kiri ki

Aswad ve ark(2017)t ar af éndan yapélan model | eme
ki rerkesitlerinin pet ek kirikler czerindeki et ki ¢
ABAQUS prograkée dept emnéglekrlar i Simgl e e
model | eme senaryosu kullanél arak zayeéefl a
-el ik kol onl arl a bajl ant @sénén moment i
maksi mum dayaném Yy kg¢vea-zéasyéénfdaant €4 anpéanfélka t
araseéenda °neml bir fark bul unmaméxteéer
kull anél maséyla kolon y¢zeyinden plastik
da kirikin mukavemetinde d¢wsekgol mgdanl d

anl amena gel mektedir.

Patil ve Kumbhar(2015)t ar af éndan yapél an -al ékm
g¢é¢-lendirici e k |l evhal ar én kull anél masé
czetl enmi ktir. ¥nceki araktbeewmbbhbhaanéndalp

durumlarda petek kiriklerin kesme ve mo
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belirl enmicktir. Bu ek I evhalar farkle ti)]

-apraz, enine ve takéma ek | egelerayeralr gi b
hasarl ar é °nl emek i -1n gé¢-lendirici | e
gé-lendirici |l evhal arén en uygun konumda
modl aréna dikkatle incel enmesi ger ekmekt

kiih k| erin g°z a-ékl éklarénda ol ukan burku
a-éekl éejen kenarl ar é boyunca g¢-lendiric

bul unmuxktur.

Firoz ve ark.(2016)t ar af endan yapeélan saygaénl ar
petek kirike etkisi incelenmi ktir. Bu - @
kull anél arak kirikin minimum deplasmaneée |
i -1in, farkl é& g°vde derinliklerine sahip
genlk me orané da dejiktirilmiktir. Hem sab
i -in statik yer - eki mi yékl emesi yapél ar
araktéermacél ar taraféendan dejerlendirilm
sapmal dejar azaltmak i -in ejim a-é&sé, g €
parametrelerin belirld:i bir kekil de °nems:

Jiave ark.(2020)t ar af eéndan ger - ekl ekK a kpettkeh) den
kiriklerin depr eme rsféorransaénnsd as enragsiélle yleibi | e
Deneyde kull anélan kirik altégen g°vde a-
Kekil de y¢k uygul anméxkter. Ayréca kiri«ki
meydana gelebilecek gerilmeyi 6lcmek iéinl - ¢ m c¢ci hazl aré yerl ek
s¢recinde kirikin y¢k altenda defor masy
noktal aré belirlenmicktir. Kirikin g°vde
takéma kapasitesiniaangattegsgtejrrumerselidr iede |
ekl enerek y¢k takéma kapasitesi ve yere
Arakt ér macel ar , deney -alékmaséné tespi:'t
programéyl a teorik anal i z ambkzde, ggéwde e k| e K
yéksekl i i/ derinlijJi v e a-ékl ek Ooraneéenéeé,

)
et kil edi7Ji i ncelenmik ve deney -al ékmasé,
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kek#d | Deneysel yéekl eme nneceveesndeo l a k &kmr iyeir e
burkulma(Jiave ark.,2020)

Mezher ve ark.(2023)y ¢ r ¢t t ¢J ¢ - al ékmada, pet ek
geometri k kKeklinin dejikiminin statik ve
Arakt érmaceéel ar dairesel, kar e, bekgen ve
czerinde - alrekklnge ksleanré rv ek o¢k-ulfua uygul améxkl a
programénda sonlu el emanlar y°ntemi kul |l ¢
anal i zi yapél mekteéer . An a IMises gerinasu vd ar €,
maksimum kayma gdrime s i d e | mekiedtr.r Analizde, karek ok | uk | u

kiriklerde en b¢gye¢k depl asman -Misegver i nin

kayma geril me dejerl eri i se seéner kokul |
°]l -¢de dejikmektedir. Dinami k analizde
Kekline g°re dejiktii]i gzl emlenmi ktir.

dejerhe bir tabloda °zetleyerek karkél akt

Doori ve Noori'nin (2021) h a z € r mmakalegl§ sonlu elemanlar analizi
kull anéel arak petek kirickleri i ncel enmi Kt
a-éklejeée tiplere neexsiathliip nool daeclalke rkie kkiulldl a n
g%zl emlenmiktir. Analiz sonu-1|laréndan gel
dejerlendiril mik, ayreca maksi mum yanal
kar kel akMak &/l enee,t € p aksimkm gé&rilme ivex ennbuyiak yer
deji ktirme dejerl erini el de etmek i -in g
maruz berakéldéje belirtilmektedir. Bu k

kirikinin performans&e¢seniuntdaki deflirs$ieni

Su ve ark.(2011), petek cerceve sistemingpcmemo d | ar é meé K tagdra K t

Analizler,teka - € k dlaitekeb @ vde a- ékl ékl e petek kol on
15



sisteminin ¢gzerinde yapghmayt ee. dakayt grg

t akéma ksgmalietf egilleve®zelliklerini bel ir]
Petek -er-eve sisteminin mekanik ©°zell]
sistemin bokluksuz | profikdrikeé-l eark-tewe | &
-al ekma kapsaménda ger-eklexktirilmiktir.
dejeri ve yasiahaVyer degpeurkliteanrdsier i | mi kKt i r .

Gomes ve ark.(2023W profili petek kolonlaé ¢, zer i nde f ar kl & n

durumlaré ile tasaréem yapeéelarak dojrusal
Anali z s¢recinde kol onun -exitli faktor |l
el e aléenarak i ki d u r u muPatek &kabonlara ekseneleyikd e j e r
uygul andéjénda, takeéyabileceji ye¢gken bokl
tespit edilmiktir. Ayréca el de edilen so
takéma kapasitesini ol uKdd wnnueaet kialre cil ji ij i g

el asti k burkul ma nedeniyl e ol uk abalizl ecek

edilen modellere gore, narinlik ile Vi ses geri |l me dejerl eri
ayadaki Kekilde g°steril mektedir (kekil
von Mises stress (MPa) A =30
34

Oméx = 345 MPa
A =100

Omiéx = 293.9 MPa Omix = 295.0 MPa
=125 =150

285.8 MPa

k e KBiEhbiylkyik yiklemesinde Vomi ses Ger il me daj él émeé

(Gomes ve ark023)
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Literate¢gr incelendijinde petek -er-eve
el e alan -al ékmalarén séneéerl e olduju g°r ¢
ve dinamik aa | i z i el e al énméxkteér. ¢al ekmanén e

s°negml ¢ ve s°n¢gms¢gz zorl anmék titrekim de

Bu - al ®tkantaidla anal i zded e radalgarimaleg Vank t i r me
Mises gerilmesi & maksimum kayma gerimejde r |l iem ¢ @li enmi Kt i r
analizinde isielrkbesQ@ modlraexeéumdeif eahmadi t it |
analizinde i1ise yatay ve d¢key dinamik
duruml ar é etlkdepida re,zetré malemékt er

17



IKINCI BOLUM
MATERYAL VE METOT

But e z -saél nddudipmpeetekcercevesistenmning © v d e deamettisuv&
pet ek kol oileflauykdlkdnemanad gstemetinstatikeva dinamik
d avr an é alarakasraaykétséarl eSlamny &kstadNSYsShVarkbenzhl R& 2024
pr ogrkalan& | a soauku elemanlaryontemiile ger - ek | e.kSonlur i | mi K
elemanlar analiy a z € | € poinamiksburkulima e modal analizler dahil olmak

czere -okoyexkiul mekani k problemleri anal.

2.1. SistemGeometrik Ozellikleri

Bu -alikmadbe tip - e Medelenenih ceicdvelenire | mé K t
kKirikler: v e Neyaldaundoadeli@ubupaedaneokl Kk ¥ ek i | d e
topamdal 9 f maddd dergeveanalizig er - e k | e eriikr gercenvei3il6t i r .
me t r e va2 rmeekrdyikdeklk varsag | atraaska r | garcemeleritt éars.ar € meé
KelOvek e KiGdd d edlasakd °és t e r. Tasamanagerceremodellerinin

analiz icinf a rdiriimédar Tabldlé el | st el enmi kKt i r .

3.5m

urg

CerceveModeli A

k e KOiModd A cercevain geometrisi

18



112° —|

35m

Cerceve ModelB

k e KLD. Model B cercevain geometrisi

Tablo 1. Modellerinisimlendirilmesi vedzellikleri

Model
tipi

Model A

Model B

g

Model Kirik i n Kolon Ki rigink Kolon igin
numarase govde bo k| u toplam toplam
bok | uj durumu bok!| v bokl!l u
sayés sayeés
Model A1 Dairesel Bokl uk 17 0
Model A.2 Kare Bokl uk 19 0
Model A.3 Ate gen| Bokl uk 19 0
Model A.4 Sekizgen Bokl uk 19 0
Model A.5 Dairesel Kareb ok | u 17 5
Model A.6 Kare Kare bog 19 5
Model A.7 Al t ég({ Kare baog 19 5
Model A.8 Sekizgen Kare bo 19 5
Model A.9 Bok | uk Bokl uk 0 0
Model B.1 Dairesel B o k ok k 18 0
Model B.2 Kare Bokl uk 18 0
Model B.3 Alté gen Bokl uk 18 0
Model B.4 Sekizgen Bokl uk 18 0
Model B.5 Dairesel Kare bo 18 5
Model B.6 Kare Kare baog 18 5
Model B.7 Al t ég( Kare baog 18 5
Model B.8 Sekizgen Kareb o K | 18 5
Model B.9 Bokl uk Bokl uk 0 0
Model B.10 Bokl uk| Kare baog 0 5

19



2.2. EnKesitve B olar IGeoknetrisi

Analiz edilen cercevelerirkolonlaré v e  k i r iIREROB celik nl omefili
kull anél méwx e ek ol bgonklaukkéseur zj dailresgbkraorfei ,| Veelrtieé g e
sekizgen g°adeal azeddiel @i ki1 ier . fBaur k-laél ébkonkal
tipiel e al. é& rtmd ketkiesinn gaometrisk e k iddeb dkll ukl ar én de‘f

isek e k iD&Elg °1L2t er i | mi Kkt i r .

| 100.00 |

5.60

200.00

8.00

k e KLL Cubuk en kesiti (dolu gévde )

2.0
—91.50—

Kiris icin gévde bosluklar

110.00—

Kolon icin gévde boslugu

keki2.¢er - eve - ububdlauk ngeo me térliasni b

20



2.3. Malzeme Ozellikleri

Bu -al ekxmada kul | anél admellkleria Table ey e ai

Czetl enmi ktir.

Tablo2.Kul | anél aimozatiddriz e me
K¢t esel Elastisite | Bulk modili | Poi s on Kayma
(kgla ) modulu(Pa) modulu(Pa)
7850 2E+011 1.667E+011 0.3 7.6923E+010

24. Yikleme Dur uml ar é

Petek cerceveydortf ar k1 € y ¢ k|l e mBay,ky gunled ngikeé ktaé/rée.l
yanaltekil y¢, k v e teHilyik elgraksistemetatbik e d i | mAinalizde tercih
edilen yiklemetrlerive depet ekriter-evenin bokl uk tig

yerel deformasyonlave gerilmeler tzerindelketkisini incelemeka mac éyl a r ast

se-i |l mi ktidur uml &t @ meke kTablog3tdd avenkaekil 13Ge
glesteril miktir.
Yayel e y¢k hesaplanmasé i-in °ncellikl

100 kgyuk uygulaml € ] é né var srgkglnmartngrk ¢ m¢ al ana
| PE20O0 kirikin ba@lneokl dgug niOGiKg/Olxii m=11000 mm
kg/ m2 =10000 N/ m2 = 10000 Pa olarak el de

Tablo3.Y¢, kl eme duruml ar é

Durum | Durum 1l Durum Il Durum VM
Duzgin yay el ¢D¢Key t ¢ Yanal tekil yik|D¢key ve
1000@Pa(100kg/m) | 10 ton 5 ton (10ve5ton)

21



LLLieliieeyd

Durum I Durum I1
L L/2 L/2
P1
P2— P2— &
Durum II1 Durum IV
L L/2 L/2
k e k 8. Cercéveye uygulandna rylkleraek e ki | | er i
25 . Mesnet kokull ar é
Bu -al ekxmada, -de°rn-neev evesi dojemusnalin yer
engell enmi ktir. Heakaiskir ek onles m e gistemin X, & ra é& ré an:

y ve z d¢zlemlerindekANSYSarekgetaimésdnanéer kah

alt u-larénda d¢i¢zl embsekokelr ekalé mkandthé kt

2.6. SOLID 187El e ma n é

ANSYSyazéel eménda yaygén ol arak (3EAI | aneél
eleman tirii olan SOLID18k,ar mgeewmet ri ve y¢ ¢kl eme koku
icin tercih edilen tpoyutlu yikselderecelibire | e mr&0LdDA87, her biri x, y ve
z y°nlerinde ¢- farklée °teleme ©°zBul l i jin
eleman oOzellkley ap és al , gaima d a pimEtlEe s ap | a nyitkaek € n d a
d o] r udonug& Vedr Geometrit a n @ ek & a ngereklonmalzeane Ozellikleri
belirlenirvear;d ndan SOLI D187 el Remamo yasadgimayehert
ol uwnmaukrt Butez-r al é Kk meegeyaledngeometrisiSOLID187 elemar@
kullaneéarakaj € t aneémhanm&wk ulléridored i v ¢ ay giekama
sonlu elematar yontemi (SEY) i | e anal itislmi kghkeki- Bldel e k

22



SOL | D1 8géoinetrk detaylae
t ar a fo®wmatikeolaralo | u k t meshildilgline | e ma n

46 t

keki#4.80LI D187
(https://www.mm.bme.hu/~gyebro/files/ans_help_v182/ans_elem/HIp_E_SOLID187

e | i

st el

enmi

Ktir.

geometrik

vV e

detayl ar e

g ° st eHer cergevekmtodelr iciANSYS

dTaljlog, m

.html)

Tablo4.El eman ve d¢jém noktasé sayeéel ar é
Model Kirikin Kolon D¢j ¢m nl EIl eman
numar ¢ bokl uj] bokl u sayeés
Model A.1 Dairesel Yok 19268 9425
Model A.2 Kare Yok 20197 10093
Model A.3 Al t ég¢ Yok 22320 10927
Model A.4 Sekizgen Yok 24078 11615
Model A.5 Dairesel Kare 21291 10221
Model A.6 Kare Kare 21908 10748
Model A.7 Al t &g ¢ Kare 24541 11890
Model A.8 Sekizgen Kare 25971 12332
Model A.9 Yok Yok 27648 14114
Model B.1 Dairesel Yok 21815 10804
Model B.2 Kare Yok 20402 10200
Model B.3 Al t € gq Yok 22784 11210
Model B.4 Sekizgen Yok 25098 12168

23
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https://www.mm.bme.hu/~gyebro/files/ans_help_v182/ans_elem/Hlp_E_SOLID187.html
https://www.mm.bme.hu/~gyebro/files/ans_help_v182/ans_elem/Hlp_E_SOLID187.html

Model B.5 Dairesel Kare 22901 11078
Model B.6 Kare Kare 22173 10868
Model B.7 Al t é9gc¢ Kare 24415 11884
Model B.8 Sekizgen Kare 26829 12800
Model B.9 Yok Yok 28071 14352
Model B.10 Yok Kare 17259 8812

27. Zor | aT mé& kARaliznK - Hasaplamalar

¢er-evel eri n s deriboawundaderbasti ¢ Kk iemi an anloidz ar
dojtailt rfrekans mby &€l i r | e n mi K i gercevéerilBsadeca yadaly vez d e
deKger delj e it i rdme k,amhed | affel@ameave gpker i yot | ar
hesapl abnimméakntiekr anal dEmkappamgrpdkdvelmem uygu

sonumlihem desénimsid u r u ngin a € Rgercevamodelleri ncel enmi Kt i r

S°n¢gms¢gz zorl anméwatioyr erki ¢ d @mpakmekad &
Uzereikif arskelnéar yo de] eDr¢lkeeryd itreikli rhi kytéildlsekmeys i d
y er d e modunun periycellhesaplag r kyataytekil yikleme durumundese
yat ay yer modwun pekiyodudikkae al € n m3BmimsEizz or | an meé kK
titreki mtoplamagriez i maceun per i (6¢ chadpaniyodup| t & kK

olarakbu - al ékma ii.-in belirlenmi«xtir

Soninmd z or | a n mé durumundabigngiimm dun fr ek-a;hsa&lnda
frekans( h e s a pkl taBnyneéeletans periyodik harekeh birim zamanla kag
radyan olgli d ¢ Jicfngde eden (bi r¢*“ Wa ¢ Farmd Omemli
faktorlerden biriolany ap é s alor safemellike- el i k yape%bar da %
araseéenda dej-iadnasxKkigfeadriykal peé 8 a | s&@ yne T €o realned
al enmexag®ers arhn ekiecaplégpe a- € sal imessdnacundaa b ° | ¢
s°n¢gm kat sayeéesiée -el) dMNSYS @ ir lo i€ & th e resir(@mi

kul djgea@d a neandlider laelrli bir s éneéer dahilinde ger - ek
baj | gynald aModet AlGn sonimliz or | a n méakn atliitabilmikyt.anp € |
Model Adné ryatay yerd e | i msitdikkatenaé ma& 5 tonluk yatay dinamik yuk
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uygul anméxkt ér .moTdoupnl apne rsi ¢yroedau*mnosheriyodu) k at é

olarakb el i rl.enmi Kt i r
2.8. ANSYSO dteer - eve Model l erin Ol ukturul mas§é@

2.8.1. Geometrio ukKkt ur ul mase

ANSYS Workbenct2 0 2 4 p ndeagk aajméed a k iz | edhé@mlkari r

1 Programa arbdkfiFile0 s e Kizeendeiil Sav es ea 0 @rpjebiri | e
klarekayde d i | mi Kkt i r .

T ATool-boAmiGal ysi §> siyStt &tmocs es tesiwifadieek al 0
AProject scéhmamat ex d(isenl)ifma kit i r

T AEngi need boligindénantad zeme ©°zel |l i kl er i s e
Bu - al é(Stroetural Steigln se-.i | mi ktir

T "Geometrgnesgsdlerkibear d&si grge nmojdyimd ielred s

pencere a-€l mexkteéer.

1 A Sket ddlmindeXY duzlemndeit Mo d e b | &a gogrgesteain ana
hat atraes @lcUkenyle- 1 z i I(miedti il r 1

1 YZduzlemisegilerekcercevenin en kesirofilide- i zi | mi Kkt i r
1 fCreat®-> A Swe e p & kshaalkrereesenin profilive ana hat spe - i |
cerceve cizimt amaml anméxkt ér .

T ¢er-evenin kKirik ve/ veyaolkxltagnuradka i

ARCeatedPat t er n o nasakgkrekiebsoi knl eu kt ékkelkal i - i z i

ABoobl eankdllanre bk makikzirli &«ene@dbal exkkinakt ér
17).

=
5

T AProject -sc li&oézerihesd tnarékliM e s Bagimi, K
SOLID187elemantipi | e sonl uoledketmamk G@deEkt ur (
2.8.2. Statik analizi

T ¢er-evelerin ikmé&donue alt ukudb K u k &€ d 0 Eilerekar ak s

sabit ma ftsaard & mledknd médteé r .
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T Yék tanginHnvmarsoen méhbobads o yagekl nee sy nkd ein- i

A Pr e svetakil ilder icinfi F o rsecenéklerk ul | a n(éd er@iklt el

T ASol &t i @GR e smehisisden,ist eni | en statik anall
"Deformation” ve "StressSekmdéerindentoplamyerdg i Kkt i r melerve ger
el de edkki ktir

2.8.3. Dinamik analizi

283.1. Serbest titrekim anali zi

i Daha °nce model |l enen -er-evelerin
ASol uti onéd stnérakBlariames f er GBAMadabone\
se-eneji I | e ver iygulanarn yaili l€anled ara p € v mé |

yalcaézme s nikt it a rké kaidled ¥aar kl e def or ma
e k| e nmi sayedermodelBiaplam yerd e j i Kkt i rfrekanse r i v

dejerleri ehkeiledi | mi ktir

28.32. Zor anmék titrexkim

T Serbest tit,rmodieh i an aliikzeiyn dveeleriy at ay
yal né zlkseni vK Y eksenyonlerinde mo d | lae léi r vee n mi K

periydlarch e sapl anméxkt er .

T ATransi entkésmeumadeometatiede mesnet koul | ar é
aktareéel mekteér .

T Bu-al ékma kapdaumimemwiave 3ademl é& s°ng¢ml
zor |l anmek tgerteklke k. iariall mizhet i r

1 A A rnysidsettingd olbmindei St e p € n ¢ catoplamagecen

periyasiresisanye cinsinden girilmicktir.

T Toplam yer dej i,@atriarl &k | € o zwa-maanr ésn¢drae

maksimum ve minimum de@Birl er i el de
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UCUNCU BOLUM
BULGULAR VE TARTI k MA

3.1. Statik Analiz

Cexki t 1l anal i zANSYS224Rip reo g kna mi a,rpédleanr a k
cerceve sistemlerinin statik analigier - e k | e.kKAN$SYISipIr raig x damiré
elemanlar yontemiile problemin y ak | ak ék -%z¢:ml eamac e yH as
kull anél maktader .

Petek -er-evel kbgfai kil & bg Yewrdlediiazinegooel o n
ve - e K yukldme durunfaré n gore incelenerek- er - eveni n oplaar f or ma
etkleridej er | endinmai i mi K tyiarp.é ldealPE200 gafii enkest e | | er
olarak secilmtk.Ki r i k|l eri n g°vdlerehbkbEgkhaveée sgakr B¢
kekiidedej i Ktk aolid miedarkelnu k s uz trek |doakihroeaske |k e ki |
tasarl Agmereaérevenin aynlkoraurexkrl &) mfzaurnb iug
Ki ruiylgul anmatzZetehi s i a rYaikkt leerréd meédont f@and. lalr &
senaryoolarak tim cerceveleney g ul a n nofarak tégm nmkdel | eri n b
kol on v eol kwikegewri@mnanalizi elea | € n meoplame’é £ ar k1 €

model |l eme tasarl anmécxktér .

Statikanalizsonucunday e r  d e ] i K t,iagalmgerilmdlerif, el Ihe r i

dej e VdnMisasgerimesivema k si mum kayma geedil Imai dtei] re

3.1.1. Petek cercevanodelleriny er dej i Ktirme sonu-1 ar é

Modellerde en biylk toplam yetre J i Kt i rvnee , d ¢ykaetya yy e r dej
dej eTable(b-i8)del i st el. e Bmi kjtkiffrar ké @ - egdre,eve t i
dortf ar k|l Boxkkkkak ki , dekoreseh bokl ukl uinve bok
d e ] evedoefr a ryliklerae dururh aiging/ a p &tatik analizonuch ndan elde

edi |l mi ktir
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Tablo5.Yayél é y¢&onwyygleda sol ukdeerf eyn@merde ] i Kt i

Model Toplam yer Yatay yer D¢ Ky
Numar|dej i Ksifmmin|de] i Ksifmmn dej i K siimmn

Al 0.27431 0.03463 0.27431
A2 0.27905 0.03304 0.27904
A3 0.28106 0.03311 0.28106
A4 0.29763 0.03199 0.29763
A.S 0.28864 0.03522 0.28864
A.6 0.29297 0.03467 0.29297
A7 0.29523 0.03465 0.29523
A.8 0.31006 0.03474 0.31006
A9 0.24436 0.03256 -0.24436
B.1 0.20181 -0.08158 -0.20177
B.2 0.20470 0.08269 -0.20470
B.3 0.20679 0.08305 -0.20679
B.4 0.21685 0.08585 -0.21684
B.5 0.21668 -0.08564 -0.21657
B.6 0.21982 -0.08756 -0.21976
B.7 0.22014 0.08611 -0.22012
B.8 0.23368 -0.09219 -0.23358
B.9 0.19712 0.08012 -0.19704
B.10 0.19952 0.08105 -0.19952

Tablo5denelde edilen verileregorg,ay el &€ y ¢k yéo¢kl emesi  so

gelenen buyukto pl am yer deModel r,fekddldtgplam yer
deji ktir nmesadgpdelB BlOsveBbde el de edi |l mi ktir

Ayr éca her dphkd@&rdkali gy Mead & leded PUguk gea
dej i Kkt i r nidgeanikicity. edru r duegiiseRduiundrae o lbdid juwmm mukt ur .
Model Bnen b¢gyéek yarejeéej idBendkicikarenr dej i Ktir
dej eri idmel &r akir tmbl odafadfzd ehdealmé Ky ¢ Kk
kal an bir -er-eve sistaanj er Ine rygModalBed iijKit n ¢
cerceveipi Model Adya gore daha guvenli binodeldir.Ek olarak, kolonlab o Kk | u k | u
olarak kull anél acaksa I prolfal yemddel] uk!

g°steredeljayadedahi azdgr v mnaall dunjnmia | déi dkekra. t

ter -eve kirikibdelkiekk ukaa g°wvede dejerl e
dairesneh wmeklyier deaejui wtede ehmigklibsooknkuadkid ise
sekizgen g°vde boolldutipladarb-ed ri +d.\een m3 ikd ti & mi
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C

d¢

Tablo6.D¢key tekil yeée¢k yeéekl emesided efmmneurnda
Model Toplam yer Yatay yer D¢ Ky
Numar|dej i Kt immmde] i Kt immm dej i Kt immm

Al 17.05100 1.80480 -17.05100

A2 15.52700 -1.55360 -15.52600

A3 15.65200 1.52870 15.65200

A4 18.20300 1.62490 18.20300

A.S 17.64600 1.85970 -17.64600

A.6 16.34300 1.60130 -16.34300

A7 16.36100 1.57930 -16.36100

A.8 19.00500 1.67980 -19.00400

A9 14.16900 1.59950 -14.16900

B.1 12.54000 4.95030 -12.54000

B.2 12.83200 5.05410 -12.83200

B.3 12.92900 5.08790 -12.92900

B.4 13.76500 5.36840 -13.75800

B.5 13.26800 5.24820 -13.26100

B.6 13.53400 5.38720 -13.53300

B.7 13.60600 5.29120 -13.60500

B.8 14.61100 5.74230 -14.61100

B.9 12.07300 4.85250 -12.07100

B.10 12.02900 4.82510 -12.02900
Tablo66den el de edi | e ntekilvyékryiklemasiesongcndae ,

meydana gelen en b¢gyék t opl8adnd eiigikadoptbm] i Kt i 1

yer dejiktir melOdBOjeBRlLideil e Madeélmi Bt ir .

KK i

bul unmuxtur .
d e ] ¥Wudurundae | d e

D¢ kKey

y ¢ K uygul anméck

| m

i Ktir.

dejerlendirildijinde,

B cergeve tipitercih edilmelidirP et e k

olarake n
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far k|l é&€denjoedrddieinidriped € | € nénd buyik yer
dej i ktir mdaien &iciikiyreum dej i K O.durumla il d u jswe
dMeoj di ekl t 1 Bronmel sni nyi edurumas, elkigik ¢ k
edi

bir -er-eve

deji ktir me
- e r -gévded ro ik n gedgmetrisi K
dya&r, kde ek eékatewvmmelaireseb ok | ukB U Buoudmukt ur .
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Tablo7.Yanal tekil yéek yeéekl emesi
Model Toplam yer Yatay yer D¢ Kyey
Numar|fdeji kKti mmde] i Kti mmdej i kKti mm
Al 11.59900 11.58300 1.74730
A2 10.65900 10.64500 1.02340
A3 10.66500 10.65100 1.01430
A4 11.51700 11.50100 1.12430
A5 12.62100 12.60500 1.16330
A.6 11.66400 11.65000 1.00130
A7 11.69900 11.68400 1.50970
A8 12.55300 12.53700 1.10050
A9 10.95200 10.93800 1.03640
B.1 13.34600 13.33400 2.80170
B.2 13.39300 13.38500 2.82220
B.3 13.45800 13.45000 2.84570
B.4 13.70600 13.69900 2.96880
B.5 14.38900 14.37500 2.86420
B.6 14.51000 14.50300 2.92230
B.7 14.52600 14.51700 2.97620
B.8 14.81400 14.80800 3.04510
B.9 13.32300 13.31000 2.71830
B.10 14.02200 14.01000 2.76530

Tablo7énin verilerine gbreyanal tekil yik ytklemesi sonucunda meydana gelen

enbliyik opl am yer

dej seModel
5.durumda, ekiciky e r
yerd e | i kdtei] ®dueumda, ek ¢ - ¢ K

sonmpunda c

dej i kt ,emek gdeglertioMoanmnly &8r.

Au2adenMead @lré A Nnb ¢y ¢k
d e ] Ad.dyrtindao ne& & ima k tMa dl & énbUBU& n i n
dej edurundasled ® . e ¥iel thi K

yer

Yanal tekil yikleme durumundpetekcercevain gévdeb o kK yeanketrisi kare

dej i

ve dairesetlarak terciredilmelidir. ModelAtipitasa € m&reda defeker I emei
daha kontrdli bir yonde kh ma k't adeéer .

35



Tablo 8. D¢ key ve yanal t ekil yéek yeéekl emesi
dej ermer.i (m

Model Toplam yer Yatay yer D¢ Kyey
Numar|dej i Ksifmmm dej i K sifmmm de]j i K i (mmm

Al 20.58600 12.45200 17.48400
A2 18.80400 11.36800 15.92300
A3 18.86300 11.35500 16.02700
A4 21.45700 12.23000 18.59300
A5 21.70400 13.49600 18.15700
A.6 20.01500 12.46600 16.74300
A7 20.01700 12.45900 16.75900
A8 22.66900 13.35100 19.38500
A9 17.81700 11.70200 14.56100
B.1 15.96600 15.69900 -10.36500
B.2 16.11600 15.81200 -10.59800
B.3 16.21700 15.87400 -10.68700
B.4 16.77600 16.25700 -11.35700
B.5 17.17800 17.02200 -11.01100
B.6 17.33700 17.16400 -11.19300
B.7 17.24300 17.00700 -11.20700
B.8 18.07000 17.65900 -12.04900
B.9 15.76000 15.72800 -9.95920
B.10 16.35400 16.35400 -9.98950

Tablo 84n verilerine gorede, K e y v Wik yilkiele durumunda petek
-er-evelerde olukan enfjibBgyjgmeVverieni k¢yel
durumuna( sadece d¢key yaksonugaklag mé ledmedemu )

ol uktuju g°zlemlenmi ktir.

Yapélan t¢m analizlerin sonu,hértinMiéndan
yuklemeye maruz kalan bir ¢cercevenin | profilli duruman petek durumua gore
dahaa z yer yesphk pi o Angakjlahadekononmkive daha f azl a
derinlifJi gerektiren tasarémlarda petek

Secilenikif ar k1 & - er -inegoeeka + & kli @k vieeblolxll aunrku n

geometrisiolarak dairesel ve karex e k i lItercén redilmesiger ekt i J i , s ek

bokl utkdracgiélm edi | memeavar @lemekttéf i sonucu

Model |l erin yer deji ktirme dejerleri C

(24 -25)@e her bir yikleme durumuiciay r € b i r k a rhkaézl éarkl t aénrmmeéak t g
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3.1.2. Gerilme analizi

3.1.2.1. Asal geriimeleri(, h h )

Uc boyutlu sonlu elemanlar yontemi lea p € | a n p A ol g Statk

analizinderen buyikmaksimum ortancavemi ni mum as al Jgabloi | me
(9-12)acdeg®° st eri |l mi ktir. EI eddui rl uermu  d(eyj aeyrél | eér,
ve tekil yik yuk e me d u velherfl aarr léih@®d éli ri - i n séral anmeéi

Tablo9. Yaygtit le

yé¢kl emesi

en dinyilkkmaksintuen ortaricavek a n

mi ni mum asal Pari |l me dejerl eri
Model
Numar a (Pa) a (Pa) a (pPa)
Al 8.5005E+06 -7.3368E+06 -1.4181E+07
A2 1.0405E+07 -7.6848E+06 -1.5974E+07
A3 1.2228E+07 -7.5332E+06 -1.6265E+07
A4 1.3403E+07 -6.9653E+06 -1.8599E+07
A5 7.9903E+06 -6.0025E+06 -1.7964E+07
A.6 1.0342E+07 -7.8659E+06 -1.9854E+07
A7 9.9453E+06 -7.0645E+06 -2.1487E+07
A.8 1.4874E+07 -6.7089E+06 -1.9355E+07
A.9 8.5772E+06 -8.4396E+06 -1.9187E+07
B.1 8.2383E+06 -7.3176E+06 -1.4428E+07
B.2 8.1162E+06 -7.0798E+06 -1.3316E+07
B.3 9.7059E+06 -7.6321E+06 -1.3469E+07
B.4 1.3090E+07 -7.7271E+06 -1.3568E+07
B.5 7.8199E+06 -6.7987E+06 -1.6844E+07
B.6 7.5128E+06 -6.9152E+06 -1.6060E+07
B.7 1.0193E+07 -6.7995E+06 -1.5788E+07
B.8 1.2113E+07 -6.8866E+06 -1.6655E+07
B.9 7.1691E+06 -8.9501E+06 -1.7010E+07
B.10 5.6670E+06 -6.1375E+06 -1.4456E+07
Tablo9.6unverilerine gérey ay €1 € y¢ke maruz ka&ih meéxk

blyuk asal gerilmenutlakd e ji A.76 d en,kiclk asal gerilmenutlakd e ji iser

AbGe eldeedi | Mikdelr . A petek =-er-eve sistemid!
kull anél déjeéenda ve g°vde brodgk adalgarime dai r
dejeri el de ModdaBo6a knlyikesalgeritmautlakd e | RS ve

B.8dle, en kiguk asal geriimmutlakd e ] er | erveB.7 8 éled®. 1e0di | mi Kkt
Model B petek cercevesinin en kiguk asal geriimasins t e n e n taggsggarmé meé n

bokl ukl u ki rilkt ikjuil | taanl®ll onch & Mode)tpmdep®rmeéne n mi K t
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K¢ - ¢k

asal

gerh | ymepal-maea dgar ededapaaz s a

gerimeol ukmakt adeér

Ki nimlko k| oldtakluu |l | amelarhasgermdme ¢ deéfjegdm den

onerilmektir.

Tablo10.D¢ K e y

vV e

Sadece

yayeéel é

tekil yg¢k
mi ni mum asallPgdger i | me dejerl eri
Model
Numar a (Pa) a (Pa) a (pPa)

Al 3.8137E+08 -3.9803E+08 -7.6576E+08
A2 5.0967E+8 -3.2582E+@ -7.2191E+@
A3 5.1869E+8@ -3.3699E+@ -7.3564E+@
A4 7.7366E+8 -3.4037E+@ -8.1647E+@
A5 3.8642E+@ -3.3163E+@ -9.1986E+@
A.6 5.1441E+@ -3.3233E+8@ -9.1555E+@
A7 5.2293E+@ -3.0605E+@ -8.6586E+@
A.8 8.1885E+8 -3.2254E+@ -9.6273E+@
A.9 4.1798E+@ -4.0159E+@ -8.2603E+@
B.1 5.0829E+@ -3.3427E08 -6.9678E08
B.2 4.7432E+@ -3.4889E-08 -6.5566E-08
B.3 5.0948E+@ -3.4562E-08 -6.5816E-08
B.4 4.7604E-68 -3.7015E-08 -6.6417E-08
B.5 5.1736E-68 -3.3737E08 -8.0016E-68
B.6 4.6781E-68 -3.4076E-08 -7.7723E-68
B.7 4.6587E-08 -3.2794E08 -7.6303E-68
B.8 5.7550E-08 -3.2547E08 -7.9862E-08
B.9 6.2527E-68 -4.6141E-08 -8.1749E-08
B.10 4.0039E-68 3.4759E-08 -6.6206E-08

Tablo106 d elde edilen verilere gorel ¢ K e y

yéke

t edtek tercevelekin en

buylk asalgerimemutlakd e ] es E e a s € yA @gin ABove Blddel B icin
ger i | meisaAu t7] a ke oldeem@elrd l@aedréir

B.9 6 d akjicika s a |
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s,orfanca u nd a

Tablol1ll.Yan a | tekil yé¢k yéekl emesi
ve minimumasa ger i |l mPa)dej er |l eri
Model
Numar a a (Pa) a (Pa) ad (Pa)
Al 3.6249E+@ -2.0247E+@ -4.3432E+@
A2 3.7291E+@ -1.9164E+@ -4.3446E+@
A3 3.6258E+@ -1.8782E+@ -4.4722E+@
A4 3.9897E+@ -1.8707E+@ -4.5445E+@
A5 4.1473E+8 -1.9920E+@ -5.4944E+@
A.6 4.6314E+8 1.9553E+@ -5.3991E+@
A7 4.7305E+@ -2.0569E+@ -5.4282E+@
A.8 4.7490E+@ -1.8427E+@ -5.5869E+8
A.9 4.3995E+@ -2.4933E+8 -5.1724E+@
B.1 5.0233E+@ 2.2492E+@ -2.9065E+8
B.2 4.5442E+8 2.6494E+@ -2.8591E+@
B.3 4.7368E+@ 2.2691E+@ -2.8296E+@
B.4 4.6772E+@ 2.1027E+@ -3.0353E+@
B.5 5.5596E+@ 2.5086E+@ -4.1432E+@
B.6 5.4877E+@ 2.4964E+@ -4.3209E+@
B.7 5.8780E+@ 2.4371E+@ -3.4464E+@
B.8 5.5921E+@ 2.3622E+@ -4.3976E+@
B.9 5.9530E+@ 3.3868E+8 -3.8156E+8
B.10 4.7850E+@ 2.5263E+8 -3.7647E+@
Tablo116 i n v e r i, yaeahekilnyékli getek grgevelerin dniyik asal

gerimemutlakd e ] e r | e rModekBeigin®.9 W icia A.80 d e kicik asal
mu t | AaBkve BA@ejolexrm aekrtia diésre.

ger

i | me
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Tablo 12. D¢ K ey

vV e

yanal

t eki

I yé

k yékl emes|

maksimum ort anca ve mini mumasal geril me dej
Model
Numar a (Pa) a (Pa) a (Pa)

Al 4.0824E+8 -6.1822E+@ -1.2101E+@
A2 5.4917E+@ -4.9322E+@ -1.1474E+Q
A3 5.2983E+8 -5.4759E+@ -1.1499E+@
A4 8.4938E+@ -5.3960E+8 -1.2151E+Q
A5 4.3822E+@ -5.2727E+8 -1.4626E+Q
A.6 5.5651E+@ -5.0407E+8 -1.4626E+Q
A7 4.8599E+@ -5.0159E+@ -1.3816E+Q
A.8 9.1834E+@ -5.0758E+8 -1.5202E+Q
A.9 6.7387E+@ -6.6074E+@ -1.3275E+Q
B.1 3.8475E+@ -4.4650E+@ -9.5733E+8
B.2 3.5911E+@ -4.5297E+@ -9.3799E+8
B.3 4.0719E+8 -4.4900E+8 -9.3782E+@
B.4 4.3143E+8 -5.0710E+8 -0.3628E+8
B.5 6.4893E+@ -4.8409E+8 -1.1455E+Q
B.6 6.2941E+@ -4.8710E+8 -1.1177E+Q
B.7 5.5965E+@ -4.6640E+8 -1.1054E+Q
B.8 6.4023E+@ -4.6621E+8 -1.1127E+Q
B.9 4.9319E+@ -6.5976E+8 -1.1820E+Q
B.10 4.1512E+@ -4.4639E+8 -0.3817E+@

Tablol2.aden elde edilen verilere ggrel ¢ K eeyyanaltekil yukli petek

gercevelerin en kuguk asal gerilmaitlakd e ] e r | e rBi2veRAAG cdaenl@iyik a

asal

geril mei snet Aaf oldkenjaBkrt9aéddéar

Yukar eda kgore gergdvdnidbloaxrl kudkl!l aun u n u mgovdek o K tipg k ni n

ve yuklenre dur umu deji kti k-e asan degerkitlinjeil

gzl eml.enmi ktir
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2.5010E+09

2.0010E+09
1.5010E+09

A
A /
1.0010E+09 / \ A A \

—" X e A
5.0100E+08 X/x\x/x—

1.0000E+06 I | | | | | | | | | |
A.l A2 A.3 A4 A5 A.6 A7 A.8 A.9
Model A

- | 3 Pf Pa=b5MNS S8 (i SuhYanabtdkilyik == | y I f @S RN

Maksimum asal gerilmeg¢Pa)

2.0010E+09

1.8010E+09

1.6010E+09

1.4010E+09

1.2010E+09 ]
1.0010E+09 A ke /A\A—'—A/A \A
8.0100E+08

6.0100E+08 . /X—‘—
4.0100E+08

2.0100E+08

1.0000E+06 I | =——B5 —E——E—0 u
B1 B2 B3 B4 B5 B6 B7 B8 B9 B.10
Model B
—u— | 3PfP BN] &N|f &x=b5aM658 ¢S{Af &N{] &l

Maksimum asal gerilmesi (Pa)

¢NY a2RSttSNAYy TT NBPE
1.0010E+09 —x=5NoS& ¢
9.0100E+08
8.0100E+08
7.0100E+08
6.0100E+08
5.0100E+08
4.0100E+0

—a— Yanal Tekil YUk

3.0100E+08
2.0100E+08
1.0100E+08

Maksimum asal gerilmesi (Pa)

k e K32. Model Av e Mo direen buBi& maksimum asal gerilme grafikleri
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0.400(m)

0.300(rm)
]

0.000 0450 0.900 (m)
L EE——  ES—

0.225 0675

k e K33.ModelAy ay él & vy ¢ k ycip &nlbigyikeaksimum asah geriimesi
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0.500(m)
]

0.000 0300 0.600 (m)
L EEE— ES—
0150 0450

kelk3d.Model A yayeéel é vyigikolywekdiginmaksamum asalu
gerilmesi
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0.250 0.750

0.000 0450 0.900(m)
L SEa—— [ SSS—

0225 0,675

0.000 0.500 1.000 (m)
L SEE—— ES—
0.250 0750

k e kdhIModel A d¢key ve yanada yoikubkiyilnk | e me

maksimum asal gerilmesi
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|
u v
|
(]
¢
- 0.000 0500 1.000(m) .

0.250 0.750

kek36.IModelnn BHk ey t gikleme dupmguk d a 0 énubkiyaikn
maksimum asal gémesi
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3.1.2.2. VonMises gerilmesi

b boyutlu sonlu el emanlar y°nt emi i
analizinden en bluyuk/on-Mises ge i | me dej er Tablo (13-16dkaa ] € d ak
gosterilmiktirt Bl geg kée@imegawdlefgnt ad gxkey Ve

y ¢kl eme dutinumodekeni € i )n we&r al anméxkt ér .

Tablo 13. Yayél é y¢k yeéekl emesi Yan-Miges genlea o0 | u K
dej ePd)er i

Model | Von-Misesgerilmesi
Numar (Pa)
Al 1.2427E+07
A.2 1.3144E+07
A.3 1.3411E+07
A4 1.7462E+07
A.5 1.6286E+07
A.6 1.8243E+07
A7 1.8101E+07
A.8 1.8070E+07
A.9 1.6363E+07
B.1 1.1825E+07
B.2 1.1019E+07
B.3 1.1153E+07
B.4 1.2074E+07
B.5 1.4220E+07
B.6 1.3594E+07
B.7 1.3480E+07
B.8 1.4196E+07
B.9 1.3897E+07
B.10 1.1710E+07

Tablo 13Gen elde edilen verilere ggrey ay el é yékl ¢ model |
cercevelerin ebtyik VonMi s es g eteris ene a sll@gllé acin A.6 ve
Model B icinB5& e, en k¢- ¢k dej@el il unmekKld@Bu. ve
Von-mi ses geri |l menidn]edhofetB dalariyi sonume eimert i r .
ModelAd ni n daveMadsd | Btdéingin k andeeen kil@k \loMises ge n t |
dej eninlodruik gz be ml Bo durumt i r+er - eve petek kir
bokl ukMJMoaMiésneesn ger i | me d e hugdstermekiedirey red kad s i
cercevelerdeb o k | kolon kullarenha s € -MMes rgeriimeo | umgnua r t ér dej é

tablodant espi t .edi | mi kKt ir
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Tablol4. D¢ key tekil ye¢k yékl emes iMisesgenlme und a
dej ePd)er i

Model Von-Misesgerilmesi
Numar (Pa)
A.l 6.593'E+08
A.2 6.2521E+@
A.3 6.3681E+@
A4 7.9030E+08
A5 8.3693E+@
A.6 8.1663E+@
A7 8.3313E08
A.8 8.8550E-08
A.9 7.3950E-08
B.1 5.7245E-08
B.2 5.4431E-08
B.3 5.4987E-08
B.4 5.6077E-68
B.5 6.7311E68
B.6 6.5838E-08
B.7 6.4056E-08
B.8 6.7914E08
B.9 6.6181E-08
B.10 5.2495E-08

Tablo 14den eldeedilen verilere gored ¢ K e y t enkodelleney peltek ¢
cercevelerinen buylik Vekli ses ger i | me ®BedBSadenkicik sér as
dej er BeinB.10B.3ve AicinA2dd e bul uAyw&darher i ki m
cerceve govdd o K | u kK aarree n@Ind uNliusnedsa gveorni | mesi ni n

g%zl emlenmi ktir.
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Tablol5.Yanal tekil y¢k y¢kl emes iMisasgerimec und a

dej ePd)er i

Model Von-Misesgerilmesi
Numar (Pa)
Al 3.8239E+@
A.2 3.5266E+@
A3 3.4828E+@
A4 3.8457E+@
A5 5.0774E+08
A.6 4.7369E+@
A7 5.1358E+@
A8 5.0153E+@
A.9 4.6983E+@
B.1 4.1646E+@
B.2 3.6446E+@
B.3 3.9515E+@
B.4 3.8134E+@
B.5 4.7757E+08
B.6 4.8427E+@
B.7 5.1504E+@
B.8 5.0612E+@
B.9 4.8790E+@
B.10 4.4725E+@
Tablo 156in verilerine géreVon-Mi ses ger i | me s i,Mbdel

AOb @ petek kolonlu ve &t g gdvdeb o k | ki ik IduumundaModel B 6 nisen
benzer petek koiohluwweesa | t € g e h 0 K I° ek leaiceve modellerinde
ol mkk tEak ¢ - ¢ k iskdgmaviodel A hem deModel B 6 ndianl profilli
kol on | uerikae gdvddroi kkl petel cerceslerinde bulunmk t u r .
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Tablol6.D¢ keyanvael tekil y¢k yeékl emesiMisessonucun
geril me (Pdejerl eri

Model | Von-Misesgerilmesi
Numar (Pa)
Al 1.0431E+Q
A2 9.5064E+@
A3 9.0606E+@
A4 1.0563E+0Q
A5 1.3388E+0
A.6 1.2661E+Q
A7 1.2717E+Q
A.8 1.3620E+Q
A.9 1.1855E+@
B.1 7.8793E+@
B.2 7.8174E+@
B.3 7.8670E+@
B.4 7.9181E+@
B.5 9.6644E+@
B.6 9.5355E+@
B.7 9.1063E+@
B.8 9.2935E+@
B.9 9.8238E+@
B.10 7.3296E+@

Tablo 160 ah elde edilen verilere gord ¢ Kk ey ve tekil yeéekl ¢ or
gercevelerin en biyuk VeMi ses geri | me d&B9eeB58aen sér a
k¢-¢k deB®BI2wrABAd @ skeul un mu Ka \lon-miseDgeriineey s € y
dejerl eri i-necreleewvnedigetnate bioki xvk €saceve n A v
modelinnVon-Mi ses geri |l me dejgPlzéeimhenent kit $ir o

Mo del | er dneblyokVan¥isas gerimed ej er | ebo k| gRideeéer
tipi ve farkl é ye¢kl eme durumlareée et ki sini

376 degonu-1l arén grafiji hazérl anméxktéer .
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VonMises gerilmesi (Pa)

Von Mises gerilmesi (Pa)

Von mises gerilmesi (Pa)

1.6010E+09
1.4010E+09
1.2010E+09
1.0010E+09
8.0100E+08
6.0100E+08
4.0100E+08
2.0100E+08
1.0000E+06

1.2010E+09

1.0010E+09

8.0100E+08

6.0100E+08

4.0100E+08

2.0100E+08

1.0000E+06

1.6000E+09
1.4000E+09
1.2000E+09
1.0000E+09
8.0000E+08
6.0000E+08
4.0000E+08
2.0000E+08
0.0000E+00

+’

keki

grafikleri

—

—

/ A\A———A—A\A

[ | | | | | | | | ]
Al A2 A3 A4 A5 A.6 A7 A.8 A.9
-8 PERx=5NP S& ¢ SadeVanal Tekil Yik=o=5 N6 S& @S | I\

/X‘X——X
X\x——/

T
~X§X/X§
X\x—x_ & R X\x
A " . —"
u L | L | L | L | L L L L | L |
B.1 B.2 B.3 B.4 B.5 B.6 B.7 B.8 B.9 B.10
Pl Fx=5M1 S& ¢ Sh=kYanabTuKil yik==0==5 N6 S& @S Iyl

\X_X——

A\ A/A A A\A J
N ~A
A

—X‘X/X-

A__A/A A\A\A

A1A2A3A4A5A6A7TA8A9B.1B.2B.3B.4B.5B.6B.7B.8B.9B.10

8Pt Px&BINO S8
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0.000 0350 0.700 (m)
[ EE—  ESS—

0175 0.525

1.000(m)

k e K38. Y a y ik ygkleme durumund®odel A6 @ Won-Mi s e s
ANSYS2024 Analizi
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0,000 . 1.000(m)
| EEEE—— EE——

1.000 (m)

5.9673¢7
1.5133e6 Min

0,000 0450 0.900(m)
L SSa——  SSS—

0.225 0.675

kek¥®.IDgkey tekil y ¢k y¢klboemnvenMiasrgeriimea nd a M
d e] e4ANSXY 52024 Analizi
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3.1.2.3. Maksimum kayma gerilmesi

Uc boyutlu sonlu elemanlar yontemi feap &1l an st ati k anal i z
maksi mum kayma gerea] Gabe(d20)cdeg I ®trer i | mi Kt ir
edil entidhgj &ft eene durumu (yayél é, d¢key ve

vetimmodeleri - i n sér al anméxktéer .

Tablo 17. Yayél & vy ¢k y ¢kl e me sbuylksneksimumukaytha o u K
]jerl e

geril me (Pde] e roi
Model Maksimum kayma
Numar gerilmesi (Pa)
Al 7.0653E+06
A.l* 6.6520E+06
A.2 7.1869E+06
A.3 7.1342E+06
A4 9.1931E+06
A5 8.6378E+06
A.6 9.1325E+06
A7 9.4065E+06
A.8 9.3449E+06
A.9 9.0394E+06
B.1 6.5496E+06
B.2 6.1498E+06
B.3 6.2035E+06
B.4 6.4376E+06
B.5 7.6863E+06
B.6 7.3867E+06
B.7 7.2592E+06
B.8 7.6147E+06
B.9 7.8205E+06
B.10 6.5343E+06

Tablo17.aden elde edilen verilere ggrng a y é | §uklgme Kldrughundpetek
cercevelerin en buyukaksimumkaymg er i | me d e ] Model AeiginiA.7,s ér as €
Model BicinB.96 @ en k¢ - ¢k de] edleerbiul iunmenullda 21 r v e D.
maksimum kaymag er i | meni n dej e rModelrB dahanyc sohue ndi j i
ver mi Kt i @@ daidsed e k | Ak | tipindevie Madeil n B6ni n kar e
en kucuk maksimum kayma gerimelej er I er i ni n ol uktuj u g
dur um, -er-eve pedtoxk uk maksinmuim é&aymagerilge® v d e
dejerl erine et ki si o | d wérgevelerde gpltekt kelonme k t e
kullanénha s € gderjielrmel er de ol duj wegiihbimemak suikmur

art edrad ébjuél unmukt ur
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k e k(41d42)@eg® st er i | di j i gi bi mak s iolobum kay
kirik birl okium ma%klt glEtdeiek aaeikaMotiebA.1dn  km r i K i
saj swoeé k e ntau léennrdaark i kotomdanud0 Ica faglay z a k | akt ér ar
tasar l.anMoekelér A. 1 *0Cibragelde edilen len bAiyiK maksimum

kaymagerine si %5. 94 azal déejéné analiz sonu-1a

Tablo18.D¢key tekil y ¢ k vy ¢ k| Biyalensaksimsnokayma u n d a

geril me Pdejerl eri
Model Maksimum kayma

Numar gerilmesi (Pa)

Al 3.7690E+08
A.2 3.4131E+@
A3 3.4150E+08
A4 4.0340E+08
A5 4.4081E-08
A.6 4.1374E-08
A7 4.2522E-08
A.8 4.5553E-08
A.9 3.9363E-68
B.1 3.1634E-08
B.2 3.0253E08
B.3 3.0447E08
B.4 3.1208E98
B.5 3.6440E-08
B.6 3.5709E-68
B.7 3.4608E-08
B.8 3.6515E08
B.9 3.7809E08
B.10 2.9744E08

Tablo 18aen elde edilen verilere gdrd ¢ kK e y t yéiktemé durpraukda
modellenen petek cercevelerin en biyigksimumkaymg er i | me dej er | er i
Aicin A8,BicinB9OveB8dd e, en k¢ - ¢k dBjveAdledruil uinsna kB .
Ayréca her iki mo 8 e k| u kK aarf & n @&Imaaksjmuem dga® v d €

kaymager i | mesinin en az olduju g°zlemlenmi:
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Tablo19. Yan al tekil yéek yeéekl emesi sonucunda
geril me Pdejerl eri
Model Maksimum kayma
Nu mar| gerilmesi (Pa)
Al 2.1657E+@
A2 1.9442E+@
A3 1.8972E+@
A4 2.1578E+@
A5 2.5674E+@
A.6 2.4468E+@
A7 2.5884E+@
A.8 2.6478E+@
A.9 2.4044E+@
B.1 2.2856E+@
B.2 2.0583E+@
B.3 2.1884E+@
B.4 2.1218E+@
B.5 2.5575E+@
B.6 2.5638E+@
B.7 2.7789E+@
B.8 2.7153E+@
B.9 2.7835E+@
B.10 2.3637E+@
Tablo 19.un verilerine géremaksimum kaymayer i | mesi ni n en bg¢
ModelAG6am pet e k k oilsekizdengovdeb o k li, Mé&del B 6 npetek
kol onlu ve kilbhakliawlkdlnt é gen eggevdedel | eri nd
k¢-¢k dejeri i se Model A lerialteg@mi mgoededk alr @ k s

b o K | peted cerceslerinde bulunmk t u r .
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Tablo20.D¢ keyanatee ki | y ¢k yeéekl emesi

kaymager i | me (Pd)ej er | er i
Model Maksimum kayma

Nu mar| gerilmesi (Pa)
Al 5.9616E+8
A2 5.1760E+8
A.3 5.0035E+8
A4 5.8760E+8
A5 6.9242E+8
A.6 6.5922E+8
A7 6.4278E+8
A.8 7.1949E+8
A9 6.1366E+8
B.1 4.3667E+@
B.2 4.3296E+8
B.3 4.3404E+@
B.4 4.4029E+@
B.5 5.2111E+8
B.6 5.1484E+8
B.7 4.9385E+@
B.8 5.0569E+8
B.9 5.5844E+8
B.10 4.1793E+8
Tablo206 den el de

-er-evelerin en b¢gyeék

BO9veBS e, en Kky¢- ¢k

maksi mum Kkayma

bokl ukvear eepéneve model i nin

ol duj unu

Model |
bokl uki pir éwne

akajedakidaseplut |l annén

sonucunda

e d,jdl¢gexre yv evrei lteerkei 1goyr¢ek | ¢ 1

ma k s i m\ugm AB,Aigima

ger |

dejerlgGer buli semuBk ta40r, .B. Ro

g%zl emlenmi ktir.

erde

o |

far

ukan
k1l e

en
yé¢kl eme

grafiiji
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8.0100E+08

& 7.0100E+08
2 6.0100E+08
£
= 5.0100E+08
X /X
= ——x
= 3.0100E+08 "
X A‘A’A \A
€ 2.0100E+08 A=, A/A/
>
£ 1.0100E+08
X
g 1.0000E+06 e = - = = = m -
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—— | 8 Pf Rx=RNN O S& —=N=Yanal Tekil Yik =0==5 N6 S& @S | yI ¢
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<
& 5.0100E+08
® p—
£ 4.0100E+08 »
o 3.0100E+08 X =y X N N N
£ — A
& 2.0100E+08 " A
5
£ 1.0100E+08
8
g 1.0000E+06 B m m B——m m m m B—am
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